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PREFACE

The HART® protocol has become a de facto standard protocol for communication with Smart field
devices in industrial process applications. HART is an acronym for "Highway Addressable Remote
Transducer". The HART specification defines the physical form of transmission, transaction
procedures, message structure, data formats, and a set of commands. It also allows a designer the
freedom to define device-specific commands where appropriate. R

The HART protocol was originally developed by Rosemount Inc. However, to encourage the use of
digitally communicating field devices, Rosemount has passed all rights in the protocol to the HART
Communication Foundation, and the HART protocol is freely available for anyone to use. An ever-
increasing number of suppliers offer products using this protocol.

This booklet introduces the HART protocol, and gives some technical details of the current
implementation (Revision 5.3). We hope it will help you to understand the features and benefits of
the HART protocol, how it works and what it can do. It may also help you understand the complete
specification documentation, by providing an alternative less-formal treatment. But it cannot be
regarded as a replacement for the complete HART specification — if you are designing a HART-
compatible instrument or host system, you will need the complete specification. This booklet does
not cover all the details of HART, nor will it necessarily be kept up-to-date. Under no circumstances
should it be taken as definitive.

The booklet is designed to be read sequentially, with new topics being introduced as they are needed,
sometimes at a simple level in one place, then with more detail later. To make it easier to use for
reference, it has short sections, each on a specific topic. The index at the end of the booklet will
direct you to one or more sections dealing with any listed subject.

Chapter I provides an overview of "smart" instrumentation and the HART protocol. Chapter 2
describes the physical signalling method and the transmission medium. Chapter 3 describes the
transaction procedure, and the coding of characters and other data. Chapter 4 describes the
commands used to operate a field device, and includes extensive reference tables. Chapter 5
introduces the Device Description Language, an important technique for interoperability.

A glossary of technical terms and abbreviations follows Chapter 5. The explanations given are
aimed particularly at the relationship of the term to the HART protocol. You may like to refer to this
for further explanation of any unfamiliar words or concepts, or as a reminder of HART usage.

A list of further HAR T-related documents, software tools and contact addresses is also included for
reference, - )

The author would welcome any comments or suggestions on the content or presentation of this
booklet.

HART is a registered trademark of the HART Communication Foundation.
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CHAPTER 1. "SMART" INSTRUMENTS AND THE HART PROTOCOL

1.1  Introduction

This chapter introduces the main concepts of digital communication with field instruments, as
implemented by Fisher-Rosemount in its "Smart Family" of transmitters using the HART protocol.

1.2  "Smart"

The description "smart” for a field device has been used in the sense of "intelligent", to describe any

device which includes a microprocessor. Typically, this would imply extra functionality, above what

had previously been provided in similar non-microprocessor-based instruments. For example, a

smart transmitter might provide better accuracy through the use of a numerical calculation to

compensate for sensor non-linearity or temperature dependence. It might be able to operate with a

variety of different sensor types. It might combine two or more measurements into a single new

measurement (for example volume flow rate and temperature into mass flow). Or it might allow. ‘
re-ranging or semi-automatic calibration. Often, it would provide internal diagnostic self-test |
functions to simplify maintenance procedures.

As well as giving better performance, this extra functionality can reduce the processing needed in the
host (control system), and may also result in a range of instruments being reduced to a single model,
with advantages in manufacturing and inventory management.

1.3 Configurators

To make use of these extra features, "smart" devices usually need a plug-in "configurator”, a box
with a display and a number of push-buttons for the user to set up and control the instrument.
(Providing these as a local operator interface on the device itself is generally too expensive, and
clumsy, for field-mounting units, but may be appropriate for more complex panel-mounting
instruments.)

1.4 Digital communication

A logical next step is to allow the instrument and its "configurator" box to be separated by a greater
distance, by using properly-specified serial communications between them. A further step combines
this communication on to the two wires already used to connect the device back to the central control
room. This brings us to Fisher-Rosemount's present use of the word "smart", to describe field
devices in which the analogue signal, digital communication and (generally) power co-exist on the
same pair of wires.

With such instruments, the advantages of digital communication are obtained, while retaining
compatibility with the analogue signal inputs required by existing systems. Now, in addition to
using digital communication to set up and control the field device, it becomes possible to read the




measured variable over the communication link. Without modification, these instruments are ready
for fully-digital system use.

Smart transmitter

4 to 20 mA + digital communication
(twisted pair cable)

Control system

Personal
computer
Handheld
communicator
("configurator") HART modem

/ multiplexer

Figure 1-1. A Smart system

1.5 Reading the measured variable by digital communication

Using digital communication to read the measured variable, it becomes possible for a single
instrument to provide more than one measurement. (Thus, for example, a Coriolis mass flow
transmitter can provide mass flow rate, process temperature, density and totalized mass flow in a
single message.) It becomes possible to check on the continued good health of the field device every
time a measurement is made, giving a valuable increase in confidence and security. There is a
further gain in accuracy, in that the intermediate steps of digital-to-analogue and analogue-to-digital
conversion to and from the 4 to 20 mA signal are omitted.

