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1. Overview

The driver needs two functionalities from the embedded environment. Because it is
based on a time oriented state machine it is providing a function which has to be called
every 5 ms. This can be done from a timer interrupt routine.

The connection to the communications can be done in two ways. The first way is to call
the driver with the reception of each single character. Alternatively the driver may also be
called after the reception of a whole frame. The transmission of the response is handled
by a common Tx function.
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Reception
of
Characters

A 4
HART
Protocol
Machine

Reception
of
Characters

Overview of the exposed functions which have to be served by the environment:

Name

Function

Comment

hrt 5msCycl e()

Ancor function of the
state machi ne of the
protocol stack. Has to be
called in a 5 ns cycle.

hrt Get Char ()

Has to be called on
reception of a character.

hrt TransnDone()

Has to be called if the
| ast stop bit was
transm tted.

This function call is not needed if
disable and enable reception and
transmission is handled elsewhere.

hrtlnit()

Initializes the driver.

Has to be call ed on reset
after the initialization
of the enbedded hardwar e.
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Overview of the Macros Required by the Driver(Protocol Layer):

Name Function Returns
M HRT_START_SEND Starts sending of a data VOID
( BYTE* byBuf, frame.
BYTE bylen
)
M_HRT_PUSH_REGS Saves rel evant processor VOID
regi sters.
M_HRT_POP_REGS Restores rel evant VOID
processor registers
M_HRT_DI SABLE_RCV Di sabl e receiver. VOID
M_HRT_ENABLE_RCV Enabl e receiver. VOID
M HRT_I NI T_COM Initializes the VOID
comuni cati ons hardware,
is called in hrtinit().
M HRT_I S_CARRI ER Detects if a carrier is on|TRUE. FALSE
the line. '
M HRT_GET_RCV_ERROR Returns error details on ENUM
reception of a character. 0: No Error
Bit 6: Parity
Bit 5: Overrun
Bit 4: Framing
M _HRT_GET_RCV_CHAR Returns the received UCHR
character.
M_HRT_ENABLE_I NTERRUPT [Enabl e interrupts. VOID
M_HRT_DI SABLE | NTERRUPT |Di sable interrupts VOID
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Overview of the Macros Used by the Function Block Model

( void* pSrc
)

Name Function Returns
M APl _| S EE_VALID Checks if EEPromis
— - = . TRUE, FALSE
valid (Checksun).
M APl _EE_WRI TE Wites data to the VOID
( EEPROM voi d* pDst, EEProm
const voi d* pSrc,
BYTE bylen
)
M APl _EE READ Reads data fromthe VOID
voi d* pDst, EEProm
EEPROM voi d* pSrc,
BYTE bylLen
M_API _TRI GGER_ WATCHDOG |Triggers the watchdog. |yoIp
M APl 1S WR PROTECTED Checks if hardware TRUE. FALSE
wite protect is set. '
M_API _PUT_UI NT16 Encodes data for the VOID
( void* pDst, conmuni cati on, note:
U NT16 ui Val this depends on the
) endi an for the target
M APl _PUT_Ul NT24 code.
= = = VOID
( void* pbDst,
Ul NT24 ui 24Val
)
M_API _PUT_UI NT32 VOID
( void* pDst,
Ul NT32 ul Val
)
M APl _PUT_FLQOAT VOID
( void* pDst,
FLOAT fI Val
)
M APl _GET_UI NT16 Decodes data from a 1
VAP _ Gl . UINT16 (*
( void* pSrc buffer, note: this )
) depends on the endian
M APl _GET_Ul NT24 for the target code. UINT24 (%)
( void* pSrc
)
M APl _GET_UI NT32 UINT32 (*
( void* pSrc )
)
M APl _GET_FLOAT FLOAT (*)

1 (*) = Betrifft nur Applikation, derzeit nicht implementiert.
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Name

Funktion

(UCHR*  pucDst,
BYTE* pbyDst Len,
UCHR* pucSrc,
BYTE bySrclLen,

)

ASCI| to visible
string

Returns
M_API _ MEMCPY Copy a stream of VOID
( voi d* pDst octets.
const voi d* pSrc
BYTE byLen
)
M _API _SWAP2 Swap 2 byte VvOID
( UCHR* pSrcDst
)
( UCHR* pSrcDst
)
M APl _SWAP4 Swap 4 byte VOID
( UCHR* pSrcDst
)
M_API _| EEEt oMsf | oat Converts from | EEE 754 |yoID
( void* pSrcDst to Mcrosoft float
) f or mat
M_API _MSf | oat Tol EEE Converts from VOID
( void* pSrcDst M crosoft float format
) to | EEE 754
M_API _PACK_ASCl | Converts fromvisible |yo|p *)
( UCHR* pucDst, string to Packed ASCI |
BYTE* pbyDst Len,
UCHR* pucSrc,
BYTE bySrcLen,
)
M_API _UNPACK_ASCI | Converts from Packed VOID (¥)
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2. Globale Variable

2.1. Structures

2.1.1.

strHrtComSM

t ypedef struct tagConSM

{ BYTE bySt at e;
BYTE byCount;

BYTE byMast er Type;
BYTE byPol | Count ;

BYTE byCnd;
BOOL bAddrErr;
BYTE byErr;

BYTE byPosRspl,;

BYTE byPAt 0Send;

BYTE byPAcount;

BYTE byDat a[ HRT_MAX | O BUFFER] ;

} T_COM SM
T COM SM st r Hr t ConSM /* 10 state nachine */
Name Wertebereich Bedeutung
bySt at e HRT_I O | DLE States of the low level machine
HRT WA T_NEXT_PREAMVBLE
HRT_RCV_WAI T_DEL
HRT_RCV_READI NG
HRT_SEND_PENDI NG
HRT_SENDI NG
HRT_| O _LOCKED
by Count 0.. (MAX_I O_BUFFER-1) Number of characters received or

number of characters to be sent.

