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We do not accept any liability for the information contained in this
document.

Any claims against us - based on whatever legal reason - resulting from the
use of the examples, information, programs, engineering and performance
data etc., described in this document shall be excluded. Such an exclusion
shall not apply in the case of mandatory liability, e.g. under the German
Product Liability Act (“Produkthaftungsgesetz”), in case of intent, gross
negligence, or injury of life, body or health, guarantee for the quality of a
product, fraudulent concealment of a deficiency or breach of a condition
which goes to the root of the contract (“wesentliche Vertragspflichten”).
However, claims arising from a breach of a condition which goes to the root
of the contract shall be limited to the foreseeable damage which is intrinsic
to the contract, unless caused by intent or gross negligence or based on
mandatory liability for injury of life, body or health. The above provisions
does not imply a change in the burden of proof to your detriment.

The Application Examples are not binding and do not claim to be complete
regarding the circuits shown, equipping and any eventuality. They do not
represent customer-specific solutions. They are only intended to provide
support for typical applications. You are responsible in ensuring that the
described products are correctly used. These Application Examples do not
relieve you of the responsibility in safely and professionally using, installing,
operating and servicing equipment. When using these Application
Examples, you recognize that Siemens cannot be made liable for any
damage/claims beyond the liability clause described above. We reserve the
right to make changes to these Application Examples at any time without
prior notice. If there are any deviations between the recommendations
provided in these Application Examples and other Siemens publications -
e.g. Catalogs - then the contents of the other documents have priority.

Copyright© 2005 Siemens A&D. It is not permissible to transfer or
copy these Application Examples or excerpts of them without first
having prior authorization from Siemens A&D in writing.

For questions about this document please use the following
e-mail-address:

online-support.automation@siemens.com
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Foreword

Why OPC?

Process data exchange between PLCs and computers via OPC is a core
element within automation technology, as OPC offers the following
advantages and possibilities:

Provision of standardized interfaces
Openness regarding the Windows world

Producing interoperability between heterogeneous automation systems.

Objectives of the application

The application on hand shows a possible procedure for independently
generating individual OPC clients using the programming language C# by
Mircrosoft.
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For this purpose, a visualization of a conveyor belt simulation is realized in
C#. The programming paradigm ".NET" by Microsoft is used here.

Main contents of this application
The following main points are discussed in this application:

Generating and using a special and reusable .NET-Control in C#

Procedure for connecting existing software components (ActiveX-
Controls) in .NET applications

Demonstration of handling COM components, especially the OPC
server, with .NET:

- Procedure for connecting to the OPC server
- Memory management when using COM components

Demonstration of the most important OPC DA 2.05 methods for reading
SIMATIC process variables:

- Synchronous writing and reading

- Asynchronous writing

- Monitoring of process variables
Demonstration of error handling with .NET

Internationalizing (dynamic language selection during runtime) with
.NET

V1.0
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Delimitation
This application does not contain a complete description
e of the .NET framework,
o of C#,
e of the OPC specification as well as

e deeper level COM mechanisms

Therefore, basic knowledge in the area of object oriented programming, as
well as in the COM field, is expected. Further knowledge in UML (Unified
Modelling Language) is an advantage.

Previous knowledge in this field is expected.

Structure of the document

The documentation of this application is divided into the following main
parts.

Part Description

Application Description Provides a general overview of the contents. You will
learn about the components used (standard
hardware and software components and the
specially created software).

Function principles and Discusses the detailed function processes of the
program structures involved hardware and software components, the
solution structures, and the concrete implementation
of this application.

This part is necessary if you want to learn about the
interaction of the solution components, for example
in order to use them as the basis for own
development.

Structure, Configuration This part leads you step by step through the

and Operation of the structure, important configuration steps,
Application commissioning and operation of the application.
Appendix Here you find further information, such as

bibliography, glossary etc..

Reference for Automation and Drives Service & Support

This entry originates from the internet application portal of the A&D Service
and Support. The following link takes you directly to the download page of
this document.

http://support.automation.siemens.com/WW/view/en/21043779
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Application Description

Content
Here an overview of the application is given. You will learn about the
components used (standard hardware and software components and the
specially created software).
The basic performance data show how powerful this application is.

1 Automation Task

Here you will find information on ...
the automation task discussed in the documentation on hand.

Discussed topics

Chap. Title Page
8 1.1 | Overview 7
%I 1.2 | Requirements 8
QI
8|
5 1.1 Overview

p_OPC

Overview of the automation task
The following figure gives an overview of the automation task.

Figure 1-1
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Description of the Automation Task

Using an example from conveyor technology, this application shows how -
using a simulated process - the movement of boxes on conveyor belts can
be visualized.
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1.2 Requirements

Requirements for operating and monitoring modules for visualizing

These modules must be reusable. They must also comply with the following
requirements:

e Using existing .NET-Controls for controlling the simulation

e Generating an individual .NET-Control for depicting the boxes on the
conveyor belts.

e Using ActiveX-Controls for depicting the conveyor speed

Requirements to the data interface between visualizing and controlling
Process data are exchanged via the standardized OPC-DA interface:

e Connection to the process data via Industrial Ethernet as well as the
SIMATIC NET OPC Server V6.2.

e Using the OPC-DataAccess Custom interfaces V2.05

Symbolic and absolute addressing of process data

e Synchronous reading and writing of process data

Client_DOKU_v10_e.doc

e Asynchronous writing of process data

p_OPC

¢ Implementing a structure for error handling

Requirements to the development environment to be used

Copyright © Siemens AG 2005 All rights reserved
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The current Windows development environment is to be used:
e Using Microsoft Visual Studio® .NET 2003
e Using the .NET programming language Visual C#

V1.0 16.02.2005 8/117
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2 Automation Solution

Here you will find information on ...
the solution selected for the automation task.

Discussed topics

Chap Title Page
2.1 | Overview of complete solution 9
2.2 | Description of the core functionality 10
2.3 | Required hardware and software components 12
2.4 | Alternative solutions 14
2.1 Overview of complete solution
Display
The following figure displays the most important components of the
solution:
Figure 2-1
S7-300 Controller PG/PC with
SIMATIC NET V6.2
CPU 315-2DP  CP 343-1 S—r—r—
Metwork card
Industrial Ethernet
11
Hub
Controlling
On the controlling side, there is a SIMATIC S7-300 with the CP 343-1 as
well as a CPU 315-2 DP.
PG/PC

A PG/PC is connected to an S7-300 controller via hub. Thereby a standard
Ethernet network card is used (already integrated in a SIMATIC Power
PG).

V1.0 16.02.2005 9/117
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2.2 Description of the core functionality

Software components involved
The following figure shows the involved software components:
Figure 2-2
PG/PC

C# OPC-Client

Software components
created for this application.

Software
Components
Controller installed with
SIMATIC NET
/ V6.2
STEP 7

Simulation Program

Industrial Ethernet

PC/PG
A C# OPC client has been realized on the PC/PG for visualizing.

For connecting to the process , the OPC client uses the OPC Runtime
Callable Wrapper (abbrev.: RCW) of the SIMATIC NET OPC-Servers V6.2.
The SIMATIC NET OPC server establishes the connection to the controller
via the SIMATIC NET SOFTNET-S7 connection.

Controller
The controller provides the data to be visualized.
An S7 program for simulating the movement of boxes on a conveyor belt
has been implemented for this.

Generated software components
e C# OPC client

e STEP 7 simulation program

V1.0 16.02.2005 10/117
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General application procedure

Entry ID: 21043779

The application consists of a visualization user-interface with three

sections:
Table 2-1
No. Instructions User interface
1 | Settings: -
Settings for the spplication | HMI with NET-Cantrol | HMI with Activei-Cantal |
. [ Settings for the OPC server/groups
ConneCtlon to theOPC Server Connect tao server z\;ﬁ:gesslt‘e:niqldca;ﬁ\;:ﬁ:g;:E:gzgiﬁgf@s"nmer ISUU—
e Connecting with the OPC server
. . S s s Requested update rate for the timers ope group [msk: lmn—
e Creating groups and items
[ i iy i
Setting the process simulation: Tinesfor e conveyasind
Corwveyor! and 2 [150..2000]: W Frecuiested update rate for
o Conveyor Speed Mid Conveyors [250. 2500] [ | thebewescpegroupimel |10
e Number of simulated boxes e EER e
statuz 4
2 | Operator control and monitoring of =lox|
- ———— anguege
variables with individually created .NET- il it KET-Corol | ) it AcivattContl |
UserControl —
Switch
e Display of the position of individual
boxes.
e Changing the switch position by means
of mouse-click.
Using an individually generated Fonka
ConveyOI’ Contl’0| Start simulstion. Reset boxes | Set timers |
‘DrDataChange' eceived 2
3 | Mere monitoring with ActiveX-Controls "leith-m I/
Anguage
HMI with NET-Cantral  HMI with ActiveX-Control |
Display of the simulated conveyor speeds.
Using ActiveX- / Vale: T80ms Value: Egms Value: 6a0ms
Cantral
Controls ’7 _Aclwate selectionand | Read o cache
read spnchranous % Read from device
Reading values sync.. P
Note The actions are performed via the operator elements of the user
interface.
V1.0 16.02.2005 11/117
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2.3 Required hardware and software components

Hardware components for the PC

Table 2-2
Component No. [ MLFB /Order number Note
PS307 5A 1 |6ES7307-1EA00-0AAO0
CPU 315-2DP 1 |6ES7315-2AG10-0ABO
CP 343-1 1 |6GK7343-1EX20-0XEO
Standard hub 1 | Depending on product
Hardware components for the PC
Table 2-3
Component No. MLFB / Order number Note
Power PG 1 |6ES7751-0EA31-0LB3
NDIS-capable network 1 | Depending on product Integrated in Power
card PG
Standard software components
Table 2-4
Component No. | MLFB /Order number Note
STEP 7 V5.3 SP1 (or 1 |6ES7810-4CCO07-0YAS Integrated in Power
higher) PG
SCL V5.3 1 |6ES7811-1CCO05-0YA5 Integrated in Power
PG
Required for
adaptations
SIMATIC NET IE 1 |6GK1704-1CW62-3AA0 |Contains:
SOFTNET-S7 e SIMATIC NET
Software V6.2 SP1
e OPC-RCW
e OPC-Server
Visual Studio .NET 1 | Depending on product. Required for
2003 with .NET To be ordered via adaptations
Framework 1.1 or administrator or at
higher http://www.microsoft.com/
.NET Framework 1.1 1 | Download free of charge | Required for
at commissioning
http://www.microsoft.com/
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Example files and projects

Entry ID: 21043779

The following list contains all files and projects used in this example.

Table 2-5

Component

Note

TEP7_v10.zip

21043779 _C# OPC_Client_S | This file contains the archived STEP 7 simulation

program

ETUP_v10.zip

21043779_C# _OPC_Client_S | Setup for installation of the user interface

(without .NET-Framework)

ODE_v10.zip

21043779_C#_OPC_Client_C | Source code files of the user interface

OKU_v10_d/e.pdf

21043779 _C#_OPC_Client_ D | This document

V1.0
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2.4 Alternative solutions

Here you are given information on existing alternatives for solving the
automation problem and the characteristics of the alternatives.

Using operator control and monitoring systems (HMI systems)

Basically, standardized HMI systems such as WinCC or ProTool can be
accessed.

This has the following advantages and disadvantages:

Table 2-6
Advantages Disadvantages
e The connection to the process e Partly, extensive and expensive
variables can be configured software packages are required
e Simple integration of existing e Only components supporting the
components HMI system can be used (.NET
e Most functionalities are “on board" components for examples cannot
(e.g. message systems) be easily integrated into
WinCC V6)
e Integration into the MS-Office world
not possible without difficulties
e Connecting own databases not
possible without difficulties

Custom interface vs. automation interface

Due to the data structures defined in the OPC specification, the OPC
interface has been implemented as custom interface.

In order to also be able to use OPC with programming languages not
enabling Custom interface connection (VBA, VB V6.0 or older), an
automation interface was implemented which depicts the more complex
structures as simpler structures.

Due to the additional management required (- additional wrapper, see
Glossary) a disadvantage regarding performance must be taken into
account.

Note For high-performance requirements in particular, work should exclusively
be performed with the Custom interface, which excludes using VB 6.0 or
VBA.

V1.0 16.02.2005 14/117



Client_DOKU_v10_e.doc

SI E M E N S Application Description

Automation Solution

OPC Client with C# and .NET Entry ID: 21043779

Decision criteria for using different programming languages

The following table shows you the most important decision criteria which
are decisive for selecting the used programming language.

Table 2-7
Criterion Description

Custom interface Is it possible to use the custom interface of the OPC
DA interface ?

Automation interface Is it possible to use the automation interface of the
OPC DA interface ?

Simple implementation How much is the language suitable for relatively
simply implementing code ?

Error handling How well is the language suitable for realizing
professional error handling ?

Performance How well is the language suitable for developing
performant OPC applications ?

Comparing different programming languages

The following table compares the different programming languages using
the above described criteria.

p_OPC
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Table 2-8

Criterion VBA (MSOffice) | VB V6.0 | VC++ .NET-languages (managed)
Custom interface - - v v’ (with RCW)
Automation interface v v v (%) v’ (*) (with RCW)
ﬁr;rglre)zlrientation A + - (%) + (%)
Error handling - - + (*%) ++ ()
Performance - - ) + (*)

(*) should not be used

(**) using the custom interface
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OPC under .NET and C++
Table 2-9

Entry ID: 21043779

Criterion

Description

Implementation

Implementation of OPC clients in .NET hardly differs from the
implementation in C++, as the COM mechanisms must still
be followed.

However, the implementation of a user interface with .NET is
clearly faster than comparable implementation with C++.

Error handling

The most striking difference between .NET and C++ is
probably the error handling.

Instead of polling “HRESULT" as usual, i.e. COM return
values (= glossary), an exception handling (= Glossary) is
realized. This has the following advantages:

e No error will be overlooked
¢ Reading code more simple
e Uniform error handling within the OPC client

e Possible introduction of error hierarchies by means of
implementing some Exception classes

Code
performance

Current measurements yielded that the performance
differences in OPC matters are hardly worth mentioning.

The behavior of the user interface is a different matter - here
.NET is rather comparable with VB V6.0.

Generally, however, the bottleneck will not be the update rate
of the user interface, but the connection to the OPC server or
the connection between OPC server and controller.
Therefore, for OPC applications, .NET can be considered
equal to VC++ V6.0.

Prospects

Microsoft is currently enforcing performance improvements of .NET
applications. Performance boosts in this field are to be expected over the

following months.

In order to reduce the concrete implementation work during using OPC with
.NET, the OPC foundation (= http://www.opcfoundation.org/) is currently
working on simplifying the interfaces. Hereby, for example, new RCWs are
implemented which make better use of the .NET possibilities.

It can be assumed, that in the future the OPC interfaces for .NET will be as
easy to handle as in VB V6.0.

Note The RCW currently provided by the OPC foundation has not yet been
approved by the Siemens AG.

V1.0
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Function Principles and Program Structures

Content

Discusses the detailed function processes of the involved hardware and
software components, the solution structures, and where sensible the
concrete implementation of this application.

Read this part if you want to know how the individual solution components
interact.

3 General Function Mechanisms

Here you will find information on ...

the function mechanisms applying regarding OPC and which require
particular consideration with .NET.

Discussed topics

Chap Title Page
3.1 | Principal application model of the OPC DA application 17
3.2 | Differences between synchronous and asynchronous read 21

and write jobs
3.3 | Dividing OPC items into OPC groups 25
3.4 |ldentifying OPC items created in an OPC client 26
3.5 | Function mechanisms of .NET and inclusion of components 28
of the previous programming world

3.1 Principal application model of the OPC DA application

The application model of the OPC DA interface is briefly discussed now. A
detailed description of the object model is available in the OPC DA
specification \1\.

First you see a graphical overview of the application model, then the
individual sections of the overview are discussed in detail.

V1.0 16.02.2005 17/117
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Overview
Figure 3-1

Program logic of an OPC Client

oAl with T

Larguags
Smftings for the apphoation Hil with HET-Contrel I HMI ﬁhkﬁm{cﬂdl

B Sy

cey ™~
An CEnsa e TR OO

Coowdiol

Client of which the

References in the
SERVEN KNows

I Fimzmt sonx | Sat Turaz -

e e
Logically andlor O‘/f/cfy T
physically separated

[T —————

[10PCAsync. .| [1OPCItem .| | Other. . >
ather... | | |OPCGroupStatemgt -
OPC DA Interface
IOPCServer >
OPC Custam Interface
COM/DCOM Interface

OPC COM ohjects

Program logic of an OPC Server

S7 Protocol Send'Receive Other...
—| (dependent on |—

Physically separated OPC-Server) | -a—

Program logic of a controller

cantroller for transfeming

hetween OPC server and
the varahbles

Protocal and driver blocks

OPC client

By generating references in the client to the respective interfaces, the OPC
server is informed of client access to a certain variable of the configured
controller being desired.

Further interfaces available via the “IOPCGroupStateMgt“ Group(s)
interface enable read and write access to these variables. The following
access methods are possible:

e Synchronous reading / writing
e Asynchronous reading / writing

e Monitoring variables (reporting value changes)
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Note

Single threaded OPC clients are blocked at synchronous read / write
jobs.

For asynchronous read / write jobs, the OPC client remains operable
(“responsive®).

Further information see chapter 3.2.

OPC server

The OPC server is the central communication unit between an OPC client
and the respective controller.

Via COM/DCOM mechanisms, it provides interfaces standardized towards
the OPC client which allow each COM capable application to access
variables of any controller.

In this application the DataAccess interfaces for generating the logic
connections between OPC items and process variables are decisive.

The OPC server is connected to the respective controller via the
implementation of the communication protocols.

Connection between OPC server and controller

The values of the variables are read out via the connections configured in
the OPC server using the respective protocol blocks. These connections
are configured using the NetPro tool (see chapt. 10.2).

Hereby it must be noted that the protocol blocks are not a standardized
interface, but proprietary protocols implemented for the respectively
underlying controller.

Reading variables from the controller

Reading and updating the variables can be performed in two ways:
Table 3-1

Service Description
Variable For variable services, one or several process variables are
service specified by means of absolute or symbolic addressing.

Thereby, the variables to be monitored can be polled cyclically
from the OPC server (= Polling, see Glossary).

Block service If the variables to be monitored are transferred to the OPC
server program controlled by means of larger data blocks, then
this is referred to as block service.

Thereby, not the process variables themselves are addressed,
but rather the data areas such as a data block.

