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1 General Description

1.1 Introduction

This FieldTalk™ Modbus Slave C++ Library allows you to incorporate Mod-
bus slave functionality into your device or application.

Typical applications are Modbus based Supervisory Control and Data Ac-
quisition Systems (SCADA), Modbus data concentrators, Modbus gate-
ways, User Interfaces and Factory Information Systems (FIS).

Features:

* Robust design suitable for real-time and industrial applications

¢ Full implementation of Bit Access and 16 Bits Access Function Codes as
well as a subset of the most commonly used Diagnostics Function Codes

¢ Standard Modbus bit and 16-bit integer data types (coils, discretes &
registers)

* Support of Broadcasting

* Master time-out supervision

¢ Failure and transmission counters

¢ Supports single or multiple slave addresses

* Scalable: you can use serial-line Modbus protocols only or MOD-
BUS/TCP or all of them
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1.2 Library Structure

The library is organised in two categories of classes.

One category implements the Server Engines for each Modbus slave proto-
col flavour. There is one Server Engine class for each protocol flavour and
a common Server Engine base class, which applies to all protocol flavours.
Because the two serial protocols ASCII and RTU share some common code,
an intermediate base class implements the functions specific to serial proto-
cols.

MbusSlaveServer

| MbusSerialSlaveProtocol | | MbusTcpSlaveProtocol
MbusAsciiSlaveProtocol | | MbusRtuSlaveProtocol

The second category of classes is Data Providers classes. Data Provider
classes represent the interface between the Server Engine and your appli-
cation.

| MbusDataTableInterface |

\ dataTablePtr

[ VouwSiaveserver

The base class MbusSlaveServer contains a protocol unspecific Server En-
gine and the protocol state machine. All protocol flavours inherit from this
base class.

The class MbusAsciiSlaveProtocol implements the Modbus ASCII protocol,
the class MbusRtuSlaveProtocol implements the Modbus RTU protocol and
the class MbusTcpSlaveProtocol implements the MODBUS/TCP protocol.

Before a server can be used, a Data Provider has to be declared.
A Data Provider is created by declaring a new class derived from
MbusDataTableInterface. The class MbusDataTablelnterface is the base
class for a Data Provider and implements a set of default methods. An ap-
plication specific Data Provider simply overrides selected default methods
and the Modbus slave is ready.

cl ass MyMousDat aTabl e: public MusDat aTabl el nterface

= FoCcus
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{
. /1 Application specific data interface
} dataTabl e;

In order to use one of the three slave protocols, the desired protocol flavour
class has to be instantiated and associated with the Data Provider. The fol-
lowing example creates an RTU protocol and links a data table to slave ad-
dress 20:

MousRt uSl avePr ot ocol nbusProt ocol ;
nmbusPr ot ocol . addDat aTabl e( 20, &dat aTabl e);

After a protocol object has been declared and started up the server loop has
to be executed cyclically. The Modbus slave is ready to accept connections
and to reply to master queries.

while (1)
{

}

nmbusPr ot ocol . server Loop();
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1.3 Overview

¢ Installation and Source Code Compilation
- Linux, UNIX and QNX Systems: Unpacking and Compiling the Source
- Windows Systems: Unpacking and Compiling the Source
— Specific Platform Notes

* Linking your Applications against the Library
— Linux, UNIX and QNX Systems: Compiling and Linking Applications
— Windows Systems: Compiling and Linking Applications

¢  What You should know about Modbus
— Some Background
— Technical Information
— The Protocol Functions
— How Slave Devices are identified
— The Register Model and Data Tables
- Data Encoding
- Register and Discrete Numbering Scheme
— The ASCII Protocol
— The RTU Protocol
— The MODBUS/TCP Protocol

e Server Functions common to all Protocol Flavours
e Data Provider

e Serial Protocols

e MODBUS/TCP Protocol

* How to integrate the Protocol in your Application
e Examples

* Design Background

e License

* Support
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2 Modbus Slave C++ Library Module Documentation

2.1 Server Functions common to all Protocol Flavours
2.1.1 Detailed Description

The FieldTalk Modbus Slave Protocol Library’s server engine implements the
most commonly used Modbus data functions as well as some control func-
tions. The functions to perform PLC program download and other device
specific functions are outside the scope of this library.

All Bit Access and 16 Bits Access Modbus Function Codes have been imple-
mented. In addition the most frequently used Diagnostics Function Codes
have been implemented.

The following table lists the functions supported by the slave:

Modbus Function Current Terminology | Classic Terminology

Code

16-bit Access

3 Read Multiple Read Holding
Registers Registers

4 Read Input Registers | Read Input Registers

6 Write Single Register | Preset Single Register

16 (10 Hex) Write Multiple Preset Multiple
Registers Registers

22 (16 Hex) Mask Write Register Mask Write Register

23 (17 Hex) Read/Write Registers | Read/Write Registers

Bit access

1 Read Coils Read Coil Status

2 Read Inputs Discretes | Read Input Status

5 Write Coil Force Single Coil

15 (OF Hex) Force Multiple Coils Force Multiple Coils

Diagnostics

7 Read Exception Status | Read Exception Status

8 sub code 00 Diagnostics - Return | Diagnostics - Return
Query Data Query Data
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Server Management Functions

Protocol Configuration

int MbusSlaveServer::addDataTable (int slaveAddr,

MbusDataTablelnterface xdataTablePtr)
Associates a protocol object with a Data Provider and a slave address.

virtual int MbusSlaveServer::serverLoop ()=0
Modbus slave server loop.

virtual void MbusSlaveServer::shutdownServer ()
Shuts down the Modbus Server.

virtual int MbusSlaveServer::isStarted ()=0
Returns if server has been started up.

virtual int MbusSlaveServer::getConnectionStatus ()=0
Associates a protocol object with a Data Provider and a slave address.

long MbusSlaveServer::setTimeout (long timeOut)
Configures master transmit time-out supervision.

long MbusSlaveServer::getTimeout ()
Returns the master time-out supervision value.

Transmission Statistic Functions

Utility Functions

unsigned long MbusSlaveServer::getTotal Counter ()
Returns how often a message transfer has been executed.

void MbusSlaveServer::resetTotal Counter ()
Resets total message transfer counter.

unsigned long MbusSlaveServer::getSuccessCounter ()
Returns how often a message transfer was successful.

void MbusSlaveServer::resetSuccessCounter ()
Resets successful message transfer counter.

static char x MbusSlaveServer::getPackageVersion ()

= FoCcus

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

Returns the package version number.

2.1.2 Function Documentation

int addDataTable (int slaveAddr, MbusDataTablelnterface * dataTablePtr) [i nheri t ed]

long setTimeout (long

Associates a protocol object with a Data Provider and a slave address.

Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTableInterface class. The
Data Provider is the interface between your application data and the
Modbus network.

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

timeOut) [inherited]
Configures master transmit time-out supervision.

The slave can monitor whether a master is actually transmitting characters
or not. This function sets the transmit time-out to the specified value. A
value of 0 disables the time-out, which stops time-out notifications being
sent to the Data Provider.

Remarks:
The time-out value is indicative only and not guaranteed to be main-
tained. How precise it is followed depends on the operating system
used, it’s scheduling priority and it’s system timer resolution.

Note:
The time-out does not check if a master is sending valid frames.

Parameters:
timeOut Timeout value in ms (Range: 0 - 100000), 0 disables time-out
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Return values:
FTALK_SUCCESS Success

FTALK_ILLEGAL_ARGUMENT_ERROR Argument out of range

unsigned long getTotalCounter () [inherited]

Returns how often a message transfer has been executed.

Returns:
Counter value

char x getPackageVersion () [static, inherited]
Returns the package version number.

Returns:
Package version string

long getTimeout () [i nherited]

Returns the master time-out supervision value.

Remarks:
The time-out value is indicative only and not guaranteed to be main-
tained. How precise it is followed depends on the operating system
used, it’s scheduling priority and it’s system timer resolution.

Returns:
Timeout value in ms
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unsigned long getSuccessCounter () [inherited]

Returns how often a message transfer was successful.

Returns:
Counter value

virtual int serverLoop () [pure virtual, inherited]
Modbus slave server loop.

This server loop must be called continuously. It must not be blocked. The
server has to be started before calling the serverLoop() method.

In most cases the server loop is executed in an endless loop:

while (1)
{

mbusPr ot ocol . server Loop();
doQt her Stuff();

}

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Implemented in MbusRtuSlaveProtocol, MbusAsciiSlaveProtocol, and
MbusTcpSlaveProtocol.

void shutdownServer () [virtual, inherited]
Shuts down the Modbus Server.
This function also closes any associated serial ports or sockets.

Reimplemented in MbusSerialSlaveProtocol, and MbusTcpSlaveProtocol.
virtual int isStarted () [ pure virtual, inherited]
Returns if server has been started up.

Return values:
true = started
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false =shutdown

Implemented in MbusSerialSlaveProtocol, and MbusTcpSlaveProtocol.

virtual int getConnectionStatus () [pure virtual, inherited]

Associates a protocol object with a Data Provider and a slave address.

Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTablelnterface class. The
Data Provider is the interface between your application data and the
Modbus network.

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Implemented in MbusSerialSlaveProtocol, and MbusTcpSlaveProtocol.

"= FOCUS 13

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

2.2 Data Provider
2.2.1 Detailed Description

A Data Provider acts as an agent between your Application and the Server
Engine.

After instantiating a Server Engine class of any protocol flavour, you have
to associate it with a Data Provider by calling addDataTable and passing a
pointer to the Data Provider object.

| MbusDataTableInterface |

|

|

[ VouwsSiaveServer

MousRt uSl avePr ot ocol mnbusPr ot ocol ;
nbusPr ot ocol . addDat aTabl e(1, &dataTabl e);

dataTablePtr

To create an application specific Data Provider derive a new class from
MbusDataTableInterface and override the required data access methods.

A minimal Data Provider which realises a Modbus slave with read access
to holding registers would be:

cl ass MyDat aProvi der: public MusDat aTabl el nterface

{
public:
MyDat aProvi der () {}
/'l Override readHol di ngRegi st ersTabl e net hod:
int readHol di ngRegi stersTabl e(int startRef, short regArr[], int refCnt)
{
your application specific inplenmentation
}
b

Classes

¢ class MbusDataTableInterface
This class defines the interface between a Modbus slave Server Engine and your appli-
cation. Descendants of this class are referred to as Data Providers.

"= FOCUS 14
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Data Access Methods for Table 4:00000 (Holding Registers)

Data Access Methods to support read and write of output registers (holding
registers) in table 4:00000.

This table is accessed by the following Modbus functions:

* Modbus function 16 (10 hex), Preset Multiple Registers/Write Multiple
Registers

* Modbus function 3 (03 hex), Read Holding Registers/Read Multiple
Registers

* Modbus function 6 (06 hex), Preset Single Register/Write Single Regis-
ter.

¢ Modbus function 22 (16 hex), Mask Write Register.
¢ Modbus function 23 (17 hex), Read /Write Registers.
¢ virtual int MbusDataTableInterface:: readHoldingRegistersTable (int

startRef, short regArr[ ], int refCnt)
Override this method to implement a Data Provider function to read Holding Registers.

e virtual int MbusDataTablelnterface:writeHoldingRegistersTable (int

startRef, const short regArr[ ], int refCnt)
Owerride this method to implement a Data Provider function to write Holding Regis-
ters.

Data Access Methods for Table 3:00000 (Input Registers)

Data Access Methods to support read of input registers in table 3:00000.

This table is accessed by the following Modbus functions:
* Modbus function 4 (04 hex), Read Input Registers.

Note:
Input registers cannot be written

¢ virtual int MbusDataTableInterface::readInputRegistersTable (int start-
Ref, short regArr[ ], int refCnt)
Ovwerride this method to implement a Data Provider function to read Input Registers.
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Data Access Methods for Table 0:00000 (Coils)

Data Access Methods to support read and write of discrete outputs (coils)
in table 0:00000.

This table is accessed by the following Modbus functions:

e Modbus function 1 (01 hex), Read Coil Status/Read Coils.

* Modbus function 5 (05 hex), Force Single Coil /Write Coil.

* Modbus function 15 (OF hex), Force Multiple Coils.

e virtual int MbusDataTablelnterface::readCoilsTable (int startRef, char

bitArr[ ], int refCnt)
Owerride this method to implement a Data Provider function to read Coils.

e virtual int MbusDataTablelnterface::writeCoilsTable (int startRef, const
char bitArr[ ], int refCnt)
Owerride this method to implement a Data Provider function to write Coils.

Data Access Methods for Table 1:00000 (Input Discretes)

Data Access Methods to support read discrete inputs (input status) in table
1:00000.

This table is accessed by the following Modbus functions:
* Modbus function 2 (02 hex), Read Inputs Status/Read Input Discretes.

Note:
Input Discretes cannot be written

¢ virtual int MbusDataTablelnterface::readInputDiscretesTable (int start-

Ref, char bitArr[ ], int refCnt)
Owerride this method to implement a Data Provider function to read Coils.

Data Access Synchronisation Functions

Implementation of these functions may only be required in multithreaded
applications, if you are running the server loop in a separate thread and in
addition require data consistency over a block of Modbus registers.

Data consistency within a single register is always maintained if the code
executes on a 16-bit or 32-bit machine, because the CPU is accessing these
data types atomically.
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Auxiliary Functions

e virtual void MbusDataTableInterface::lock ()
You can override this method to implement a semaphore locking mechanism to synchro-
nise data access.

e virtual void MbusDataTablelnterface::unlock ()
You can override this method to implement a semaphore un-locking mechanism to syn-
chronise data access.

e virtual void MbusDataTableIlnterface::timeOutHandler ()
Owerride this method to implement a function to handle master poll time-outs.

¢ virtual char MbusDataTablelnterface::readExceptionStatus ()
Owerride this method to implement a function with reports the eight exception status
coils (bits) within the slave device.

2.2.2 Function Documentation

virtual int readHoldingRegistersTable (int startRef, short regArr[], int refCnt) [virtual,

i nherited]

Override this method to implement a Data Provider function to read Hold-
ing Registers.

When a slave receives a poll request for the 4:00000 data table he calls this
method to retrieve the data.

A simple implementation which holds the application data in an array of
shorts (short regDat a[ 0x10000] ) could be:

int readHol di ngRegi stersTabl e(int startRef, short regArr[], int refCnt)
{

startRef--; // Adjust Mdbus reference counting

if (startRef + refCnt > (int) sizeof(regbData) / sizeof(short))
return (0);

nencpy(regArr, &regData[startRef], refCnt * sizeof(short));
return (1);
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Parameters:
startRef Start register (Range: 1 - 0x10000)

regArr Buffer which has to be filled with the reply data
refCnt Number of registers to be retrieved (Range: 0 - 125)

Return values:
1 Indicate a successful access and that valid reply data is contained in
regArr. The Server Engine will reply the data passed in regArr to
the master.

0 Indicate that access has been denied or is out of range. The Server
Engine will reply to the master with an exception reply message

Required:
Yes

Default Implementation:
Returns 0 which indicates to Server Engine that this address range is
unsupported.

virtual int readlnputRegistersTable (int startRef, short regArr[], int refCnt) [virtual,
i nherited]

Override this method to implement a Data Provider function to read Input
Registers.

When a slave receives a poll request for the 3:00000 data table he calls this
method to retrieve the data.

A simple and very common implementation is to map the Input Registers
to the same address space than the Holding Registers table:

int readl nput Regi stersTabl e(int startRef, short regArr[], int refCnt)

{
return (readHol di ngRegi stersTabl e(startRef, regArr, refCnt);
}
Parameters:

startRef Start register (Range: 1 - 0x10000)
regArr Buffer which has to be filled with the reply data
refCnt Number of registers to be retrieved (Range: 0 - 125)
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Return values:
1 Indicate a successful access and that valid reply data is contained in
regArr. The Server Engine will reply the data passed in regArr to
the master.

0 Indicate that access has been denied or is out of range. The Server
Engine will reply to the master with an exception reply message

Required:
No

Default Implementation:
Returns 0 which indicates to Server Engine that this address range is

unsupported.

virtual int readCoilsTable (int  startRef, char bitArr[], int refCnt) [virtual, inherited]
Override this method to implement a Data Provider function to read Coils.

When a slave receives a poll request for the 0:00000 data table he calls this
method to retrieve the data.

A simple implementation which holds the boolean application data in an
array of chars (char bi t Dat a[ 2000] ) could be:

int readCoil sTable(int startRef, char bitArr[], int refCnt)

{
startRef--; // Adjust Mdbus reference counting
if (startRef + refCnt > (int) sizeof(bitData) / sizeof(char))

return (0);

mencpy(bitArr, &itData[startRef], refCnt * sizeof(char));
return (1);

}

Parameters:

startRef Start register (Range: 1 - 0x10000)

bitArr Buffer which has to be filled with the reply data. Each char rep-
resents one coil!

refCnt Number of coils to be retrieved (Range: 0 - 2000)

"= FOCUS 19

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

Return values:
1 Indicate a successful access and that valid reply data is contained in
regArr. The Server Engine will reply the data passed in regArr to
the master.

0 Indicate that access has been denied or is out of range. The Server
Engine will reply to the master with an exception reply message

Required:
No

Default Implementation:
Returns 0 which indicates to Server Engine that this address range is

unsupported.

virtual int readInputDiscretesTable (int startRef, char bitArr[], int refCnt) [virtual,
i nherited]

Override this method to implement a Data Provider function to read Coils.

When a slave receives a poll request for the 0:00000 data table he calls this
method to retrieve the data.