Note, however, that the time taken to communicate the message adds an extra delay (dead time) to
the measurement, which could adversely affect the control of fast loops. If this is a problem, it will
be preferable to use the analogue value for control purposes. The higher communication speed of
Fieldbus (see 1.15 below) will eventually remove this limitation.

1.6 Additional information

Digital communication also makes it worthwhile to keep additional information in the field device, to
be read out when required. This leads to several useful possibilities. It can give process-related
information such as tag number and a description of the measurement, and the instrument's calibrated
range and units. Or it can give information about the device itself, acting as an electronic "label".

Further, it can be used to keep records of maintenance-related activities such as the date of last
calibration. Automated instrument management systems become possible, using accurate up-to-date
information from the device itself.

1.7 Multidrop communication

If the measured variable is going to be read by digital communication, the analogue 4 to 20 mA
signal is no longer required. It then becomes possible to connect multiple field devices in parallel to
a single pair of wires, and to communicate with each one in turn to read its measurement (or other
data). To do this, each device must have an "address", to which it will respond, and each request
from the host must include this address as part of the message.

This "multidrop” connection can significantly reduce the cost of field wiring and host input interface
electronics, and may be valuable in monitoring systems. Note, however, that the use of a cyclic scan
means that each measurement is only examined at intervals, and the cycle time for a complete scan
may be too long for high-speed control loops.

single twisted pair cable ...

Controller
or monitoring
system
Gauge Differential
pressure pressure 1emperature

Figure 1-2. Multidrop communication

1.8 The HART protocol

To use these extra features easily with a range of different hosts and field devices, a communication
standard is needed. This has to include specifications for the physical form of transmission,
transaction procedures, message structure, data formats, and a set of commands to perform the
required functions.

Thfe HART protocol was developed by Rosemount Inc. for this purpose. HART is an acronym for
"Highway Addressable Remote Transducer”. To encourage the use of digitally communicating field




devices, Rosemount Inc. has passed all rights in the protocol to the HART Communication
Foundation (HCF) and the HART protocol is freely available for anyone to use. See 1.16 below.

The remainder of this booklet describes the HART protocol in detail. In brief, HART uses the Bell
202 standard frequency shift keying (f.s.k.) signal to communicate at 1200 baud, superimposed at a
low level on the 4 to 20 mA analogue measurement signal. Having an average value of zero, an f.s k.
signal causes no interference with the analogue signal (see Figure 1-3).

20 mA
Analogue
signal
C =Command The high frequency HART signal is composed of sine waves
4mA R = Response at 1200 Hz and 2200 Hz. This signal has an average value
of zero, so does not affect the analogue signal. It is removed
by standard analogue input circuit filtering.
| |

Time (sec)

Figure 1-3. The HART signal

. HART is a master-slave protocol — a field device only replies when it is spoken to. There can be two
masters (a control system and a hand-held HART Communicator, for example). Up to 15 slave
devices can be connected to a single multidrop cable pair (up to four devices, in intrinsically-safe
applications).

Each message (see Figure 1-4) includes the addresses of its source and its destination, to ensure that
it is received by the correct device, and has a "checksum" to allow detection of any corruption of the
message. The field device's status is included in every reply message, indicating its continued good

health. There may or may not be "data" included in a message, depending on the partlcular
command. Two or three message transactions can be made each second.

PREAMBLE I STRT ,ADDR | CoMm IBCNT | [STATUS] l [DATA] CHK

Checksum

Data (0 to 25 bytes)

Command, communication and device
status (2 bytes, from slave to host only)

'— Byte count (of status and data fields)

'— Command

'— Addresses (source and destination; 1 or 5 bytes)

L— Start character

'— Preamble (5 to 20 bytes, hex FF)

Figure 1-4. The HART message structure

1.9  Universal commands

The commands of the HART protocol are defined in three groups. The first group, "universal
commands", provide functions which are implemented in all field devices. Table 1-1 lists these. See
Table 4-4 for more details.

1.10 Common-practice commands

The second group, "common-practice commands", provide functions common to many field devices,
but not all. If a device implements these functions, these commands should be used to perform them.
Table 1-2 lists some of these. See Table 4-6 for a complete list and more details.

1.11 Device-specific commands

The t?lil‘d group, "device-specific commands" (previously called "transmitter-specific"), provide
functions which are more or less unique to a particular field device. Table 1-3 lists a few examples.




Table 1-1. Universal commands.