A cyclic "monitoring" of the receive buffer by the OPC server
only makes sense here for receive items (e.g. "receive”).

V1.0
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Notes on the services

In this application, only variable services are used.

The absolute addressing only differs from the symbolic addressing by
the ITEM_ID.

The variable and block services are on the OPC client side only
differentiated by its ITEM_ID.

Here, “block services” only refers to the services (“SEND/RECEIVE®,
“BSEND/BRECEIVE") provided by the SIMATIC NET OPC Server V6.2.

V1.0
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3.2 Differences between synchronous and asynchronous read and
write jobs

The differences between synchronous and asynchronous reading and
writing of OPC items is discussed below. Hereby, differences between
accesses to the “DEVICE" and the “CACHE" are explained in detalil.

Function principle of synchronous / asynchronous read and write jobs

The following image gives you an overview of the function principles of the
respective calls:

Figure 3-2
y
Example OPC Client

1 4 5 6
OPC Server 7 S

OPCServer Object

OPCGroup Object

Cache \
O’ | s[lils[sl"

Y Ethernet card

!
1
I
Industrial
Ethernet

CPU 315-2 DP (Device) )j HiEEE CP 34341
Process image of the CPU
% Call
— Data flow

Explanations on the figure

e The figure shows the call direction (read arrows) and the resulting data
flow (blue arrows).

e Data is exchanged between the OPC server and the controller using an
Industrial Ethernet card and a CP343-1.

¢ Data exchange between OPC client and OPC server occurs as inter-
process communication (here: COM).

e "CACHE" refers to a temporary buffer which the OPC server generates
for a particular group. It contains a local image of the process variables
defined for this group (which in return are managed by the group as
OPC items).

o "DEVICE" refers to the process variables on the controller.
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Explanation of the processes

The following table explains the respective calls and data flows. Thereby,
the following consequences are pointed out:

Table 3-2

No. Instructions Note

1 | Synchronous read job on | The value of the OPC item is read with the value currently
the CACHE located in the CACHE.

2 | Updating the CACHE The OPC server updates the entire CACHE with the values
from the DEVICE after the time period defined with
“requestedUpdateRate".

Note:
The requestedUpdateRate need not correspond to the

actual update rate. Please note the update rate returned by
the OPC server (“revisedUpdateRate")!

Client_DOKU_v10_e.doc

3 | OnDataChange-Event For OPC items parameterized as "active", the OPC server has
registered a data change within its CACHE. This is reported to
the OPC client.

Note:
This mechanism is ideal for monitoring the process

variables. The update rate corresponds to the actual
"updateRate".

p_OPC
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4 | Asynchronous read job | The OPC client starts an asynchronous read job via the OPC
to the DEVICE group.

The OPC server reads the requested process variables from
the process image of the S7-CPU and delivers to the OPC
client via the OnReadComplete event. It then writes the read
values to its CACHE

Note:

The OPC client can be further operated (is "responsive") at
asynchronous calls while the respective job is processed.

5| Synchronous read job to | The value of the OPC item is read with the value currently
the DEVICE located in the process image of the S7-CPU.

Note:

This access may take several seconds depending on
physics, data traffic and data volume.

During this time, the thread of the OPC client, which starts
the synchronous read call, cannot perform any other tasks!
Single threaded OPC clients are hence blocked during this
time and cannot execute further operating and monitoring
tasks.
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No.

Instructions

Note

6 | Synchronous or
asynchronous write job

Write jobs are only executed to the DEVICE, irrespective of
whether they are synchronous or asynchronous.

Note:

This access may take several seconds depending on
physics and data volume.

If a synchronous write job has been cancelled, the same
behavior as described in point 5 takes place; for an
asynchronous call the OPC client behaves as described in
point 4.

Access to CACHE and DEVICE
The following table summarizes the operations possible to "DEVICE" and

"CACHE"
Table 3-3
Operation DEVICE | CACHE Note
Synchronous reading v v Reading from the CACHE requires
the group and the respective item
to be active.
Asynchronous reading v - The OPV server reads the variable

from the DEVICE. This also
updates its CACHE.

Synchronous writing v - Write jobs are always written to
the DEVICE.

Asynchronous writing v - Write jobs are always written to
the DEVICE.

Monitoring (event - v Monitoring of variables is only

controlled)

possible using the CACHE.

Note Apart from read and write jobs, further methods are also available (such
as IOPCAsynclO2::Refresh) which, however, were not used in this
application.

For further information see OPC Specification \1\.
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Comparison of application cases

The following table contains a comparisons of different application cases
and shows the recommended procedure:

Table 3-4
Operati Cyclic/ Data quantity DataChange- Sync | Async
on Acyclic mechanism
Cyclic Large + * *
monitoring Small + * *
Read
. Large - - +
Acyclic
Small - + -
. . Large - - +
Write Acyclic
Small - + -

(*) The OnDataChange mechanism is executed asynchronous to the CACHE

Note Large data volumes in the range of several kilo-bytes were to be read or
written with the block services, e.g. “BSEND/BRCV*. Hereby the
SIMATIC works as active communication partner.
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3.3 Dividing OPC items into OPC groups

Here you learn about the criteria to be taken into consideration when

dividing the OPC items to OPC groups.

Motivation of dividing OPC items

As explained in chapter 3.2, certain ways of behavior result from certain call

types.

Now it makes sense combining process variables or OPC items with a

similar operating or monitoring behavior into groups.

In some cases, however, it is desirable that a process variable is to be
monitored at two different locations of the OPC client (such as for example
in two different pages or dialogs). Another example for this is a process
variable being monitored at one location, however only being sporadically

(i.e. acyclically) read at an other location.

several groups as OPC item.

Dividing process variables to OPC items and OPC groups

Client_DOKU_v10_e.doc
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process variable in an OPC client.

Figure 3-3
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In these cases it makes sense creating the same process variable in

The following figure illustrates this option with two different groups. Hereby
the process variable 1 is contained in two OPC items which are stored in
two groups. This enables generating different ways of behavior for a

CPU 315-2DP

(Device)

Proc-var 1

Item1
aktive
OPCGroup Item2
UpdateRate = 80ms P
Group is active !
Item n
aktive

OPCServer

Proc-var 2

Proc-var 3

%

Item8
passive

Proc-var 4
OPCGroup2 Item9
UpdateRate = 500ms passive

Group is passive ; Proc-var 5
Itemm m

passive | PI’OC-Var 6
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3.4 Identifying OPC items created in an OPC client

In order for the process variables mapped to OPC items being read or
written by an OPC client, a definite assignment of OPC items to an OPC
client must exist.

The concept of identifiers or handles is used here.

Handle types

Two handle types are distinguished. This differentiation ensures that the
OPC client as well as the OPC server can identify the respective OPC

items.
Table 3-5
Type Description
Clienthandles This handle servers for identification of an OPC item within the
OPC client
Serverhandles | This handle servers for identification of an OPC item within the
| OPC server

Serverhandles

Client_DOKU_v10_e.doc

If the call direction is from OPC client to OPC server, the OPC client must
transfer the respective server handles to the OPC server.

p_OPC

Example: write into the OPC items
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Clienthandles

If the call direction is from OPC server to OPC client, the OPC client will
receive the respective client handles from the OPC server.

Example: The OPC items in the CACHE have changed - the
OnDataChange event is triggered

Figure 3-5
OPC Client OPC Server Controller
OPC-ltems  ServerHandles lter-Ds Process variables
OPC-tem 1 | X S7:[57 Connection 1082 INTO,3 . Przvar 1
OPC-tem?2 M——M v ST (ST Connection _11:DB2 INTE,3 | Przvar 2
— | / e
OPC-ltern n4—m = DTS?:[S? Connection _1:0B2 IkT30,3 | PZrvarm

Effects on the Client program

This structure implies that an OPC client must manage the server and/or
client handles depending on the application case.

Client_DOKU_v10_e.doc

This way, the client handles may, for example, serve as an index of the
respective OPC item in an OPC item array.

p_OPC

The server handles should either be encapsulated in a separate server
handle array or in an own OPC item management class
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3.5

351

Overview

API

Function mechanisms of .NET and inclusion of components of
the previous programming world

The previous as well as the latest Windows programming world will be
discussed first now. Then the differences to be noted are explained.

It is only a brief introduction helpful for understanding the "how to program
with .NET" as well as "how to combine the new and the old world?". Further
information is available in the secondary literature \2\.

Programming model of the old world

Figure 3-6

Visual Basic

MFC |ATL)

The previous programming model of the Windows world builds on an
Application Programmers Interface (API). The API provides a lot of C-
functionalities for accessing the operating system resources and
functionalities.

Programming languages and libraries

Using various programming languages with partially extensive libraries
(VBRuntime, Microsoft Foundation Classes, Active Template Library) it
was possible to implement Windows programs. Hereby the libraries
respectively encapsulated parts of the API functions.
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Interacting of the languages with COM

Note

3.5.2

Overview

OPC_Client_DOKU_v10_e.doc
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API

CLR

In order for the developed program components to be able to work with
each other, Component Object Model (COM) by Microsoft was introduced.
Using standardized interface definitions enabled establishing a "connecting
glue" between the individual components. The concept of Distributed
Component Object Model (DCOM) was developed in order to expand the
cross-language and cross-component interaction to a cross-computer
interaction.

The OPC server works as COM component.
- OPC clients access the OPC server via COM mechanisms.

Programming model of the new world

Figure 3-7

Visual @ Visual C# Java ... other
Basic | C++ Script  languages

Windows Forms WEB Forms

IL Intermediate Language

unmanaged

Common Language Runtime

WIN32 API

The basis of the model is Win32 API like in the previous Microsoft
programming world.

Based on API follows the Common Language Runtime (CLR). It
constitutes a runtime environment comparable with a Java Virtual Machine
model. It compiles Just In Time (JIT) a type of byte code in X86 code
(depending on the respective processor architecture); Microsoft speaks of
IL code (Intermediate Language).
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Intermediate Language, Garbage Collector and unmanaged Code

The advantage of the IL code is the fact that it is independent of the
platform. It is also possible to execute this code on Linux (Unix) systems, if
a CLR has been implemented there (i.e. http://www.mono-project.com/).

The CLR does not only perform the JIT compiling of the IL code, but also
the entire memory management. Similar to Java, a Garbage Collector (GC)
was developed, who releases un-referenced memory areas within the CLR
after an unspecified time. Code subjected to the access of the Garbage
Collector is also referred to as “managed Code".

In order for it to be possible in certain cases to still control the release of
memory areas manually, the developed code can be declared as
"unmanaged". This enables protecting certain code areas or entire
programs explicitly from the access of the Garbage Collector.

Base Classes

Regarding the libraries of partly varying extend of the old world, Microsoft
has now implemented a uniform base class library which can be accessed
independently from the .NET programming language.

Integrator Visual Studio .NET

Visual Studio .NET (VS .NET) takes on the task of combining the different
.NET languages with each other.

Client_DOKU_v10_e.doc
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This enables realizing .NET components in different languages. Interaction
between the .NET components is possible with Visual Studio .NET without
greater efforts.
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Mainly the easy to handle integration options within the .NET components
enable a faster development.
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3.5.3 Integration of COM components in .NET applications
Overview

Using a COM component in a .NET application/component:
Figure 3-8

VB VC++ C# JScript ...other

-Wod

J19A19S DdO
63 ‘Juauodwio)

IL Intermediate Language
Common Language Runtime

WIN32 API

.=
D
=)
G
c
©
=
=
S

Runtime Callable Wrapper (RCW) and the relationship with the COM component

Installing a COM component generated for the previous Windows world
within a .Net application, requires a "wrapper", a type of a shell which
encapsulates all interface definitions for the .NET application.

OPC_Client_DOKU_v10_e.doc
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This is necessary as the previous interface definitions located in so-called
IDL files (Interface Definition Language, see Glossary) are not supported
by .NET. This wrapper is also referred to as Runtime Callable Wrapper
(RCW).

For COM components offering the automation interface, Visual Studio can
generate these wrappers automatically.
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For COM component providing the custom interface, such wrappers must
be generated manually.

Note The differences between automation and custom interface are not
discussed here in greater detail. This requires secondary literature \2\.
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Memory management when using COM components

Memory management for .NET applications is performed by the Garbage
Collector, however, COM components require an explicit memory
management. Therefore, the following points must be considered for data
exchange between both components:

Table 3-6

Direction Description

.NET zu COM | In .NET, all variables are objects. Due to the fact that generally
speaking, COM servers do not synchronize with COM clients,
transfer values should be protected from the access of the
Garbage Collector ("pinning" of objects see chapter 7.3).

COM zu .NET | COM components deliver return values in form of COM pointers.
Due to the fact that in the managed code of .NET clients such
pointers do not exist, the return values must first be saved into
.NET objects. This is performed via the .NET data type "IntPtr"
and methods / objects of the

"System.Marshal" classes.

Note Chapter 7 contains code fragments on this topic.

Client_DOKU_v10_e.doc
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RCW and OPC

Due to the OPC specification, OPC components offer a Custom interface,
i.e. an RCW must be generated manually for performant applications.

An RCW is delivered for the SIMATIC NET OPC server for the DataAccess
interface V2.05, which must only be integrated into the respective Visual
Studio project. (Chapter 8.1)

If the automation interface of OPC is used with .NET, then the RCW is
automatically generated by VS .NET as soon as a reference to the OPC
automation interface is included into the .NET project. The resulting double
encapsulation of the OPC custom interface however, may cause a
reduction in performance.
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Note This application deals with the usage of the custom interface, as a
performant connection is the focus of this application.

Note The reverse application case — using a .NET component as COM
component — is possible using a Com Callable Wrapper (CCW). This
however, is not further discussed within the framework of this document,
as it is not necessary for comprehension of this application.
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4 Function Mechanisms of this Application

This chapter explains ...

how the classes in the OPC client interact with each other and which tasks
the most important components fulfill.

The implementation of the simulation on the controller side is not discussed
here in greater detail, as this is not the core focus of this application.

Discussed topics

Chap Title Page
4.1 |Logic data interface between controller and OPC client 33
4.2 | Structure of the OPC Client 41
4.3 |The .NET UserControl 43
4.4 | Establishing the connection to the OPC server and creating 46

the OPC items
4.5 | Problem circles during creating of OPC clients and solutions 50
in this application

Structure of the chapter

First the logic data connection between controller and OPC client is
illustrated. Hereby, the corresponding data structures in controller and OPC
client are listed.

Subsequently, the relationships within the OPC client are illustrated in a
class diagram, and the tasks and function principle of the OPCClienForm
class and the ConveyorGraphControl component are explained.

4.1 Logic data interface between controller and OPC client

This chapter first deals with which process variables are connected with
which visualization elements. Subsequently, the relationship between the
simulated box movements in controller and its display in the OPC client are
explained.
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4.1.1 Connecting the pr

The following table
Table 4-1

Entry ID: 21043779

ocess variables with the visualization elements

shows the allocations:

Process variables

Visualization element

= UDT2 — PLC_Program\SIMAT] =
Language
Settings for the appiication | HMI with NET-Cortrol | HMI with ActiveX-Cotro |
—Settings for the OPC server/groups
+0.0( |Resetiimulation Conmect ko server Fequested update rate for the opc groups "timer =00
+2.0| |MidConveyors zettings” and “'conwvepor settings” [me]:
+4.0( |GwitchPosition fedd groups and items | Requested update rate for the timers opc group [msl 100
+6.0) |Humber0fBoxes _ | |
+3.0| |TimeForConvl \\—Settingsm
+10.0| |TineForconwz ber of boxes to simulate [1..5F |-|_
; Timers for the C ]
+12.0| |TimeForConvi -1
Requested update rate for o
hid Corrveyors [2500 |15gg T the baxes opc graup [ms]:
Note: Out C [500..3000] I
. ulb Lorvwegor .. : 1000 Add opc group "boxes” and
TimeForConvl..3 apply settings
[%2] Correspond to a measure =
o Wiiting walues spne... Y
£ | for conveyor speed. -
=
=
2 loi
c Language
.% HMI with NET-Cantal | Hil with Activei-Control
2 . : Mid Conveywors
1S Resetfimulationy
n +2.0| [MidConweyors Switch
+4. 0| [FwicchFosition 4
Qut G
+6.0| [MmberdfBoxes e
+&5.0| [TimeForConwl
+10.0| |TimeForConwz
+12.0| [TimeForComnws

\

Cantral
Start simulation | Feset boxes | Set timers
'OnDataChange’ received Y
Note The parameter “MidConveyors* (number of
mid conveyors) is defined at the time of
design.
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Process variables Visualization element
= UDT1 - PLC_Program\SIMATI] -Iolx]
Language
HMI with NET-Contral | HMI with ActiveX-Contiol |
Mid Conveyors
+2.0| [mhctConwveyor Swaitch
+4.0| |nHorPos — |
In Con Qo Conweyar
é \
M | Each box is based on the
above structure
Note:
. Caontral
Set Timers enables you - | | _
Start simulation Rezet boxes Set timers
to set the conveyor sped
at any time. '‘OnDataChange’ received 4
Timer for the conveyors B
Conwveyor 1 and 2 [mz]: LI J _>|
Walue: 500ms
+0.0( [Resetdinulation Mid conveyors 1 J 4
+2.0| |MidConwewors Yalue: 1500ms
+4.0| |SwitchPosition o8 LI J _,I
+6.0( [Humber0fBoxes Walue: 1000ms
+5.0| [TimeForConwl
Apply I Cloze |
+10.0| |TimeForConwz
+1z.0| |TimeForcomws — | ) )
Note There is a read and a write access.
(8}
(]
8_ M HMI with NET - (O x|
(7] Language
S Hhdl with MET-Cantral  HMI withActivex-Contml'
>
(]
>
c
@]
O
Walue: 180ms Walue: B80ms Walue: B30ms
Cantral
Activate selection and " Read from cache
read synchronous & Pead from device
Reading values sync... Y
Note There is only a read access
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4.1.2 Data structure of boxes and conveyor belt in the controller

This chapter explains the correlation between the box data structure in the
controller and the visualization.

Plant overview (section)
The following situation is assumed:
Figure 4-1

Switch = Conveyor 2

Measuring locations
oh conveyors

10| Mid Conveyors |-

| Input = Conveyor 1 |

Description of the plant overview

Each conveyor belt has a certain number of measuring location assigned to
it. The following situation results for the given section:

Client_DOKU_v10_e.doc

e The in conveyor has the measuring locations 1 to 5

e The switch has the measuring locations 5 to 6

p_OPC

e The mid conveyors have the measuring locations 7 to x

e Box 1 is on the uppermost conveyor belt (conveyor 3)

Copyright © Siemens AG 2005 All rights reserved

21043779_Cshar|

e Box 2 is on the mid conveyor belt (conveyor 4)

Data structure of the boxes

The data structure of a box is defined by an UDT in the controller. The
simulation contains only an array of box structures.