A simple and very common implementation is to map the Input Discretes
to the same address space than the Coils table:

int readl nputDi scretesTabl e(int startRef, char bitArr[], int refCnt)
{
return (readCoil sTabl e(startRef, bitArr, refCnt));
}
Parameters:

startRef Start register (Range: 1 - 0x10000)

bitArr Buffer which has to be filled with the reply data. Each char repe-
sents one discrete!

refCnt Number of discretes to be retrieved (Range: 0 - 2000)

Return values:
1 Indicate a successful access and that valid reply data is contained in
regArr. The Server Engine will reply the data passed in regArr to
the master.
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virtual void lock ()

0 Indicate that access has been denied or is out of range. The Server
Engine will reply to the master with an exception reply message

Required:
No

Default Implementation:
Returns 0 which indicates to Server Engine that this address range is
unsupported.

[virtual, inherited]

You can override this method to implement a semaphore locking mecha-
nism to synchronise data access.

This is not needed in single threaded applications but may be necessary in
multithreaded applications if you are running the server loop in a separate
thread and require data consistency over a block of Modbus registers. Data
consistency within a single register is always maintained if the code exe-
cutes on a 16-bit or 32-bit machine, because the CPU is accessing these data
types atomically.

This function is called by the server before calling any data read or write
functions.

Required:
No

Default Implementation:
Empty

virtual void timeQutHandler () [virtual, inherited]

Override this method to implement a function to handle master poll time-
outs.

A master should poll a slave cyclically. If no master is polling within the
time-out period this method is called. A slave can take certain actions if the
master has lost connection, e.g. go into a fail-safe state.
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Required:
No

Default Implementation:

Empty
virtual int writeHoldingRegistersTable (int startRef, const short regArr[], int refCnt)
[virtual, inherited]

Override this method to implement a Data Provider function to write Hold-
ing Registers.

When a slave receives a write request for the 4:00000 data table he calls this
method to pass the data to the application.

A simple implementation which holds the application data in an array of
shorts (short regDat a[ 0x10000] ) could be:

int witeHol di ngRegi stersTabl e(int startRef, const short regArr[],

{
startRef--; // Adjust Mdbus reference counting
if (startRef + refCnt > (int) sizeof(regbData) / sizeof(short))

return (0);

nencpy( & egData[ startRef], regArr, refCnt * sizeof(short));
return (1);

}

Parameters:

startRef Start register (Range: 1 - 0x10000)
regArr Buffer which contains the received data

refCnt Number of registers received (Range: 0 - 125)

Return values:
1 Indicate a successful access. The Server Engine will send a positive
reply to the master.

0 Indicate that access has been denied or is out of range. The Server
Engine will reply to the master with an exception reply message

Required:
Yes
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Default Implementation:
Returns 0 which indicates to Server Engine that this address range is
unsupported.

virtual int writeCoilsTable (int startRef, const char bitArr[], int refCnt) [virtual,
i nherited]

Override this method to implement a Data Provider function to write Coils.

When a slave receives a write request for the 0:00000 data table he calls this
method to pass the data to the application.

A simple implementation which holds the boolean application data in an
array of chars (char bi t Dat a[ 2000] ) could be:

int witeCoilsTable(int startRef, const char bitArr[], int refCnt)
{
startRef--; // Adjust Mdbus reference counting
if (startRef + refCnt > (int) sizeof(bitData) / sizeof(char))
return (0);
nmencpy(&bitData[startRef], bitArr, refCnt x sizeof(char));
return (1);
}
Parameters:

startRef Start register (Range: 1 - 0x10000)

bitArr Buffer which contains the received data. Each char repesents
one coil!

refCnt Number of coils received (Range: 0 - 2000)

Return values:
1 Indicate a successful access. The Server Engine will send a positive
reply to the master.

0 Indicate that access has been denied or is out of range. The Server
Engine will reply to the master with an exception reply message

Required:
No

Default Implementation:
Returns 0 which indicates to Server Engine that this address range is
unsupported.
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virtual void unlock ()

[virtual, inherited]

You can override this method to implement a semaphore un-locking mech-
anism to synchronise data access.

This is not needed in single threaded applications but may be necessary in
multithreaded applications if you are running the server loop in a separate
thread and require data consistency over a block of Modbus registers. Data
consistency within a single register is always maintained if the code exe-
cutes on a 16-bit or 32-bit machine, because the CPU is accessing these data
types atomically.

This function is called by the server after calling any data read or write
functions.

Required:
No

Default Implementation:
Empty

virtual char readExceptionStatus () [virtual, inherited]

Override this method to implement a function with reports the eight excep-
tion status coils (bits) within the slave device.

The exception status coils are device specific and usually used to report a

device’ principal status or a device” major failure codes as a 8-bit word.

Returns:
Exception status byte

Required:
No

Default Implementation:
Returns 0 as exception status byte.
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2.3 Serial Protocols
2.3.1 Detailed Description

The Server Engines of the two serial protocol flavours are implemented in
the classes MbusRtuSlaveProtocol and MbusAsciiSlaveProtocol.

These classes provide functions to start-up and to execute the
server engine which includes opening and closing of the serial
port. Upon receipt of a valid master query the server engine calls
Data Provider methods to exchange data with the user application.
For a more detailed description which Modbus data and control
functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

See sections The RTU Protocol and The ASCII Protocol for some back-
ground information about the two serial Modbus protocols.

See section Using Serial Protocols for an example how to use the
MbusRtuSlaveProtocol and MbusAsciiSlaveProtocol class.

Classes

e class MbusRtuSlaveProtocol
Modbus RTU Slave Protocol class.

e class MbusAsciiSlaveProtocol
Modbus ASCII Slave Protocol class.
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2.4 MODBUS/TCP Protocol

2.4.1 Detailed Description

Classes

Defines

The Server Engine of the MODBUS/TCP slave protocol is implemented in
the class MbusTcpSlaveProtocol.

It provides functions to start-up and to execute the server engine. This
server engine can handle multiple master connections and is implemented
as a single threaded TCP server. Upon receipt of a valid master query
the server engine calls Data Provider methods to exchange data with the
user application. For a more detailed description which Modbus data and
control functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

Note:
If the configured TCP port is below IPPORT_RESERVED (usually 1024),

the process has to run with root privilege! This applies if you are using
the default MODBUS/TCP port 502.

See section The MODBUS/TCP Protocol for some background information
about MODBUS/TCP.

See section Using MODBUS/TCP Protocol for an example how to use the
MbusTcpSlaveProtocol class.

* class MbusTcpSlaveProtocol
MODBUS/TCP Slave Protocol class.

o #define MAX_CONNECTIONS 16

Maximum concurrent TCP/IP connections handled by server engine.
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2.5 Protocol Errors and Exceptions
Fatal API Errors

Errors of this class typically indicate a programming mistake.
¢ #define FTALK_ILLEGAL_ARGUMENT_ERROR 1
Illegal argument error.

e #define FTALK_ILLEGAL_STATE_ERROR 2
Illegal state error.

e #define FTALK_EVALUATION_EXPIRED 3
Evaluation expired.

o #define FTALK_NO_DATA_TABLE_ERROR 4
No data table configured.

o #define FTALK_ILLEGAL_SLAVE_ADDRESS 5
Slave address 0 illegal for serial protocols.

Fatal I/O Errors

Errors of this class signal a problem in conjunction with the I/O system.

If errors of this class occur, the operation must be aborted and the protocol
closed.

o #define FTALK_IO_ERROR_CLASS 64

I/O error class.

e #define FTALK IO _ERROR 65
I/O error.

e #define FTALK_OPEN_ERR 66

Port or socket open error.

e #define FTALK_PORT_ALREADY_OPEN 67

Serial port already open.

e #define FTALK_TCPIP_CONNECT_ERR 68

TCP/IP connection error.

e #define FTALK_CONNECTION_ _WAS CLOSED 69
Remote peer closed TCP/IP connection.

o #define FTALK_SOCKET_LIB_ERROR 70
Socket library error.
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e #define FTALK_PORT_ALREADY_BOUND 71
TCP port already bound.

¢ #define FTALK_LISTEN_FAILED 72
Listen failed.

¢ #define FTALK_FILEDES_EXCEEDED 73
File descriptors exceeded.

¢ #define FTALK_PORT_NO_ACCESS 74

No permission to access serial port or TCP port.

o #define FTALK_PORT_NOT_AVAIL 75
TCP port not available.

Communication Errors

Errors of this class indicate either communication faults or Modbus excep-
tions reported by the slave device.

o #define FTALK_BUS_PROTOCOL_ERROR_CLASS 128

Fieldbus protocol error class.

e #define FTALK CHECKSUM_ERROR 129
Checksum error.

e #define FTALK_INVALID_FRAME_ERROR 130
Invalid frame error.

e #define FTALK_INVALID_REPLY_ERROR 131
Invalid reply error.

¢ #define FTALK_REPLY_TIMEOUT_ERROR 132
Reply time-out.

e #define FTALK SEND TIMEOUT ERROR 133
Send time-out.

o #define FTALK_MBUS_EXCEPTION_RESPONSE 160
Modbus® exception response.

¢ #define FTALK_MBUS_ILLEGAL_FUNCTION_RESPONSE 161
Illegal Function exception response.

¢ #define FTALK_MBUS_ILLEGAL_ADDRESS_RESPONSE 162

Illegal Data Address exception response.
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o #define FTALK_MBUS_ILLEGAL_VALUE_RESPONSE 163

Illegal Data Value exception response.

e #define FTALK_MBUS_SLAVE_FAILURE_RESPONSE 164

Slave Device Failure exception response.

Defines

¢ #define FTALK_SUCCESS 0

Operation was successful.

Functions

* TCHAR * getBusProtocolErrorText (int errCode)
Returns an error text string for a given error code.

2.5.1 Define Documentation

#define FTALK_SUCCESS 0
Operation was successful.

This return codes indicates no error.

#define FTALK_ILLEGAL_ARGUMENT_ERROR 1
Illegal argument error.

A parameter passed to the function returning this error code is invalid or
out of range.

#define FTALK_ILLEGAL_STATE_ERROR 2
Illegal state error.

The function is called in a wrong state. This return code is returned by all
functions if the protocol has not been opened succesfully yet.
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#define FTALK_EVALUATION_EXPIRED 3
Evaluation expired.

This version of the library is a function limited evaluation version and has
now expired.

#define FTALK_NO_DATA TABLE_ERROR 4
No data table configured.

The slave has been started without adding a data table. A data table must
be added by either calling addDataTable or passing it as a constructor argu-
ment.

#define FTALK_ILLEGAL_SLAVE_ADDRESS 5
Slave address 0 illegal for serial protocols.

A slave address or unit ID of 0 is used as broadcast address for ASCII and
RTU protocol and therefor illegal.

#define FTALK_IO_ERROR_CLASS 64
I/0 error class.

Errors of this class signal a problem in conjunction with the I/O system.

#define FTALK_IO_ERROR 65
I/0 error.

The underlaying I/O system reported an error.

#define FTALK_OPEN_ERR 66
Port or socket open error.

The TCP/IP socket or the serial port could not be opened. In case of a serial
port it indicates that the serial port does not exist on the system.

#define FTALK_PORT_ALREADY_OPEN 67

Serial port already open.
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The serial port defined for the open operation is already opened by another
application.

#define FTALK_TCPIP_CONNECT_ERR 68
TCP/IP connection error.

Signals that the TCP/IP connection could not be established. Typically this
error occurs when a host does not exist on the network or the IP address or
host name is wrong. The remote host must also listen on the appropriate
port.

#define FTALK_CONNECTION_WAS_CLOSED 69
Remote peer closed TCP/IP connection.

Signals that the TCP/IP connection was closed by the remote peer or is
broken.

#define FTALK_SOCKET_LIB_ERROR 70
Socket library error.

The TCP/IP socket library (e.g. WINSOCK) could not be loaded or the DLL
is missing or not installed.

#define FTALK_PORT_ALREADY_BOUND 71
TCP port already bound.

Indicates that the specified TCP port cannot be bound. The port might al-
ready be taken by another application or hasn’t been released yet by the
TCP/IP stack for re-use.

#define FTALK _LISTEN_FAILED 72
Listen failed.

The listen operation on the specified TCP port failed..

#define FTALK_FILEDES_EXCEEDED 73

File descriptors exceeded.
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Maximum number of usable file descriptors exceeded.

#define FTALK_PORT_NO_ACCESS 74
No permission to access serial port or TCP port.

You don’t have permission to access the serial port or TCP port. Run the
program as root. If the error is related to a serial port, change the access
privilege. If it is related to TCP/IP use TCP port number which is outside
the IPPORT_RESERVED range.

#define FTALK_PORT_NOT_AVAIL 75
TCP port not available.

The specified TCP port is not available on this machine.

#define FTALK_BUS_PROTOCOL_ERROR_CLASS 128
Fieldbus protocol error class.

Signals that a fieldbus protocol related error has occured. This class is the
general class of errors produced by failed or interrupted data transfer func-
tions. It is also produced when receiving invalid frames or exception re-
sponses.

#define FTALK_CHECKSUM_ERROR 129
Checksum error.

Signals that the checksum of a received frame is invalid. A poor data link
typically causes this error.

#define FTALK_INVALID_FRAME_ERROR 130
Invalid frame error.

Signals that a received frame does not correspond either by structure or
content to the specification or does not match a previously sent query frame.
A poor data link typically causes this error.

#define FTALK_INVALID_REPLY_ERROR 131

Invalid reply error.
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Signals that a received reply does not correspond to the specification.

#define FTALK_REPLY_TIMEOUT_ERROR 132
Reply time-out.

Signals that a fieldbus data transfer timed out. This can occur if the slave
device does not reply in time or does not reply at all. A wrong unit adress
will also cause this error. In some occasions this exception is also produced
if the characters received don’t constitute a complete frame.

#define FTALK_SEND_TIMEOUT_ERROR 133
Send time-out.

Signals that a fieldbus data send timed out. This can only occur if the hand-
shake lines are not properly set.

#define FTALK_MBUS_EXCEPTION_RESPONSE 160
Modbus® exception response.

Signals that a Modbus exception response was received. Exception re-
sponses are sent by a slave device instead of a normal response message
if it received the query message correctly but cannot handle the query. This
error usually occurs if a master queried an invalid or non-existing data ad-
dress or if the master used a Modbus function, which is not supported by
the slave device.

#define FTALK_MBUS_ILLEGAL_FUNCTION_RESPONSE 161
Illegal Function exception response.

Signals that an Illegal Function exception response (code 01) was received.
This exception response is sent by a slave device instead of a normal re-
sponse message if a master sent a Modbus function, which is not supported
by the slave device.

#define FTALK_MBUS_ILLEGAL_ADDRESS_RESPONSE 162
Illegal Data Address exception response.

Signals that an Illegal Data Address exception response (code 02) was re-
ceived. This exception response is sent by a slave device instead of a nor-
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mal response message if a master queried an invalid or non-existing data
address.

#define FTALK_MBUS_ILLEGAL_VALUE_RESPONSE 163
Illegal Data Value exception response.

Signals that a Illegal Value exception response was (code 03) received. This
exception response is sent by a slave device instead of a normal response
message if a master sent a data value, which is not an allowable value for
the slave device.

#define FTALK_MBUS_SLAVE_FAILURE_RESPONSE 164
Slave Device Failure exception response.

Signals that a Slave Device Failure exception response (code 04) was re-
ceived. This exception response is sent by a slave device instead of a nor-
mal response message if an unrecoverable error occured while processing
the requested action. This response is also sent if the request would gener-
ate a response whose size exceeds the allowable data size.

2.5.2 Function Documentation

TCHARx getBusProtocolErrorText (int  errCode)

Returns an error text string for a given error code.

Parameters:
errCode FieldTalk error code

Returns:
Error text string
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3 Modbus Slave C++ Library Class Documentation

3.1 MbusAsciiSlaveProtocol Class Reference

Inheritance diagram for MbusAsciiSlaveProtocol:

MbusSerialSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerialSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

!

MbusAsciiSlaveProtocol

- bufferArr
- encodedBufArr

+ MbusAsciiSlaveProtocol()

+ MbusAsciiSlaveProtocol()
+ serverLoop()

- replyMessage()

- operator=()

- MbusAsciiSlaveProtocol()

Collaboration diagram for MbusAsciiSlaveProtocol:
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MbusSerialSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerialSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

T

MbusAsciiSlaveProtocol

- bufferArr
- encodedBufArr

+ MbusAsciiSlaveProtocol()

+ MbusAsciiSlaveProtocol()
+ serverLoop()

- replyMessage()

- operator=()

- MbusAsciiSlaveProtocol()

3.1.1 Detailed Description

Modbus ASCII Slave Protocol class.

This class realises the Modbus ASCII slave protocol. It provides func-
tions to start-up and to execute the server engine which includes open-
ing and closing of the serial port. Upon receipt of a valid master query
the server engine calls Data Provider methods to exchange data with the
user application. For a more detailed description which Modbus data and
control functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

It is possible to instantiate multiple instances for establishing multiple con-
nections on different serial ports (They should be executed in separate
threads).

See also:
Server Functions common to all Protocol Flavours, MbusSlaveServer

Serial Server Management Functions

e virtual int startupServer (const char xconst portName, long baudRate,
int dataBits, int stopBits, int parity)
Puts the Modbus server into operation.
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int startupServer (const char *const portName, long baudRate)
Puts the Modbus RTU server into operation and opens the associated serial port with
default port parameters.

virtual int startupServer (int slaveAddr, const char *const portName,

long baudRate, int dataBits, int stopBits, int parity)
Puts the Modbus server into operation using a single slave address and data table.

int startupServer (int slaveAddr, const char xconst portName, long

baudRate)
Puts the Modbus RTU server into operation and opens the associated serial port with
default port parameters.

void shutdownServer ()
Shuts down the Modbus server.

int isStarted ()
Returns if server has been started up.

int getConnectionStatus ()
Checks if a Modbus master is polling periodically.

virtual int enableRs485Mode (int rtsDelay)
Enables R5485 mode.