Command number(s) Function
0,11 Read manufacturer and device type
1 Read primary variable (PV) and units
2 Read current output and percent of range
3 Read up to four pre-defined dynamic variables
6 Write polling address
12,17 Read or write 32-character message
13,18 Read or write 8-character tag, 16-character description, date
14 Read sensor serial number and limits
15 Read transmitter range, units and damping time constant
16, 19 Read or write final assembly number

Table 1-2. Some common-practice commands.

Command number(s) Function

33 Read a selection of up to four dynamic variables
34 Write damping time constant
35 Wirite transmitter range

36, 37 Re-range (set span and zero)
40 Set fixed output current
41 Perform self-test
42 Perform master reset
43 Trim (set) PV zero
44 Wirite PV units

45‘ 46 Trim DAC zero and gain
47 Write transfer function (square root, linear, etc.)
48 Read additional device status
49 Write sensor serial number

50, 51 Read or write dynamic variable assignments

Table 1-3. Examples of device-specific commands.

Command(s) Device Function
128, 129 11518 Read or write materials of construction
130, 131 3044C Read or write sensor type
138, 139 8712 Read or write low flow cutoff value

146 9712 Start, stop or clear totalizer
148, 147 1054A Read or write alarm relay set point
153, 154 9712 Read or write density calibration factor
166 3680 Write gamma source

1.12 Output devices

So far in this chapter, we have described "smart” and HART in terms of measuring instruments and
inputs to control and monitoring systems; indeed this is what HART was originally designed for.
But the protocol is now also used for output devices — valve positioners and current-to-pressure
transducers. Significant benefits are obtained by making enhanced diagnostic information available
from these devices, to the control system or to a maintenance management computer.

1.13 HART products

A wide range of products is now available using the HART protocol. Table 1-4 shows many of
these, and notes the areas in which Fisher-Rosemount offers products. "The HART Book",
published from time to time by GGH Marketing Communications, is a useful reference source.

1.14 Device Description Language

The HART "Device Description Language" (DDL) is a formal language (like a simple computer
programming language), which lets a device designer describe completely and unambiguously what
a field instrument looks like when you talk to it through the "window" of its digital communication
link. The Device Description includes a definition of accessible variables, commands, and operating
procedures. It also includes the menu structure which a host device can use fora human operator.

Device Descriptions make it easy to upgrade hosts to support new field devices, without re-writing
software. Device Descriptions can be used by any suitably-designed host device (handheld
communicator, control system or instrument management system) to automatically provide a correct
and complete user interface for each field device. Device Descriptions allow interoperability and a
degree of interchangeability between smart instruments from different manufacturers, even though
the instruments' functions may be implemented in different ways. Users can choose the best
instrument for each application, without being locked in to a single supplier for the complete system.




Although simple host systems can be designed without using Device Descriptions, they will be .
limited to using universal and common-practice commands, or W{H fleed custom upg?:ades for eac
new field device. See Chapter 5 for more detail on Device Descriptions and the Device Description

Language.

Table 1-4. Some available HART products

i Fisher-
tion

Product Descrip Rosemount

category products

Field devices | Analyticat (pH, conductivity,)ﬂue gas oxygen, ORP, RCL, DO)
ity (Coriolis, nucleonic, o

El?)r\;fl(%lg, magnetic, vortex, ultrasonic, gas flow / mul.tlvarlab_le)

Level (displacement, capacitive, hydrostatic, ultrasonic,
microwave, impedance) o

Mass flow (Coriolis, thermal, vortex, multivariable}

Pressure (absolute, differential, gauge)

Temperature (RTD, thermocouple, infra-red, mV)

[-to-P transducer

Valve position controller

Process controller (PID, advanced)

AN N N N U O S WA N

AN

Host devices Distributed Control System (DCS)
Programmable Logic Controller (PLC)
Single Loop Controller >
Handheld Communicator

Handheld PC
Flow Computer y
Hydrostatic Tank Gauge

Miscellaneous | Modems (standalone, PC card: ISA, PCMCIA)
components Modem IC chips .
Multiplexers

Protocol converters

Intrinsic safety barriers and repeaters

Software Process monitoring

SCADA

Telemetry

Instrument configuration

Instrument calibration

Instrument diagnostics

Instrument / maintenance management

AN N N N

1.15 Fieldbus

Fisher-Rosemount continues to work with others, both in t}}e Fiejldbus Foundation and in t!le r{atlonal
and international standards committees, to define a worldw1df: hlgher_—speed field commumcelltlon t
standard, generally referred to as "Fieldbus". Like HART, this is <'1e51'gned to be used as the t}?\:/es
level in a hierarchical structure of functional devices and commum'cat}on.networks, such ali a;h .
shown in Figure 1-5. However, the performance bein‘g demanded is 51gn1'ﬁcantly greater than ath‘s
provided by today's instruments, both in communication speed and quantity of data. Power over

bus, multidrop and intrinsically-safe operation are required features, but compatibility with analogue
systems is not retained. Several communication speed options are proposed. )

Management Plant
information management etcatera

_ I |

Information network (MAP, DECNET, Ethernet, ...)