In the above situation there are two boxes, which produces the following

array:
Table 4-2
Box Data structure Current value
1 | Conveyor on which the box was Conveyor 2
Conveyor on which the box is Conveyor 3
Current horizontal position at which the box is located - this 8
corresponds to the measuring location which last recorded the position
2 | Conveyor on which the box was Conveyor 2
Conveyor on which the box is Conveyor 4
Current horizontal position at which the box is located - this 10

corresponds to the measuring location which last recorded the position
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Data structure of the conveyor

The conveyor does not have an own data structure, as it is default - apart
from the number of mid conveyors.

However, each conveyor section has a fixed number of "measuring
locations". These measuring locations report the position of the boxes (see
beginning of this chapter).

Process of the simulation in the controller

Timer are running in the controller in order to simulated the conveyor
speeds.

Furthermore, a simulation block contains the array of the boxes to be
simulated.

If a timer has terminated, the simulation block with the respective
parameters is called. The block detects the position (measuring location) of
the respective box on the conveyor and increments it. Should there be a
conveyor transition, it will be processed (more information in chapter 6).

4.1.3 Data structure of the boxes in the OPC client

Difference between data structure on the controller

Client_DOKU_v10_e.doc

Due to the fact that the requirements for the data structure of a box within
the visualization user interface differ from that of the controller, a partial
amount of the data structure of the controller is used.

p_OPC

A box object for example must contain the information about its physical
screen position, color, dimensions etc. It is hot enough to only encapsulate
the number of the conveyor and the horizontal position.
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For that reason the box data from the controller must be written into the
respective box object using an auxiliary function.
Steps for transfer of box data

The following steps reflect the rough procedure (chapter 5 informs you of
the occurring data flow):

1. Fill control data into the respective box object.
2. Draw the box object on the respective conveyor.

The OPC client is hence only responsible for transfer of box data from the
controller to the box objects of the conveyor. The boxes are drawn by the
generated .NET-Control “ConveyorGraphControl“.

Note Data flow for changes of box position is depicted in chapter 5.2.
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4.1.4 Selected depiction of the process variables to be visualized

As already explained in chapter 3.1, the process variables are depicted on
OPC items, which in return are allocated to OPC groups.

Overview

The following overview shows the overall correlation. The three numbered
sections are discussed below.

Figure 4-2
OPC Client OPC Server Controller
Text fields and buttons 1 Group @ Application settings1
= Feset Simulation button SettingsConveyor (DBx)

= Mumber of conveyors
= Switch position
= Murmber of hoxes

» Reset Simulation
= MidCorveyors
= SwitchP osition
* NumberOfBoxes

Text fields and buttons 2
= Times for the conveyors

Group
SettingsTimer

= Reset Simulation
= MidComveyors
= SwitchP osition
= NumberOfBoxes

Application settings2
(DBx)
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= TimeForCory1 bis 3

= TimeForCony his 3

Box objects
= Boxes on the corveyor

Boxes (DBy)
Array[1..5] of struct:
= nLastConveyor

F—20 —71 Group Boxes
Array[1..8] of struct:

« nLastConyveyor « NACtConveyor
- nACtConveyor = NHoP 0%
-~ nHoP 0g

ActiveX-Controls

= allue property of an m |l Group Timers
Active-Contral * Timer1 to 3
Clienthandles Serverhandles

Belt speeds (DBz)
«Timer1 to 3
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1 - Assigning the process variables to OPC groups

The process variables to be visualized are here divided into 4 sections (see
chapter4.1.1). A structuring criteria is the update rate, the property, whether
process variables are to be monitored and whether reading synchronously
and/or asynchronously. Furthermore, it is distinguished in how the
OPCltems relate to the user interface. This results in creating 4 OPC

groups.
Table 4-3
Group |Characteristics of| Updata To be OPC access |Used in the user
variables rate monitore method interface
d
SettingsCo | Variables serving Low No e Sync Switch position
nveyor | for conveyor e Async only*
setting (switch)
Settings | Variables serving Low No Sync SpeedsDialog
Timer for setting
conveyor speed
Boxes |Variables High Yes OnDataChange | ConveyorGraph-
representing the Control
boxes
Timers | Variables depicting| Average No Sync ActiveX-Controls
the conveyor
speed

*) The remaining OPC items serve only for controlling/setting the simulation on the S7-CPU

2 — Assigning the process variables to OPC items

The respective process variables are now assigned to each group.

Table 4-4
Group Process variable
SettingsConvey | e  Reset simulation: Resets the application
or

e Mid Conveyors: number of mid conveyor belts
e SwitchPosition: switch position
o NumberOfBoxes: number of simulated boxes

Settings Timer

Continuously settable conveyor speeds

Boxes Array[1..5] of boxes:
The boxes to be monitored/simulated
Timers Timerl to Timer3:

Timers displayed on the ActiveX-Controls
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3 — Addressing the process variables within SIMATIC

The assignment of OPC items to process variables occurs using so-called
ltemIDs.

ItemIDs must be defined as data type “string” and must follow a given
syntax. This syntax depends on used OPC server and service (variables /
block service).

The following applies for the SIMATIC NET OPC server V6.2 as well as the
service used here (variable service):

<Protocol>:[<Connection
name>],<Object>,<Type>,<Startindex>,<Number>
Example for an OPC item

A variable is accessible via the S7 connection “S7 connection_1" in DB2,
DBWO. Then the ItemID is:

“S7:[S7 connection],DB2,INT,0,1"

Note Further information available in chapter 7.2 or OPC Specification / OPC
Manual \1\.

Managing the OPC Objects

This application saves all relevant data of the created OPC items in one or
several arrays.

¢ Here the Client handles serve as index of an OPC item in the array

e The desired Server handles of OPCltems are returned from the
corresponding array by specifying the respective ITEM_ID.
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4.2 Structure of the OPC Client

Class diagram of the OPC Client

Figure 4-3
. 1 aSchnittstelles 1
Is In package - I0PCConnector:IOPGItemControl
‘opcConnector ~OPCParami) ] ]
— — -m_corespondingObject
- N
1

Complex_Client: OPCTimerConnector Complex_Client:-:0OPC ActiveXConnector

m_label : Label -m_gauge : AxXGauge -
km_scrolibar : HScroliBar m_label : Label Complex_Client::OPCltemExtender

T pp— | Lm_itemID : string
3 41 -m_srvHndl ©int

-m_clintHind| - int
|Ax}(GAUGELII}: A Gauge | [-m_IsActive ! boal

i -m_itm\alue - siring
M " ' ; a -m_comespondingObject : IOPCltemConirol

~ AN

Collections::ArrayList |‘.—F
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|
|
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|

g
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§ é{ -ScrolBarT3 : HScrollBar e 1 same Instance
éal 0.1 \ ¢ =~
a > N Complex_Client: OPCClientForm o E
é’% Fm_mglGepTimersSetting | OPCGroupManagement ;?ﬁ;‘?ﬁ% J-access
z0 1 l-mn_mgiGrpConvSetting : OPCGroupManagement vig an ITEM 1D
9 ‘EI -m_mgtGrpTimers | OPCGroupManagement —
IS lm_mglGrpBoxes | OPCGroupManagement — :
8 O, Fm_itmExt TimerSetlings : OPCltemExtenderlist Complesx_Clisnt::OPCltemExtenderList
<@ lm_itmExtConvSettings : OPCliemExtenderList -m_itemIDitemMapping | Hashtable
£, 1 |lm_itmExtBoxes : OPCliemExtenderList = 1
£ 2 ——— - M_tmExtTimers | OPCltemExtenderList _| 4
L ©
DG Fm_mgiServer ;| OPCServeriManagement
e 6 lm_SpeedsDlg : SpeedsDialog 1
_‘g,o\v FetWinCCGauge? @« AxXGauge
‘;5 1 FetiWinCCGauge! @ AxXGauge I «Schnittstalles
53 S -CtWInCCGauges : AxXGauge =~ Da:lOPCDataCallback
O& [FTimer2label : Label

uTeilsystem» FTimer3Label : Label

ConveyorGraph I-Timer1Label : Label
-ConveyorGraphControl @ ConveyorGraphControl

-m_callbackRecsiver !

refars the
same instances
1 -="

0.” 4

0.1

Complex_Client:OPCServerManagement N
-m_OPCServer - [OPCServer Qroup manager Complex_Client:OPCGroupManagement

-m_OPCComm-:-n L IOPCComman referances the [m_OPCGroupStateMgt : IOPCGroupStatehgt
-m_LocalelD : int OPCServer io -m_OPCSynclO : I0PCSynclO
rm_grpManagerList : AmayList provide easier . m_OPCAsynclO2 : I0PCAsyncl02

T usage: but it does lm_OPCCP : IConnectionPaint
I
I

not know the Lm_OPCCPContainer : IConnectionPointContalner
server manager l-mn_grpName : string
-m_revipdateRate : int
-m_reqglUpdateRate : int
——— Fm_arpSrvHndl : int
«Schnitisteller  [q——=——""" ﬂ‘?&xﬂﬁnﬂ:&m[
Systam:-IDisposable ! :
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Note

Only the most important relationships and attributes are depicted.

Relationships with standard .NET controls or structures also necessary
for this application are not depicted. This is referred to the commented
source code.

Explanations to the frame colors

Table 4-5
Section Explanation
Red The classes framed in red encapsulate OPC specific functionalities,

which can be simple adapted and reused.

These are mainly functionalities which in this application were
necessary regarding the interfaces IOPCServer, IOPCGroupStateMgt
and IOPCltemStateMgt, i.e. especially the data exchange via OPC-DA
2.05 (see chapter 4.5.1).

Blue The classes framed in blue serve as usable logic interface for
managing OPC items as simply as possible. This particularly simplifies
reading and writing of OPC items to and from user interface elements.
Core class is the “OPCltemExtenderList” (see chapter 4.5.2).

Client_DOKU_v10_e.doc

Green The area framed in green serves as interface for all user interface

elements reading or writing data from OPC items using
OPCltemExtender objects.
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OPCClientForm — Tasks

This class represents the main dialog of the application. It has the following
tasks:

Receiving all OPC server events
Setup and holding of the connection to the OPC server

Contains all controls; amongst other things the conveyor control
“ConveyorGraphControl” (see chapter 4.3) and the ActiveX controls
“xXGaugeLib.AxXGauge" encapsulated by Visual Studio .NET

Referencing all OPCGroupManagement objects and the
OPCServerManagement objects (see chapter 4.5.1)

Contains the lists which contain all of the required inforamtion On OPC
items (see OPCltemExtender or OPCltemExtenderList in chapter 4.5.2
and 4.5.3)

Control of the entire application
- Forwarding control data to subordinate controls and vice versa

- Error handling

The principle steps for OPC connection are given in chapter 4.4.
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4.3

General

Tasks

Entry ID: 21043779

The .NET UserControl

The .NET-Control “Conveyor* (ConveyorGraph) is integrated into the main
dialog.

The "conveyor" control works as independent component and can therefore
be used in different .NET applications. It has an "internal" logic.

The control fulfills the following tasks:

Managing the box objects
Display of boxes on the conveyor belts
Realizing a particular conveyor in form of an operable settable switch

Providing public properties for manipulating the appearance of the
conveyor within the .NET Designer

Encapsulates the complete display and management functionality of the
boxes and conveyors

Providing a public box class (necessity, see chapter 4.1)

Implementing a resizing functionality

Outwardly the control only shows the public methods of the encapsulating
class "ConveyorGraphControl" as well as the box class.

The following class diagram shows the internal structure of the control.
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Class diagram

Figure 4-4

ConveyorGraph::SwitchOPCConnector
-m_ConvControl : ConveyorGraphControl

Measurement points
of the simulation

0.1

Entry ID: 21043779

______ > |I0OPCConnector::IOPCltemControl

is in package
"opcConnector"

~
~

«Schnittstelle»

+OPCParam() : string

7y

ConveyorGraph::ConveyorGraphControl

-
-

\

-BEGIN _MEAS CONV1 :int
-END_MEAS_CONV1 :int
-END_MEAS_CONV?2 :int
-END_MEAS_CONV3 : int
-END_MEAS_CONV4 : int
-END_MEAS_CONVS5 : int
-m_Conveyors : ArrayList
-m_Boxes : Box[]
-m_color : Color
-m_midConveyors : int
-m_switchPos : int

ConveyorGraph::Box

-m_Rect : Rectangle
-m_Brush : Brush

1 0.* |m_Pos:int
-m_ConvNumber : int

+conveyorColor() : Color

+midConveyors() : int

+switchPos() : int

+OnSwitchPosChanged() : SwitchPosChangedEventHandler
+ConveyorGraphControl()

#Dispose(Zoll disposing : bool)
-InitializeComponent()
-SetBoxOnConveyor(ein/aus theBox : Box)
-BuildConveyors()

-SetPositions()

+setSwitchPos(Zoll switchPosition : int)
+setBoxes(Zoll theBoxes : Box[])
+removeBoxesFromConveyors()
+SetLang()

-Box_OnBoxPosChanged(Zoll source : Box)

-ctlConveyorGraph_Paint(Zoll sender : object, Zoll e : PaintEventArgs)
-ctlConveyorGraph_Resize(Zoll sender : object, Zoll e : EventArgs)

-ctlConveyorGraph_MouseMove(Zoll sender : object, Zoll e : MouseEventArgs)
-ctlConveyorGraph_MouseDown(Zoll sender : object, Zoll e : MouseEventArgs)

the classes
needed for
the delegate
are not
displayed.

1

0..*

ConveyorGraph::Conveyor

ConveyorGraph::RatioPoint

-m_X : double
-m_Y : double

-m_StartRatio : RatioPoint
-m_EndRatio : RatioPoint
-m_Pen : Pen
-m_StartMeasurePt : int
-m_EndMeasurePt : int
-m_IsSwitch : bool
-m_Boxes : Hashtable
-m_Label : Label

the boxes

are a subset

of the boxes

of the
conveyorgraph-
control;

they are given
by reference
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Overview of the function principle
The following figure shows the general function principle:
Figure 4-5

Public (Interfaces visible from the outside)
SetBoxes(boxes) T

Properties,| Internal (Interfaces visible in the module)

e.g. color ey

g. Mid Conveyors BoxPosChanged(box)
@ , Box 1

SwitchOPCConnector

setSwitchPos(pos)
{ ]

et

In Conveyor

— Box 2
Ot Conveyor \ BOX 1

Box 2
Box 3

(¥
Event
BoxPosChanged(box)

Box 3

3
@ , Event Instance of "Conveyor” class with:

SwitchPosChanged(pos) - Start/end point

- Color
- Hash table with boxes

Explanation of the function principle
Table 4-6

No. Explanation

1 | The control consists of a collection with objects of the "Conveyor" type. Each "Conveyor"
in return has a start and end point, a color (here: blue) and a number of measuring
locations.

Furthermore, each "Conveyor" manages a hash table with boxes to be displayed. These
boxes are copied by reference. They correspond to the boxes in the box array.

2 | If the position of a box changes, then this is reported to the corresponding box via
"OnDataChange". The box then notifies (BoxPosChanged) the ConveyGraphControl.
Then this box is redrawn on the respective conveyor.”

Note:
For the OnDataChange event to be able to trigger the "BoxPosChanged" event, the

"Box" class implements the "IOPCltemControl" interface. For further information see
source code or chapter 4.5.3.
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No. Explanation

3| The “SwitchPosChanged" event, which is triggered by mouse-click, informs the father
class or the father container (here: OPCClientForm) that the switch position must be
changed.

After the date has been written into the OPC item, the switch position is also changed in
ConveyorGraphcontrol via the “SwitchOPCConnector” class (data flows are described in
chapter 5).

Note:

The switch position is set via an asynchronous write command. For changing the
switch position with the OnWriteComplete event a “SwitchOPCConnector” has been
realized which implements the “IOPCltemControl” interface. For further information see
source code or chapter 4.5.3.

Note e The vertical position of the boxes is determined using the switch position,
which was active at a certain box at position 7 (end position of the switch).
The box must memorize the vertical position as the "switch" conveyor may
have various positions.
e The positions of the box are identical with those stored in the controller.
For further information, please refer to the commented source code.
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The interfaces of the .NET controls

The following properties, methods and events are provided by the .NET
control:

“ConveyorGraphControl” class

Table 4-7
Contents Note
ConveyorColor Color of the conveyors
MidConveyors Number of conveyors in the mid section
SwitchPos Position of the switch
Table 4-8
Method Parameter Note
Constructor -
SetBoxes Box[] boxes Transfers a box array to the Control
RemoveAllBoxes - Removes all boxes on the conveyor belts
SetLanguage - Sets the language of the Control to the
language setting of the application
Table 4-9
Event Parameter Note
OnSwitchPos- e Object sender | The parameter “switchPos" refers to
Changed e IntswitchPos | the position to which the switch is to
be set.
“Box"“ class
Table 4-10
Method Parameter Note
Constructor Brush theColor Color of the box
“SwitchOPCConnector” class
Table 4-11
Method Parameter Note

Constructor | ConveyorGraphControl | Required in order to call the internal
theConvControl setSwitchPos(pos) method.
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4.4 Establishing the connection to the OPC server and creating the
OPC items

Introduction

The procedure for connecting an .NET-OPC client to the OPC server as
well as creating OPC items is identical to the procedure as with a C++
application.

In order to exchange data between OPC client and OPC server, a
"Connection* must first be established.

This occurs via the OPC DataAccess interface, whose objects and
connections are displayed simplified and incomplete in the following figure.

Objects of the OPC DataAccess interface

Figure 4-6
@ | IOPCServer
@ IOPCGroupStateMgt

® v

‘ I0PCltemMgt | | IOPCAsynclO2 H | IConnectionPointContainer

| ISynclO + :5)
@ | IConnectionPoint |

Description of the graphic

The OPC client performs the respective actions by pressing the respective
operator buttons. The dependencies displayed in the above figure must of
course be taken into account. The actions to be performed are:

Table 4-12
No. Instructions Note
1| Creating an instance of the "IOPCServer* This informs the OPC server that an
interface OPC client needs to be served.
Note:
The OPCServer object is managed by
the OPCServerManagement class.
2 | “IOPCServer* provides an interface for the All OPC obijects directly required in this
“IOPCGroupStateMgt" interface. application by the IOPCGroupStateMgt
Now one or several OPC groups must be interface (see Figure 4-6), are
added via this interface encapsulated in the
(“IOPCGroupStateMgt"). OPCGroupManagement class.
Note
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No. Instructions Note

3 | “IOPCGroupStateMgt” provides an interface for
the “IOPCltemMgt" interface.