Server Management Functions

Protocol Configuration

int addDataTable (int slaveAddr, MbusDataTableInterface xdataTable-
Ptr)
Associates a protocol object with a Data Provider and a slave address.

long setTimeout (long timeOut)
Configures master transmit time-out supervision.

long getTimeout ()
Returns the master time-out supervision value.

Transmission Statistic Functions

unsigned long getTotalCounter ()
Returns how often a message transfer has been executed.
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e void resetTotalCounter ()
Resets total message transfer counter.

e unsigned long getSuccessCounter ()
Returns how often a message transfer was successful.

e void resetSuccessCounter ()
Resets successful message transfer counter.

Utility Functions

* static char * getPackageVersion ()
Returns the package version number.

Public Types
* enum { SER_DATABITS 7 = SerialPort::SER_DATABITS 7,
SER_DATABITS_8 = SerialPort::SER_DATABITS_8 }
e enum { SER_STOPBITS_1 = SerialPort::SER_STOPBITS _1,
SER_STOPBITS_2 = SerialPort::SER_STOPBITS_2 }
* enum { SER_PARITY_NONE = SerialPort::SER_PARITY_-
NONE, SER PARITY EVEN = SerialPort::SER_PARITY_EVEN,

SER_PARITY_ODD = SerialPort::SER_PARITY_ODD }

Public Member Functions

e MbusAsciiSlaveProtocol ()
Constructs a MbusAsciiSlaveProtocol object.

e MbusAsciiSlaveProtocol (MbusDataTablelnterface xdataTablePtr)
Constructs a MbusAsciiSlaveProtocol object and associates it with a Data Provider.

e int serverLoop ()
Modbus ASCII slave server loop.

Protected Types

e enum { SER_RS232, SER_RS485 }
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3.1.2 Member Enumeration Documentation

anonymous enum [i nherit ed]

Enumeration values:
SER_DATABITS 7 7 data bits

SER_DATABITS_8 8 data bits

anonymous enum [ i nherit ed]

Enumeration values:
SER_STOPBITS_1 1 stop bit

SER_STOPBITS_2 2 stop bits

anonymous enum [ i nherit ed]

Enumeration values:
SER_PARITY_NONE No parity.

SER_PARITY_EVEN Even parity.
SER_PARITY_ODD Odd parity.

anonymous enum [ protected, inherited]

Enumeration values:
SER_RS232 RS232 mode w/o RTS/CTS handshake.

SER_RS485 RS485 mode: RTS enables/disables transmitter.
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3.1.3 Constructor & Destructor Documentation

MbusAsciiSlaveProtocol ()
Constructs a MbusAsciiSlaveProtocol object.

The association with a Data Provider is done after construction using the
addDataTable method.

Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTableInterface class. The
Data Provider is the interface between your application data and the
Modbus network.

MbusAsciiSlaveProtocol (MbusDataTablelnterface * dataTablePtr)

Constructs a MbusAsciiSlaveProtocol object and associates it with a Data
Provider.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTablelnterface class. The
Data Provider is the interface between your application data and the
Modbus network.

Deprecated
This function is deprecated. The preferred way of assigning a data-
Table is using the default constructor and configuring data table and
slave address using addDataTable method.

3.1.4 Member Function Documentation
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int serverLoop () [virtual]
Modbus ASCII slave server loop.

This server loop must be called continuously. It must not be blocked. The
server has to be started before calling the serverLoop() method.

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Implements MbusSlaveServer.

int startupServer (const char  xconst portName, long baudRate, int dataBits, int stopBits, int
parity) [virtual, inherited]

Puts the Modbus server into operation.

This function opens the serial port. After the port has been opened queries
from a Modbus master will be processed.

Parameters:
portName Serial port identifier (e.g. "COM1","/dev/serl or /dev/tty-
SO”)

baudRate The port baudRate in bps (typically 1200 - 9600).
dataBits Must be SER_DATABITS_8 for RTU
stopBits SER_STOPBITS_1: 1 stop bit, SER_STOPBITS_2: 2 stop bits

parity SER_PARITY_NONE: no parity, SER_PARITY_ODD: odd par-
ity, SER_PARITY_EVEN: even parity

Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Reimplemented in MbusRtuSlaveProtocol.

int startupServer (const char  xconst portName, long baudRate) [i nherited]

Puts the Modbus RTU server into operation and opens the associated serial
port with default port parameters.

This function opens the serial port with 8 databits, 1 stopbit and even parity
and initialises the server engine.
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Parameters:
portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

int startupServer (int slaveAddr, const char xconst portName, long baudRate, int dataBits, int
stopBits, int parity) [virtual, inherited]

Puts the Modbus server into operation using a single slave address and data
table.

This function opens the serial port. After the port has been opened queries
from a Modbus master will be processed.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (1-255)

portName Serial port identifier (e.g. "COM1","/dev/serl or /dev/tty-
S0")

baudRate The port baudRate in bps (typically 1200 - 9600).
dataBits Must be SER_DATABITS_8 for RTU
stopBits SER_STOPBITS_1: 1 stop bit, SER_STOPBITS_2: 2 stop bits

parity SER_PARITY_NONE: no parity, SER_PARITY_ODD: odd par-
ity, SER_PARITY_EVEN: even parity

Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

Reimplemented in MbusRtuSlaveProtocol.
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int startupServer (int slaveAddr, const char xconst portName, long baudRate) [i nherit ed]

Puts the Modbus RTU server into operation and opens the associated serial
port with default port parameters.

This function opens the serial port with 8 databits, 1 stopbit and even parity
and initialises the server engine.

Function is kept for compatibility with previous API versions, do not use

for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (1-255)

portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

void shutdownServer () [virtual, inherited]
Shuts down the Modbus server.
This function also closes the serial port.

Reimplemented from MbusSlaveServer.

intisStarted () [virtual, inherited]

Returns if server has been started up.

Return values:
true = started
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false =shutdown

Implements MbusSlaveServer.

int getConnectionStatus () [virtual, inherited]

Checks if a Modbus master is polling periodically.

Return values:
true = A master is polling at a frequency higher than the master trans-
mit time-out value

false =No master is polling within the time-out period

Note:
The master transmit time-out value must be set > 0 in order for this
function to work.

Implements MbusSlaveServer.

int enableRs485Mode (int rtsDelay) [virtual, inherited]
Enables RS485 mode.

In RS485 mode the RTS signal can be used to enable and disable the trans-
mitter of a RS232/RS485 converter. The RTS signal is asserted before send-
ing data. It is cleared after the transmit buffer has been emptied and in
addition the specified delay time has elapsed. The delay time is necessary
because even the transmit buffer is already empty, the UART’s FIFO will
still contain unsent characters.

Warning:

The use of RTS controlled RS232/RS485 converters should be avoided
if possible. It is difficult to determine the exact time when to switch off
the transmitter with non real-time operating systems like Windows and
Linux. If it is switched off to early characters might still sit in the FIFO
or the transmit register of the UART and these characters will be lost.
Hence the slave will not recognize the message. On the other hand if
it is switched off too late then the slave’s message is corrupted and the
master will not recognize the message.
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Remarks:
The delay value is indicative only and not guaranteed to be maintained.
How precise it is followed depends on the operating system used, it’s
scheduling priority and it’s system timer resolution.

Note:
A protocol must be closed in order to configure it.

Parameters:
rtsDelay Delay time in ms (Range: 0 - 100000) which applies after the
transmit buffer is empty. 0 disables this mode.

Return values:
FTALK SUCCESS Success

FTALK_ILLEGAL_ARGUMENT_ERROR Argument out of range
FTALK_ILLEGAL_STATE_ERROR Protocol is already open
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3.2 MbusDataTablelnterface Class Reference
3.2.1 Detailed Description

This class defines the interface between a Modbus slave Server Engine and
your application. Descendants of this class are referred to as Data Providers.

To create an application specific Data Provider derive a new class from
MbusDataTablelnterface and override the required data access methods.

See also:
MbusSlaveServer
Server Functions common to all Protocol Flavours

Data Access Methods for Table 4:00000 (Holding Registers)

Data Access Methods to support read and write of output registers (holding
registers) in table 4:00000.

This table is accessed by the following Modbus functions:

* Modbus function 16 (10 hex), Preset Multiple Registers/Write Multiple
Registers

* Modbus function 3 (03 hex), Read Holding Registers/Read Multiple
Registers

* Modbus function 6 (06 hex), Preset Single Register/Write Single Regis-
ter.

¢ Modbus function 22 (16 hex), Mask Write Register.
¢ Modbus function 23 (17 hex), Read /Write Registers.
¢ virtual int readHoldingRegistersTable (int startRef, short regArr[], int

refCnt)
Owerride this method to implement a Data Provider function to read Holding Registers.

e virtual int writeHoldingRegistersTable (int startRef, const short reg-
Arr[ ], int refCnt)

Ovwerride this method to implement a Data Provider function to write Holding Regis-
ters.

Data Access Methods for Table 3:00000 (Input Registers)

Data Access Methods to support read of input registers in table 3:00000.
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This table is accessed by the following Modbus functions:
* Modbus function 4 (04 hex), Read Input Registers.

Note:
Input registers cannot be written

¢ virtual int readInputRegistersTable (int startRef, short regArr][ ], int ref-
Cnt)

Owerride this method to implement a Data Provider function to read Input Registers.

Data Access Methods for Table 0:00000 (Coils)

Data Access Methods to support read and write of discrete outputs (coils)
in table 0:00000.

This table is accessed by the following Modbus functions:

e Modbus function 1 (01 hex), Read Coil Status/Read Coils.
* Modbus function 5 (05 hex), Force Single Coil /Write Coil.
¢ Modbus function 15 (OF hex), Force Multiple Coils.

e virtual int readCoilsTable (int startRef, char bitArr[ ], int refCnt)
Owerride this method to implement a Data Provider function to read Coils.

e virtual int writeCoilsTable (int startRef, const char bitArr[ ], int refCnt)
Owerride this method to implement a Data Provider function to write Coils.

Data Access Methods for Table 1:00000 (Input Discretes)

Data Access Methods to support read discrete inputs (input status) in table
1:00000.

This table is accessed by the following Modbus functions:

* Modbus function 2 (02 hex), Read Inputs Status/Read Input Discretes.

Note:
Input Discretes cannot be written

e virtual int readInputDiscretesTable (int startRef, char bitArr[ ], int ref-
Cnt)

Owerride this method to implement a Data Provider function to read Coils.
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Data Access Synchronisation Functions

Auxiliary Functions

Implementation of these functions may only be required in multithreaded
applications, if you are running the server loop in a separate thread and in
addition require data consistency over a block of Modbus registers.

Data consistency within a single register is always maintained if the code
executes on a 16-bit or 32-bit machine, because the CPU is accessing these
data types atomically.

e virtual void lock ()
You can override this method to implement a semaphore locking mechanism to synchro-
nise data access.

¢ virtual void unlock ()
You can override this method to implement a semaphore un-locking mechanism to syn-
chronise data access.

e virtual void timeOutHandler ()
Owerride this method to implement a function to handle master poll time-outs.

¢ virtual char readExceptionStatus ()
Owerride this method to implement a function with reports the eight exception status
coils (bits) within the slave device.
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3.3 MbusRtuSlaveProtocol Class Reference

Inheritance diagram for MbusRtuSlaveProtocol:

MbusSerialSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerialSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

MbusRtuSlaveProtocol
- frameSilence
- bufferArr

+ MbusRtuSlaveProtocol()
+ MbusRtuSlaveProtocol()

+ startupServer()

+ startupServer()

+ serverLoop()

- replyMessage()

- operator=()

- MbusRtuSlaveProtocol()

Collaboration diagram for MbusRtuSlaveProtocol:

MbusSerialSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerialSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

MbusRtuSlaveProtocol
- frameSilence
- bufferArr

+ MbusRtuSlaveProtocol()
+ MbusRtuSlaveProtocol()

+ startupServer()

+ startupServer()

+ serverLoop()

- replyMessage()

- operator=()

- MbusRtuSlaveProtocol()
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3.3.1 Detailed Description

Modbus RTU Slave Protocol class.

This class realises the Modbus RTU slave protocol. It provides functions
to start-up and to execute the server engine which includes opening and
closing of the serial port. Upon receipt of a valid master query the server
engine calls Data Provider methods to exchange data with the user ap-
plication. For a more detailed description which Modbus data and con-
trol functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

It is possible to instantiate multiple instances for establishing multiple con-
nections on different serial ports (They should be executed in separate
threads).

See also:
Server Functions common to all Protocol Flavours, MbusSlaveServer

Serial Server Management Functions

* intstartupServer (const char *const portName, long baudRate)
Puts the Modbus RTU server into operation and opens the associated serial port with
default port parameters.

* int startupServer (int slaveAddr, const char xconst portName, long
baudRate)

Puts the Modbus RTU server into operation and opens the associated serial port with
default port parameters.

e void shutdownServer ()
Shuts down the Modbus server.

e intisStarted ()
Returns if server has been started up.

¢ int getConnectionStatus ()
Checks if a Modbus master is polling periodically.

¢ virtual int enableRs485Mode (int rtsDelay)
Enables RS485 mode.

Server Management Functions

e int addDataTable (int slaveAddr, MbusDataTablelnterface xdataTable-
Ptr)
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Associates a protocol object with a Data Provider and a slave address.

Protocol Configuration

* long setTimeout (long timeOut)
Configures master transmit time-out supervision.

* long getTimeout ()
Returns the master time-out supervision value.

Transmission Statistic Functions

¢ unsigned long getTotalCounter ()
Returns how often a message transfer has been executed.

e void resetTotalCounter ()
Resets total message transfer counter.

* unsigned long getSuccessCounter ()
Returns how often a message transfer was successful.

e void resetSuccessCounter ()
Resets successful message transfer counter.

Utility Functions

e static char * getPackageVersion ()
Returns the package version number.

Public Types
* enum { SER_DATABITS 7 = SerialPort::SER_DATABITS 7,
SER_DATABITS_8 = SerialPort::SER_DATABITS_8 }
* enum { SER_STOPBITS 1 = SerialPort::SER_STOPBITS 1,
SER_STOPBITS_2 = SerialPort::SER_STOPBITS_2 }
e enum { SER_PARITY_NONE = SerialPort::SER_PARITY_-
NONE, SER PARITY EVEN = SerialPort::SER_PARITY EVEN,

SER_PARITY_ODD = SerialPort::SER_PARITY_ODD }
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Public Member Functions

e MbusRtuSlaveProtocol ()
Constructs a MbusRtuSlaveProtocol object.

e MbusRtuSlaveProtocol (MbusDataTablelnterface xdataTablePtr)
Constructs a MbusRtuSlaveProtocol object and associates it with a Data Provider.

¢ int startupServer (const char xconst portName, long baudRate, int data-
Bits, int stopBits, int parity)
Puts the Modbus RTU server into operation and opens the associated serial port with
specific port parameters.

* int startupServer (int slaveAddr, const char xconst portName, long
baudRate, int dataBits, int stopBits, int parity)
Puts the Modbus RTU server into operation and opens the associated serial port with

specific port parameters.

¢ intserverLoop ()
Modbus RTU slave server loop.

Protected Types

e enum { SER_RS232, SER_RS485 }

3.3.2 Member Enumeration Documentation

anonymous enum [ i nherit ed]
Enumeration values:

SER_DATABITS_7 7 data bits
SER_DATABITS_8 8 data bits

anonymous enum [ i nherit ed]

Enumeration values:
SER_STOPBITS_1 1 stop bit
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SER_STOPBITS_2 2 stop bits

anonymous enum [ i nherit ed]

Enumeration values:
SER_PARITY_NONE No parity.

SER_PARITY_EVEN Even parity.
SER_PARITY_ODD Odd parity.

anonymous enum [ protected, inherited]

Enumeration values:
SER_RS232 RS232 mode w/o RTS/CTS handshake.

SER_RS485 RS485 mode: RTS enables/disables transmitter.

3.3.3 Constructor & Destructor Documentation

MbusRtuSlaveProtocol ()
Constructs a MbusRtuSlaveProtocol object.

The association with a Data Provider is done after construction using the
addDataTable method.

MbusRtuSlaveProtocol (MbusDataTablelnterface * dataTablePtr)

Constructs a MbusRtuSlaveProtocol object and associates it with a Data
Provider.

Function is kept for compatibility with previous API versions, do not use
for new implementations.
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Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTablelnterface class. The
Data Provider is the interface between your application data and the
Modbus network.

Deprecated
This function is deprecated. The preferred way of assigning a data-
Table is using the default constructor and configuring data table and
slave address using addDataTable method.

3.3.4 Member Function Documentation

int startupServer (const char  xconst portName, long baudRate, int dataBits, int stopBits, int
parity) [virtual]

Puts the Modbus RTU server into operation and opens the associated serial
port with specific port parameters.

This function opens the serial port and initialises the server engine.

Parameters:
portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).
dataBits Must be SER_DATABITS_8 for RTU
stopBits SER_STOPBITS_1: 1 stop bit, SER_STOPBITS_2: 2 stop bits

parity SER_PARITY_NONE: no parity, SER_PARITY_ODD: odd par-
ity, SER_PARITY_EVEN: even parity

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Reimplemented from MbusSerialSlaveProtocol.

int startupServer (int slaveAddr, const char xconst portName, long baudRate, int dataBits, int
stopBits, int parity) [virtual]
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Puts the Modbus RTU server into operation and opens the associated serial
port with specific port parameters.