Operator Gateway l Operator

station station

I Control syst I

Controller Controller

Fleldbus network(s)

m Field devices

Figure 1-5. A Fieldbus system with hierarchical structure

Fleldbus network(s)

XXX

Today's smart instruments are part of a continuing evolutionary trend, from pneumatic instruments
(3 to 15 psi), through analogue electronic (4 to 20 mA) and simultaneous analogue/digital
communication (HART) to full digital communication (Fieldbus). This is part of the general move
towards a wider use of digital communication in instrument and control systems, leading to eventual
integration with Management Information Systems.

The HART protocol already allows instrument manufacturers and users to get many of the benefits
of, and to gain experience with, digital field communications, while keeping compatibility with
existing analogue systems. This experience will help both manufacturers and users to Jjudge the
benefits and problems of using digital communication in plant operation. We expect the HART
protocol to have a long life, alongside Fieldbus, for upgrades and extensions to existing systems, and
for applications where compatibility with analogue signals continues to be important.

1.16 The HART Communication Foundation

The HART Communication Foundation (HCF) is a not-for-profit Foundation dedicated to promoting
and supporting the use of the HART protocol. To encourage the widespread use of HART,
Rosemount Inc. has transferred the registered trademark and all ri ghts in the protocol to the HCF.
The protocol remains open and free for all to use without royalties. The HCF is supported by its

members (over 60 at a recent count), and can provide documentation, training and support to all users
or interested parties. :




1.17 Summary

This chapter has described the evolution of the present state of "smart" ﬁefld c!evices and the .HAI?T
protocol. Major features are summarised in Table 1-5 below. This combination of features' is unique
to the HART protocol; the resulting benefits provide powerfill reasons for instrument suppliers and
users to make use of this protocol.

Table 1-5. Major features of field devices using HART

Features

Benefits

"Smart" electronics

HART - an "open" protocol.
Two-wire system.

Simultaneous analogue and digital
communication.

Multidrop option.

Multimaster protocol.

Status with every message.
Remote self-test and adjustment.
Extensive on-line instrument data.
Access to on-line diagnostic data.
Universal and common-practice
commands.

Device-specific commands.

Read device identity (tag).

"Set output' command.

Bell 202 standard.

Device Description Language.

Improved accuracy. Wider functional range reduces
inventory.

Users are not locked in to a single supplier.
Can use existing field wiring.

Compatible with existing analogue systems, but ready for
fully-digital systems.

Allows economy in field wiring.

Can use hand held communicator without disturbing the
control system.

Improved data integrity.
Invaluable for inaccessible instruments.
Accurate records for maintenance and inventory control.

Improved performance. Reduced cost of maintenance
procedures.

Operation with new devices.

Allow innovation in field device design.
Easy tracing of field wiring.
Easy checking of loop integrity.

Proven reliability. Low cost modem ICs available to
manufacturers.

Interoperability of devices from different suppliers.

-10-

CHAPTER 2. THE PHYSICAL SIGNAL

2.1 Introduction

This chapter describes the physical signalling method and transmission medium of the HART
protocol. These correspond to layer 1 — the physical layer — of the OSI protocol reference model.

2.2 Frequency-shift keying

HART uses a frequency-shift keying technique to superimpose digital communication on to the 4 to
20 mA current loop connecting the central system to the field device. Two different frequencies
(1200 Hz and 2200 Hz respectively) are used to represent binary 1 and 0.

These sine-wave tones are superimposed on the d.c. signal at a low level (see Figure 1-3). The
average value of a sine-wave signal is zero, so no d.c. component is added to the existing 4 to 20 mA
signal, no matter what the digital data may be. Consequently, most existing analogue instruments
continue to work as usual — the low-pass filtering usually present effectively removes the
communication signal.t

The data rate used is 1200 baud. That is to say, binary digits are transmitted at a rate of 1200 per
second. This means that a 1 is represented by a single cycle of 1200 Hz, while a 0 is represented by
approximately two cycles of 2200 Hz.

This choice of signalling frequencies and transmission rate accords with the American "Bell 202"
standard, one of several used to send digital information over telephone networks. As a result of this
suitable integrated circuit modem chips are widely available at low cost. In the USA, it is
permissible to transmit this signal over the public telephone network. Unfortunately, this standard is
not approved for use over European public telephone networks. (In Europe, back-to-back modems
could be used to convert Bell 202 to RS-232 and thence to CCITT standard V.22 or V.23, if
operation over a public network is required).

i

2.3 Signal levels

The HART protocol specifies that master devices (a host control system or a hand-held
communicator) transmit a voltage signal, whereas slave (field) devices transmit a current signal.
(Recall that the normal operation of a 2-wire transmitter is to control the loop current; it is easy to
extend this control to generate the small high-frequency component of the HART communication
signal.) .