The OPC items are created using this
interface.

4 | “IOPCGroupStateMgt” provides an interface to
the “IOPCAsynclO2" interface.

For enabling asynchronous calls, an instance
must be created for this interface
(“IOPCAsynclO2).

5| The OPC server is to inform the OPC client Like all "active" COM components, the
actively when the files asynchronously written | OPC server provides an interface to the
in the controller have arrived. "IConnectionPointContainer”. An
In order to do this the OPC client must log in at | instance to "IConnectionPoint* finally
the respective interface as recipient of provides the active connection.

"Messages". This is performed via the
"IConnectionPointContainer” interface or
respectively the "IConnectionPoint".

Note e |If variables / OPC items must continuously be monitored, the OPC group in
which the variables/OPC items are located must be switched "active".
Further respective information is available in the OPC Specification \1\ or in
chapter 7.3.

e OPC items (and the respective group) to be read synchronously from the
CACHE must be "active". Further respective information is available in the
OPC Specification \1\ .

e Operating the user interface is introduced in chapter 11.

e The steps to be performed for connecting .NET and ActiveX-Controls are
given in chapter 8.2 and 8.3.

e The respective OPC functionalities used regarding an OPC group are
encapsulated in the OPCGroupManagement class.
It is nevertheless explicitly pointed out, that it may become necessary, to
adjust this class in an own application.
A general application capability of this class can not be guaranteed. Only
one possible way of implementation is illustrated here.
With regards to this, an OPC wrapper class for .NET will be provided which
considerably simplifies the implementation of OPC clients.
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4.5 Problem circles during creating of OPC clients and solutions in
this application

Introduction

Problems occurring during creating of OPC clients and how to solve them
will be discussed below.

For the following chapter it is recommended to have the class diagram
(chapter 4.2) available.

45.1 Simple usage of the OPC RCW

Problem
How can the implementation work load for OPC clients be reduced ?

The implementation work load for accessing OPC objects and their
methods in .NET hardly differs from that under C++.

Additionally the required resource management (memory) contains also
sources for errors.

Solutions realized in this application

Generally the access to OPC objects by means of own classes should be
encapsulated in order to facilitate access.

.NET provides an additional aid facilitating “cleaning up“ of obsolete
objects. This is the “IDisposable” interface, used for realizing the
IDisposable pattern (see chapter 7.4).

Deriving the respective class from this interface guarantees a uniform
method call, which enables releasing all obsolete resources.

The final release of all resources is down to the .NET-Framework of the
GarbageCaollector. In version V1.1 it cannot be predicted from when on a
memory area selected for release can actually be released!

COM resources however must always be released explicitly, as this
resource is located in the unmanaged Code and the GrabageCollector has
no access to it.

The “OPCServerManagement” and “OPCGroupManagement” classes (blue
frame in the class diagram of the client) encapsulate the access to the OPC
objects and its methods. Additionally, these classes implement the
“IDisposable” interface and hence support the release of all obsolete
resources.

Code fragments for connecting to the OPC are available in chapter 7.1 to
7.3 of the commented source code. The sequence diagram for running the
IDisposable pattern is available in chapter 7.4.

V1.0 16.02.2005 50/117



Client_DOKU_v10_e.doc

p_OPC

Copyright © Siemens AG 2005 All rights reserved

21043779_Cshar|

SI EM ENS Function Principles and Program Structures

Function Mechanisms of this Application

OPC Client with C# and .NET Entry ID: 21043779
45.2 Identification of OPC items via the respective handles
Problem

Which structure is suitable for managing client and server handles ?

As already explained in chapter 3.4,client and server handles are used for
identifying OPC items. This is a quick and simple way of managing these
handles:

e Storing the Serverhandles in an array:
private int m_srvHndI[] = new int[4];

e Creating client handles as constants:
private const int CLNTHNDL1 = 0;
private const int CLNTHNDL2 = 1;
private const int CLNTHNDL3 = 2;...

The following problem cases result from this "management structure":

Receiving data via OnDataChange (code excerpt)
Figure 4-7

public woid OnDataChange {int dwTransid, int hGroup, int hrMastergquality, int hrMastererror,
int dwCount, int[] phClientItems, object[] pvWalues, short[] pwlualities,
OpcRew.Da  FILETIME[] pftcTimeStamps, int[] pErrors)

try
{
ifi{hGroup == GROUPSERVERHANDLEL)
{
if(hrMastererror != 0 || hrMastercqualitcy != 0}
{
throw new Exceptioni{erroritr + "; Quality: " + GetcQualicyText (pwlualities[01));
I
fori{int xCount = 0; xCount < dwCount; xCount++)
{
switchiphClientItemns [xCowunt] )
{
case CLNTHMDL1:
w wyControll.wal = pvWalues[xCount] z
brealk;
case CLNTHNDLZ:
m_wmyControlz. wal = pvWalues[xCount];
break;
case CLNTHNDLZ:
Explanation

For the above method it is soon apparent that for many OPC items (e.g.
several 1000 OPC items) the limits of clarity are quickly reached (switch-
case instruction) and errors in programming become more and more likely.

Additionally, it is difficult to expand the above code fragment. It must be
imagined that a further OPC item must be added to the runtime. This
however must already be known at the time of implementation (due to the
switch-case instruction in OnDataChange).
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Writing an OPC item via a synchronous write command (code excerpt)
Figure 4-8

private woid setPResetFlagForSimulationiint reset)

{

-I,I'-I,I' e o o o o o o e e e e o o o o o o o e e e e e e o o o o o

F4 et reset of simulation

J,I'J,I’ FhEFTEE AT EE T T AT T AL LT T AT T AL AT AL AL AL
int[] phfServerHandle = new int[1l];
phierwverHandle[0] = srvHndl[3];

ocbject[] phItemWaluse = new obyect[1l]:

FF here we don't read the item,\because it is not connected with a
fF specific userinterface elemen

phltenWalu=[0] = "0O";
int[] errors = null;
try

{

n_ngtConvietting. writefynce (phierverfandle, phltemVWalue, out errors);

}

catch (Exception)

{

throw;

;

Explanation

Here it becomes apparent, that the position of the server handle in the
management array must for the respective action already be known at the
time of implementation.

If at a later development time another OPC item is added, then the code of
the “setResetFlagForSimulation” code must be changed as the index of the
server handle within the array has changed. Simple expandability cannot
be ensured anymore.

Solutions realized in this application

Encapsulating data, describing an OPC item, into its own class offers
almost unlimited expandability. This has been realized by means of the
“OPCltemExtender* class.

All OPCltemExtender objects are saved in an object of the
OPCltemExtenderList class, which in return is a specialization of the
System.Collections.ArrayList class of the .NET frameworks.
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Conventions of the OPCltemExtender and OPCltemExtenderList objects

In order for the client and server handles not to be managed separately, the
following conventions must be made:

e The client handle of an OPC item is the index of an OPCltemExtender
object within the OPCltemExtenderList object.

e The server handle of an OPC item is also saved in the
OPCltemExtender class.

e There are two ways to receive an OPCltemExtender object from the
OPCltemExtenderList:

- Index access to the list (index corresponds to the client handle)

- Specifying the ITEM_ID, which should always be known in the
application (z.B. in form of constants, #define directives, INI files)

The Hashtable of the OPCltemExtenderList

For also enabling performing the last point (accessing an
OPCltemExtender object via its ITEM_ID) at over 1000 objects with
acceptable performance, the OPCltemExtenderList contains a hash table
which contains the ITEM_ID as keys and a reference to the respective
OPCltemExtender object as value. This enables accessing any
OPCltemExtender object in constant time (O(1) complexity).

Access to a particular OPCltemExtender object via the hash table

The following figure schematically illustrates the above. This also enables
code constructs discussed in the following blocks.

Figure 4-9
OPC Client
Code fragments OPCltemExtenderList
ITEM_ID Ohject
OFCltemExtender itmExt; leiz — e
Get OPCltem Extender Int idx = phClientHandlas[i]; 1 ITEM_ID1 | OPCltemE1
object which refers to the I
Clienthandle. 2 TEMIDZ OTCVEENE?
itmExt = m_itmExtListficl]; ,_T————”_’P:
s s s
n | ITEM_IDn | OPCltemEn
Get Serverhandle
if Items ITEM_ID1" Int sreHnal; _
srvHndl = m_itm ExtList getSrvHndI(I TEM_ID1);
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Receiving data via OnDataChange (code excerpt)
Figure 4-10

public woid OnDataChange (int dwTransid, int hGroup, int hrMastercuality, int hrMastererror,
int dwCount, int[] phClientTtems, object[] pvWalues, short[] pwlualities,
OpcRew. Da FILETIME[] pftTimeStamps, int[] pErrors)

ff Data has been received
statusBar Text = m ResMan GetString("EXT_0PC_ONDATACHANGE BECEIVED") :

sString errorsStr = """
string strWalues = "";
Cry
{
if{hbroup == m ngtBoxes.srvHandle )
{
iflhrMastererror != 0 || hrMastergquality != 0}
{
throw new Exceptionierroritr + "; Quality: " + GetQualityText (pwlualicies[01));

}

OPCItemExtender itm;

for{int xCount = 0; xCount < dwlCount; xCount++)
{
itm = (0OPCItemExtender)(m itmExtBoxes [phflientItems [xCountl]):
| itm. actWalue = pvWalues[xCount] ;

}
}

catch (Exception ex)

Client_DOKU_v10_e.doc
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p_OPC

The value of the delivered OPC item is written into the OPCltemExtender
object via an “actValue” property, which is indexed over the respective
client handle.

Copyright © Siemens AG 2005 All rights reserved
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It becomes apparent, that only newly added OPC items require no
immediate code adaptation of the OnDataChange method.

Another advantage of the here described solution is the fact, that the value
of an OPC item is now available at any time, as it is stored in the respective
OPCltemExtender object (which can be addressed via the known
ITEM_ID).
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Writing an OPC item via a synchronous write command (code excerpt)
Figure 4-11

private woid setPesetFlagForfimulation(int reset)

{

-I,I'-I.I' ol o o o e o o o o o e o o e e e o e e o o o o o o o

F4 set reset of simulation
l',I'.I.I' i el e o e o o e

int[] phfServerHandle = new int[l];
A4 get the serwver handle of the item with item-id ITEM RESET
phierverHandle [0] = n itmExtConwviettings. getSrvHandle (ITEM RESET) :

object[] phItemWalue = new object[l];

F¢ here we don't read the item, because it is not conhegted with a
F4 specific userinterface element

phItenValus[0] = reset.ToStringl):
int[] errors = nuall;
try

{
ff write it dowm
n_ngtConvietting. writefync (phiferverHandle, phlgenValue, out errors);

}

catch (Exception)

Explanation

The code extract shows how the server handle for the OPC item
“ITEM_RESET" is read from the respective OPCltemExtenderList object.
Irrespective of whether further OPC items are added in the later course, the
correct OPC item is always written at this point. Further code extracts on
“Reading and Writing of OPC Items* are available in chapter 7.3.

Note In order to fully provide the required expandability, respective methods
must of course be implemented the OPCltemExtenderList class.

Only the methods necessary for this application have been implemented
in this application. For example, it is not possible within this application to
remove individual, already added OPC items during runtime, as the
respective methods have not been implemented.

With the existing class structure however, there shouldn't be any larger
problems regarding expandability of the classes.
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45.3

Problem

Allocating the value of an OPC item to user-defined objects

The class structure explained in chapter 4.5.2 provides no solution to a
specific problem:

Which user interface element is meant to indicate the value of a certain
OPC item ?

At this point you are again dependent on a switch-case construct, as
already illustrated in chapter 4.5.2. Often, certain user interface elements
request the value to be displayed as String value, other elements require a
Boolean value. At least a switch-case regarding the type of an OPC item is
necessary.

The next question follows, if the value of an OPC item is not to be displayed
at all, but for example to be saved in a database.

The respective question is: How can a connection of any objects to values
of OPC items be realized ?

Solutions realized in this application

Note

Note

The answer to this questions is given by the object orientated languages:
Polymorphism.

The “IOPCConnector::IOPCltemControl“ used in this application, declares a
“OPCParam” property which expects a string as a type.

In this application this was sufficient; for other OPC clients it may be
useful to declare the type as object or instead a property using methods,
which are overloaded accordingly.

If now a .NET class is derived from this interface (C# modifier must of
course be considered), then this class of the property must implement this
interface. Such a class is for example OPCActiveXConnector.

In this application, all classes implementing the
“IOPCConnector::IOPCltemControl” interface have the suffix “Connector”.

Application example

In the following, we assume that m_actXConn is an object of the
OPCActiveXConnector class, to which an ActiveX control and a Label
object is transferred (better: the reference to it).

If the “OPCParam* property is now set by the m_actXConn object, then
m_actXConn writes the transferred value into the ActiveX control and the
label object.
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Using polymorphism

Due to the fact, however, that it is not desirable to memorize all of the
connector objects separately, polymorphism occurs.

The OPCltemExtender class contains a member
private IOPCltemControl m_correspondingObject;

Any object of a class which implements the
“IOPCConnector::I0OPCltemControl“ object. Due to the fact that each
Connector class implements this interface, any object of any Connector
class can also be specified here.

When setting the ("still abstract”) property the type of object is detected via
"late-binding”, and the respective (“now concrete”) property is set.

Writing OPC item values into Connector objects (code extract)

The following code fragment of the OPCltemExtenderList class shows how
simple writing of OPC item values into any Connector objects is. The
“actValue“ property of an OPCltemExtender object is hereby set in the
OnDataChange method (see chapter 4.5.2 “OnDataChange” Code
Fragment).

A code fragment indicating the generation of OPCltemExtender objects and
Connector objects is available in chapter 7.2.

Figure 4-12
public string actWalue
{
FF only returns the last written walue! (ot of
FF this is necessary to hawe the chance to have
get{ return m itmWalue; }
zet
{
w_itmWalue = wvalue;
ifilm correspondingObject != null)
m_correspondinglbject 0PCTParam = walue:

V1.0 16.02.2005 57/117



Copyright © Siemens AG 2005 All rights reserved

21043779_Cshar|

C_Client_DOKU_v10_e.doc

p_OP

Function Principles and Program Structures
Data flow models of this application

SIEMENS

OPC Client with C# and .NET Entry ID: 21043779

5 Data flow models of this application

This chapter explains ...
how certain data flows of this application are organized.

Discussed topics

Chap Title Page
5.1 | Asynchronous write procedure using .NET control 58
5.2 | Monitoring a box on the conveyor belt (.NET-Control) 62
5.3 | Synchronous read process with the ActiveX-Control 65
5.1 Asynchronous write procedure using .NET control

Frame conditions

Now the processes for a switch change are described. The following
general requirements apply:

e The OPC clients remains operable during writing the variables into the
controller

e The user interface is only updated if the data has actually been written
to the controller.

Initial situation
The following figure illustrates the initial situation:
Figure 5-1
™ HMI with .NET ol x|

Language
HMI with NET-Control | Hil with ActiveX-Control |

Mid Conveyors

In Conweyor Cut Conveyar
@

Control
’7 Start simulation

'‘OnD ataChange’ received A

Rezet boxes Set timers
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Data flow model of the entire application
The following overview roughly illustrates the data flow of all involved

p_OPC
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components:
Figure 5-2
OPC Client OPC Server Controller
Conveyor
\ Control
ASW‘ICHI’DUS -
- Dat -
@ * Wiriting BILTTET -
& )
@ | SOFTMET 57 _
, - i DEx DEW vy
- [ia} o .
- @ ki) - O
OnerteCDmpIete 57 Protocol - = (&)
iT DBx DBW 2
@ o -
Update view of IE
COMvEyor
Description
Table 5-1
No. Instructions Note
1 | Clicking the switch triggers an event. This prepares
data for transfer to the OPC server.
2 | Data are transferred to the OPC server via an Calling a function which executes
asynchronous write command. the write command

asynchronously, keeps the user
interface operable.

3 | Due to the fact, that several OPC clients might send | The data is forwarded to the S7
data to the controller simultaneously, the data is protocol as soon as possible.
buffered by the OPC server. Furthermore, the
communication from the OPC server is optimized.

4 | Using the SIMATIC NET SOFTNET-S7, the datais | The CP343-1 signals reception of
sent to the controller with the S7 protocol via the data to the Ethernet network
Ethernet network card. card.

5 | The SIMATIC operating system writes the values into
the respective data block.

6 | The OPC server signals the OPC client the The OPC client can now assume,
acknowledgement through the CP343-1, by calling that the data are located in the
the “OnWriteComplete” method via the respective respective data block or data
interface. area.

7 | Since the OPC client now knows that the data has
been written to the S7/CPU, it updates the view of
conveyor and switch.
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Data flow model within the user interface
Here you can see the data flow within the OPC client:

Figure 5-3
OPC Client OPC Server
Click OPC-RCwW OPC Custom
Event Conveyor Control Eventhandler Interface —
e .OnSwitchPosChanged" DataAccess-
@ Eventhandler -§{ 3 interface
OntdouseButtonDiownl...) _ _
. Ez ) Manager witeAsyncl.) r—m IOPCASYNCIOZ2:WYtEASYNEL ] HIOPCASYNCIOZ: -

Fire event 1
= itchP osChanged)...)

} ®
|ConnectionPoint (-«
rd ethiod Eventhandler

SetSwitchPosition(..) @ L OnriteCompletel. "
-

o @Y

|ConnectionP ... [f4——

(7 Yot swten post
ggﬁﬁg?&ﬁ?ﬁg and 1 CDPCltem Extender value
conveyor including all = myvalue

boxes. !

}
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Description
Table 5-2
No. Instructions Note
1 | Clicking the switch calls the event handler

“OnMouseButtonDown(...)" of the “Conveyor" control.

2 | Calling the user defined “SwitchPosChanged" event The position of the switch is
informs the user interface, containing the conveyor passed on via a parameter of
control, of the switch position having to change. the event.

Note:

Effectively this information is communicated to all .NET
components logged in at the “SwitchPosChanged*
event handler.