This function opens the serial port and initialises the server engine.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (1-255)

portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).
dataBits Must be SER_DATABITS_8 for RTU
stopBits SER_STOPBITS_1: 1 stop bit, SER_STOPBITS_2: 2 stop bits

parity SER_PARITY_NONE: no parity, SER_PARITY_ODD: odd par-
ity, SER_PARITY_EVEN: even parity

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

Reimplemented from MbusSerialSlaveProtocol.

int serverLoop () [virtual]
Modbus RTU slave server loop.
This server loop must be called continuously. It must not be blocked. The

server has to be started before calling the serverLoop() method.

Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Implements MbusSlaveServer.
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int startupServer (const char  xconst portName, long baudRate) [i nherit ed]

Puts the Modbus RTU server into operation and opens the associated serial
port with default port parameters.

This function opens the serial port with 8 databits, 1 stopbit and even parity
and initialises the server engine.

Parameters:
portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev /ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

int startupServer (int slaveAddr, const char xconst portName, long baudRate) [i nherit ed]

Puts the Modbus RTU server into operation and opens the associated serial
port with default port parameters.

This function opens the serial port with 8 databits, 1 stopbit and even parity
and initialises the server engine.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (1-255)

portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.
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Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

void shutdownServer () [virtual, inherited]
Shuts down the Modbus server.
This function also closes the serial port.

Reimplemented from MbusSlaveServer.

intisStarted () [virtual, inherited]
Returns if server has been started up.

Return values:
true = started

false = shutdown

Implements MbusSlaveServer.

int getConnectionStatus () [virtual, inherited]

Checks if a Modbus master is polling periodically.

Return values:
true = A master is polling at a frequency higher than the master trans-
mit time-out value

false = No master is polling within the time-out period

Note:
The master transmit time-out value must be set > 0 in order for this
function to work.

Implements MbusSlaveServer.
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int enableRs485Mode (int rtsDelay) [virtual, inherited]
Enables RS485 mode.

In RS485 mode the RTS signal can be used to enable and disable the trans-
mitter of a RS232/RS485 converter. The RTS signal is asserted before send-
ing data. It is cleared after the transmit buffer has been emptied and in
addition the specified delay time has elapsed. The delay time is necessary
because even the transmit buffer is already empty, the UART’s FIFO will
still contain unsent characters.

Warning:

The use of RTS controlled RS232/RS485 converters should be avoided
if possible. It is difficult to determine the exact time when to switch off
the transmitter with non real-time operating systems like Windows and
Linux. If it is switched off to early characters might still sit in the FIFO
or the transmit register of the UART and these characters will be lost.
Hence the slave will not recognize the message. On the other hand if
it is switched off too late then the slave’s message is corrupted and the
master will not recognize the message.

Remarks:
The delay value is indicative only and not guaranteed to be maintained.
How precise it is followed depends on the operating system used, it’s
scheduling priority and it’s system timer resolution.

Note:
A protocol must be closed in order to configure it.

Parameters:
rtsDelay Delay time in ms (Range: 0 - 100000) which applies after the
transmit buffer is empty. 0 disables this mode.

Return values:
FTALK_SUCCESS Success

FTALK_ILLEGAL_ARGUMENT_ERROR Argument out of range
FTALK_ILLEGAL_STATE_ERROR Protocol is already open
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3.4 MbusSerialSlaveProtocol Class Reference

Inheritance diagram for MbusSerialSlaveProtocol:

- LA

+ ~MbusSlaveServer()
# MbusSlaveServer()

# hasNoDataTable()

# assignDefaultDataTable()
# processMessage()

- replylllegalDataAddress()
- replylnvalidLength()

- operator=()

- MbusSlaveServer()

* addDataTable()

* serverLoop()

* shutdownServer()

* isStarted()

* getConnectionStatus()
* setTimeout()

* getTimeout()

* getTotalCounter()

* resetTotalCounter()

* getSuccessCounter()

* resetSuccessCounter()
* getPackageVersion()

T

MbusSerialSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerial SlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

MbusRtuSlaveProtocol

MbusAsciiSlaveProtocol

- bufferArr
- encodedBufArr

+ MbusAsciiSlaveProtocol()
+ MbusAsciiSlaveProtocol()
+ serverLoop()

- replyMessage()

- operator=()

- MbusAsciiSlaveProtocol()

Collaboration diagram for MbusSerialSlaveProtocol:

- frameSilence
- bufferArr

+ MbusRtuSlaveProtocol()
+ MbusRtuSlaveProtocol()
+ startupServer()

+ startupServer()

+ serverLoop()

- replyMessage()

- operator=()

- MbusRtuSlaveProtocol()

= FoCcus

SOFTWARE ENGINEERING

59



FieldTalk™ Modbus Slave C++ Library

MbusSlaveServer

# totalCounter

# successCounter

# timeOut

# defaultDataTablePtr
# dataTablePtrArr

- regArr

- bitArr

+ ~MbusSlaveServer()
# MbusSlaveServer()

# hasNoDataTable()

# assignDefaultDataTable()
# processMessage()

- replylllegalDataAddress()
- replylnvalidLength()

- operator=()

- MbusSlaveServer()

* addDataTable()

* serverLoop()

* shutdownServer()

* isStarted()

* getConnectionStatus()
* setTimeout()

* getTimeout()

* getTotalCounter()

* resetTotalCounter()

* getSuccessCounter()

* resetSuccessCounter()
* getPackageVersion()

T

MbusSerialSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerialSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

3.4.1 Detailed Description

®

This base class realises the Modbus™ serial slave protocols.

These methods apply to RTU and ASCII protocol flavours via in-
heritance.  These classes provide functions to start-up and to exe-
cute the server engine which includes opening and closing of the se-
rial port. Upon receipt of a valid master query the server engine
calls Data Provider methods to exchange data with the user applica-
tion. For a more detailed description which Modbus data and con-
trol functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

It is possible to instantiate multiple instances for establishing multiple con-
nections on different serial ports (They should be executed in separate
threads).
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See also:

Server Functions common to all Protocol Flavours, MbusSlaveServer

Serial Server Management Functions

virtual int startupServer (const char xconst portName, long baudRate,
int dataBits, int stopBits, int parity)
Puts the Modbus server into operation.

int startupServer (const char xconst portName, long baudRate)
Puts the Modbus RTU server into operation and opens the associated serial port with
default port parameters.

virtual int startupServer (int slaveAddr, const char *const portName,
long baudRate, int dataBits, int stopBits, int parity)
Puts the Modbus server into operation using a single slave address and data table.

int startupServer (int slaveAddr, const char *const portName, long

baudRate)
Puts the Modbus RTU server into operation and opens the associated serial port with
default port parameters.

void shutdownServer ()
Shuts down the Modbus server.

int isStarted ()
Returns if server has been started up.

int getConnectionStatus ()
Checks if a Modbus master is polling periodically.

virtual int enableRs485Mode (int rtsDelay)
Enables RS485 mode.

Server Management Functions

int addDataTable (int slaveAddr, MbusDataTableInterface xdataTable-

Ptr)
Associates a protocol object with a Data Provider and a slave address.

virtual int serverLoop ()=0
Modbus slave server loop.
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Protocol Configuration

long setTimeout (long timeOut)
Configures master transmit time-out supervision.

long getTimeout ()
Returns the master time-out supervision value.

Transmission Statistic Functions

Utility Functions

Public Types

Protected Types

unsigned long getTotal Counter ()
Returns how often a message transfer has been executed.

void resetTotalCounter ()
Resets total message transfer counter.

unsigned long getSuccessCounter ()
Returns how often a message transfer was successful.

void resetSuccessCounter ()
Resets successful message transfer counter.

static char * getPackageVersion ()
Returns the package version number.

enum { SER_DATABITS 7 = SerialPort::SER_DATABITS 7,
SER_DATABITS_8 = SerialPort::SER_DATABITS_8 }

enum { SER_STOPBITS 1 = SerialPort::SER_STOPBITS 1,
SER_STOPBITS_2 = SerialPort::SER_STOPBITS_2 }

enum { SER_PARITY_NONE = SerialPort::SER_PARITY -
NONE, SER_PARITY_EVEN = SerialPort:SER_PARITY_EVEN,
SER_PARITY_ODD = SerialPort::SER_PARITY_ODD }

enum { SER_RS232, SER_RS485 }
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3.4.2 Member Enumeration Documentation

anonymous enum

Enumeration values:
SER_DATABITS 7 7 data bits

SER_DATABITS_8 8 data bits

anonymous enum

Enumeration values:
SER_STOPBITS_1 1 stop bit

SER_STOPBITS_2 2 stop bits

anonymous enum

Enumeration values:
SER_PARITY_NONE No parity.

SER_PARITY_EVEN Even parity.
SER_PARITY_ODD Odd parity.

anonymous enum [ pr ot ect ed]

Enumeration values:
SER_RS232 RS232 mode w/o RTS/CTS handshake.

SER_RS485 RS485 mode: RTS enables/disables transmitter.
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3.4.3 Member Function Documentation

int startupServer (const char  xconst portName, long baudRate, int dataBits, int stopBits, int
parity) [virtual]

Puts the Modbus server into operation.

This function opens the serial port. After the port has been opened queries
from a Modbus master will be processed.

Parameters:
portName Serial port identifier (e.g. "COM1","/dev/serl or /dev/tty-
S0")

baudRate The port baudRate in bps (typically 1200 - 9600).
dataBits Must be SER_DATABITS_8 for RTU
stopBits SER_STOPBITS_1: 1 stop bit, SER_STOPBITS_2: 2 stop bits

parity SER_PARITY_NONE: no parity, SER_PARITY_ODD: odd par-
ity, SER_PARITY_EVEN: even parity

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Reimplemented in MbusRtuSlaveProtocol.

int startupServer (const char  xconst portName, long baudRate)

Puts the Modbus RTU server into operation and opens the associated serial
port with default port parameters.

This function opens the serial port with 8 databits, 1 stopbit and even parity
and initialises the server engine.

Parameters:
portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).
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Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

int startupServer (int slaveAddr, const char xconst portName, long baudRate, int dataBits, int
stopBits, int parity) [virtual]

Puts the Modbus server into operation using a single slave address and data
table.

This function opens the serial port. After the port has been opened queries
from a Modbus master will be processed.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (1-255)

portName Serial port identifier (e.g. "COM1","/dev/serl or /dev/tty-
SOH)

baudRate The port baudRate in bps (typically 1200 - 9600).
dataBits Must be SER_DATABITS_8 for RTU
stopBits SER_STOPBITS_1: 1 stop bit, SER_STOPBITS_2: 2 stop bits

parity SER_PARITY_NONE: no parity, SER_PARITY_ODD: odd par-
ity, SER_PARITY_EVEN: even parity

Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

Reimplemented in MbusRtuSlaveProtocol.

int startupServer (int slaveAddr, const char xconst portName, long baudRate)
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Puts the Modbus RTU server into operation and opens the associated serial
port with default port parameters.

This function opens the serial port with 8 databits, 1 stopbit and even parity
and initialises the server engine.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (1-255)

portName Serial port identifier (e.g. "COM1", "/dev/serl" or
"/dev/ttyS0")

baudRate The port baudRate in bps (typically 1200 - 9600).

Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

void shutdownServer () [virtual ]
Shuts down the Modbus server.
This function also closes the serial port.

Reimplemented from MbusSlaveServer.

intisStarted () [virtual]

Returns if server has been started up.

Return values:
true = started

false = shutdown

Implements MbusSlaveServer.
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int getConnectionStatus () [virtual]

Checks if a Modbus master is polling periodically.

Return values:
true = A master is polling at a frequency higher than the master trans-
mit time-out value

false = No master is polling within the time-out period

Note:
The master transmit time-out value must be set > 0 in order for this
function to work.

Implements MbusSlaveServer.

int enableRs485Mode (int rtsDelay) [Virtual]
Enables RS485 mode.

In RS485 mode the RTS signal can be used to enable and disable the trans-
mitter of a RS232/RS485 converter. The RTS signal is asserted before send-
ing data. It is cleared after the transmit buffer has been emptied and in
addition the specified delay time has elapsed. The delay time is necessary
because even the transmit buffer is already empty, the UART’s FIFO will
still contain unsent characters.

Warning:

The use of RTS controlled RS232/RS485 converters should be avoided
if possible. It is difficult to determine the exact time when to switch off
the transmitter with non real-time operating systems like Windows and
Linux. If it is switched off to early characters might still sit in the FIFO
or the transmit register of the UART and these characters will be lost.
Hence the slave will not recognize the message. On the other hand if
it is switched off too late then the slave’s message is corrupted and the
master will not recognize the message.

Remarks:
The delay value is indicative only and not guaranteed to be maintained.
How precise it is followed depends on the operating system used, it’s
scheduling priority and it’s system timer resolution.

Note:
A protocol must be closed in order to configure it.
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Parameters:
rtsDelay Delay time in ms (Range: 0 - 100000) which applies after the
transmit buffer is empty. 0 disables this mode.

Return values:
FTALK_SUCCESS Success

FTALK_ILLEGAL_ARGUMENT_ERROR Argument out of range
FTALK_ILLEGAL_STATE_ERROR Protocol is already open
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3.5 MbusSlaveServer Class Reference

Inheritance diagram for MbusSlaveServer:

MbusSlaveServer

# totalCounter

# successCounter
#timeOut

# defaultDataTablePtr
# dataTablePtrArr

- regArr

- bitArr

+ ~MbusSlaveServer()

# MbusSlaveServer()

# hasNoDataTable()

# assignDefaultDataTable()
# processMessage()

- replylllegalDataAddress()

- replylnvalidLength()

- operator=()

- MbusSlaveServer()

* addDataTable()

* serverLoop()

* shutdownServer()

* isStarted()

* getConnectionStatus()
* setTimeout()

* getTimeout()

* getTotalCounter()

* resetTotalCounter()

* getSuccessCounter()
* resetSuccessCounter()
* getPackageVersion()

MbusSerialSlaveProtocol

MbusTcpSlaveProtocol

# serialPort

# serialMode

# rtsDelay

# masterlsConnected
# underRunCounter
# overRunCounter

# crcErrorCounter

# lineErrorCounter

# frameErrorCounter
# apiErrorCounter

# bufferArr

# listenSocket

# connectionSocketArr

# portNo

# masterlsConnected

# validateMasterlpAddrFunc

# MbusSerialSlaveProtocol()
- operator=()

- MbusSerial SlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* isStarted()

* getConnectionStatus()

* enableRs485Mode()

# replyMessage()

- operator=()

- MbusTcepSlaveProtocol()
* MbusTcpSlaveProtocol()
* MbusTcpSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* serverLoop()

* isStarted()

* getConnectionStatus()

* setPort()

* installlpAddrValidationCallBack()
* getPort()

Collaboration diagram for MbusSlaveServer:
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MbusDataTablelnterface

# MbusDataTablelnterface()

# ~MbusDataTablelnterface()
* readHoldingRegistersTable()
* writeHoldingRegistersTable()
* readInputRegistersTable()

* readCoilsTable()

* writeCoilsTable()

* readInputDiscretesTable()

* lock()

* unlock()

* timeOutHandler()

* readExceptionStatus()

dataTablePtrArr
befaultDataTablePtr

MbusSlaveServer

# totalCounter

# successCounter

# timeOut

# defaultDataTablePtr
# dataTablePtrArr

- regArr

- bitArr

+ ~MbusSlaveServer()
# MbusSlaveServer()

# hasNoDataTable()

# assignDefaultDataTable()
# processMessage()

- replylllegalDataAddress()
- replylnvalidLength()

- operator=()

- MbusSlaveServer()

* addDataTable()

* serverLoop()

* shutdownServer()
MESIELE)

* getConnectionStatus()
* setTimeout()

* getTimeout()

* getTotalCounter()

* resetTotalCounter()

* getSuccessCounter()

* resetSuccessCounter()
* getPackageVersion()

3.5.1 Detailed Description

Base class which implements the Modbus®server engine.

This class realises the server engine. The server engines processes Mod-
bus messages, parses the function codes and upon receipt of a valid master
query it calls Data Provider methods to exchange data with the user ap-
plication. For a more detailed description which Modbus data and con-
trol functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

See also:
MbusSlaveServer
Server Functions common to all Protocol Flavours

Server Management Functions

e int addDataTable (int slaveAddr, MbusDataTableIlnterface xdataTable-
Ptr)
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Protocol Configuration

Associates a protocol object with a Data Provider and a slave address.

virtual int serverLoop ()=0
Modbus slave server loop.

virtual void shutdownServer ()
Shuts down the Modbus Server.

virtual int isStarted ()=0
Returns if server has been started up.

virtual int getConnectionStatus ()=0
Associates a protocol object with a Data Provider and a slave address.

long setTimeout (long timeOut)
Configures master transmit time-out supervision.

long getTimeout ()
Returns the master time-out supervision value.

Transmission Statistic Functions

Utility Functions

unsigned long getTotalCounter ()
Returns how often a message transfer has been executed.

void resetTotalCounter ()
Resets total message transfer counter.

unsigned long getSuccessCounter ()
Returns how often a message transfer was successful.

void resetSuccessCounter ()
Resets successful message transfer counter.

static char x getPackageVersion ()
Returns the package version number.
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Public Member Functions

e virtual ~MbusSlaveServer ()
Destructor.

Protected Member Functions

e MbusSlaveServer (MbusDataTableInterface xdataTablePtr=NULL)

Constructs a MbusSlaveServer object and associates it with a Data Provider.

3.5.2 Constructor & Destructor Documentation

MbusSlaveServer (MbusDataTablelnterface * dataTablePtr = NULL) [ pr ot ect ed]

Constructs a MbusSlaveServer object and associates it with a Data Provider.

Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTableInterface class. The
Data Provider is the interface between your application data and the
Modbus network.

~MbusSlaveServer () [virtual]
Destructor.

Shuts down server and releases any resources.
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3.6 MbusTcpSlaveProtocol Class Reference

Inheritance diagram for MbusTcpSlaveProtocol:

Collaboration diagram for MbusTcpSlaveProtocol:

MbusSlaveServer

# totalCounter

# successCounter

# timeOut

# defaultDataTablePtr
# dataTablePtrArr

- regArr

- bitArr

+ ~MbusSlaveServer()
# MbusSlaveServer()

# hasNoDataTable()

# assignDefaultDataTable()
# processMessage()

- replylllegalDataAddress()
- replylnvalidLength()

- operator=()

- MbusSlaveServer()

* addDataTable()

* serverLoop()

* shutdownServer()

* isStarted()

* getConnectionStatus()
* setTimeout()

* getTimeout()

* getTotalCounter()

* resetTotalCounter()

* getSuccessCounter()

* resetSuccessCounter()
* getPackageVersion()

T

MbusTepSlaveProtocol

# bufferArr

# listenSocket

# connectionSocketArr

# portNo

# masterlsConnected

# validateMasterlpAddrFunc

# replyMessage()

- operator=()

- MbusTcpSlaveProtocol()

* MbusTcpSlaveProtocol()
)

* MbusTcpSlaveProtocol(
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* serverLoop()

* isStarted()

* getConnectionStatus()
* setPort()

* installlpAddrValidationCallBack()

* getPort()
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MbusSlaveServer

# totalCounter

# successCounter

# timeOut

# defaultDataTablePtr
# dataTablePtrArr

- regArr

- bitArr

+ ~MbusSlaveServer()
# MbusSlaveServer()

# hasNoDataTable()

# assignDefaultDataTable()
# processMessage()

- replylllegalDataAddress()
- replylnvalidLength()

- operator=()

- MbusSlaveServer()

* addDataTable()

* serverLoop()

* shutdownServer()

* isStarted()

* getConnectionStatus()
* setTimeout()
getTimeout()

* getTotalCounter()
resetTotalCounter()

* getSuccessCounter()

* resetSuccessCounter()
* getPackageVersion()

T

MbusTcpSlaveProtocol

# bufferArr

# listenSocket

# connectionSocketArr

# portNo

# masterlsConnected

# validateMasterlpAddrFunc

# replyMessage()

- operator=()

- MbusTcpSlaveProtocol()
* MbusTcpSlaveProtocol()
* MbusTcpSlaveProtocol()
* startupServer()

* startupServer()

* startupServer()

* startupServer()

* shutdownServer()

* serverLoop()

* isStarted()

* getConnectionStatus()

* setPort()

* installlpAddrValidationCallBack()
* getPort()

3.6.1 Detailed Description

MODBUS/TCP Slave Protocol class.

This class realises the MODBUS/TCP slave protocol. It provides func-
tions to start-up and to execute the server engine. This server engine
can handle multiple master connections and is implemented as a single
threaded TCP server. Upon receipt of a valid master query the server
engine calls Data Provider methods to exchange data with the user ap-
plication. For a more detailed description which Modbus data and con-
trol functions have been implemented in the server engine see section
Server Functions common to all Protocol Flavours.

See also:
Server Functions common to all Protocol Flavours, MbusSlaveServer
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MODBUS/TCP Server Management Functions

MbusTcpSlaveProtocol ()
Constructs a MbusTcpSlaveProtocol object.

MbusTcpSlaveProtocol (MbusDataTableInterface *dataTablePtr)
Constructs a MbusTcpSlaveProtocol object data and associates it with a Data Provider.

int startupServer ()
Puts the Modbus server into operation.

int startupServer (const char *const hostName)
Puts the Modbus server into operation.

int startupServer (int slaveAddr)
Puts the Modbus server into operation using a single slave address and data table.

int startupServer (int slaveAddr, const char xconst hostName)
Puts the Modbus server into operation using a single slave address and data table.

void shutdownServer ()
Shuts down the Modbus server.

int serverLoop ()
MODBUS/TCP slave server loop.

int isStarted ()
Returns if server has been started up.

int getConnectionStatus ()
Checks if a Modbus master is polling periodically.

int setPort (unsigned short portNo)
Sets the TCP port number to be used by the protocol.

void installlpAddrValidationCallBack (int(xf)(char *masterIpAddrSz))

This function installs a callback handler for validating a master’s IP address.

unsigned short getPort ()
Returns the TCP port number used by the protocol.

Server Management Functions

int addDataTable (int slaveAddr, MbusDataTableInterface xdataTable-
Ptr)

Associates a protocol object with a Data Provider and a slave address.
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long setTimeout (long timeOut)
Configures master transmit time-out supervision.

long getTimeout ()
Returns the master time-out supervision value.

Transmission Statistic Functions

Utility Functions

unsigned long getTotal Counter ()
Returns how often a message transfer has been executed.

void resetTotalCounter ()
Resets total message transfer counter.

unsigned long getSuccessCounter ()
Returns how often a message transfer was successful.

void resetSuccessCounter ()
Resets successful message transfer counter.

static char * getPackageVersion ()
Returns the package version number.

3.6.2 Constructor & Destructor Documentation

MbusTcpSlaveProtocol

0

Constructs a MbusTcpSlaveProtocol object.

The association with a Data Provider is done after construction using the
addDataTable method.

MbusTcpSlaveProtocol

(MbusDataTablelnterface * dataTablePtr)
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Constructs a MbusTcpSlaveProtocol object data and associates it with a Data
Provider.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
dataTablePtr Modbus data table pointer. Must point to a Data
Provider object derived from the MbusDataTableInterface class. The
Data Provider is the interface between your application data and the
Modbus network.

Deprecated
This function is deprecated. The preferred way of assigning a data-
Table is using the default constructor and configuring data table and
slave address using addDataTable method.

3.6.3 Member Function Documentation

int startupServer ()
Puts the Modbus server into operation.
The server accepts connections on any interface.
This function opens a TCP/IP socket, binds the configured TCP port to the

Modbus/TCP protocol and initialises the server engine.

Note:
If the configured TCP port is below IPPORT_RESERVED (usually 1024),

the process has to run with root privilege!

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

int startupServer (const char  xconst hostName)

Puts the Modbus server into operation.
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The server accepts connections only on the interfaces which match the sup-
plied hostname or IP address. This method allows to run different servers
on multiple interfaces (so called multihomed servers).

This function opens a TCP/IP socket, binds the configured TCP port to the
Modbus/TCP protocol and initialises the server engine.

Note:
If the configured TCP port is below IPPORT_RESERVED (usually 1024),
the process has to run with root privilege!

Parameters:
hostName String with IP address for a specific host interface or NULL
if connections are accepted on any interface

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

int startupServer (int slaveAddr)

Puts the Modbus server into operation using a single slave address and data
table.

The server accepts connections on any interface.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Note:
If the configured TCP port is below IPPORT_RESERVED (usually 1024),
the process has to run with root privilege!

Parameters:
slaveAddr Modbus slave address for server to listen on (-1 - 255). 0
is regarded as a valid value for a MODBUS/TCP server address. A
value of -1 means the server disregards the slave address and listens
to all slave addresses.

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

"= FOCUS 78

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

int startupServer (int slaveAddr, const char xconst hostName)

Puts the Modbus server into operation using a single slave address and data
table.

Function is kept for compatibility with previous API versions, do not use
for new implementations.

Parameters:
slaveAddr Modbus slave address for server to listen on (-1 - 255). 0
is regarded as a valid value for a MODBUS/TCP server address. A
value of -1 means the server disregards the slave address and listens
to all slave addresses.

hostName String with IP address for a specific host interface or NULL
if connections are accepted on any interface

Returns:
FTALK SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Deprecated
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

void shutdownServer () [virtual ]
Shuts down the Modbus server.

This function closes all TCP/IP connections to MODBUS/TCP masters and
releases any system resources associated with the connections.

Reimplemented from MbusSlaveServer.

"= FOCUS 79

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

int serverLoop () [virtual]
MODBUS/TCP slave server loop.

This server loop must be called continuously. It must not be blocked. The
server has to be started before calling the serverLoop() method. This server
engine can handle multiple TCP/IP connections at the same time.

Returns:
FTALK_SUCCESS on success or error code. See
Protocol Errors and Exceptions for a list of error codes.

Implements MbusSlaveServer.

intisStarted () [virtual]

Returns if server has been started up.

Return values:
true = started

false = shutdown

Implements MbusSlaveServer.

int getConnectionStatus () [virtual]

Checks if a Modbus master is polling periodically.

Return values:

true = A master is polling at a frequency higher than the master trans-
mit time-out value

false = No master is polling within the time-out period

Note:

The master transmit time-out value must be set > 0 in order for this
function to work.

Implements MbusSlaveServer.
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int setPort (unsigned short  portNo)

Sets the TCP port number to be used by the protocol.

Remarks:
Usually the port number remains unchanged and defaults to 502. In
this case no call to this function is necessary. However if the port num-
ber has to be different from 502 this function must be called before start-
ing the server with startupServer().

Note:
If the configured TCP port is below IPPORT_RESERVED (usually 1024),

the process has to run with root privilege!

Parameters:
portNo Port number the server shall listen on

Return values:
FTALK SUCCESS Success

FTALK_ILLEGAL_STATE_ERROR Server already running

void installlpAddrValidationCallBack (int(  x)(char xmasterlpAddrSz) f)
This function installs a callback handler for validating a master’s IP address.
Pass a pointer to a function with checks a master’s IP address and either

accepts or rejects a master’s connection.

Parameters:
masterlpAddrSz IPv4 Internet host address string in the standard
numbers-and-dots notation.

Returns:
Returns 1 to accept a connection or 0 to reject it.

"= FOCUS 81

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library
unsigned short getPort ()
Returns the TCP port number used by the protocol.
Returns:
Port number used by the protocol
82
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4 Modbus Slave C++ Library Page Documentation

4.1 How to integrate the Protocol in your Application

4.1.1 Using Serial Protocols

Let’s assume we want to implement a Modbus slave device with slave ad-
dress 1.

The registers for reading are in the reference range 4:00100 to 4:00119 and
the registers for writing are in the range 4:00200 to 4:00219. The discretes
for reading are in the reference range 0:00010 to 0:00019 and the discretes
for writing are in the range 0:00020 to 0:00029.

1. Include the package header files

#i ncl ude "MousRt uSl avePr ot ocol . hpp"

2. Device data profile definition

Define the data sets which reflects the slave’s data profile by type and size:

short readRegSet|[ 20];
short writeRegSet][20];
char readBitSet[10];
char witeBitSet[10];

3. Declare a Data Provider

cl ass MyDat aProvi der: public MusDat aTabl el nterface
{

public:

int readHol di ngRegi stersTabl e(int startRef, short regArr[], int refCnt)
{

/'l Adjust Mddbus reference counting

start Ref - -;

/1 Qur start address for reading is at 100, so deduct offset
start Ref -= 100;
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/1 Validate range

if (startRef + refCnt > (int) sizeof(readRegSet) / sizeof(short))
return (0);

/1 Copy data

nmencpy(regArr, & eadRegSet[startRef], refCnt = sizeof(short));
return (1);

int witeHol di ngRegi stersTabl e(int startRef,
const short regArr[],

int refCnt)
{
/1 Adjust Modbus reference counting
start Ref--;
/1 Qur start address for witing is at 200, so deduct offset
start Ref -= 200;
/1 Validate range
if (startRef + refCnt > (int) sizeof(witeRegSet) / sizeof(short))
return (0);
/'l Copy data
nenmcpy(&witeRegSet[startRef], regArr, refCnt = sizeof(short));
return (1);
}

int readCoil sTabl e(int startRef,
char bitArr[],

int refCnt)
{
/'l Adjust Mddbus reference counting
start Ref - -;
/1 Qur start address for reading is at 10, so deduct offset
start Ref -= 10;
/1 Validate range
if (startRef + refCnt > (int) sizeof(readBitSet) / sizeof(char))
return (0);
/'l Copy data
nencpy(bitArr, &eadBitSet[startRef], refCnt * sizeof(char));
return (1);
}

int witeCoilsTable(int startRef,
const char bitArr[],
int refCnt)

/1 Adjust Modbus reference counting
start Ref --;

"= FOCUS 84

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

/1l Qur start address for witing is at 20, so deduct offset
start Ref -= 20;

/1 Validate range

if (startRef + refCnt > (int) sizeof(witeBitSet) / sizeof(char))
return (0);

/1l Copy data

mencpy(&witeBitSet[startRef], bitArr, refCnt * sizeof(char));
return (1);

}

} dataProvi der;

4. Declare and instantiate a server object and associate it with the Data
Provider

MousRt uSl avePr ot ocol nbusServer;
nbusSer ver . addDat aTabl e(1, &dataProvi der);

5. Start-up the server

int result;

result = mbusServer. startupServer (port Nane,
9600L, // Baudrate

8, // Databits
1, /'l Stopbits
0); /1 Parity

if (result != FTALK_SUCCESS)
fprintf(stderr, "Error starting server: %!\n",

get BusProtocol Error Text (result));
exit (EXI T_FAI LURE) ;

6. Execute cyclically the server loop

int result = FTALK_SUCCESS;

while (result == FTALK SUCCESS)

{
result = mbusServer. serverLoop();
if (result !'= FTALK_SUCCESS)
fprintf(stderr, "%!\n", getBusProtocol ErrorText(result));
}

7. Shutdown the server if not needed any more
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nbusSer ver. shut downSer ver () ;

4.1.2 Using MODBUS/TCP Protocol

Let’s assume we want to implement a Modbus slave device with slave ad-
dress 1.

The registers for reading are in the reference range 4:00100 to 4:00119 and
the registers for writing are in the range 4:00200 to 4:00219. The discretes
for reading are in the reference range 0:00010 to 0:00019 and the discretes
for writing are in the range 0:00020 to 0:00029.

1. Include the package header files

#i ncl ude "MousTcpSl avePr ot ocol . hpp"

2. Device data profile definition

Define the data sets which reflects the slave’s data profile by type and size:

short readRegSet|[ 20];
short writeRegSet[20];
char readBitSet[10];
char witeBitSet[10];

3. Declare a Data Provider

cl ass MyDat aProvi der: public MusDat aTabl el nterface
{

public:

i nt readHol di ngRegi stersTabl e(int startRef, short regArr[], int refCnt)
{

/1 Adjust Modbus reference counting
start Ref--;

/1 Qur start address for reading is at 100, so deduct offset
start Ref -= 100;

/1 Validate range
if (startRef + refCnt > (int) sizeof(readRegSet) / sizeof(short))
return (0);

/1 Copy data
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nmencpy(regArr, & eadRegSet[startRef], refCnt * sizeof(short));
return (1);

int witeHol di ngRegi stersTabl e(int startRef,
const short regArr[],

int refCnt)
{
/1 Adjust Mddbus reference counting
start Ref--;
/1 Qur start address for witing is at 200, so deduct offset
start Ref -= 200;
/1 Validate range
if (startRef + refCnt > (int) sizeof(witeRegSet) / sizeof(short))
return (0);
/'l Copy data
nenmcpy(&witeRegSet[startRef], regArr, refCnt * sizeof(short));
return (1);
}

int readCoil sTabl e(int startRef,
char bitArr[],

int refCnt)
{
/'l Adjust Mddbus reference counting
start Ref --;
/1 Qur start address for reading is at 10, so deduct offset
start Ref -= 10;
/1 Validate range
if (startRef + refCnt > (int) sizeof(readBitSet) / sizeof(char))
return (0);
/'l Copy data
nencpy(bitArr, & eadBitSet[startRef], refCnt * sizeof(char));
return (1);
}

int witeCoilsTable(int startRef,
const char bitArr[],

int refCnt)
{

/1 Adjust Modbus reference counting

start Ref --;

/1l Qur start address for witing is at 20, so deduct offset

startRef -= 20;

/1 Validate range

if (startRef + refCnt > (int) sizeof(witeBitSet) / sizeof(char))
| |
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return (0);
/1 Copy data
mencpy(&witeBitSet[startRef], bitArr, refCnt * sizeof(char));
return (1);

}

} dataProvi der;

4. Declare and instantiate a server object and associate it with the Data
Provider and the slave address.

MousTcpS| avePr ot ocol nbusServer () ;
nmbusSer ver . addDat aTabl e(1, &dataProvi der);

5. Change the default port from 502 to semething else if server shall not
run as root. This step is not necessary when the server can run with root
privilege.

nmbusSer ver. set Port (5000) ;
6. Start-up the server

int result;

result = mbusServer.startupServer();
if (result != FTALK SUCCESS)

{
fprintf(stderr, "Error starting server: 9%!\n",
get BusProtocol Error Text (result));
exit (EXI T_FAI LURE) ;
}

7. Execute cyclically the server loop

int result = FTALK_SUCCESS;

while (result == FTALK SUCCESS)

{
result = mbusServer. serverLoop();
if (result !'= FTALK_SUCCESS)
fprintf(stderr, "%!\n", getBusProtocol ErrorText(result));
}

8. Shutdown the server if not needed any more

nmbusSer ver . shut downSer ver () ;
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4.1.3 Examples
¢ ATiny Slave
¢ Shared Memory Data Provider example
* Diagnostic Slave
89
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4.2 Examples

¢ ATiny Slave
¢ Shared Memory Data Provider example

* Diagnostic Slave

4.2.1 ATiny Slave

The following example tinyslave.cpp shows how to implement a small
Modbus RTU slave:

/1 Pl atform header
#i ncl ude <stdio. h>
#i nclude <stdlib. h>
#incl ude <string. h>

/'l Include FieldTal k package header
#i ncl ude "MousRt uSl avePr ot ocol . hpp"

/*****************************************************************************

* Cobal data

*****************************************************************************/

#if defined(__LINUX_ )
char *portName = "/dev/ttyS0";
#elif defined(__WN32_ ) || defined(__CYGNN_ )
char *portNanme = "COML";
#elif defined(__FREEBSD ) || defined(__NETBSD_ _) || defined(__OPENBSD__)
char xportName = "/dev/ttyd0";
#elif defined(__QNX_)
char xportName = "/dev/serl";
#elif defined(__VXWORKS_ )
char *portNane = "/tyCo/0";
#elif defined(__IR X )
char xportName = "/dev/ttyf1l";
#elif defined(__SOLARIS )
char xportName = "/dev/ttya";
#elif defined(__OSF_)
char *portNanme = "/dev/tty00";
#el se
# error Unknown platform please add an entry for portName
#endi f

/*****************************************************************************

* Modbus data table

**********************'k******'k***********************************************/

"= FOCUS 90

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

typedef struct

{
short act Tenp; /'l Register 1
short m nTenp; /'l Register 2
Il ong scanCounter; /1l Register 3 and 4
fl oat setPoint; /!l Register 5 and 6
short statusReg; /'l Register 7
short configType; /'l Register 8

} MyDevi ceDat a;

MyDevi ceDat a devi ceDat a;

/************************'k****************************************************

* Data provider

*******************************'k*********************************************/

cl ass MyDat aProvi der: public MusDataTabl el nterface
{

public:

int readHol di ngRegi stersTabl e(int startRef, short regArr[], int refCnt)
{

/1 Adjust Modbus reference counting
start Ref--;

I

/1 Validate range

I

if (startRef + refCnt > int(sizeof(deviceData) / sizeof(short)))
return (0);

I

/1l Copy data

I

mencpy(regArr, &((short =) &deviceData)[startRef],
refCnt = sizeof (short));

return (1);

int witeHol di ngRegi stersTabl e(int startRef,
const short regArr[],
int refCnt)

/1 Adjust Modbus reference counting
start Ref --;

I

/1 Validate range

I

if (startRef + refCnt > int(sizeof(deviceData) / sizeof(short)))
return (0);

I
/1 Copy data
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/1

nmencpy( & (short =) &deviceData)[startRef],
regArr, refCnt = sizeof(short));

return (1);

}

} dataProvi der;

/*****************************************************************************

* Modbus protocol declaration
*****************************************************************************/

MousRt uSl avePr ot ocol nbusServer;

/*****************************************************************************

* Function inplenentation

*******************************'k*********************************************/

voi d startupServer()

{
int result;
result = mbusServer. addDat aTabl e(1, &dataProvider);
if (result == FTALK SUCCESS)
result = nbusServer.startupServer (port Nane,
9600L, // Baudrate
8, // Databits
1, /1 Stopbits
0); /'l Parity
if (result !'= FTALK SUCCESS)
{
fprintf(stderr, "Error starting server: 9%!\n",
get BusProt ocol Error Text(result));
exit (EXI T_FAI LURE) ;
}
}

voi d shut downServer ()

{
}

nmbusSer ver . shut downSer ver () ;

voi d runServer ()

{
int result = FTALK SUCCESS;
while (result == FTALK_SUCCESS)
{
result = nbusServer. serverLoop();
if (result != FTALK_SUCCESS)
fprintf(stderr, "%!\n", getBusProtocol ErrorText(result));
}
}
| |
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int main()

{

at exi t (shut downSer ver);
startupServer();
runServer();

return (EXI T_FAI LURE);

4.2.2 Shared Memory Data Provider example

The following example shows how to implement a Data Provider which
serves it’s data from shared memory:

cl ass ShnmenmvbusDat aTabl e: public MyusDat aTabl el nt er f ace

{
public:
Shnem\VbusDat aTabl e(i nt tabl e0Si ze, int tablelSize, int table3Size, int table4Si
{
int i;
int fd;

for (i =0; i <5; i++)
{
I
/1 Determine table sizes
I
switch (i)
{
case O:
if (table0Size <= 0)
break; // No table will be created for this type
dat aTabl eArr[i].size = tabl e0Si ze * sizeof(char);
br eak;
case 1:
if (tablelSize <= 0)
break; // No table will be created for this type
dat aTabl eArr[i].size = tabl elSi ze * sizeof(char);
br eak;
case 2:
dat aTabl eArr[i].size = sizeof (Sl aveStat uslnfo);
br eak;
case 3:
if (table3Size <= 0)
break; // No table will be created for this type
dat aTabl eArr[i].size = tabl e3Size * sizeof(short);
br eak;
case 4:
if (table4Size <= 0)
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break; // No table will be created for this type
dat aTabl eArr[i].size = tabl e4Si ze * sizeof (short);
br eak;

}

11

/] Open shared menory tables

11

shm unl i nk(dat aTabl eArr[i]. nane);
if (dataTableArr[i].size == 0)

conti nue;
fd = shm open(dataTabl eArr[i].nane, O CREAT | O RDWR | O EXCL, S |RWKU);
if (fd <0)
{
perror("Shared nenory open failed");
abort();
}
/1
/Il Size it
/1
if (ftruncate(fd, dataTableArr[i].size) < 0)
{
perror("Shared nenory ftruncate failed");
abort();
}
/1
/1 Map shared nenory into address space
/1

dat aTabl eArr[i].ptr = (short *) mmap(0, dataTableArr[i].size,
PROT_READ | PROT_WRI TE,
MAP_SHARED, fd, OL);
if (dataTableArr[i].ptr == NULL)
{
perror("Shared nenory mmap failed");
abort();

}

close (fd); // No we can close the file descriptor
nenset (dataTabl eArr[i].ptr, 0, dataTableArr[i].size);

/1 Handl e special cases where we map table 3 to point to table 4 and
// table 1 to point to table O

/1
if (table3Size == -1) // Map table 3 to table 4
{
dat aTabl eArr[ 3] .size = dataTabl eArr[4]. size;
dat aTabl eArr[3].ptr = dataTabl eArr[4].ptr;
}
if (tablelSize == -1) // Map table 1 to table O
{
dat aTabl eArr[1].size = dataTabl eArr[0]. size;
dat aTabl eArr[1].ptr = dataTabl eArr[0].ptr;
}
| |
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/1l Setup pointer to status table
sl aveStatusl nfoPtr = (Sl aveStatuslinfo *) dataTableArr[2].ptr;

~ShnemvbusDat aTabl e()

{
int i;
for (i =0; i <5; i++)
if (dataTableArr[i].ptr != NULL)
{
munmap(dat aTabl eArr[i].ptr, dataTableArr[i].size);
shm unl i nk(dat aTabl eArr[i]. nane);
}
}
}

voi d timeQutHandl er ()
{

}

sl aveSt at usl nf oPtr - >t i neout Cnt ++;

int readl nput Di scretesTabl e(int startRef,
char bitArr[],

int refCnt)
{
printf("\nreadl nputDi scretesTable: %, %\ n", startRef, refCnt);
/1 Adjust Modbus reference counting
start Ref --;
/1
/1 Validate range
/1
if (startRef + refCnt > (int) (dataTableArr[1].size / sizeof(char)))
return (0);
/1
/1 Copy data
/1
nencpy(bitArr, & (char *) dataTableArr[1l].ptr)[startRef], refCnt * sizeof(ch
sl aveSt at usl nfoPtr->readDi scret esCnt ++;
return (1);
}

int readCoil sTabl e(i nt startRef,
char bitArr[],
int refCnt)

printf("\nreadCoilsTable: %, %l\n", startRef, refCnt);
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/1 Adjust Modbus reference counting
startRef--;

I

/1 Validate range

I

if (startRef + refCnt > (int) (dataTableArr[0].size / sizeof(char)))
return (0);

I

/1 Copy data

I

mencpy(bitArr, & (char *) dataTableArr[O].ptr)[startRef], refCnt » sizeof(ch
sl aveSt at usl nfoPtr->readDi scret esCnt ++;

return (1);

int witeCoilsTable(int startRef,

const char bitArr[],
int refCnt)

printf("\nriteCoilsTable: %, %l\n", startRef, refCnt);

/1 Adjust Modbus reference counting
start Ref--;

/1

/1 Validate range

/1

if (startRef + refCnt > (int) (dataTableArr[0].size / sizeof(char)))
return (0);

/1

/1l Copy data

/1

mencpy( & (char *) dataTabl eArr[O].ptr)[startRef], bitArr, refCnt * sizeof(ch
sl aveSt at usl nfoPtr->witeDi scretesCnt ++;

return (1);

readl nput Regi st ersTabl e(int startRef,
short regArr[],
int refCnt)

printf("\nreadl nput Regi stersTable: %, %l\n", startRef, refCnt);

/1 Adjust Modbus reference counting
start Ref --;

I

/1 Validate range

I

if (startRef + refCnt > (int) (dataTableArr[3].size / sizeof(short)))
return (0);
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I

/1 Copy data

I

mencpy(regArr, & (short =) dataTableArr[3].ptr)[startRef], refCnt * sizeof(s
sl aveSt at usl nf oPtr - >r eadRegi st er sCnt ++;

return (1);

int readHol di ngRegi stersTabl e(i nt startRef,
short regArr[],

int refCnt)
{
printf("\nreadHol di ngRegi stersTable: %, %l\n", startRef, refCnt);
/1 Adjust Modbus reference counting
start Ref --;
I
/1 Validate range
I
if (startRef + refCnt > (int) (dataTableArr[4].size / sizeof(short)))
return (0);
I
/1 Copy data
I
mencpy(regArr, &((short *) dataTableArr[4].ptr)[startRef], refCnt * sizeof (s
sl aveSt at usl nf oPtr - >r eadRegi st er sCnt ++;
return (1);
}

int writeHol di ngRegi stersTabl e(int startRef,
const short regArr[],

int refCnt)
{
printf("\nwiteHol di ngRegi stersTable: %l, %l\n", startRef, refCnt);
/1 Adjust Modbus reference counting
start Ref --;
/1
/1 Validate range
/1
if (startRef + refCnt > (int) (dataTableArr[4].size / sizeof(short)))
return (0);
/1
/1 Copy data
/1
nencpy( & (short =) dataTableArr[4].ptr)[startRef], regArr, refCnt * sizeof(s
sl aveSt at usl nfoPtr->w it eRegi st ersCnt ++;
return (1);
}
| |
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private:

Sl aveSt at usl nfo *sl aveSt at usl nfoPtr;

4.2.3 Diagnostic Slave

The following more complex example diagslave.cpp shows how to use the
protocol stack in a context where the user can select the protocol type (TCP,
RTU and ASCII) and other parameters. Diagslave is a slave simulator and
test tool.

/1 Pl atform header
#i ncl ude <stdio. h>
#incl ude <string. h>
#i ncl ude <stdlib. h>

/1 Include FieldTal k package header
#i ncl ude "MousRt uSl avePr ot ocol . hpp"
#i ncl ude "MousAsci i Sl aveProt ocol . hpp"
#i ncl ude "MousTcpSl avePr ot ocol . hpp"
#i ncl ude "Di agnosti cDat aTabl e. hpp"

#i f def _W N32

# 1nclude "getopt.h"
#el se

# include <unistd. h>
#endi f

/***'k********************************'k******'k*********************************

* String constants

*******************************'k*********************************************/

const char versionStr[]= "$Revision: 1.14 $";

const char progNane[] = "diagsl ave";

const char bannerStr[] =

ll\nll

"% - FieldTal k(tnm) Mdbus(R) Diagnostic Slave\n"

"Copyright (c) 2002-2006 FOCUS Software Engineering Pty Ltd\n"

"Visit http://ww. nodbusdriver.comfor Mdbus libraries and tools.\n"
"\'n";

const char usageStr[] =

"U% [options] [serialport]\n"

"Argunents: \n"

"serial port Serial port when using Mddbus ASCI I or Mddbus RTU protocol \n"
" covL, Ccowve ... on W ndows \n"
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" /dev/ttySO, /dev/ttySl ... on Linux \n"

" / dev/ serl, /dev/ser2 ... on QNX \n"

"CGeneral options:\n"

"-m ascii Modbus ASCI | protocol\n"

"-mrtu Modbus RTU protocol (default)\n”

"-mtcp MODBUS/ TCP pr ot ocol \ n"

-t # Master poll time-out in ms (0-100000, 3000 is default)\n"
"-a # Sl ave address (1-255 for RTU ASCI I, 0-255 for TCP)\n"
"Options for MODBUS/ TCP:\n"

"-p # TCP port nunber (502 is default)\n"

"Options for Mbdbus ASCI | and Mbdbus RTU:\n"

"-b # Baudrate (e.g. 9600, 19200, ...) (9600 is default)\n"
"-d # Databits (7 or 8 for ASCI| protocol, 8 for RTU\n"
"-s # Stopbits (1 or 2, 1 is default)\n"

"-p none No parity\n"

"-p even Even parity (default)\n"

"-p odd Qdd parity\n"

/*****************************************************************************

* Enumns
*****************************************************************************/

enum

{
RTU,
ASCI |,
TCP

I

/*****************************************************************************

* Gobal configuration data
****************~k************************************************************/

int address = -1;

I ong tineout = 3000;

| ong baudRat e = 9600;

int dataBits 8;

int stopBits 1;

int parity = MousSerial Sl aveProtocol :: SER PARI TY_EVEN,
int protocol = RTU;

char *portNanme = NULL;

int port = 502;

/*****************************************************************************

* Protocol and data table
*****************************************************************************/

Di agnosti cMousDat aTabl e *dat aTabl ePtr Arr[ 256] ;
MousSl aveServer *mbusServerPtr = NULL;

/**'k***********'k***************************'k**********************************

* Function inplenmentation
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*****************************************************************************/

voi d printUsage()

{
printf("Usage: ");
printf(usageStr, progNane);
exi t (EXI T_SUCCESS) ;

}

voi d printVersion()

{
printf(bannerStr, progNane);
printf("Version: % using FieldTal k package version %\n",
versionStr, MusSl aveServer:: get PackageVersion());
}

voi d printConfig()

{
printf(bannerStr, progNane);
printf("Protocol configuration: ");
switch (protocol)
{
case RTU:
printf("Mdbus RTWN");
br eak;
case ASCl | :
printf("Mdbus ASCI I\n");
br eak;
case TCP:
printf("MODBUS/ TCP\n");
br eak;
defaul t:
printf("unknown\n");
br eak;
}
printf("Slave configuration: ");
printf("Address = %l, ", address);
printf("Master Time-out = %d\n", tinmeout);
if (protocol == TCP)
{
printf("TCP configuration: ");
printf("Port = %\ n", port);
}
el se
{
printf("Serial port configuration: ");
printf("%, ", portNane);
printf("%d, ", baudRate);
printf("%l, ", dataBits);
printf("%l, ", stopBits);
switch (parity)
{
case MousSeri al Sl aveProtocol : : SER PARI TY_NONE:
printf("none\n");
br eak;
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case MousSeri al Sl aveProt ocol : : SER_PARI TY_EVEN
printf("even\n");

br eak;

case MousSeri al Sl avePr ot ocol : : SER_PARI TY_ODD:
printf("odd\n");

br eak;
defaul t:
printf("unknown\n");
br eak;
}
}
printf("\n");

voi d exit BadOpti on(const char =*const text)

{
fprintf(stderr, "%: %! Try -h for help.\n", progNanme, text);
exit (EXI T_FAI LURE) ;

voi d scanOptions(int argc, char x=*argv)

{

int c;

/| Check for --version option
for (c = 1; c < argc; c++)
{
if (strcnp (argv[c], "--version") == 0)
{
printVersion();
exi t ( EXI T_SUCCESS)

}

/1 Check for --help option
for (c =1; ¢ < argc; c++)
{
if (strcmp (argv[c], "--help") == 0)
print Usage();
}

opterr = 0; // Disable getopt’s error nessages
for(;;)
{
c = getopt(argc, argv, "ha:b:d:s:p.m");
if (c ==-1)
br eak;

switch (c)

{

case 'm:
if (strcmp(optarg, "tcp") == 0)

protocol = TCP
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el se
if (strcnp(optarg, "rtu") == 0)
{
protocol = RTU;
}
el se
if (strcnp(optarg, "ascii") == 0)
{
protocol = ASCII;
}
el se
{
exi t BadOption("Invalid protocol paranmeter");
}
br eak;
case 'a':

address = strtol (optarg, NULL, 0);
if ((address < -1) || (address > 255))
exitBadOption("lnvalid address paraneter");

br eak;
case 't’
timeout = strtol (optarg, NULL, 0);
if ((tinmeout < 0) || (timeout > 100000))
exi tBadOption("Invalid time-out paraneter");
br eak;
case 'b':

baudRate = strtol (optarg, NULL, 0);
if (baudRate == 0)
exi t BadOption("Invalid baudrate paraneter");
br eak;
case 'd:
dataBits = (int) strtol (optarg, NULL, 0);
if ((dataBits !=7) || (dataBits != 8))
exitBadOption("lInvalid databits paraneter");
br eak;
case 's':
stopBits = (int) strtol (optarg, NULL, 0);
if ((stopBits !'=1) || (stopBits I'= 2))
exi tBadOption("Invalid stopbits paraneter");

br eak;
case 'p’:
if (strcmp(optarg, "none") == 0)
{ parity = MousSeri al Sl aveProt ocol : : SER_PARI TY_NONE;
}
el se
if (strcnp(optarg, "odd") == 0)
{ parity = MousSeri al Sl avePr ot ocol : : SER_PARI TY_QODD;
}
el se
if (strcnp(optarg, "even") == 0)
{ parity = MousSerial Sl aveProtocol : : SER_PARI TY_EVEN;
}
el se
{
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port = strtol (optarg, NULL, 0);
if ((port <= 0) || (port > OxFFFF))
exitBadOption("lInvalid parity or port paranmeter");