Y Fast sampling analogue-to-digital converters used in some control systems (especially PLCs) may be troubled
by the presence of the HART signal. Using a voltage-sensitive input and an external filter should resolve this
problem. (A single-pole 10 Hz low-pass filter reduces the communication signal to a ripple of about +0.01%
of the full-scale analogue signal).

-11-




The current signal is converted into a corresponding voltage by the loop load resistor, so all devices
use voltage-sensitive receiver circuits. The specified peak-to-peak signal levels are shown in

Table 2-1. Ideally, the wave shape is sinusoidal, but a trapezoidal waveform is acceptable within
limits (see the full HART specification). A square wave is not acceptable.

Table 2-1. HART signal levels

min 400 mV p-p

Master transmitted signal
max 600 mV p-p

Slave transmitted signal min 0.8 mA p-p
max 1.2 mA p-p

Minimum slave signal, converted by a load of 230 0 184 mV p-p

Maximum stave signal, converted by a load of 1100 Q 1320 mV p-p

120mVto 2.0V p-p
80 mV pp

Receiver sensitivity (must receive correctly)

Receiver threshold (must ignore)

For output circuits from a control system to a valve positioner, the same signal levels are used, but
the field (slave) device also uses voltage signalling. In this case, the impedance of the field device
forms the loop load resistor. See 2.13 below.

The receiver sensitivity specification allows for some attenuation of the signal due to cable or other
component effects. The receiver threshold specification reduces the likelihood of interference from
external signals, and prevents crosstalk from other HART signals running in adjacent cables, or
sharing less-than-ideal grounding or power supply systems.

2.4 The connection loop

The conventional connection circuit for a two-wire loop-powered transmitter is shown in Figure 2-1.
In practice, the three items (the power supply unit PSU, the transmitter Tx and the load resistor RL)
may be connected in any order, and any point in the circuit may be grounded. The HART
specification allows load resistors between 230 and 1100 Q.

The HART communication signal must be introduced into, and detected from, the field loop. The
power supply is almost a short circuit at the HART signalling frequencies, so a communicating
device (a hand-held communicator or the communication circuitry of a host control system) cannot
be connected directly across it. Instead, it should be connected either to the two wires to the field (at
A and B), or across the load resistor (at B and C), in which case the circuit is completed through the
power supply. Of course, connecting in the field, directly across the field device, is equally
acceptable.

A HART communicator must not present any d.c. load to the line. To ensure this, it should include,
or be connected through, a capacitor of about 5 uF or more. Even with capacitors present, care may
be needed with grounding, to avoid an a.c. ground connection bypassing the high-frequency HART
signal. Full galvanic isolation of the host connection eliminates this possibility.

+24V A
o x
+
41020 mA
PSU B =
RL
ov c
Figure 2-1. The two-wire current loop

2.5 Active-source devices

Some HART devices run on local power, and provide an active source for their 4 to 20 mA output
and HART communication, instead of using the two-wire loop scheme shown above. Connection of
the.se devices is shown in Figure 2-2 below; any communicating device is connected across the load
resistor at B and C (or in the field, directly across the field device). '

x

RL 4t0 20 mA

ov ¢

Figure 2-2. The current loop for an active-source field device




2.6 Multidrop operation

The HART protocol includes a destination address in each message. By giving each slave device a
different address, a number of such devices can be connected in parallel across a single pair of field
wires. Each one then accepts only messages addressed specifically to it (or broadcast messages).
Since the analogue 4 to 20 mA signals would all add together to give a meaningless total, the act of
setting a non-zero polling address is also used to park the analogue signal at 4 mA (enough to power
the device), thus reducing the total power requirement. Up to 15 field devices are allowed in a
multidrop system. Figure 2-3 shows three multidropped two-wire field devices.

+24V A
——O— % !
+ + +
12 mA
PSU B - - -
RL
X
ov ¢
Figure 2-3. A two-wire multidrop loop

In point-to-point (single slave device) operation, the primary variable can be read either as an
analogue value, or by digital communication. In the multidrop mode, digital communication must be
used to read the primary variable, since the analogue signal is no longer available.

It is possible to mix two-wire current loop and active-source devices in a multidrop scheme, but
because of their different methods of connection, a third wire is needed to the field, as shown in
Figure 2-4 below. Current flow is shown by the arrows. The upper transmitters are two-wire
loop-powered; the lower transmitters are separately-powered active-source devices. If "twisted
triple" cable is not available, such a mixed system should be constructed using two separate twisted
pairs, connected together at the load resistor. A communicating device can still be connected either
across A and B, or across B and C, or across a field device, for communication to any field device.