3| In the “OnSwitchPosChanged" event handler the Using the WriteAsync method
OPCManager of the respective group is commissioned keeps the user interface
with executing an asynchronous write command. operable. It can react to user
In order to do this, the server handle must be fetched input and other events if this is
from the OPCltemExtenderList. This is performed via the |desired.

ITEM_ID of the switch. (see chapter 4.5.2)

4 | The OPC server writes the value of the variable into the
controller.

Furthermore, it informs the OPC client of data having
arrived in the CP of the controller.

5 | The “OnWriteComplete(...)" event handler now Registering at the
determines the switch position written last. IConnectionPointContainer

enables the OPC client to
Note: receive events of this OPC
server.
This is realized in the OPC client via a “shadow
variable* — no ReadSync() or ReadAsync() is
performed.
6 | The switch position is transferred to the conveyor control.

7 | The conveyor control only draws its user interface.
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5.2 Monitoring a box on the conveyor belt ((NET-Control)
Now the data flow is described which occurs at a change of box position.

User interface of the .NET-Controls "Conveyor"

The following figure shows the user interface of the .NET-Controls:
Figure 5-4

=

Language

HMI with NET-Contral | HMI with Active-Cantral |

Mid Comveyors

In Conweyar M gk Canw ey ar

Contral
|7 Start zimulation Reset boxes Set timers [: |

'OnDataChange’ received -
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Data flow
Figure 5-5
OPC Client OPC Server
OPC- COPC Custam
RCYY Interface —
Conveyor Control Eventhandler DTE??;;ESS'
,onDataChangef .y @
Method o |Connectionk oint <——H IConnectionP oint 4 Controller
{SEIBDKO”CDWEWWJ OPGItemExtender valug=
Setze Box. “werts —>| BESY
Draw Contral new. |
! SErVEr
@) i
f 7 Simulation
FProgram
®|® -
o ¥ ¥
Fill box object with the Box i box _
data. o DEx.DBW v
SetBoxOnCarveyarthe EIrEsy SOFTNET-57 0 | o |
Box) E 7
} 57 Protocol [ JM @ :
i DBEx DBW z

I

V1.0 16.02.2005 63/117



SI EM ENS Function Principles and Program Structures

Data flow models of this application

OPC Client with C# and .NET Entry ID: 21043779
Description
Table 5-3
No. Instructions Note
1 | The server polls (see Glossary) the current variables.
2 | The controller processes the job of the OPC server.
3 | Data are transferred to the OPC server.
4 | The server processes the data and checks whether
they have changed.
5| If the data has changed, the server uses the The COM mechanisms on which
IConnectionPointContainers to call the this is based are available in the

“OnDataChange” method of all OPC clients logged in | numerous secondary literature.
at the “Sink-Interface” (see Glossary).

6 | The OPC-RCW forwards the event of the server to the | Due to the fact that the “Box"

actual .NET-OPC client. class implements the
The “OnDataChange* now writes the data into the “IOPCltemControl” interface it is
respective box object in the box array. sufficient here to set the property

of the OPCltemExtender object.

OPC_Client_DOKU_v10_e.doc

7 | The “SetBoxOnConveyor(..)" method of the conveyor
control is called. The parameter is a reference to the
box object in the box array.

This method causes the conveyor control to determine
the new position of the box and to redraw it.
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5.3 Synchronous read process with the ActiveX-Control
The following figure contains a description of the data flow if the current belt speed is read from the DEVICE.
Data flow
Figure 5-6
cCOoM .NET coM
ActiveX OPC Client OPC Server
Control Met- OPC- OFC Custom
WWrapper RCHYY Interface —
for Eventhandler DataAccess-
Activer- «OnReadh ow® @ @ Interface
Contral | |1 @
OPCManager.readsync(DEYICE) | |OPCSyNCl O H 10PCSyncio:
Feadsyncy...) ReadSync(..) i}
DPCItemExtender value=
= alue: @ b4
@ 1 @ Server
Property
value - p— A
{ || || augeorntral: - @
Display - walue ¥
< alles
| SOFTNET-S7 o
3
57 Protocol | ™ ©
w

CP 343-1

Controller

BESY

W alues=

DEx DEW 7
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Description
Table 5-4
No. Instructions Note
1 | The “ReadNow" button was pressed; this calls a | The write job is to be executed to

synchronous read job via the OPC manager.

DEVICE.

The OPCManager calls the “ReadSync" method
via the IOPCSynclO interface provided by the
OPC-RCW.

The server accepts the job and performs a read
job for the respective process variables.

The involved process variables are
Timerl to Timer3.

The driver and protocol blocks pack the job into
an S7 protocol. SOFTNET-S7 is used for
sending the job to the controller via the network
card.

If reading from CACHE, there is no
communication with the controller. The
values existing in the CACHE would be
returned.

The controller sends the desired variables to the
OPC server.

The server returns the read values.

The OPC client assigns the value to the
“correspondingObject” of the respective
OPCltemExtender object.

The “correspondingObject” being of the
IOPCltemControl type, the respective
method (or property) of the underlying
control is called (or set).

The data are transferred to the ActiveX-Control
via the .NET-wrapper of the ActiveX-Control.

The Active-Control accepts the value and
causes the value to be displayed.

Note

The ActiveX components are automatically integrated by the system.
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6 Explanations on the Simulation Program

Here you will find information on ...
how exactly the simulation has been realized in the controller.

Discussed topics

Chap. Title Page
6.1 | Basic structures of the simulation 67
6.2 | Process of simulation 69
6.1 Basic structures of the simulation

The program at the controller simulates the movement of boxes on the
defined conveyors, by incrementing the position of the boxes on a conveyor
section after a certain time has elapsed.

The following structure is used:

Note Connecting the structures with the visualization elements is explained in
chapter 4.1.1.

Structure "structBox2" (UDT1)

Here, as apparent in the figure below, the last and the current conveyor on
which the box is or was located are described. Furthermore, a horizontal
position is assigned to the box (see chapter 4.1.2).

Figure 6-1
+0.0| |nLastcConveyor INT -1 describes the conveyor the box lays on [(last)
I +2.0| |nactConvewvor INT -1 describes the conwveyor the box lays on (actual)
+4.0| |[nHorFPos INT u] dezcribes the horicontal position

7

|END_sTRUCT
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Structure “structSettings” (UDT2)
Especially the variables are available for influencing the simulation.
Table 6-1

Variable Description

MidConveyors Sets the number of mid conveyors (see chapter 4.1.1 and
4.1.2)

NumberOfBoxes Sets the number of simulated boxes

TimeForConv1l - 3 | Initial times in 10ms after which the positions of the boxes are
incremented on the respective conveyor section

Structure “structSettings” (UDT2) — Data view
Figure 6-2
m B

+0.0| |Resetiimalation |BOOL FALSE Resets the sinulation

+z2.0| [MidConveyors INT z mimber of conwveyors in the mid of the conwvevor-graph
+4.0| [ZwitchPosition INT 1 starting position of the switch

+6.0| |HunberOfBoxes INT 1 mawber of boxes to simulate

+5.0]| [TimeForConwl INT 100 simulation time for conveyor 0 &£& 1 in l0ms

+10.0| [TimeForConwz INT 150 gimulation time for wmid comwveyors in llws

+12.0| [TimeForConw3d INT 200 simulation time for end conwveyor in l0ms
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Structure “structTimers" (UDT3)

This structure is only used for visualizing or controlling the times of the
conveyor sections. Serves exclusively for improved separation of simulation
settings, however, is not urgently necessary.

Figure 6-3
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+0.0( |Timerl INT
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6.2 Process of simulation

Description of the process
The processes within the controller are quite simple.

OBL1 cyclically calls the FB1 block “Simulation®, whose only task is
monitoring or controlling the process of the respective Timer, as well as
storing data in DB2 “DataBoxes". Thereby, the DB2 “DataBoxes" serves as
data interface with the OPC server.

In order to provide movement of the individual boxes, the FB1 “Simulation*
calls the FB2 “BoxSimulator. Depending on the elapsed time of the Timer
the position of the respective boxes is incremented.

Call path of the blocks
The following diagram illustrates the call path:
Figure 6-4

OBE1

™ FB1
¥ Has the task
K of an encoder

—@\ FB2
Timer_ EEtta box on the i Has the task
Box_ IrSt Corveyor » 1/ of a box manager
On_Conveyo
ﬂ Increment the box lncrement the
Timer pasition an pasition of the box
Convevard 2 comveyorTand2  f | onthe respective
yori_ COnvEyDr
Increment the box 5et the boxes on
position onthe the next conwveyor
Tirmer_ mid conveyors if Necessany
hid Corveyors ™
Increment the box
: positions on
Timer_ end corveyar
End Conveyors o
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The block FB2 “BoxSimulator”

The block FB2 “BoxSimulator” manipulates the boxes, whereby the FB1
"Simulator” reports to this block, via the parameters "ninConv1* and
"ninConv2*, for which conveyor section the respective Timer has elapsed.
The following section shows the relevant SCL code of FB2.

The block FB2 “BoxSimulator” (code extract)

ThRE
Eoxes
END_ VYRR

: RABEBWY[O..4] OF wdcl;

EEGIN

IF bhInReset = tru= THEN
FOE nldx:=0 TO MiX DO

Boxes [nIdx] nlastConwveyor = -1;
Boxes [nldx].nictConwveyor = -1;
Boxesz [nIdx] wnHorPos = 0;

END_FOR;

ELSE

£ If a box is to set on the first comw...

nlIdx = nInBoxToSet - 1;

IF nIdx > -1 THEN
Boxes[nIdx] nLastConveyor -= -1;
Boxes [nIdx] nictConveyor:=0;
Boxes [nldx] .nHorFos = 0O;

ELSE

Ff examine all boxes and their positions
nTup = nInBoxes-1;
FOR nlIdxz:=0 TO nTwp DO
IF (Boxes[nIdx] ndctConwveyor == nInConwl) AMND (Boxes[nIdx] nletConveyor < nInConws) THE]
Sf dncrement position
Boxes[nIdx] nHorPos := Boxes[nIdx] nHorPos + 1;

——— CRSE EBoxes[nldx] nHorPos OF
END_MELS_CONVL1:
Here the Boxes[nldx] . nlLastConwveyor = O;
boxes are Boxes[nIdxz] nlictConveyor -= 1;
END MELZ COMNWE:
mOVed baCk _Boxe;[nldx] .nLastConwveyor "= 1;
Boxes[nIdx] nhctConveyor = 1 + nIndwitchPos;
and forth END_MELS_CONV3:
betWeen the Boxes[nIdx] nlastConwveyor = Boxes[nIdx] nictConwveyor;
Boxes[nIdx] nActConveyor = Boxes[nIdzx]. nictConveyor + nInMidConwvevors;
conveyors END_MELE CONV4:
Boxes[nlIdx] nLastConveyor = Boxes[nIdx]. nActConveyor;
Boxes[nIdx] nhctConwveyor = nInMidConwveyors*: + 2;
END_MELE CONVE:
£ Bet the box back on the first conwveyor
Eoxes[nIdx] . nlLastConveyor = -1;
Boxes[nIdxz] nlActConveyor -= 07
EBoxes[nIdx] .nHorPeos = L1;
END_CRASE;
END_TF;:
END_FOR;
END_TF;
END_IE;
Figure 6-5
Note For further information regarding the realization of the simulation please

refer to the source code.
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7 Code Fragments of the OPC Clients

Here you will find information on ...

the concrete action to be taken in order to provide operator control and
monitoring with OPC variables.

Especially creating groups and items as well as activating and deactivating
of groups is discussed.

Note

All code fragments have been divided into “regions*.
For further information, please refer to the commented source code.

Discussed topics

Chap. Title Page
7.1 |Introduction and basics 71
7.2 | Connecting to the OPC server 74
7.3 | Reading and Writing OPC Items 80
7.4 | Release of references on the OPC server 85
7.5 | Internationalization 87
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Table 7-1

7.1 Introduction and basics

Source code files of the OPC Client
The zip.-file also contains the created source code files:

Component

File

Note

Complex client — Main user interface

Complex-Client-Form.cs

Contains the main user interface

Complex-Client-Form.de.resx

German resources for the main user interface

Complex-Client-Form.en.resx

English resources for the main user interface

Complex-Client-Form.resx

Language independent resources for the
main user interface

Complex-Client_res_de.resX

File for German texts not directly located in
the main user interface

Complex-Client_res_en.resX

File for English texts not directly located in
the main user interface

OPCActiveXConnector.cs

Class for connecting the ActiveX-Control
used in the user interface with the OPC items

OPCltemExtender.cs

Class representing certain properties of an
OPC item

OPCltemExtenderList.cs

Class containing a list of OPCltemExtender
objects
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Component File Note
OPCServerManagement.cs Class encapsulating the calls to the OPC
server required in this application
OPCGroupManagement.cs Class encapsulating the calls via the OPC-DA
interface
SpeedsDialog.cs Dialog for dynamic setting of the timers
simulating the conveyor speed in the
controller
SpeedsDialog.de.resx German resources for the dialog
SpeedsDialog.en.resx English resources for the dialog
SpeedsDialog.resx Language independent resources for the
dialog
. ConveyorGraphControl.cs File contains the implementation of the .NET-
S o Control
E é ConveyorGraphControl.de.resx | German resources for the .NET-Control
%_ul—'J ConveyorGraphControl.en.resx | English resources for the .NET-Control
g Z ConveyorGraphControl.resx Language-independent resources for the
O .NET-Control
R IOPClItemControl.cs Interface providing standardized interface for
% E 5_% connecting of OPCltemExtender objects and
EQ o user interface elements.
S°E

Structures in the OPC client
The OPC client uses structures instead of classes.

As far as sensible within the framework of this application, object-oriented
methods are used.

The class diagrams as well as the tasks of the most important classes have
already been discussed in chapter 4.2.
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Basic variables for connecting to the OPC server

In this application, the OPC client requires the following references (as
fields) to the OPC-COM interfaces for connecting to the OPC server:

Table 7-2
Function Description
OPCServerManagement.cs
Connection to the private IOPCServer m_OPCServer =
OPC server: null#*#;
private IOPCCommon m_OPCCommon = zero;
OPCGroupManagement.cs
Connection to /I Connecting to process variables
process variables private IOPCGroupStateMgt m_OPCGroupStateMgt = zero;
private IOPCltemMgt m_OPCltem = zero;
/I Asynchronous read/write
private IOPCAsynclO2 m_OPCAsynclO2 = zero;
/I Synchronous read/write
private IOPCSynclO m_OPCSynclO = zero;
/I Necessary for receiving events of the group
private IConnectionPoint m_OPCCP = zero;
private IConnectionPointContainer m_OPCCPContainter = zero;
Memory bits for the | private int m_Cookie_CP =0;
connection to
ConnectionPointCo
ntainer (so-called
cookies)
Handles e to group objects:
private int m_grpSrvHndl =0;
private int m_grpCintHnd| =0;
e toitem objects:
In this application , the item-client handles correspond with the
array-index of the respective OPCltemExtender object in the
OPCltemsExtenderList. The server handles however, are also being
memorized in the OPCGroupManagement class:
private int[] m_itmServerHandles;
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7.2 Connecting to the OPC server

Connection to the OPC server:

The connection to the OPC server is made via the “connectOPCServer()"
method in the OPCServerManagement.cs file:
Figure 7-1

FiGet the Type from ProgID. Text
typegflPCzerver = Type.GetTypeFromProgID (PROG _ID) ;

Determining
the ProgID string striummy = m PFesMan. Get3tring("EXT_O0PC_CONNECT_ SERVER") :

if (typecfldPCserwver == rull) throw new Exception(strDunmy) ;

S Mast be freed with Marshal. BeleaseCowlbject (myO0PCSerwer)
m OPCSerwver = (IOPCServer) Actiwvator.Createlnstance(typeoflPCzerwver):
m OPC3erver == null)

Creating the
COM
instance on
the OPC
server

striunmy = m PResMan. FetString ("EXT_OPC_CREATE INST_FAILEDR"):
throw new Exception(strDunmy) ;

}

A4 Don't free it - we don't AddRef ic!l!
m OPCCommon = (IOPCCommon) m OPCEerwver:
if (m OPCCommon == null)

{

striunmy = m PesMan. FetString ("EXT_O0PC_COMMON FATLED")

Required for
throw new Exception(strDunmy) ;

Locale _ID

m OPCCommon. FetLocalelIl (out m LocaleID) ;

Creating OPC groups

OPC group objects are added via the OPC server object. OPC groups are
created using the “addGroup” method of the OPCServerManagement
class. This method, in return, uses the “addOPCGroup(...)" of the
OPCGroupManagement class and also returns the
OPCGroupManagement object.
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Creating OPC groups — Code extract

The following code extract only shows the call for the “AddGroup“ method
of the IOPCGroupStateMgt interface:

Figure 7-2

o OPCServer. AddGroup | o_grpName
Convert.ToInt3Z(m isiActive), - \
u reqlipdatelate, If true, the CACHE for this
m_grpClntHndl, group is activated. This is a
pTineBias, prerequisite for the
pDeadband, "Monitoring functionality”.
m LocaleIl,
out m_grpSrvHndl, /
cut m_revipdateRate, The method returns a group
ref iid, obiect
ocut obiGroup )7 | .

if {(objGroup == nulll

{
strM=g = m ResMan. CetString ("EXT_OPC_IF GROUPZ") + m grplame
throw new ExceptionistrM=g);

} Save group
object
A Get our reference from the created groupg

mw OPCGroupStatelgt = (IOPCGroupStatelgt) objGroup;
if (m OPCGroupStateMugt == null)
{
strM=g = m ResMan. CetString ("EXT_OPC_IF_GROUP4") ;
throw new ExceptionistrM=g);

Note The required update rate (m_reqUpdateRate) need not correspond to the
actual update rate!

Please refer the parameter “m_revUpdateRate".

Creating OPC items

Creating of items has been encapsulated within the “addOPCltems" of the
OPCGroupManagement class (in OPCGroupManagement.cs).

For better overview, the following points are observed:

e Filling the relevant parameters and the OPCltemExtender objects
e Treating COM return pointers in .NET

e Creating OPC items

e Error handling
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Filling the relevant parameters and the OPCltemExtender objects

In this application, the parameters for creating OPC items in certain
methods are set. An example is filling the parameters for the OPC items of
the OPC group “Timer” (method “buildltemsForTimers”, class)
“OPCClientForm*, file: “Complex-Client-Form.cs").