byMast er Type

HRT_PRI M_MASTER
HRT_SEC_MASTER

HART supports two masters.

byPol | Count 0. . HRT_NMAX_POLL_COUNT Number of 50 ms cycles the low level is
waiting for the application until a busy
response is sent.

byPAcount 0..20 Number of already sent preambles.

byDat a[ ] 0..255 Recive and transmit buffer.
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Name Wertebereich Bedeutung

ByErr HRT_ERR_BUFFER_OVERFLOW i
HRT_ERR_LONG_PARI TY Error flags of the receiving procedure.
HRT_ERR_FRAM NG
HRT_ERR_OVERRUN
HRT_ERR_VERT_PARI TY
HRT _ERR SUMMARY
HRT_ERR_NONE

byPosRspl HRT_SHORTF_RSPCCDE1_PCS i ;
HRT L  Rsp 1 POS Position of response code 1 in the data

frame.
By PAt 0Send 5..20 Number of preamblrd to be sent.
ByPol I Count 0.. HRT_MAX_POLL_COUNT Number of 50 ms cycles the protocol is
waiting for the application.
By Cnd 0..255 Command of the currently active service.
BAddr Er r TRUE. . FALSE Flag to signal an error within the address

area in the frame.

3. Functions

3.1. hrtSmsCycle()
VA D hrt5nmsCycl e(VA D);

This function is called in a 5 ms cycle by a timer interrupt. This function is
driving the state machine of the HART protocol.

Depending on the implementation this function is using sysPushRegs and
sysPopRegs to store and restore the actual context.

3.2. hrtGetChar()
VO D hrt Get Char (VA D);

Processes a received character and eventual pending errors. For more
run time efficiency this function my be place inline in the UART interrupt.

3.3. hrtTransmDone()
VO D hrt TransDone(VA D) ;
Has to be called when the stop bit of the last character was sent.
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3.4.

hrtInit()

VO D hrtinit(vAD);
This function initializes the driver. It is called upon reset.

4. List of Files

Verzeichnis |Name Auto? |Bedeutung
Api User Api . c/. h No Target system interface: PC or Target.
Hart Api . c/.h No Target system interface for the HART
communication.
Common Convert.c/.h No Miscellaneous conversions.
Hart. h No HART specific declarations
MenDecl s. h No Definition of memory classes.
Types. h No Basic types
PcConPort.c/.h | No Implementation for a die PC Simulation (via
UserApi)3
Fbinit.c/.h Yes  |Example: Initialization of the function blocks.
FbHart FbHart.c/.h Yes  |Example: Hart function block
Hart Test Hart Test. cpp/.h |No Console application for a PC simulation.
TestDl.c/.h No Windows DLL for a PC simulation®
HtSrvin HrtSrvin.c/.h Yes  |Example: The command interpreter.
I out lout.c/.h Yes  |Example: Function block current out.
Meas Meas. c/ . h Yes  |Example: Integration of the measurement.
Prot ocol HartLoL.c/.h No HART Data Link Layer Protocol

2 Auto = Generated from Access script

3 Not required for the target project

4 Not required for the target project
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5. Conformance Testing

5.1. Data Link Layer

The HART conformance test 5.0 showed with the PC simulation showed the following
test results:

devi ce passed HART CONFORMANCE test DT00001
devi ce passed HART CONFORMANCE test DT00002
devi ce passed HART CONFORMANCE test DT00004
devi ce passed HART CONFORMANCE test DT00005
devi ce passed HART CONFORMANCE t est DT00006
devi ce passed HART CONFORMANCE test DT0O0007
devi ce passed HART CONFORMANCE test DT00008
devi ce passed HART CONFORMANCE test DT00009

devi ce passed HART CONFORMANCE test DT00010
devi ce passed HART CONFORMANCE test DT00012
devi ce passed HART CONFORMANCE test DT00013

devi ce passed HART CONFORMANCE test DT00014
devi ce passed HART CONFORMANCE test DT00015
devi ce passed HART CONFORMANCE test DT00017
devi ce passed HART CONFORMANCE test DT00018
A OxFF was seen imedi ately follow ng an ACK at byte number 78.
It appears to have been sent by the slave. This is not recomended but does
not cause a fail.>
A OxFF was seen inmmedi ately followi ng an ACK at byte number 119.
It appears to have been sent by the slave. This is not recomrended but does
not cause a fail.
A OxFF was seen inmmedi ately follow ng an ACK at byte number 278.
It appears to have been sent by the slave. This is not recommended but does
not cause a fail.
devi ce passed HART CONFORMANCE test DT00020
devi ce passed HART CONFORMANCE test DT00024
devi ce passed HART CONFORMANCE test DT00032
devi ce passed HART CONFORMANCE test DT00033
devi ce passed HART CONFORMANCE test DT00034
The slave device indicated that it does not support
command 59 in frame nunber 4.
HART CONFORMANCE Test DT00035 appears to not apply to the slave device

5 The character Oxff appears due to problems of the modem switching off the carrier.
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5.2. Application Layer

This test is not required for the delivery of the low level machine. We could do this test in
your project if this is required. Please ask for a separate quote.

6. HART 6.0

The driver was developed for HART 5.0. It is compatible with HART 6.0 in that way that
the correct information about the version is transmitted to the host.

If you need an implementation of HART 6.0 please contact:

Borst Automation

Im Wingert 4

65626 Fachingen

Tel.: 06432 989176

Fax: 06432 989129

Email: info@walter-borst.de
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