}
br eak;
case 'h':
printUsage();
br eak;
defaul t:
exi t BadOpti on(" Unrecogni zed option or missing option paraneter");
br eak;
}
}
if (protocol == TCP)
{
if ((argc - optind) !'= 0)
exitBadOption("lnvalid nunber of paraneters");
}
el se
{
if ((argc - optind) !'= 1)
exi tBadOption("lnvalid nunber of paraneters");
el se
port Name = argv[optind];
}

int validateMasterl| pAddr(char* nasterl pAddrSz)

{
printf("\nvalidateMasterl| pAddr: accepting connection from %\n",
mast er | pAddr Sz) ;
return (1);
}
voi d startupServer ()
{ . .
int i;
int result = -1;

switch (protocol)

{
case RTU
nbusServerPtr = new MiusRt uSl avePr ot ocol ();
if (address == -1)
{

for (i = 1; i < 255; i++)
nmbusSer ver Pt r - >addDat aTabl e(i, dataTablePtrArr[i]);
}
el se
nmbusSer ver Pt r - >addDat aTabl e( addr ess, dat aTabl ePtrArr[ address]);
nbusSer ver Pt r - >set Ti neout (ti neout) ;
result = ((MuusRtuSl aveProtocol =*) nbusServerPtr)->startupServer(
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port Nane, baudRate, dataBits, stopBits, parity);

br eak;

case ASCl | :
nbusServerPtr = new MusAsci i Sl aveProtocol ();
if (address == -1)
{

for (i =1; i < 255; i++)
nmbusSer ver Pt r - >addDat aTabl e(i, dataTablePtrArr[i]);
}
el se
nmbusSer ver Pt r - >addDat aTabl e( addr ess, dat aTabl ePtrArr[ address]);
nbusSer ver Pt r - >set Ti neout (ti neout) ;
result = ((MousAscii Sl aveProtocol *) mbusServerPtr)->startupServer(
port Name, baudRate, dataBits, stopBits, parity);

br eak;

case TCP:
nmbusServer Ptr = new MousTcpS| avePr ot ocol ();
if (address == -1)
{

for (i =0; i < 255; i++) // Note: TCP support slave addres of O
nmbusServer Ptr->addDat aTabl e(i, dataTablePtrArr[i]);

}
el se

nbusSer ver Pt r - >addDat aTabl e(addr ess, dataTabl ePtrArr[ address]);
nmbusSer ver Pt r- >set Ti meout (ti meout) ;
((MousTcpSl aveProt ocol *) nbusServerPtr)->installlpAddrValidationCall Back
((MousTcpSl aveProt ocol *) nbusServerPtr)->setPort((unsigned short) port);
result = ((MusTcpSl aveProtocol =*) nbusServerPtr)->startupServer();

br eak;
}
switch (result)
{
case FTALK_SUCCESS:
printf("Server started up successfully.\n");
br eak;
case FTALK | LLEGAL ARGUVENT ERRCR:
fprintf(stderr, "Configuration setting not supported!\n");
exit (EXI T_FAI LURE) ;
br eak;
defaul t:
fprintf(stderr, "%!\n", getBusProtocol ErrorText(result));
exi t (EXI T_FAI LURE) ;
br eak;
}

voi d shut downServer ()

{
printf("Shutting down server.\n");
del ete nbusServerbtr;

voi d runServer ()

{
int result = FTALK_SUCCESS;
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printf("Listening to network (Ctrl-Cto stop)\n");
while (result == FTALK SUCCESS)

{
result = nmbusServerPtr->serverLoop();
if (result != FTALK _SUCCESS)
fprintf(stderr, "%!\n", getBusProtocol ErrorText(result));\
el se
{
printf(".");
fflush(stdout);
}
}

int main(int argc, char =*xargv)

{
int i;
/1 Construct data tables
for (i =0; i < 255; i++)
{

}

dataTabl ePtrArr[i] = new Di agnosti cMiusDat aTabl e(i);

scanOptions(argc, argv);
printConfig();

at exi t (shut downServer);
startupServer();
runServer();

return (EXI T_FAI LURE);

Diagslave uses the following diagnostic data table as Data Provider:

#i f ndef _DI AGNOSTI CDATATABLE_H_| NCLUDED
#defi ne _DI AGNOSTI CDATATABLE_H | NCLUDED

/1 Pl atform header
#i ncl ude <stdio. h>
#i ncl ude <string. h>

/'l Package header
#i ncl ude "MousDat aTabl el nt er f ace. hpp"

/**'k***********'k***************************'k**********************************

* Di agnosti cMusDat aTabl e cl ass decl aration

*****************************************************************************/

cl ass Di agnosti cMousDat aTabl e: public MusDat aTabl el nterface
{

public:
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Di agnosti cMousDat aTabl e(i nt sl aveAddr)

{
t hi s->sl aveAddr = sl aveAddr;
nmenset (regbata, 0, sizeof(regData));
nenset (bitData, 0, sizeof(bitData));
}

~Di agnosti cMousDat aTabl e()

{
}

char readExceptionStatus()

{
printf("\rSlave ¥3d: readExceptionStatus\n", slaveAddr);
return (0x55);

int readl nputDi scretesTabl e(int startRef,
char bitArr[],

int refCnt)
{
printf("\rSlave %3d: readl nputDi scretes from %, % references\n",
sl aveAddr, startRef, refCnt);
/1 Adjust Modbus reference counting
start Ref --;
/1
/1 Validate range
/1
if (startRef + refCnt > int(sizeof(bitData) / sizeof(char)))
return (0);
/1
/1 Copy data
/1
mencpy(bitArr, &itData[startRef], refCnt * sizeof(char));
return (1);
}

int readCoil sTabl e(int startRef,
char bitArr[],
int refCnt)

printf("\rSlave %8d: readCoils from%, %l references\n",
sl aveAddr, startRef, refCnt);

/1 Adjust Modbus reference counting
start Ref --;

/1
/1 Validate range
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I
if (startRef + refCnt > int(sizeof(bitData) / sizeof(char)))
return (0);

I

/1 Copy data

I

mencpy(bitArr, &itData[startRef], refCnt * sizeof(char));
return (1);

int witeCoilsTable(int startRef,
const char bitArr[],

int refCnt)
{
printf("\rSlave %3d: witeCoils from%, %l references\n",
sl aveAddr, startRef, refCnt);
/1 Adjust Modbus reference counting
start Ref --;
/1
/1 Validate range
/1
if (startRef + refCnt > int(sizeof(bitData) / sizeof(char)))
return (0);
/1
/1 Copy data
/1
mencpy(&bitData[startRef], bitArr, refCnt * sizeof(char));
return (1);
}

int readl nput Regi stersTabl e(int startRef,
short regArr[],

int refCnt)
{
printf("\rSlave %8d: readl nputRegisters from%, % references\n",
sl aveAddr, startRef, refCnt);
/1 Adjust Modbus reference counting
start Ref --;
/1
/1 Validate range
/1
if (startRef + refCnt > int(sizeof(regData) / sizeof(short)))
return (0);
/1
/'l Copy data
/1
nencpy(regArr, &egData[startRef], refCnt * sizeof(short));
return (1);
| |
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i nt readHol di ngRegi stersTabl e(int startRef,
short regArr[],

int refCnt)
{
printf("\rSlave %3d: readHol di ngRegi sters from %l, %l references\n",
sl aveAddr, startRef, refCnt);
/1 Adjust Modbus reference counting
startRef--;
I
/1 Validate range
I
if (startRef + refCnt > int(sizeof(regData) / sizeof(short)))
return (0);
I
/1 Copy data
I
nmencpy(regArr, & egData[startRef], refCnt * sizeof(short));
return (1);
}

int witeHol di ngRegi stersTabl e(int startRef,
const short regArr[],
int refCnt)

printf("\rSlave %3d: witeHol di ngRegi sters from %, %l references\n",
sl aveAddr, startRef, refCnt);

/1 Adjust Modbus reference counting
start Ref--;

I

/1 Validate range

I

if (startRef + refCnt > int(sizeof(regbData) / sizeof(short)))
return (0);

/1

/1 Copy data

/1

nencpy( & egData[ start Ref], regArr, refCnt * sizeof(short));
return (1);

int validateMasterlpAddr(char* master| pAddr Sz)

{
printf("\nvalidateMasterlpAddr: accepting connection from %s\n",
mast er | pAddr Sz) ;
return (1);
}
| |
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private:
int slaveAddr;
short regData[ 0x10000];
char bitData[ 2000] ;
}
#tendif // ifdef ..._H | NCLUDED
109
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4.3 What You should know about Modbus

¢ Some Background

e Technical Information

¢ The Protocol Functions

e How Slave Devices are identified

¢ The Register Model and Data Tables

¢ Data Encoding

* Register and Discrete Numbering Scheme
e The ASCII Protocol

e The RTU Protocol

e The MODBUS/TCP Protocol

4.3.1 Some Background

The Modbus® protocol family was originally developed by Schneider Au-

tomation Inc. as an industrial network for their Modicon®

controllers.

programmable

Since then the Modbus protocol family has been established as vendor-
neutral and open communication protocols, suitable for supervision and
control of automation equipment.

4.3.2 Technical Information

Modbus is a master/slave protocol with half-duplex transmission.
One master and up to 247 slave devices can exist per network.

The protocol defines framing and message transfer as well as data and con-
trol functions.

The protocol does not define a physical network layer. Modbus works on
different physical network layers. The ASCII and RTU protocol operate on
RS-232, RS-422 and RS-485 physical networks. The Modbus/TCP protocol
operates on all physical network layers supporting TCP/IP. This compro-
mises 10BASE-T and 100BASE-T LANSs as well as serial PPP and SLIP net-
work layers.
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Note:

To utilise the multi-drop feature of Modbus, you need a multi-point net-
work like RS-485. In order to access a RS-485 network, you will need a
protocol converter which automatically switches between sending and
transmitting operation. However some industrial hardware platforms
have an embedded RS485 line driver and support enabling and dis-
abling of the RS485 transmitter via the RTS signal. Some FieldTalk C++
editions support this RTS driven RS485 mode.

The Protocol Functions  Modbus defines a set of data and control functions to perform data
transfer, slave diagnostic and PLC program download.

FieldTalk implements the most commonly used functions for data transfer
as well as some diagnostic functions. The functions to perform PLC pro-
gram download and other device specific functions are outside the scope of
FieldTalk.

All Bit Access and 16 Bits Access Modbus Function Codes have been imple-
mented. In addition the most frequently used Diagnostics Function Codes
have been implemented. This rich function set enables a user to solve nearly
every Modbus data transfer problem.

The following table lists the available Modbus Function Codes:
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How Slave Devices are identified

Function Code

Current Terminology \

Classic Terminology ‘

Bit Access

1 Read Coils Read Coil Status

2 Read Inputs Discretes | Read Input Status

5 (05 hex) Write Coil Force Single Coil

15 (OF hex) Force Multiple Coils Force Multiple Coils

16 Bits Access

3 Read Multiple Read Holding
Registers Registers

4 Read Input Registers | Read Input Registers

6 Write Single Register | Preset Single Register

16 (10 Hex) Write Multiple Preset Multiple
Registers Registers

22 (16 hex) Mask Write Register Mask Write Register

23 (17 hex) Read/Write Registers | Read/Write Registers

Diagnostics

7 (07 hex) Read Exception Status | Read Exception Status

8 sub code 00 Diagnostics - Return | Diagnostics - Return
Query Data Query Data

A slave device is identified with its unique address identifier.

Valid address identifiers supported are 1 to 247. Some library functions also
extend the slave ID to 255, please check the individual function’s documen-

tation.

Some Modbus functions support broadcasting. With functions supporting
broadcasting, a master can send broadcasts to all slave devices of a network
by using address identifier 0. Broadcasts are unconfirmed, there is no guar-
antee of message delivery. Therefore broadcasts should only be used for
uncritical data like time synchronisation.

The Register Model and Data Tables

The Modbus data functions are based on a register model.

A register is the smallest addressable entity with Modbus.

The register model is based on a series of tables which have distinguishing
characteristics. The four tables are:
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Table

Classic
Terminology

Modicon®
Register Table

Characteristics

Discrete
outputs

Coils

0:00000

16-bit quantity,
alterable by an

application
program,
read-write
Single bit,
provided by an
I/0 system,
read-only
16-bit quantity;,
provided by an
I/0 system,
read-only
Single bit,
alterable by an
application
program,
read-write

Discrete inputs | Inputs 1:00000

Input registers | Input registers | 3:00000

Output 4:00000

registers

Holding
registers

The Modbus protocol defines these areas very loose. The distinction be-
tween inputs and outputs and bit-addressable and register-addressable
data items does not imply any slave specific behaviour. It is very common
that slave devices implement all tables as overlapping memory area.

For each of those tables, the protocol allows a maximum of 65536 data items
to be accessed. It is slave dependant, which data items are accessible by a
master. Typically a slave implements only a small memory area, for exam-
ple of 1024 bytes, to be accessed.

Data Encoding  Classic Modbus defines only two elementary data types. The discrete type and
the register type. A discrete type represents a bit value and is typically used
to address output coils and digital inputs of a PLC. A register type repre-
sents a 16-bit integer value. Some manufacturers offer a special protocol

flavour with the option of a single register representing one 32-bit value.

All Modbus data function are based on the two elementary data types.
These elementary data types are transferred in big-endian byte order.

Based on the elementary 16-bit register, any bulk information of any type
can be exchanged as long as that information can be represented as a con-
tiguous block of 16-bit registers. The protocol itself does not specify how
32-bit data and bulk data like strings is structured. Data representation de-
pends on the slave’s implementation and varies from device to device.

It is very common to transfer 32-bit float values and 32-bit integer values as
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pairs of two consecutive 16-bit registers in little-endian word order. How-
ever some manufacturers like Daniel and Enron implement an enhanced
flavour of Modbus which supports 32-bit wide register transfers.

The FieldTalk Modbus Master Library defines functions for the most com-
mon tasks like:
¢ Reading and Writing bit values

¢ Reading and Writing 16-bit integers

¢ Reading and Writing 32-bit integers

¢ Reading and Writing 32-bit floats

¢ Configuring the word order and representation for 32-bit values
The FieldTalk Modbus Slave Library defines services to

¢ Read and Write bit values

* Read and Write 16-bit integers

Register and Discrete Numbering Scheme Modicon® PLC registers and discretes are addressed
by a memory type and a register number or a discrete number, e.g. 4:00001
would be the first reference of the output registers.

The type offset which selects the Modicon register table must not be passed
to the FieldTalk functions. The register table is selected by choosing the
corresponding function call as the following table illustrates.

Master Function Call Modicon® Register Table
readCoils(), writeCoil(), 0:00000
forceMultipleCoils()

readInputDiscretes 1:00000
readInputRegisters() 3:00000
writeMultipleRegisters(), 4:00000

readMultipleRegisters(),
writeSingleRegister(),
maskWriteRegister(),
readWriteRegisters()

Modbus registers are numbered starting from 1. This is different to the con-
ventional programming logic where the first reference is addressed by 0.

Modbus discretes are numbered starting from 1 which addresses the most
significant bit in a 16-bit word. This is very different to the conventional
programming logic where the first reference is addressed by 0 and the least
significant bit is bit 0.

The following table shows the correlation between Discrete Numbers and
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Bit Numbers:

Modbus Bit Number Modbus Bit Number
Discrete Discrete

Number Number

1 15 (hex 0x8000) | 9 7 (hex 0x0080)
2 14 (hex 0x4000) | 10 6 (hex 0x0040)
3 13 (hex 0x2000) | 11 5 (hex 0x0020)
4 12 (hex 0x1000) | 12 4 (hex 0x0010)
5 11 (hex 0x0800) | 13 3 (hex 0x0008)
6 10 (hex 0x0400) | 14 2 (hex 0x0004)
7 9 (hex 0x0200) 15 1 (hex 0x0002)
8 8 (hex 0x0100) 16 0 (hex 0x0001)

The ASCII Protocol

The RTU Protocol

When exchanging register number and discrete number parameters with
FieldTalk functions and methdos you have to use the Modbus register and
discrete numbering scheme. (Internally the functions will deduct 1 from the
start register value before transmitting the value to the slave device.)

The ASCII protocol uses an hexadecimal ASCII encoding of data and a 8
bit checksum. The message frames are delimited with a :" character at the
beginning and a carriage return/linefeed sequence at the end.

The ASCII messaging is less efficient and less secure than the RTU messag-
ing and therefore it should only be used to talk to devices which don’t sup-
port RTU. Another application of the ASCII protocol are communication
networks where the RTU messaging is not applicable because characters
cannot be transmitted as a continuos stream to the slave device.

The ASCII messaging is state-less. There is no need to open or close connec-
tions to a particular slave device or special error recovery procedures.

A transmission failure is indicated by not receiving a reply from the slave.
In case of a transmission failure, a master simply repeats the message. A
slave which detects a transmission failure will discard the message without
sending a reply to the master.

The RTU protocol uses binary encoding of data and a 16 bit CRC check for
detection of transmission errors. The message frames are delimited by a
silent interval of at least 3.5 character transmission times before and after
the transmission of the message.

When using RTU protocol it is very important that messages are sent as
continuous character stream without gaps. If there is a gap of more than 3.5
character times while receiving the message, a slave device will interpret
this as end of frame and discard the bytes received.
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The RTU messaging is state-less. There is no need to open or close connec-
tions to a particular slave device or special error recovery procedures.