Figure 7-3

-I,I"I,l' FEEFETXTELT AT ETET LT XA TN LA XL LA L T L T LT 0L
ff Timers

J,I"I,I' o o o o e e e e e o o gk o e e e e e o o o o o o e e e e e
A4 build items for the timers

int[] itmsClntHndl = new int [NUMTIMERE]
int[] itmsSrvHndl = new int [NUMTIMERE]
bool[] itmsictive = new bool [NUMTIMERE]
IOPCItenControl[] correspondinglbiject = new IOPCItemControl [NUMTIMERES]
stringl[] itmsID = new string[NUMTIMERE]

OPCIremExtender itm; Filling the parameters:
- clientHandles
int i: - aktive Items
- item-IDs

for{i=0; i = NUMTIMERE; i++)
{

The OPC items correspond to
certain objects of the user
interface. The
OPCActiveXConnector class

itmsClntHndl[i] = i;
itmshctive[i] = true;

A Items are given symbolically

itmsID[i] = ITEM TIMER PREFIX + (it+l}; must implement the
} OPCltemControl class
correspondinglbiject [0] = new O0PCActiweXCo or (ot 1Win
correspondinglbiect[1] = new OPCActiweXConnector (ctlWinCCGaugeZ, TimerZLabel) ;
correspondinglbiect [2] = new OPCActiweXConnector (ctlWinCCFauge3, Tiner3Label) ;

This method creates an
OPCGroupManagement-object with
the OPCServerManagement object
and assigns it to "m_mgtTimers".
This generates the OPC items for

LEY
i
A4 Mow build the opec items for the conwveyor
inicOPCGroupsindItens |
ref m mgtTimers, GRP_HNAME TIHE
reqiipdateRateTiners, n . - the timers.
itmsdotive, itnsID, itnsClntHndl, out itmsSéﬁm\\;

}

catch (Exception)

{

Here the OPCIltemExtender objects
were generated and saved in the
respective ItemExtenderList
"m_itmExtTimers".

A4 Just forward it

thromw;
}
A sawve the opc-item information £
for{i=0; i< MNIMTIMERS: i++)
{

itm = new O0PCItemExtender (itmsheotive[i],itwmsID[i], itwmsSrvHndl[i], itwmsClntHndl[il,
ref correspondingObiject [1]);
n itmExtTimers. Add{itm);

The respective code must now be executed for each group (see methods
“initOPCVariables" as well as “ApplyButton_Click* of the “OPCClientForm*
class).
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Treating COM return pointers in .NET

Due to all OPC objects being COM objects, and return values in COM
always having to be returned as COM pointers, preliminary work must be
performed in order to be able to process these COM pointers in .NET.

To do this, .NET provides the class library “System.Marshal* and
“System.Interop*.

In this application, the C# type “IntPtr* must be used for returned COM
pointer:

Figure 7-4

IntPtr ppResults = IntPtr.EZero;
IntPtr ppErrors = IntPor.Zero;

Note The memory area for this pointer reserved by the OPC client with
“Marshal.FreeCoTaskMem(<varName>)“ must be released again, as this
reserved memory area consists of unmanaged code and is thus not
subordinate to the GarbageCollector.

Further information is available in the secondary literature \2\.
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Creating OPC items
This code now shows how OPC items can be generated in .NET:

Figure 7-5

/¢ Get Item interface Get Items-Interface
w OPCItem = (IOPCItcemlIgt) m OPCGroupStatelot; ﬂon1(3roups

if (m OPCTItem == null)

. interface.

strDumny = m PesMan. GetString("EXT_O0OPC_IF_ITEN"):
throw new Exception(strlummy) ;

Assemble Item structure.
Note:

The item definitions are
transferred by the calling
method.

A4 Mow add the items
fori{int i=0; i < mawmber0fItems; it++)
i
A& Aoocesspath not neesded
ITtemdefs[i] . szliccessPath = "";

A AddItem Active, so OnlataChangse will come in an actiwve group for this item
Itemdefs[i] .bictive = Conwvert.Tolnt3Z (itemsictiwve[dil);

A4 Te want to get the items as string

Itemdefs[i] . vtRequestedbatalype = Convert. ToIntls (VarEnum VI_EBESTR)

A4 "BinaryLargeOBject" not needed by SimaticHNet O0PC Serwver
Itemdefs[i] . dwElobSize = 0O;

£ no blob

Ttemdefs[i] .pElobh = IntPtr.Zero;

Itemdefs[i] .hClient = itwmClntHndls[i];
Itemdefs[i] . s=TtenlIl = itemID=s[i]:

J Adding items to the Group ‘__==:?””—__r7§dditenjs ::]
mw_OPCItem. AddTtems( numberOfItems,

Ttemdefs,

out ppResults,

out ppErrors);

Error handling
First the return values are to be tested:

Figure 7-6
if (ppResults == IntPtr.Zero)
{

striumnmy = m ResMan. GetString("EXKT_O0OPC_RESULT_FATILED") ;
throw new Exception(strinmmy) ;

}
if {ppErrors == IntPtr.Zera)

{
striummy = m PFesMan. FetString("EXT_O0PC_EREOR_FAILED"):
throw new Exception(strinmmy) ;
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Converting COM return values

When generating OPC items, different errors can now occur. The return
values (as already mentioned) are COM pointers, therefore, they must be
converted into .NET-compatible data types. The mentioned methods of
“System.Marshal”“. The following sequence shows the individual steps:

Table 7-3

Code section / Explanation

The errors delivered by the OPC server can be easily copied as it is a simple data type.
FFEvaluate return ErrorCodes to exclude possible Errors

int[] errors = new int [manber0fITtems] ;

Marshal. CopyippErrors, errors, O, mamber0fItems);

The “results”, however, must be manually copied due to the complex OPCITEMRESULT
structure (= Custom Interface).

OPCITEMRESULT[] result = new OPCITEMRESULT [rmumberOfItems=];

IntPtr pos = ppResults;
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Copying occurs with a loop via the result array:
fori{int dwCount = 0; dwCount < nunber0fItems; dwCount++)

i

try Even a single error throws
{ an excepton.
if ferrors[dwCount] != 0)

{

striummy = m PBesMan. GetBtring ("EXT_O0OPC_ERPROR_ITEM ADD");
throw new Exceptionstrinimwmy)

} T Copyresuit ]
A4 Item was added suaccesfully -

result [dwlount] = [(OPCITEMRBESULT) Marshal PrtrToStructure(pos,
typecf (APCITEMRESTULT) ) ;-
itemferverHandles [dwCount] = result [dwCount] hlBerwer;

b

catch (Exception)
{
SO Item was not added
statusPBar.Text = m PesMan. GetString("EXT_EXC M3 ALL CAPTIOH"):

throw; The result array is run through with the pointer
} arythmetics of the old Windows world
pos = (IntPer) (pos. ToInt3Z2() + Marshal Size0f(typecf(0PCITEMRESTLT) ) )

}

The memory slot for the values delivered by the OPC server was reserved on the memory
area. The must be released again by the OPC client.

fF Free allocated COM-ressouces

Marshal. FreeCoTaskMen (ppResults)

Marshal.  FreeCoTaskMen (ppErrors=s) ;
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7.3 Reading and Writing OPC Items

Logging in the OPC clients for asynchronous methods

In order to be able to receive OPC server messages the OPC client must
log in at the interface of the OPC server or the OPC group. This has been
realized in the “setAsyncinterface” method of the OPCGroupManagement
class (in OPCGroupManagement.cs):

Figure 7-7

F& Query interface for Async calls on group object

fFf Take care: IOPCA=vricIO i=s only for DA 1.x

i I0PCAsynoIDZ iz for DA Z.x: Referencing the AsynclO2-
£ IOPCA=syvRcoIOZ is for DA 3.x ‘ﬁiji:igeﬁace(ﬁthe

mw O0PCAsyncI0z = (I0PCAsyncIOZ) m OPCGroupStatelot;

if(m OPCAsynellZ == null)

throw new Exceptionim PesMan. Get3tring("EXT_0PC_ASTNCIOZ FAILED")):

SF Query interface for callbacks on group object
mw OPCCPContainer = (IConnectionPointContainer) m OPCGroupStatelot;
if(m OPCCPContainer == null)

throw new Exceptionim ResMan. CetString("EXT_O0PC_C

AILED" 1) ;

ConnectionPoint zum OPC-

f# Establish Callback for all async operations
Callback-Interface holen.

Guid iid = typecf{IOPChataCallback) .  GUIDL;:
mw OPCCPContainer.FindConnectionPoint({ ref iid, out m OPCCE) ;

if{m OPCCP == mall)
throw new Exception(m FesMan. GetString("EXT_O0PC_CP_FATILED")) ;
fF Creates a connection between the 0PC servers's conhection point and

f£f this client's sink (the callback object).
m OPCCP_Adviseim callbackBeceiwver, out m coockie CP); ﬁtroducmg the

\ConnectionPoint.

if (m_cockie CP == 0}

{
string striumnmy = m ResMan . Get3tring("EXT_O0PC_ADIVEE FAILED"):
throw new Exception(strimuamwy) ;

Activating/deactivating an OPC group

In order to reduce the communication load between OPC server and
controller, only the displayed or controlled variables should be updated
automatically by the OPC server.

In order to realize this, the “IOPCGroupStateMgt" interface provides the
option of changing the status of the respective group.
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Code fragment — Activating an OPC group

The following code fragment shows how this can be implemented with
.NET and what needs to be taken account of (method "changeGroupState“,
file: OPCGroupManagement.cs):

Figure 7-8

IncPor pTimeBias = IntPrr.Zero;
IntPtr pheadbhand = IntPrr. Eero;

f hocess unmanaged memory

GCHandle hPBecuestedUpdatePate = GCHandle AllociregqUpdatelate, GCHandleType.Pinned) ;
GCHandle hLoc = GCHandle Alloci{Loc, GCHandleType.Pinned);

GCHandle hictiwe = GCHandle.illoc{ictiwe, GCHandleType. Pinned);

GCHandle hServerGroup = GCHandle Alloc(m grpSrvHndl, GCHandleType. Pinned) ;

tEY
{

The OPC Server will access the .NET-
storage areas. In order for the
GarbageCollector not to release these
memory areas, they must be "pinned"
(see comment at "SetState").

SF 8et state
if lactiwateGroup)
hictive. Target

I
=
"

else

hictive. Target 0;

ff Because we have to allocate unmanaged memory, we hawve to pinn them. Otherwise _Net's
£ garbage collector might free the memory and the opeo server will do something randomlsy.
m_ OPCGroup3tateMgt. Setitate (hRequestedlpdateRate. Addr0fPinnedlbject (),
out revUpdateBate,
hictive Addr0fPirnmedObject(),
Ff if the parameter is used, it must be pinned!!!
pTimeBias,
Ff if the parameter is used, it must be pinned!!!
pheadband,
hloc.2ddr0fPinnedibject ),
hierverGroup.  2ddr0fPinnedibject ()}
}
catch (Exception)
{
throuw;
}
finally
{
S now free the wnanaged memory
ifihhctiwe. IsAllocated) {hictiwve.Fres():}
ifihLoc.IsAllocated) {hLoc.Free();:}
ifihBemquestedlpdateRate. Ishllocated) {hRequestedlpdateRate. Free();}
ifih8erverGroup. Ishllocated) {hServerGroup.Free=();}

Note The necessity for “pinning down” memory was briefly explained in chapter
3.5.3.
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Reading and Writing OPC Items

OPC items are read and written with interfaces which provide the
OPCGroupStateMgt interface. Therefore this functionality has been
encapsuled in the OPCGroupManagement class (file:
OPCGroupManagement.cs).

Example: Writing synchronously

The “writeSync" method writes the “itemValues* transferred to it into the
OPC items identified with the "itemServerHandles”.

Figure 7-9

FF osyne write will block the user interface! so the ui is not responsive.

FF therefore it should only be used if the user is not allowed o contbrol the ai.

mw OPCEynelIl. Write! numltems,
itemferverHandles, Calling the write method of the
pltenValues, OPC-SynclO Interface.

out pErrors) ;

ErXrors = new int[nmamItems];

Ficheck if an error occocured Error handﬁng

Marzhal . CopyipErrors, errors, 0, nmmItems) ;

for{int xzCount = 0; xCount = rmamItems; xzCount++)
{
ff Data has been received
iff{errors[xzCount] != 0)
{
F# Errors ocoured - raise Exception
m OPCEerver.GetError3tringl{errors[xCount], m LocaleIDl, out ErrorStr);
Systen. Diagnostics.Debuy. WMriteline (ExrrorStr) ;

}

if{ErrorScr I= ""}

throw new Exception(Erroritr);

FF Free allocated COM-ressouces
Marzhal . FreeCoTaskMen (pErrors) ;
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Example: Asynchronous writing

The asynchronous writing occurs via the OPC-IAsynclO2 interface. This
can be realized as follows:

The call
First the values are written asynchronoulsy into the controller.
Like for all read and write operations, the “ltemServerHandles" must also
be given. In the following case, they are transferred via the
“itemServerHandles" parameter. The called function is hence responsible
for the correct parameter supply.

Figure 7-10

A4 We newver use dylancelID anymore
int dwCancelID = 0;

transactionIh++;

Calling the write method of the
w OPCAsyneI0Z Write| nanltens, OPC-AsynCIOZ-Interface
itemfBerverHandles, )

itenWValues,

transactionll,
out dwlCancelID,
out pErrors);

Ffdcheck if an error occoured

Marshal. Copy (pErrors, errors, 0, mmmItens); -
Arror handling j

forfint xCount = 0; xCount < mamItems; xCount++)

{

A4 Data has been receiwved
iff{errors[xCountc] != 0
{
A4 Errors occured - raise Exception
m_OPCESerwver GetError3tringlerrors[xCount], m_LocaleIDl, out Error3tr);
Svystem. Diagnostics_ Debuyg. Writeline (ErrorStr) ;
throw new Exception{Erroritr);
}
}
A4 Free allocated COM-ressouces
Marshal.FreeCoTaskMem (pErrors) ;
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Displaying the values

Due to the fact that it is a synchronous call, only the “OnWriteComplete”
call-back method can be used to check whether the write job has been
successful.

Due to the fact that all groups have a call-back method, the groups and
client handles must now be differentiated in order to be able to assign the
objects in the OPC client (see chapter4.5.2 / 4.5.3). The following code
fragments show the procedure:

Figure 7-11
if (hGroup == CLNT_HNDL GRP_CONVSETTINGS)
{

First the error
handling.

f# First: check for errors

f# just throw an exception if
ifihrMastererr != 0)
{

f¢ throw the first error

m OPCEerver. CetErrordtringi(pErrors[0], m LocalelIl, out errordtr);

throw new Exceptioni{erroritr) ;

}

OPCItenExtender itm;
for{int xCount = 0; xCount = dwCount; xCount++)
{
itm = (0PCItemExtender) (m itmExtConviettings[pClienthandles[xCount]]);
if{dwTransid == m_ TransIDEwitchPos)
{
FF the swyitch position in the ple is not deliwvered wia a parameter;
F# so the opc-client has to manage it;
FF here this iz done with m SentSwitchPos;
F£F the switch position should only be adjusted, if the writing was
Ff successful.
itm.actWalue = m SentSwitchlos. ToString() ;

) Write value into conveyor
) control.

Note For single-threaded OPC clients the following applies:

In order to keep the OPC client operable during read / write operations

the asynchronous method must be used!

Synchronous calls block the OPC client which often causes the user to

not receive any feedback from the OPC client and hence might suggest
to him that the OPC client has crashed.
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7.4

Release of references on the OPC server

This section now shows the way in which the COM references are
released.

General information

Note

In .NET it is common to use the IDisposable pattern. As shown in chapter
4.2, the respective class implements the IDisposable interface. This
provides the Dispose(void) method.

Calling the Dispose(void) method executes the Dispose(true) method,
which releases the references to be released manually.

If this method is not called (programming error), a finalizer (destructor),
which calls the same dispose(false) method.

Result: the COM references are being released again in any case.
The call of the finalizer is not deterministic. This means, the time interval

between deleting the last reference to an object and deleting the object
from the memory is not defined.

Necessity of this pattern

The necessity for this procedure becomes apparent when considering that
the COM objects cannot be recorded by the GarbageCollector. They are
available in the unmanaged code area.

An additional factor are the dependencies between the COM objects. The
COM obiject of the Typs IOPCServer type, for example, must not be
released as long as COM objects of the IOPCGroupStateMgt type are still
referenced. Otherwise the IOPCGroupStateMgt objects could not be
released anymore (the IOPCServer object required for this does then not
exist anymore).
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Implementation in this application

The following sequence diagram shows the processes when closing the

OPC client:
Figure 7-12
this m_magtServer

groupManager m_OPCCP m_OPCltem m_OPCGroupStateMgt

m_OPCServer

I
|
Dispose :
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\ Dispose

A} 7 removeAllltemsAndGroup
\ |

foreach

loops disconnectCallback

over

all T .

group- Unadvise

managers

Marshal.Release(m_OPCCP)

X_JL_JL________________________

removeltems
’ﬂ? Removeltems
removeGroup
(? RemoveGroup

freeGroup
(? Marshal.Release(m_OPCGroupStateMgt)

1
x Marshal.Release(m_OPCServer)

X-—

x__sr_____________________:r______________________________________________
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7.5

Entry ID: 21043779

Internationalization

Introduction

Here you will learn about the steps performed in this application for
generating a multi-language user interface.

The Code sections have been taken from the “OPCClientForm” class.

Multi-language feature which cannot be swapped during runtime

For the application to support multi-language the following steps must be

performed:
Table 7-4
No. Instructions Note
1 | During the layout design Language {Standard)
you Sel?Ct th_e . Localizable True
internationalization.
2 | Generate your user
interface for the supported
languages.
3| Generate the additional e Due to the resource files generated by VS.NET having to
resource files which be re-generated at each user interface adjustment, and
contain the resources hence the resources introduced by the user having to be
(strings, icons, cursors deleted, the extra resource files should be used.
etc.) not contained inthe |4  The procedure for generating and assigning to individual
respective user interfaces. objects is described in MSDN2003
4 | Please include the /I The start up language is english
following lines into the System.Threading.Thread.CurrentThread.CurrentUICulture =
constructor of your user System.Globalization.CultureInfo.CreateSpecificCulture(“en”);
interface:
] m_ResMan = new System.Resources.ResourceManager
Allocate the resource file (« Complex_Client.Complex-Client_res_en »,
you have generated to a this.GetType().Assembly);
resource manager object.
Note e Please save the language into a configuration file or into the registry in order
to poll it when restarting.
e Generate the layout in the "standard” language.
e Only switch to the respective language when changing the language specific
controls. This saves development time.
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Multi-language feature which can be swapped during runtime

In order to provide multi-language during runtime additional steps need to
be performed:

Table 7-5

No.