2.7 Device characteristics

To allow HART systems to be designed reliably without detailed information on each device in the
system, limits are specified for the impedances presented by any single device. See Table 2-2.

Notice that tl?e primary ‘m:aster shunt impedance is specified on the assumption that it includes the
loop l.oad‘resmtor. If this is not the case, the device's shunt impedance needs to be higher, so that the
combination meets the specification. ’
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Figure 2-4. Mixed two-wire and active-source devices

Table 2-2. Impedance specifications

Primary master (including Shunt impedance (receivin
load resistor)’ - ( 9 Zhbiwa
Maximum source impedance (sending)? 700 Q
Secondary master’ Minimum shunt impedance (receiving) 5 k0
Maximum source impedance (sending) 100
Slave device Minimum shunt resistance 100 ko
) Maximum shunt capacitance® 5000 pF
Miscellaneous devices’ Minimum shunt impedance
(total) P 10ka
Maximum series impedance ' 100 Q

Notes: 1.

ere are alst parate limit: cli 1AUCTIV ponent of the master device
t 0 SE| e s on the reactive ( ductive o capacitive) comp

e primary master's source impedance when sending must also b, r r than its shunt impedance
T g e no greate t

'I|;he.5000 pF_ Iimit_ on slave device shunt capacitance is a recommendation rather than an absolute limit.

D :;;iiz rl:avu:jg hégf;etr) vglougg rr|1:ust Fstale their "CN" factor. Capacitance number CN is the actual device
ce, divided by pF. (For example, a device with a capacitan

normally quoted as the next higher integer, 5.) " o0 0f22000 pF has a CN of 4.4,

A "miscellaneous device" is any passive instrument in the loop, such as a local current indicator.




28  Signal attenuation and distortion — the 65 ps limit

In any network containing resistance and capacitance, signals are attenuated, and delayed (shifted in
phase), as they pass through. The amount of attenuation and delay depends on the frequency of the
signal, relative to the "cut-off” frequency of the network. To ensure reliable reception of the HART
signal across the load resistor, the signal from the field device must not be attenuated by more than
3 db (a factor of 0.707). This allows a small safety margin for the lowest transmitted signal (0.8
mA), the lowest permitted load resistor (230 ohms), and the most insensitive receiver (120 mV) (see
Table 2-1). In addition, the two signalling frequencies must not be delayed unequally by more than
about 50 ps, or the composite waveform will be distorted and the data recovery circuits may fail to
separate the two frequencies correctly.

To ensure that these conditions are met, the HART specification imposes a minimum cut-off
frequency of 2500 Hz (at 3 db attenuation), slightly above the highest HART signalling frequency.
A simple resistance-capacitance circuit will meet this requirement if it has an RC time constant value
of 65 ps or less. (This means: multiply together the circuit resistance R and the circuit capacitance
C. Include the units; remember ohms x farads = seconds, for example 250 Q x 0.1 WF =25 ps.)

This may all seem rather complicated — just remember that a HART system must be designed to have
an RC time constant of 65 ps or less. In a simple case, the resistance R is the sum of the load resistor
and the cable resistance, and the capacitance C is the sum of the cable capacitance and the
capacitances of the connected devices. To allow high capacitance, keep the load resistor as low as
possible (but not less than the 230 Q limit) - 250 Q is a commonly-used value. What this means in
terms of the permissible number of devices and cable lengths is discussed in 2.9 below.

If there are other devices in series with the loop, such as a local current indicator, chart recorder, or
IS barrier, the series resistance of these components (in so far as it is not shunted by a capacitor at
HART signal frequencies) needs to be added in to the value for R.

2.9 Cabling

For all but the shortest cable runs, the field wiring of a HART system should use a screened twisted
pair cable. For cable lengths above 1500 m, use individually-screened twisted pairs to avoid possible
crosstalk between pairs. Below 1500 m, overall-screened multiple twisted pairs are acceptable, but
in this case, it is important not to use the other pairs for any signals which might interfere with the
HART communication. (They can be used for other HART lines, or for pure analogue lines,
providing the HART limits on rate of change of analogue signal are met — see 2.12 below.)

If the cable is longer than a few metres, its resistance and capacitance may become significant in the
RC time constant limitation (see 2.8 above). Of course, its resistance may also be important in the
loop voliage drop calculation which any two-wire loop-powered system requires.

The relevant cable parameters depend on conductor diameter, insulation type and insulation
thickness. This is the insulation which covers and separates the two copper conductors — outer
protective coverings are not important in this respect. For HART signal calculations, the important
parameters are the capacitance measured from one conductor to all others and screen (not between
the two conductors of a pair, as commonly quoted), and the resistance of both conductors in series.
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If possible, when estimating the effect of cable length on the HART signal, use real values measured
or specified for the particular cable used in the actual installation. Otherwise, a rough estimate of
capacitance and resistance can be made from a knowledge of the insulating material and the
conductor size, using Table 2-3. In general, the lowest capacitance cables have thinner conductors,
and therefore higher resistance. Typical combinations for some common cable types are shown in

Table 2-4.