A transmission failure is indicated by not receiving a reply from the slave.
In case of a transmission failure, a master simply repeats the message. A
slave which detects a transmission failure will discard the message without
sending a reply to the master.

The MODBUS/TCP Protocol MODBUS/TCP is a TCP/IP based variant of the Modbus RTU pro-

tocol. It covers the use of Modbus messaging in an "Intranet” or "Internet’
environment.

The MODBUS/TCP protocol uses binary encoding of data and TCP/IP’s
error detection mechanism for detection of transmission errors.

In contrast to the ASCII and RTU protocols MODBUS/TCP is a connection
oriented protocol. It allows concurrent connections to the same slave as well
as concurrent connections to multiple slave devices.

In case of a TCP/IP time-out or a protocol failure, a master shall close and
re-open the connection and then repeat the message.
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4.4 Installation and Source Code Compilation

4.4.1 Linux, UNIX and QNX Systems: Unpacking and Compilingt  he Source

1. Download and save the zipped tarball into your project directory.

2. Uncompress the zipped tarball using gzip:

# gunzip FT-MB??-??-ALL.2.4.0.tar.gz

3. Untar the tarball

# tar xf FT-MB??-7??-ALL.2.4.0.tar

The tarball will create the following directory structure in your project di-
rectory:

nyprj
I
+-- fieldtalk

+-- doc
+-- include
+-- src

+-- sanpl es

4. Compile the library from the source code. Enter the FieldTalk src direc-
tory and call the make script:

# cd fieldtal k/src
# ./ make

The make shell script tries to detect your platform and executes the compiler
and linker commands.

The compiler and linker configuration is contained in the file src/platform.
To cross-compile for ucLinux or arm-linux pass uclinux or arm-linux as a

parameter to the the make script:

# ./ make arm|inux
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5. The library will be compiled into one of the following platform specfic
sub-directories:

Platform Library Directory
Linux lib/linux

QNX 6 lib/qnx6

QNX 4 lib/qnx4

Trix lib /irix
OSF1/True 64/Digital UNIX lib/ osf

Solaris lib/solaris
HP-UX lib /hpux

IBM AIX lib /aix

Your directory structure looks now like:

nyprj
I
+-- fieldtalk

+- - doc
+-- src
+-- include
+-- sanpl es
++ lib
|
+- {platforn (exact nane depends on platform

6. The library is ready to be used.

4.4.2 Windows Systems: Unpacking and Compiling the Source

1. Download and save the zip archive into a project directory.

2. Uncompress the archive using unzip or another zip tool of your choice:

# unzip FT-MB??-WN-ALL.2.4.0.zip

The archive will create the following directory structure in your project di-
rectory:

nyprj
I
+-- fieldtalk

I

+-- doc
+-- include
+-- src

+-- sanpl es
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3. Compile the library from the source code.

To compile using command line tools, enter the FieldTalk src directory and
run the make file.

If you are using Microsoft C++ and nmake:

# cd fieldtal k\src
# nmake

To compile using Visual Studio, open the supplied .sIn solution files with
Visual Studio 2003 or 2005.

4. The library will be compiled into one of the following sub-directories of
your project directory:

Platform Library Directory

Windows 32-bit Visual Studio 2003 | lib\win\win32\release

or 2005

Windows CE Visual Studio 2005 lib\wce\[platformname]\release

Your directory structure looks now like:

nmyprj
I
+-- fieldtalk

+-- doc
+-- src
+-- include
+-- sanpl es
++ lib
I
+- win
(.
| +-- W n32
I I
| +-- rel ease
I
+-- wce

|
+-- [pl atfor mane]

+-- rel ease

5. The library is ready to be used.

4.4.3 Specific Platform Notes
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ucLinux Instead of using the default Linux build script, use the make script with the pat-
form.uclinux configuration file by passing uclinux as parameter:

./ make ucl i nux

You can edit the architecture settings and CPU flags in platform.uclinux to
suit your processor.

arm-linux cross tools  Instead of using the default Linux build script, use the make script with
the patform.arm-linux configuration file by passing arm-linux as parameter:

./ make arml i nux

QNX 4 In order to get proper control over Modebus timing, you have to adjust the system’s clock
rate. The standard ticksize is not suitable for Modbus RTU and needs to be
adjusted. Configure the ticksize to be <=1 ms.

VxWorks  There is no make file or script supplied for VxWorks because VxWorks applications
and libraries are best compiled from the Tornado IDE.

To compile and link your applications against the FieldTalk library,
add all the *.c and =.cpp files supplied in the src, src/hmlib/common,
src/hmlib/posix4 and src/hmlib/vxworks to your project.

"= FOCUS 120

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

4.5 Linking your Applications against the Library

4.5.1 Linux, UNIX and QNX Systems: Compiling and Linking App lications

Let’s assume the following project directory structure:

nmyprj

I

+-- fieldtalk
+-- doc
+-- sanpl es
+-- src
+-- include
++ lib

+-- |inux (exact name depends on your platform

Add the library’s include directory to the compiler’s include path.

Example:

c++ -Ifieldtal k/include -c nyapp.cpp

Add the file name of the library to the file list passed to the linker.

Example:

c++ -0 nmyapp nyapp.o fieldtal k/1ib/linux/Iibnbusnaster.a

4.5.2 Windows Systems: Compiling and Linking Applications

Let’s assume the following project directory structure:

nmyprj
I
+-- fieldtalk
I
+-- doc
+-- sanpl es

"= FOCUS 121

SOFTWARE ENGINEERING



FieldTalk™ Modbus Slave C++ Library

+-- src
+-- include
++ |lib
+-- wWn
+

+-- rel ease

Add the library’s include directory to the compiler’s include path.

Visual C++ Example:
cl -Ifieldtal k/include -c nmyapp.cpp
Borland C++ Example:

bcc32 -I1fieldtal k/include -c nmyapp. cpp

Add the file name of the library to the file list passed to the linker. Visual

C++ only: If you are using the Modbus/TCP protocol you have to add the
Winsock2 library Ws2_32 lib.

Visual C++ Example:

cl -Fe nmyapp nyapp.obj fieldtalk/lib/w n/w n32/rel ease/libnbusnmaster.lib W2 32.1i
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4.6 Design Background

FieldTalk is based on a programming language neutral but object oriented
design model.

This design approach enables us to offer the protocol stack for the Java lan-
guage, Object Pascal and for C++ while maintaining similar functionality.

The C++ editions of the protocol stack have also been designed to support
multiple operating system and compiler platforms, including real-time op-
erating systems. In order to support this multi-platform approach, the C++
editions are built around a lightweight OS abstraction layer called HMLIB.

The Java edition is using the Java 2 Platform Standard Edition API and the
Java Communications APIL. This enables compatibility with most VM im-
plementations.

During the course of implementation, the usability in automation, control
and other industrial environments was always kept in mind.
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4.7 License

Hash: SHA1l

FOCUS Software Engineering Pty Ltd, Brisbane/Australia, ACN 104 080 935

Li brary License

Version 3, May 2003

Copyright (c) 2002-2003 FOCUS Software Engineering Pty Ltd. Al rights reserved.

Definitions:

"Package" refers to the collection of files and any part hereof,
including, but not limted to, source code, prograns, binary
execut abl es, object files, libraries, images, and scripts, which
are distributed by FOCUS Software Engi neering.

"Copyright Holder" is whoever is named in the copyright or
copyrights for the Package.

"You" is you, if you are thinking about using, copying or
distributing this Package or parts of it.

"Di stributabl e Conmponents” are dynamc |libraries, shared libraries,
class files and simlar conponents supplied by FOCUS Software

Engi neering for redistribution. They nust be listed in a "readne"
or "deploy" file included with the Package.

"Application" pertains to Your product be it an application,
appl et or enbedded software product.

1. In consideration of paynent of the |icence fee and your agreenent
to abide by the terns and conditions of this |icence, FOCUS
Sof tware Engi neering grants You the follow ng non-exclusive
rights:

a) You may use the Package on one or nobre conputers by a
singl e person who uses the software personally;

b) You may use the Package nonsi multaneously by nmultiple people if
it is installed on a single conputer;

c) You may use the Package on a network, provided that the network
is operated by the organi sati on who purchased the |icense and
there is no concurrent use of the Package;

d) You may copy the Package for archival purposes.

2. You may reproduce and distribute, in executable formonly,
Applications linked with static libraries supplied as part of the
Package and Applications incorporating dynanmic libraries, shared
libraries and simlar conmponents supplied as Distributable
Conponents w thout royalties provided that:

a) You paid the license fee;

b) the purpose of distribution is to execute the Application;

c) the Distributable Conponents are not distributed or resold apart
fromthe Application;
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d) it includes all of the original Copyright Notices and associ ated
Di scl ai ners;
e) it does not include any Package source code or part thereof.

3. If You have received this Package for the purpose of evaluation,
FOCUS Software Engi neering grants You a non-exclusive |license to
use the Package free of charge for the purpose of evaluating
whet her to purchase an ongoing |icense to use the Package. The
evaluation period is limted to 30 days and does not include the
right to reproduce and distribute Applications using the
Package. At the end of the evaluation period, if You do not
purchase a |license, You nust uninstall the Package fromthe
conputers or devices You installed it on.

4. You are not required to accept this License, since You have not
signed it. However, nothing else grants You permi ssion to use or
distribute the Package or its derivative works. These actions are
prohibited by law if You do not accept this License. Therefore,
by using or distributing the Package (or any work based on the
Package), You indicate your acceptance of this License to do so
and all its terns and conditions for copying, distributing or
usi ng the Package or works based on it.

5. You may not use the Package to devel op products which can be used
as a replacenment or a directly conpeting product of this Package.

6. Where source code is provided as part of the Package, You nay
nodi fy the source code for the purpose of inprovenents and def ect
fixes. If any nodifications are made to any the source code, You
wi Il put an additional banner into the code which indicates that
nodi fi cati ons were nade by You

7. You may not disclose the Package' s software design, source code
and docunentation or any part thereof to any third party without
the expressed witten consent from FOCUS Software Engi neering.

8. This License does not grant You any title, ownership rights,
rights to patents, copyrights, trade secrets, trademarks, or any
other rights in respect to the Package

9. You may not use, copy, nodify, sublicense, or distribute the
Package except as expressly provided under this License. Any
attenpt otherwi se to use, copy, nodify, sublicense or distribute
the Package is void, and will automatically term nate your rights
under this License

10. The License is not transferable without witten perm ssion from
FOCUS Sof t war e Engi neeri ng.

11. FOCUS Software Engineering may create, fromtine to tine, updated
versions of the Package. Updated versions of the Package will be
subject to the terns and conditions of this agreenent and
reference to the Package in this agreenent neans and incl udes any
versi on update

12. THERE IS NO WARRANTY FOR THE PACKAGE, TO THE EXTENT PERM TTED BY
APPLI CABLE LAW  EXCEPT WHEN OTHERW SE STATED I N WRI TI NG FOCUS
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13.

14.

15.

16.

SOFTWARE ENG NEERI NG, THE COPYRI GHT HOLDERS ANDY OR OTHER PARTI ES
PROVI DE THE PACKAGE "AS | S" W THOUT WARRANTY OF ANY KI ND, EI THER
EXPRESSED OR | MPLI ED, | NCLUDI NG BUT NOT LIMTED TO, THE | MPLI ED
WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A PARTI CULAR
PURPOSE. THE ENTI RE RI SK AS TO THE QUALI TY AND PERFORMANCE OF THE
PACKAGE IS WTH YOU. SHOULD THE PACKAGE PROVE DEFECTI VE, YQU
ASSUVE THE COST OF ALL NECESSARY SERVI CI NG REPAIR OR CORRECTI ON.

ANY LI ABILITY OF FOCUS SOFTWARE ENG NEERI NG W LL BE LI M TED
EXCLUSI VELY TO REFUND OF PURCHASE PRI CE. | N ADDI TION, I N NO EVENT
UNLESS REQUI RED BY APPLI CABLE LAW OR AGREED TO I N WRI TING W LL
FOCUS SOFTWARE ENG NEERI NG OR | TS PRI NCI PALS, SHAREHOLDERS,

OFFI CERS, EMPLOYEES, AFFI LI ATES, CONTRACTORS, SUBSI DI ARI ES, PARENT
ORGANI ZATI ONS AND ANY COPYRI GHT HOLDER, OR ANY OTHER PARTY VWHO NAY
MODI FY AND/ OR REDI STRI BUTE THE PACKAGE AS PERM TTED ABOVE, BE

LI ABLE TO YOU FOR DAMAGES, | NCLUDI NG ANY CENERAL, SPECI AL,

I NCI DENTAL OR CONSEQUENTI AL DAMAGES ARI SI NG QUT OF THE USE OR

I NABI LI TY TO USE THE PACKAGE (| NCLUDI NG BUT NOT LIM TED TO LCSS OF
DATA OR DATA BEI NG RENDERED | NACCURATE OR LOSSES SUSTAI NED BY YQU
OR THI RD PARTIES OR A FAI LURE OF THE PACKAGE TO OPERATE W TH ANY
OTHER PACKAGES), EVEN | F SUCH PARTY HAS BEEN ADVI SED OF THE

PGSSI BI LI TY OF SUCH DANMAGES.

IN ADDI TION, I N NO EVENT DCES FOCUS SOFTWARE ENG NEERI NG AUTHORI ZE
YOU TO USE TH S PACKAGE | N APPLI CATI ONS OR SYSTEMS WHERE I T' S

FAI LURE TO PERFORM CAN REASONABLY BE EXPECTED TO RESULT IN A

SI GNI FI CANT PHYSI CAL I NJURY, OR IN LGCSS OF LIFE. ANY SUCH USE BY
YOU IS ENTI RELY AT YOUR OMN RI SK, AND YOU AGREE TO HOLD FOCUS
SOFTWARE ENG NEERI NG HARMLESS FROM ANY CLAI M5 OR LOSSES RELATI NG
TO SUCH UNAUTHORI ZED USE.

Thi s agreenent constitutes the entire agreenent between FOCUS

Sof tware Engi neering and You in relation to your use of the
SOFTWARE. Any change will be effective only if in witing signed
by FOCUS Sof t ware Engi neering and you.

This License is governed by the | ans of Queensl and,

Australia, excluding choice of lawrules. If any part of this
License is found to be in conflict with the law, that part shall
be interpreted in its broadest neaning consistent with the |aw,
and no other parts of the License shall be affected.

--BEG N PGP SI GNATURE- - - - -

Version: GwPG vl.2.1 (M ngWs2)

i DBDBQE+yb3kCO2PJi ev T8l RAl a5AKDY or pJaj ri t i 20XFTYe5REbV7dgCf SEV2
uOc3NnXl r OVkayn4t xSMgv4=
=WAl a

--END PGP SI GNATURE- - - - -
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4.8 Support
We provide electronic support and feedback for our Field-
Talk products. Please wuse the Support web page at:
http://ww. nodbusdri ver. conf support/
Your feedback is always welcome. It helps improving this product.
W FBCUS
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4.9 Notices

Disclaimer: FOCUS Software Engineering makes no warranty for the use
of its products, other than those expressly contained in the Company146s
standard warranty which is detailed in FOCUS Software Engineering146s
Terms and Conditions located on the Company146s Website. The Company
assumes no responsibility for any errors which may appear in this docu-
ment, reserves the right to change devices or specifications detailed herein
at any time without notice, and does not make any commitment to update
the information contained herein. No licenses to patents or other intellec-
tual property of FOCUS Software Engineering are granted by the Company
in connection with the sale of FOCUS Software Engineering’s products, ex-
pressly or by implication. FOCUS Software Engineering146s products are
not authorized for use as critical components in life support devices or sys-
tems.

FieldTalk “was developed by:
FOCUS Software Engineering Pty Ltd, Australia.
Copyright ©2002-2006. All rights reserved.

FieldTalk is a trademark of FOCUS Software Engineering Pty Ltd. Modbus
is a trademark or registered trademark of Schneider Automation Inc. Java
and all Java-based marks are trademarks or registered trademarks of Sun
Microsystems, Inc. in the U.S. and other countries. All other product and
brand names mentioned in this document may be trademarks or registered
trademarks of their respective owners.
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4.10 Deprecated List

Member startupServer(int slaveAddr, const char xconst portName, long baudRate, int dat
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

Member startupServer(int slaveAddr, const char xconst portName, long baudRate)
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

Member MbusAsciiSlaveProtocol(MbusDataTableInterface xdataTablePtr)
This function is deprecated. The preferred way of assigning a dataTable
is using the default constructor and configuring data table and slave
address using addDataTable method.

Member MbusRtuSlaveProtocol(MbusDataTableInterface xdataTablePtr)
This function is deprecated. The preferred way of assigning a dataTable
is using the default constructor and configuring data table and slave
address using addDataTable method.

Member startupServer(int slaveAddr, const char xconst portName, long baudRate, int dat
This function is deprecated. The preferred way of assigning a slave
address is using the default constructor and configuring data table and
slave address using addDataTable method.

Member MbusTcpSlaveProtocol(MbusDataTableInterface xdataTablePtr)
This function is deprecated. The preferred way of assigning a dataTable
is using the default constructor and configuring data table and slave
address using addDataTable method.

Member startupServer(int slaveAddr) This function is deprecated. The
preferred way of assigning a slave address is using the default construc-
tor and configuring data table and slave address using addDataTable
method.
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Member startupServer(int slaveAddr, const char xconst hostName) This
function is deprecated. The preferred way of assigning a slave address
is using the default constructor and configuring data table and slave
address using addDataTable method.
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