Instructions

1

Implementing a method for reinitializing the control elements of the user interface:

In order to switch all control elements of this application a recursive method has been
implemented (it may however differ from another application):
SO AsummaryFReinitializes the resources, such as name and controlwideh-/sumnmarys
S0 #param name="resMan'"sthe ResourceManager instance-/params
S0 #param name="ourControls"*the first control container of the form</param=
private void BelnitLangquage (System. Pesources. Resourcelanager reslMam,
Control.ControlCollection curControls)
{
foreach (Control cont in curControls)
{
ff Do a reourse call in order to get all controls!
ff Beware that the ConwvevorFraph control must be updated cutszide this funmction,
ff because it has its own resource file
if {cont.GetTypel). ToStringl) !=
"Siemens. C5Z. Samples.OPC.Complex Client.Conveyorbraph.ConveyvorGraphControl"
44 cont.Controls. Count = 0)
DelInitlanguage (resMan,cont. Controls);

cont. Text = resMan.GetString(cont.Name + ".Text");
cont_Sige = ([ (8ystem_ Drawing. Size) (resMan. GetObject (cont Name + "_Z3ime")1)i;
cont _Location = {(System. Drawing. Point) (resMan. GetObject (cont Name + "_Location"j));
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Switching the references to the manually generated resources:
In order to do this, the “CulturelD* has been switched and another resource DLL loaded.

A4 Azummary The mema handlers do control the lancuage of the user interface</sunmarys
firegion Menu handler

private wvoid EngMerultem Clickiobject sender, Systen. Eventirgs e)
{
FY Bwitch lancuage to english
GerMenultem. Checked = false;
EngMerItem. Checked = true;

Switch language of application

/4 Bet the thread TICulture Pra———e
System. Threading. Thread. CurrentThread. CurrentUICulture =
Systew. Globalization. CultureInfo. CreateSpecificCulcure"en)

FF Bet the resources for the strings

m_ResHan_Releasehllkesourcesij;

Load own resource ID

w_ PesMan =

new System. Rasources. ResourceManager ("Complex Client.Complex-Client_res en",
this. GetType ()  Assembly)

FF 8et the resources of the thread TTICulture
Svystem. Resources. BesourcelManager res =
new Eystem. Pesources. BesourceManager (typeof (OPCClientForm) )

this.Text = res.GetlString("fthis_ Text");
TopLangMainMerna. Text = res_Get3tring("TopLangMaintlernna. Text")

fF Mow set the new lancuage for the conweyor graph
ConveyorGraphControl. SetLangi) ;

£ Beinit the speeds dialog, if it is open
if (m_SpeedsDlyg != mall)
m_ SpeedsDly. EetLanguage () ;

£ reinit the language for all other controls in this application
PeInitlLanguage (res, this_ Controls);
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8 Brief Introduction into Using .NET

Here you will find information on ...

how to include the SIMATIC NET OPC-DA interfaces, .NET and AcitveX
controls into a .NET application.

Note This chapter does not provide an operation instruction for Studio .NET

nor and introduction into .NET-Framework. Only the main tricks for
including the above components are listed.

Discussed topics

Chap. Title Page
8.1 |Including the OPC-DA-RCW interfaces 90
8.2 |Installing a.NET-UserControl 93
8.3 |Installing an ActiveX -UserControls 95
8.1 Including the OPC-DA-RCW interfaces

Prerequisites
The following prerequisites must be fulfilled:

e SIMATIC NET V6.2 has been installed

e Visual Studio .NET has been started with a .NET windows application

Including the .NET-RCW (Runtime Callable Wrapper)

In order to access the OPC-DA interface, you must generate a reference to
the OPC-DA-RC wrapper within the project.

Chapter 7 describes how the respective OPC-DA interfaces must be used.

Note The necessity for an RCW and its explanation is given in chapter 3.5.3.
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Table 8-1
No. Instructions Note
1| Click 2adad !IEI
reference... within

the project.

Yerweis hinzuflgen. ..

Webwerweis hinzufigen. "?5

.......

----- . .ﬁ.pp ico

----- Ehl AssemblvInfo.cs

----- Complex-Client_res_de.resy

Complex-Client_res_en.resy i

- (8] Complex-Clent-Form.cs
- . 5| SpeedsDialog.cs -
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2 CIle Search in the Komponente auswihlen
following dialog and Suchenin: [ bin ol e @@ X o - eres-
Select the ﬁles Dateiname Grife | Tvp | Gedndett
opcrcw.comn dll nsinf2m. dil 93 KB  Programmbibliothek 02.09.2003 14:28
’ ’ ‘erlauf & opcdaserver.exe 349 KB Anwendung 27.11,2003 18:16
and OpCrCW . da . dl 1! opcdxserver.dll ES52KE  Programmbibliothelk 08.12.2003 17:15
which should be located 7KEB Frogrammbibliothsk  09.10.2003 08:20
19KE  Programmbibliothek 09,10,2003 08:20
at [Sl MATIC_N ET_ Eigene Projekte scoreparser.dil 137 KB Programmbibliothek 15.12.2003 14113
installation
path|\opc2\bin\ .
Deskkop
Conﬂrr_n with Open and
then with OK. p—
i Dateiname: -
MNetzwerk I J CAften
- Dateityp: IKomponentendateien (*. dll* kb *, olb;* 0ok *. exe) j Abbrechen
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No. Instructions Note
3| The RCWs now appear | B - —To[X]

under the directories.

sl
3
%
&

= @ JerEiSE

----- 0 AxEEALGELD

----- < Conveyararaph

----- +Z opCrow, camn

----- I opcrow,da

----- +Z1 System

----- +Z1 System,Data

----- +Z1 System, Drawing

----- I Syskem, Windows, Farms
----- +Z1 Sysbem, XML

j = @ Complex-Client -

1

p_{
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8.2 Installing a.NET-UserControl

Prerequisites
The following prerequisites must be fulfilled:
e Visual Studio .NET has been started with a .NET windows application
e The .NET-Usercontrol has been generated in the same project as the
main application.

Note If the .NET-Usercontrol is not within the same project, you only need to
insert a reference to the control (analog to chapter 8.1)

Installing a.NET-UserControl
Table 8-2

No. Instructions Note

1 | Enter a new project into
the existing project.

i
Projektmappe erskellen
E‘ = Verweise Projektmappe neu erskellen
H - {1 QpCrow.comn
- o3 operow.da Batch erstellen. ..
i -+ System Konfigurations-Manager. ..
| Neues Projekt... R Il Hineurugen r
Worhandenes Projekt, .. l'@ Skartprojekke Festlegen. ..
Worhandenes Projekk wom Web, . Debuggen 3
>t| Meues Element hinguflgen, .. H Windowsapplicationl . sin speichern
Worhandenes Element hinzufigen. .. ﬁ Alle speichiern
2 Enfigen
Urnbenennen
E= Eigenschaften
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No. Instructions Note

2| Please select a

Windows Control

oo [
element library. e e Vorlagen: =)
{1 Wisual Basic-Projekke sHwindaws-Anwendung S
a Wisual C#-Projekhe ] k| assenbibliothek
Confirm with OK. {1 Visual C++-Projekke dows-Steverelement bibliothek.
D Setup- und Weitergabeprojekte Anwendung Fiir intelligente Gerdts
- Andere Projekts 28 ASP.NET-Webanwendung
&8, 45P.NET-wwebdienst
(25" A5P.NET Mobils-Webarwendung
@ y/eb-Steueralementhibliothek,
=8 Konsolenarwendung =l

Ein Projekk zum Erstellen won Steuerelementen, die in 'Windows-Anwendungen verwendet werden.

Mame: | WindowsControlLibraty 1

Speicherort: ID:'|,C52-Pr0jekte'|,03_C0mplex_dotNet_CIient'l,D‘I_Test'l,WindowsAj Durchsuchen. .. |
Das Projekt wird erstellt in: D:... 104 _TestyWindowsapplicationl \WindowsContrallibrary1

oK I Abbrechen | Hilfe |

3 | Implement the control.

4 | Enter a reference to the | (il
con}rol t|.nto t(he;] m?m o1 e
application. (chapter 8. Durchsuchen...
pp p Projekbname Projekbverzeichnis m

Please SeIeCt the Windo ntrolLibrary 1 ) ] W03 _dothet Clientio...

Projects tab and
confirm OK.

Now you can use this
control via the ToolBox
in the Visual Studio

NET. Ausgewshlte Komponenten:
Komponentenname | Tvp | Quelle | Entfernen |
‘WindowsControlLibrary 1 Projekt [:ACS2-Projektel03_Complex_d...
[8]4 kl Abbrechen Hilfe:
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8.3 Installing an ActiveX -UserControls

Prerequisites
The following prerequisites must be fulfilled:

e Visual Studio .NET has been started with a .NET windows application

Installing the ActiveX -UserControls
Table 8-3
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No. Instructions Note

IRV L IR =R R S "~ Complex-Client - Microsoft Yisual C# .NET [Ent

ActlyeX_-UserControI by Datei Bearbeiten  Ansicht  Projekt  Erstellen
adding it to the ToolBox
$ R0 o

of Visual Studio .NET.
» %= (E ¢§|Hex|@v,

T (m[n] | tl [n e
Eigene Benutzersteuet. ., |ﬂ

(79 HMI with NET

Language

| * Zeiger
@@ WiniCC Gauge Contral

@ CarveyararaphControl S ettings for the appli

g Ausschneidsn T
kopieren :"_S_E:
E Einfigen

X Lischen and

Elerment umbenennen

£im
| Elernente hinzufigen/entfernen. .. %L

OxE

Elemente alphabetisch sortieren
he C

Listenansicht .aﬁ.;.|

Reqgisterkarte hinzufiigen
Jors
Alle Registerkarten anzeigen ¢
o [F
Mach oben Lo .
Mach unken —
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No. Instructions Note

2 | Select the com
Control elements
tab and select the
respective component.

Toolbox anpassen E

\MET Framework-Komponenten COM-Steuerelemente |

| Biblicthek [«]
1-) YideoSoft vs,..
1-) YideoSoft vs,..

Mame | Ffad

[ :-) WideoSoft vsPrinker3 Control CWIMMT Sy stem321WsYIEW S, ocx
[ :-) WideoSoft vsiiewPort3 Control CWIMMT Sy stem321WsYIEW S, ocx
[ Thumbct Class CAWINNT Sy stem32webyw, dil

[ ThumbCtl Class CHWIMNT Sy stem32webyw, dil

[ webviewFolderIcon Class CHWIMNT Sy stem32webyw, dil

[ webviewFolderIcon Class CHWINNT Sy stem32iwebyw, dil

Confirm with OK. webew 1.0 Typ...

webww 1.0 Typ...

[ windows Media Player CHWIMNTY Sy stem32wmp, dil Windows Media ...
[[] aPEX ®arrayDB Object CWTMNT Sy stem32 xarraydb.ocx
WinCC Gauge Control D:YZS2-PRA1Y03_COMA102_S0Ur, .. WIinCC Gauge C...

[ visio Metwork Report Table DeWISIOENT, O0OVBINIPROGRAM FIL...  WisioReports 1.0... =

«| | »
—WinCC Gauge Contral r—s
Sprache: Sprachneutral ml
Version: 5.2

oK I Abbrechen

Zuriicksetzen | Hilfe |

3 | The control now

Taolbao

appears in the ToolBox. Eigene Benutzersteuer., .. |ﬂ
Now it can be :
integrated into the user | Rk Zeiger

interface of the main
application via
drag&drop.

@ UserControll
T WinCC Gauge Contral

Note:
The Visual Studio .NET automatically generates an RCW.
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Structure, Configuration and Operation of the Application

Content
This part leads you step by step through the structure, important
configuration steps, commissioning and operation of the application.
9 Installation and Commissioning

Here you will find information on ...

the hardware and software to be installed and which steps are necessary
for commissioning the example.

Discussed topics

Chap. Title Page
9.1 Installation of Hardware and Software 97
9.2 Installation of the application software 98
9.1 Installation of Hardware and Software

This chapter describes the hardware and software components to be
installed. The description and manuals as well as delivery information
contained in the delivery scope of the respective products, should be
followed in any case.

Installation of the hardware

The hardware components are available in chapter 2.3. For the hardware
setup, proceed according to the table below:

A Switch on the power supply after the last step only .
Warning

Table 9-1
No. Focus Instructions
1 | Controller — Install the station in compliance with the diagram shown in chapter
S7-300 station 2.1).

2 | Industrial Ethernet | Connect the controller with the PG as illustrated in chapter 2.1.

Note Instead of using a hub or a switch, a cross cable may
also be used.

Note Setup guidelines for SIMATIC S7 must generally be followed.
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Installation of the standard software

STEP 7 and SIMATIC NET must be installed on the PG/PC. On SIMATIC
PGs STEP 7 is already installed.

At this point, we will not go further into the installation of STEP7 and
SIMATIC NET. The installation occurs in familiar Windows environment and
is self-explanatory as well as described in the respective manuals.

Entry ID: 21043779

9.2 Installation of the application software
The application software is delivered with a setup program.
A If using an older operating system than Windows XP SP1, you must
- first install .NET-Framework 1.1.
Attention
Information on this is available on the Microsoft internet pages
http://www.microsoft.com/
For installing the user interface proceed as follows.
Table 9-2
No. Instructions Note

1| Unzip the 21043779_C#_OPC_Client_SETUP_v10.zip file.

2 | Double-click on the Setup.EXE file.

3 | The installation assistant now leads you through the
individual installation steps.

Install the standard package.

Installed files

The installation routine now installs the following files into the given folder:

Table 9-3

File

Belongs to ...

AxInterop.XGAUGELIb.dIl

Imported ActiveX-Control

Interop.XGAUGELIib.dIl

Imported ActiveX-Control

CCGauge.ocx

Binary of the ActiveX Control

Stdole.ocx

Runtime library required from ActiveX Control

Complex-Client.exe

Main application

OpcCRcw.Comn.dll

OPC-RC Wrapper

OpcRcw.Da.dll

OPC-RC-Wrapper

ConveyorGraph.dll

Conveyor belt control

Complex-Client.resources.dll

Resource file for the main application; each in
the sub-folder “en” and “de”.

ConveyorGraph.resources.dll

Resource file for the conveyor control; each in
the sub-folder “en” and “de”.

opcConnector.dll

Contains the Interface IOPCltemControl
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Created program group

The setup creates a program group which can be reached via the Windows
start menu:

Programs - CS2 Samples > Complex Client .NET

Uninstalling
Uninstalling via: Control Panel-> Software.
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10 Configuration Process

Here you will find information on ...

the steps necessary for configuring your PG/PC (PC-station) for using the
application.

You will also learn about the steps necessary for configuring an OPC
server in STEP 7 project (this has already happened in the delivered STEP
7 project).

Discussed topics

Chap. Title Page
10.1 | Configuring the PC station 100
10.2 | Configuration of the OPC server 104
10.1 Configuring the PC station

Set PG/PC interface
The Ethernet network card must be set as PG/PC interface.
Note Please ensure that the network card has the default IP address

140.80.0.2 (it can be set via the network settings and the TCP/IP
properties).

Please proceed as follows:
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Table 10-1

Entry ID: 21043779

No. Instructions

Note

1 | Start the SIMATIC manager

2 | Open the dialog for setting the
PG/PC interface via Extras >
Set PG/PC interface.

Set PG,/PC Interface
Access Path |
Access Point of the Application:

IS?DNLINE [STEF 7]  -> CPRE11[MPI) j
[Standard far STEP 7]

Interface Parameter Aszignment Used:
IEF'551 1[MP1) <Actives

Froperties. .. |

B <MNomes il Diagnostics. .. |
CPSET1[Auwta)

CPEE11[FWL)
CPEGTTMPI] <Actives

Copy... |
e = [elete |
<1 | b

[Parameter azsignment of wour

communications proceszor CPBETT for an
FPI network)

Interfaces
’7 Add/Rermove:

Select... |

Cancel | Help |

3 | Set your network card as depicted.

Note:

In this case a NETGEAR
network card has been used.

Set PG/PC Interface
Accessz Path |
Acceszz Pont of the Application:

IS?DNLINE [STEF 7] - TCPAF[Auta) -> HETGEAR FAE'j
[Standard for STEP 7]

|nterface Parameter Aszignment Used:
|TCF'.‘IF'[.t'—‘«utn] -» METGEAR FAS11 CardBu

Froperties... |
Diagnostics. . |

Copy... |
Delete |

TCPAP <> Mdiswanlp =]
TCPAP > METGEAR FAST Carde
TCPAPjSuta) - Intel[F] 52559 Fast

B TCP/APAuto) » NETGEAR FASTT
1| | 3|

[Azzigning Parameters ko vour MDIS CPs
with TCPAP Protocal [RFC-1008])

Interfaces
’7 Add/Femove:

Select... |

Help |

Cancel |

4 | Confirm with OK.

V1.0
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Address assignment for the involved modules

If you wish to operate the project at an existing Industrial Ethernet, you
must follow the address assignment below:

Table 10-2

Focus Module IP address
Controller CP 343-1 140.80.0.1
PG NDIS network card 140.80.0.2

Note e The correct subnet mask is 255.255.0.0.

e Alternatively it is also possible to change the IP addresses assigned in the
STEP 7 project.

Installation of the STEP 7 project
Proceed as follows:

Table 10-3
No. Instructions Note
1 | Open the SIMATIC Manager
2 | Extract the project via the File > Use the browser to search the
Extract menu 21043779_C#_OPC_Client_STEP7_v10.zip

project and click OK to confirm..

Note If SCL has not been installed a
note appears.
However, commissioning is still

possible.
3 | Select a directory into which the project
files are to be retrieved and open the
project.
4 | In the project tree, click SIMATIC 300 Note Please ensure that the MMC of
and load the program into SIMATIC 300 the CPU has been deleted prior

with PLC -> Download. to loading.

5 | Please set the CPU 315-2 DP into "RUN*
mode.