Table 2-3. Cable parameters

Conductors Resistance
- - (both conductors
Insulation Capacitance Area Diameter AWG in series)
PVC 300 - 400 pF/m’ 2.0 mm? 1.6 mm 14 17 Q/km
polyethylene 150 - 200 pF/m 1.3 mm? 1.3 mm 16 28 Q/km
polyethylene foam 75 -100 pF/m 0.8 mm? 1.0 mm 18 45 Q/km
0.5 mm? 0.8 mm 20 70 Q/km
0.3 mm? 0.6 mm 22 110 Q/km
0.2 mm? 0.5 mm 24 160 O/km
Table 2-4. Some typical cables.
Cable type Insulation Example Capacitance Resistance
PVC BS5308 part 2 400 pF/m 24 - 80 O/km
Instrumentation-grade -
screened twisted pair polyethylene BS5308 part 1 200 pFim 24 - 80 Qfkm
polyethylene, foam Kerpen 7093 100 pF/m 36 Q/km
Overall-screened multi- | PVC Belden 8441 270 pF/m 110 Q/km
core
Computer-grade polyethylene Belden 9873 180 pF/m 75 Q/km
screened twisted pair
Low-capaditance polyethyiene or Belden 9729 160 Q/km

(RS-485/ RS-422)

proprietary, foam

73 pFim

In the simple case of a single field device and a single host, with a 250 Q load and no other
sigr%iﬁcant resistance, the 65 ps rule would allow 0.26 uF total capacitance. Allowing 0.01 pF for
dev1cc? capacitance (5000 pF each for one field device and a possible secondary master), the cable
capacitance could be up to 0.25 pF. However, allowing for the cable resistance reduces the
Permitted total capacitance and therefore the cable length. For a typical 1 mm? polyethylene-
insulated instrumentation cable with 200 pF/m capacitance and 36 Q/km resistance, the 65 ps rule
allows 1100 metres of cable. Using the best of the cables in the table (100 pF/m and 36 Q/km),
2000 metres is possible (still well short of the specified maximum HART cable length of

3000 metres). See Table 2-5 below.

-17-




Multidrop operation reduces the possible cable length, since the cape%citancc? of the _ﬁeld devices uses
more of the allowance. The effect of a high CN number is very significant in multidrop systems.

Table 2-5 shows some examples of this.

Table 2-5. Maximum length for typical 1 mm? cables

Field devices Cable insulation
PVC Polyethylene Polyethylene foam
1(CN=1) 600 m 1100 m 2000 m
10 multidrop (CN = 1) 500 m 900 m 1600 m
10 multidrop (CN = 4.4) 85m 150 m 250 m

Notes: These lengths assume a 250 Q load resistor and no misceltaneous devices.

Cable capacitances are taken as 400 pF/m, 200 pF/m and 100 pF/m respectively, for PVC, polyethylene and
polyethylene foam insulation.

2.10 Grounding

To prevent interference by external signals, it is important to groynd the system properly. I.n
particular, the signal loop should be grounded, if at all, at one point only.‘ The cable screening must
be connected to ground, at one point only, and must not be connected tq instrument or junction box
cases unless these are isolated from ground. The single ground point will usually be at or near the
primary master (for example, the control system).

2.11 Power supply

Power for a two-wire instrument loop is typically 24V d.c. As alwa}ys, the voltage must be sut?ﬁment
to provide the necessary lift-off voltage for the field device, taking into accqunt voltage drops in the
cable and load resistor, and a passive IS barrier if one is present. Smart devices may take up to

22 mA to indicate an alarm condition; use this value to calculate the worst loop voltage drop.

There are additional communication-related specifications for the power supply for a HART loop;
these are shown in Table 2-6 below. The ripple and noise specifications are designed ?o prevent
direct interference with the HART signals. The impedance limit ensures that HART signals see the
power supply as a low impedance path, and prevents inadvertent f:ouphng and crosstalk I?etween
multiple HART loops powered from a common supply. (The resistance of output fuses, if any, must
be included, when measuring this value.)
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Table 2-6. Power supply specifications

Maximum ripple (47 to 125 Hz) 02Vp-p
Maximum noise (500 Hz to 10 kHz) 12mVrms
Maximum series impedance (500 Hz to 10 kHz) 100

2.12  Analogue signal bandwidth

To avoid interference with the superimposed HART communication signal, the rate-of-change of the
analogue output of a HART-compatible transmitter must be limited above 25 Hz by a filter giving
40 db/decade attenuation. The HART receiver is specified to reject any signal which could be
produced by a 16 mA square wave, passed through such a filter.