V1.0 16.02.05 102/117




SIEMENS

Structure, Configuration and Operation of the Application

Configuration Process

OPC Client with C# and .NET

Entry ID: 21043779

Importing the XDP file into the component configurator
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Note The SDB file already exists in the delivered STEP7 project
Table 10-4
No. Instructions Note
1| Open the Components
conf iguratoﬂy double- Components | Diagnosticsl
Clicking on the |g icon (|n Station: |NB12‘I18D Mode: RUM_P
the tOOlbar next to the CIOCk) Index Mame | Type | Ring | Status | F!un.-"Stop| Conn &
i/ | | |
2
3
4
5
E
7 —
g
9
2| Click on Import Station Note  Confirm the query with Yes
3 | Browse to the project folder Import XDB file HE
of your STEP7 project. There _ -
you open the subfolder xpBs | =™ | 3:08s =l « & cf B
and select the XDB file.
Press open.
Dateiname:  [post_1.xdb Qffry
D ateityp: I",:-:dh j Abbrechen |
P
4 | The import wizard now
confirms that the import is
possible.
Press OK.
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10.2 Configuration of the OPC server

The configuration made within this application.

The main focus of this application is using OPC. Here a number of
configurations have become necessary.

There are several options for configuring the OPC server.
Here the import of the XDB file delivered by STEP7 is illustrated.

Note You must first set the PG/PC interface according to chapter 10.1.

Note The configurations need not be performed in the delivered STEP7
project.

Configuring the OPC server in HW-Config

Please perform the following steps in order to add an OPC server to an
existing STEP7 project with already configured SIMATIC station.

Table 10-5

No. Instructions Note

1 | Create a new station of the
“SIMATIC PC Station” type
in STEP 7.

2 | Open the created station by | The hardware configuration opens.
double-clicking

Configuration
3 | Add a SIMATIC NET OPC | The SIMATIC NET OPC-Server V6.2.1 was used in this
server to slot 1. application.

Note It is located in the calalog directory:

=8 SIMATIC PC Station
- Controller
D CP Industrial Ethernet
-1 CP PROFIBUS
- HMI
ED |dzer Application
----- Application
E|C| OPC Server
@ . 5wWVEDSPY
] SwWVEDSPS .
] SwveY
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No. Instructions Note
¢ Add an IE General = SW |In this application a standard Ethernet network card has
V6.2 SP1. been used
Note: Note Itis located in the calalog directory:
Please note the visible =8, SIMATIC PC Station
check box in the dialog. &2 Controller
EI{:l CP Industrial Ethernet
- CP 1411
- CP 1413
B CP 1511
w1 CP 1512
- CP 1612
- CP 1613
=1 IE General
1 . S VE,

4 Open the Properties - OPC |
server window with & SHMP | PROFINET | PROFINET 10 |
double-click and select the Genel | OF | OPmestercless2 | FOL | #Ms s7 | isomce
S7 tab.

Here the settings for the Cpel ime: 100 e
communication with the S7 e
protocol are made. -
Dietsult rights: AW =
™ Rights spaciic bs OPC pam
Use Spembols
 Moes
A
i+ Eeleched Select.
Time after which an unforwardabls pobocal slaim is iemasved G000 me
M-z rismbses of pending alaims: 500
cocs | v |

5 | Activate the access rights
as well as using symbols
(see step 5 of the figure)
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No. Instructions Note
6 | If you wish to only e |
symbolically access a B . 31520p = ; P
selection of process T
variables, please select Use ! Eilﬁiﬁggi‘lwu
symbols = Selected " T
Use the Select button
to select the symbolically
addressable variables.
Note:
e Please note the
visible check box
in the dialog. 2 s i — =
e For this application Camestirt etrcng,1 2]
you select all symbols el | oo
7 | Close the dialog and the
object properties of the
OPC server with OK.
8 | Open the object properties | CEErEE AT
of the net_work card with Geneiol | Addresses | Opsions | PROFNET |
double-click. _
Shoil Descaphon: IE Geneial
Substihube for any Industiial Ethemet module, FROFIMET 10 cormoller, LJ
150, TCRAP, 57 conneciions, PG hunchions. outing, SIMATIC HET CD
/2003 591 ..,
|
DOirdes Moo farmeans IE_CF /VE21
Mame: [IE Germeal
Interface
Type: Ethairst
Addrass 140.80.0.2
Hetworked Yeas
Cesnment:
=l
=l
0K Corcl | Hen |
9| Click on Properties
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No. Instructions Note
10 AdJUSt the parametel’s as Propetties - Ethernet interface IE General (R0;/52)

depicted on the right.

General  Parameters |

[T Set MAC address / use 150 protocal

NOte: MAC addresz: I
If no IE-network has been

configured, create another I 17 pctocslis bepgcsed

q X Gateway
one with New and accept IF address: 140.80.0.2 & Do not use router
Subret mask: 255.255.00
the standard parameters.  Use router
Address: |140.8EI.D.2
Subnet:
- riot nebworked - Mew...
Froperties. .. |
Delete |
el | teb |

11 | Save and compile the
hardware configuration with

)

Close the hardware
configuration.

Configuring the OPC server in NetPro
Table 10-6

No. Instructions Note

1 | Open NetPro from the
SIMATIC Manager via the

EI button.

2 | Select the OPC server Ethernet(1)
Industrial Ethernet

MPI(1)
MP

[ |

SIMATIC 300
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No. Instructions Note

3 | Create a new S7

connection SIMATIC PC-Station

= IE
e Genera

Insert Mew Conneckion Chrl+M

Cownload *

Rearrange

Cbject Properties, .. Alk+Return
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4 | Select the CPU 315-2DP as Insert New Conneckion |
a connection partner. Select
an S7 connection as

connection type. E||E| In the current project
{ E% PLC_Program

= SIMATIC 300
N CFU 3152 DP
- [Ungpecified]

All broadcast stationz
e B mlicagt stations
% In unknown project

— Connection Partner

Froject: IF‘LE_F‘rogram e
Station; |SIMATIC 300
badule: |cPU 3152 DP
— Connection
Tope: IS? connection j

¥ Display properties befare inserting

Ok, I Apply Cancel | Help |

5 | Accept the standard Note:
parameters with Apply and

oK Please note the name of the connection. It will be

necessary in the application.

6 | The following image
appears in the connection - F—
table

Pa|Partner

7 | Save and compile the

configuration with |ﬂ|

8 | Close NetPro.
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import.

Entry ID: 21043779

Proceed as described in chapter 10.1.

Controlling the settings

The created XDB file must now be loaded into the Station Manager via

The settings can be controlled with the configuration console "Set PC

Station®.

Thereby the following settings should be considered:

Table 10-7

No. Instructions

Note

1 | Open the configuration
dialog

% SIMATIC

. Komponenten konfigurator

@ Programmzugriff und -standards
\‘.-“,' Windows-Katalog I/ STER7

WinZip
==h

N ) Dokumentation

@ License Management
I Produkt-Hinweise
I 57 Handbiicher

& SIMATIC

A SIMATIC Manager

e ==

- v v -

HET [ =) PROFIdrive v
v ) SIMOTION 3
m Commissioning PC Stations

Carfiguration B
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2 | Control the set access
point for S7O0NLINE.

= . Configuration Console M=l E3
J Vorgang  Ansicht H o= | | | @
Strukkur I Access poinks
1 PC Station Access point I Interface parameter assignment | Module |
- &§ SIMATIC NET Configuration | TEDFwL_LoAD
Q Applications E2np1
g Madules TP H1_1:
A} coess poinks P pr_1:
cp Lz 2
T comPuTInG
Elcp 1z 1:
P _sm_1:
FZ)s7ONLINE TCP/IP{AUkD) -= METGEAR FAS11 CardBus ... METGEAR F...
EMIcrowIN CPS611{MPL) cPsell

3 | Control the set IP
address

= . Configuration Console

J Yorgang  Ansicht |J A= | | X

Skrukkur I

Address  MAC and IP addresses

1 PC Station
&% SIMATIC MET Configuration
: g &pplications

----- B2) Access points

— Ethernet [MAC] addre:

Current: |00-03-56-80-24.-CO0

—IP addresses

DHCP: |deactivated
IP address: [140.800.2
Subnet mask: |255_ ZRE.0.0
Gateway: oo

[T | Aactivate (S0 protazel anly (fon H systems]

Mietimnrl Pranartise I
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No.

Instructions

Note

Control the set
protocols

Note:

For this application
activating the S7
protocol is sufficient.

o o —
J Vorgang  Ansicht “ | o= ‘ ‘ @

Strukbur I

Select OPC protocol

1 PC Station
=& SIMATIC NET Configuration
=I-f spplications
. B ORC settings
@ Quit OPC server
D S
? Symbal
: -~ OFCtrace
B Protocol trace
@ Modules
; ﬂ Access poinks

The OPC Server can support various protocals at the same time.
Here, you select the pratocols it will support,

[ DP [~ FMS [ FDL
v 57 [~ SR [~ PROFInet
[~ SHMP [~ DP master class 2

The PROFIdiive OPC Server and the high-performance in-process DP-OPC Server car
reqardless of the setings made here.

Additionally the configured data exchange DX can be activated,

[ DA

Aol | Cancel | Help |

Check whether the
symbols have been
loaded.

= - Configuration Console

J Vargang  Ansicht H [

=l ES

Il

Struktur |

Symbols  Selected symbal files

L1 PC Station
EI"%‘ SIMATIC MET Configuration
= ’ Applications
=8 OPC settings
{0 it OPC server
[ t OPC protocol

B oPC trace
LB Protocol trace
= ) Modules

H2) Access points

If pou want to use symbolic names for the variables, you must specify one or more symbol files. Select
“Edit list" to define exizting symbol files, create new symbol files or to constitute the file name (<] for
downloaded symbal infarmation,

Active symbal files:

e | Prefix

File narme I ﬁ I
o \ProgrammetSIEMENSASIMATIC NET vope... =

Edit list.
Advanced Spmbols. .

Additional settings for PROFInet and SIMOTION

e B Help |

If one of the settings
should not correspond
to the displayed
images, please perform
the previous
configuration again.

Close the configuration
dialog.
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11 Operating the Application

Here you will find information on ...
how to operated all function of this application.

Possible settings for the user interface
You can make the following settings:

e Update rate of the OPC server
e Number of boxes to be simulated
e Times according to which the positions of the boxes should be
incremented by 1
Commissioning the simulation

For commissioning and setting the simulation please proceed as follows:
Table 11-1

No. Instructions Note

OPC_Client_DOKU_v10_e.doc
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1| Start the user interface
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Start = Programme
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Complex-Client-
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.NET
2| Connect to the OPC il
server: Language

Settings for the application | HMI with NET-Contral | HMI with Active-Control |
—Settings for the OFC server/aroups

Press the Connect . | Aouetod undate rato fa i
: annect b serer equested update rate for the ope groups "timer
with server button zettings” and 'convewor settings’ [ma]: 500

dd groups and items | Requested wpdate rate for the timers ope aroup [msl (100

—Settings for the simulation
MHurmber of boxes to simulate [1..5]: |1

Timers for the conveyars [mas]
Conveyorl and 2 [150..2000]: S Pl e Ok e
Mid Corrveyors [250.. 2500]: EC the bares opc group s} |100
Out Canvveyar [500. 3000 I1EIDEI Add ope anoup " borest and
apply settings
shatus 4
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No. Instructions Note
3| Set the update rate of —iBix
the individual groups: Languags
Settings for the application | HMI with NET-Contral | HMI with Active-Contral |
) . —Settings for the OPC server/aroups
Set the times in ms. . | ot ot o
ot bo senver, equested update ral opc groups T Hmer I— =
zettings! “ronwvepor settings’' [ms]:
‘ r 13 in 113 .
G oup “Sgtt %S L T T | Requested update 1 e timers opc aroup [msl: [100
e Group “Times -
(conveyor speed) | Selings ot it
° GrOUp “Boxes* a4 Mumber of boxes ta simulate [1..5]: | ol ==
T
Timers for the conveypors [ms]
Corrveyorl and 2 [150..2000] 500 Rt ik et
Mid Corveyers [250. 2500) E the baxes opc group s} |100
Ot Coreyar (500, 3000} 1000 Sdd ape areup 'bores” and
apply sethings
OPC Server with ProglD: ‘0PC.SimaticM et’ connected. v
4 | Create groups and Il
items Language
Settings for the application | HMI with NET-Contral | HMI with Active-Cantral |
. . —Settings for the OPC server/aroups
Confirm with Add . | Foestod uoclate rate fo "
: ot bo senver, equested update rate for the opc groups “tirmer ..
groups and items. zettings" and "'convepor settings'' [me]:
Now the process Add groups and items | Requested update rate for the timers ope aroup [msl: {400
variables are introduced
—Settings for the simulation
o the server by Mumber of boxes to simulate [1..5]: |1_
creating the OPC e
. t
groups and OPC items imers for the conveyors [ms]
for the Settings. Cremizgen] el 2 (2. 2000 500 Requested update rate for
Mid Corveyers [250. 2500) E the baxes opc group s} |100
Out Conveyor [500..3000]; |1DDD Sddlope group “hores and
apply sethings
OPC Server with ProglD: ‘0PC.SimaticM et’ connected. v
5 | Set simulation settings. loix]
Accept the settings. LEngHEge
. Settings for the application | Hbl with NET-Contral | HMI with dctivei-Control |
e Settings for the -
. ettings for the OPC server/groups
simulated belt _
.. Connect fo semver Requested update rate for the opc groups “timer T
velocities settings” and "'conveyor settings'" [ms]:
e Add OPC group . _
“Boxes* and apply dd groups and items | Requested update rate for the timers opc group [msl: {00
settings with  —— |
: or the simulation
synchronous write Mumber of Bow A |1—
command _
Timers for the conveypors [ms]
Conveyorl and 2 [150.. 2000 500 >
Requested update rate for
Mid Corrveyers [250..2500] E the bowes ope group msf 100
Dt Coreeyor 500, 20007 1000 Add ope group "boxes and
apply zettings
Wwiriting values sync... v
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No. Instructions

Note

6 | Start simulation:

After pressing the
Apply button please

change to the HMI
with .NET-
Control .tab.

There you press Start
simulation.

After approx. 4 seconds
the first box appears on
the left side of the
conveyor.

[75 HMI with NET

Language
HMI with NET-Contiol | Hil with Activei-Control |

=10l x|

Mid Conveyors

In Conweyor Ot Conreyar

Rezet boxes Set timers

Cantral
’7 Start zimulation

'OnDataChange’ received v

OPC_Client_DOKU_v10_e.doc

Setting the conveyor velocities in runtime mode

The times simulating the conveyor speed can be changed during runtime

Please proceed as follows:

Table 11-2
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No. Instructions

Note

1| Press the Set Timers
button.

S HMI with NET

Language
HMI with NET-Control | Hil with dctivei<-Control

=10l x|

Mid Conveyars

In Conueyar Sk Conveywar

Set timers

Cartral
’7 Sitart simulation Reset boxes

'OnDataChange’ received )
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No. Instructions Note
2 Se(tj the ?eSiredgimes Timer for the conveyors B |
and confirm wit
Apply. Corvepor 1 and 2 [mz]: il J _hl
Note: Walue: 210ms
. Mid g 1 k
The dialog can stay id conveyors [m] —I "\JaluE' 23ms —I
open. ’
Out convewar [mz]: il J _hl
Walue: 2545mz
Apply I Cloze |
Error case

In certain cases a side effect of the simulation may occur in the controller: It
is possible that boxes overlap regarding their position.

This is due to the fact that the timer events of the controller can run
simultaneously.
Example

Every 10" time a continuously repeating timer with 200ms will run
synchronous with a timer of 2000ms. This leads to the position of two
boxes being incremented which at the interfaces of the respective
conveyors may lead to overlapping of boxes.

Work around
InReinitialize boxes the boxes and timer can be readjusted.
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Display of timer status with the ActiveX-Controls

The current times of the simulation can be read with the ActiveX-Controls.

The following table describes the procedure:

Table 11-3

No.

Instructions

Note

1

Change to the HMT
with ActiveX-
Control tab.

Note:

This deactivates the
HMI functionality for
the boxes (see
chapter 7.3).

This becomes
apparent by the fact
that the LEDs of the
CPs are not blinking.

S HMI with .NET

=o)X

Language
memﬂﬂcmm|HwMMMW%£mmq

alue: 180ms Walue: B80ms Walue: B80ms
Cartral
Activate selection and " Read from cache
read synchronous (* Read from device
Reading walues sync. .. g

Client_DOKU_v10_e.doc
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You can have the
current status of times
displayed with
Activate
selection and
read synchronous.

This button executes a single synchronous read command.

With the radio buttons
Read from cache
and Read from
device you can set
the area for the read
job.

S HMI with .NET
Language
memﬂﬂcmm|HwMMMW%£mmq

=o)X

Walue: 180ms Walue: B80ms Walue: B80ms
Control
Activate selection and " Read from cache
read synchronous * Fead from device
Feading walues sync. .. v
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12 Glossary

COM / DCOM

COM: Component Object Model: Software model for communication

between components based on a uniform interface; DCOM: Software

model for communication beyond computer boundaries, based on COM.
Event-Handler

An event handler processes occurred events or Windows messages.

Exception
An exception refers to an exceptional situation.
This may be generated by the operating system (e.g. dividing by zero) or by
the user program.

Exception-Handler
An exception handler prepares occurring exceptional situations. This is
generally a save error behavior and/or a message to the user.

HRESULT
Return value data type of COM objects.

IDL
Interface Definition Language: A standardized language by Microsoft for
definition of functioning and parameter interfaces.

Polling
English term which refers to (mostly cyclical) polling of certain values or
statuses.

Sink Interface

A sink interface can be used for sending messages between components.
The sink interface is based on COM mechanisms.
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Thread

“Threads" can be used for quasi parallel or simultaneous performing of
several code fragments within an application or a process.

If an application uses several threads, the application has the property
“multi-threaded”.

If an application uses only one thread, it is referred to as “single-threaded”
For this application all code fragments are always processed sequentially.

Windows messages

In the usual operating systems by Microsoft Windows messages are
exchanged for reporting events, e.g. the paint event.

Wrapper
“Wrapper“ generally refers to a class group which encapsulates other class
groups for data conversion or simpler handling. It can be considered a
“shell” encapsulating and covering the “wrapped” classes from the outside.
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Bibliographic References

This list is by no means exhaustive and only gives a selection of
appropriate sources.

Topic Title

\1\ OPC e OPC DA 2.05 Specification bei
http://www.opcfoundation.org/

e mn_opc_0.pdf und mn_opc_76.pdf von SIMATIC.NET V6.2

\2\ .NET e Inside C#, Tom Archer

e .NET Crashkurs, Clemens Vasters, Oellers, Javidi, Jung,
Freiberger, DePetrillo

e Microsoft .NET Framework Programmierung, Jeffrey
Richter
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