2.13 Output devices

For output devices, the HART specifications are adapted to take into account the different
impedances of the master (control system) and slave (valve positioner or other transducer). In this
case, the control system generates the 4 to 20 mA current signal, and is therefore a high impedance
device (at least at d.c. and low frequencies). The valve positioner, on the other hand, has fairly low
resistance, dropping perhaps 10 volts at 20 mA (2 500-ohm load). Ideally, the controller would
maintain its high impedance up through the HART signal frequency band, and could impose a
current modulation for the HART signal; the slave could use voltage modulation. In practice, many
existing controllers do not meet this impedance characteristic, and some are upset by the appearance
of HART signals on their output connections. They may also generate a rapidly-changing analogue
output signal, which can interfere with HART communication (see 2.12 above).

The HART Communication Foundation is working on specifications to ensure good operation of
HART for output devices. In the meantime, it is necessary to check carefully for compatibility, and
it may be necessary to use a filter to isolate the controller output circuit from the HART signal. A
separate technical note is available with more information on this subject.

2.14 Other devices

Other analogue devices such as local indicators or chart recorders can be included in the loop, as long
as they meet the limits on series and shunt impedance for "miscellaneous devices" (see Table 2-2
above). In particular, if a chart recorder is connected to sense the voltage across an additional series
resistor of more than a few ohms, it should be shunted by a capacitor to bypass the HART signal.
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2.15 Intrinsic safety barriers

Systems using intrinsic safety (IS} barriers need special care. In addition to the usual check on loop
voltage drop, the supply voltage to a passive shunt diode barrier must be reduced by 0.6 V to allow
headroom for the HART signal. This avoids conduction by the zener diodes on signal peaks, which
would introduce an error in the analogue signal. The series resistance of the barrier must be included
in the RC time constant calculation for the 65 microsecond rule.

For the more complex active barriers, somewhat different considerations apply. A separate technical
note is available with more information on this subject. Most suppliers now offer repeater/isolator
barriers specifically designed to pass HART signals successfully.

Depending on their equivalent capacitance and other IS certification parameters, up to four field
devices may be multidropped in an IS system, still leaving some of the hazardous side capacitance
allowance for cabling.

2.16 Voltage-mode HART

An alternative physical layer has been defined for use in low-power field devices. This uses voltage
modulation of the HART fs.k. signal for communication in both directions, superimposed on a
voltage-mode analogue signal of 1 to 5 volts. This involves changes to the permissible device
impedance specifications, and is only workable for point-to-point (non-multidrop) applications. In
addition, the possible signalling distance is much reduced: 150 metres should always be possible;
330 metres may be possible, depending on system details.

2.17 RS-485 HART

Some vendors (including Micro Motion) offer instruments using HART frame and message formats
over an RS-485 physical layer, independently of the analogue output signal. This is a purely digital
signal, not using the f.s.k. technique. Witha balanced impedance-matched line, higher
communication speeds are possible, up to 38400 bps, resulting in faster sampling rates for process
measurements. At speeds other than 1200 bps, the transaction timing rules of HART have to be
changed. Multidrop operation is supported.

At the time of writing, this mode has not been accepted by the HART Communication Foundation.

2.18 Summary

HART uses a frequency-shift keyed (f.s.k.) signal to communicate at 1200 baud, superimposed at a
low level on the 4 to 20 mA analogue signal. Having an average value of zero, the f.s.k. signal
causes no interference with the analogue signal.

If analogue signalling is not required, up to 15 field devices can be connected in paralle] on the same
pair of wires in a multidrop system.
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"Ijhe transmittefi signal levels and receiver sensitivity are specified in such a way as to allow for
signal attenuation, but reduce the likelihood of interference and crosstalk.

To avoid cxcessiv.e attenuation or distortion of the HART signal, a limit is placed on the cut-off
frequency of tl;e line. This can be considered as a 65 ps limit on the RC time constant of the
components of the system, including the cable capacitance. Low-capacit

5 . - ance cable t. 1
longer cable lengths, up to about 2000 m. i pes alow

Grounding of the signal loop, and the cable screen, must be d idi i
Oroundng o 3 e done properly, avoiding multiple ground

A-HART-compati.ble transmitter has a restricted analogue signal bandwidth, to avoid interference
with the communication signal.

The use of IS barriers requires extra consideration. Most suppliers offer HART-compatible barriers.

Altemative volt'flge-modulation and RS-485 physical layers are used by a few vendors for
instruments having special requirements.
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CHAPTER 3. TRANSACTION PROCEDURE, CODING AND MESSAGE STRUCTURE

3.1 Introduction

This chapter describes the transaction procedure, character coding and message structure of the
HART protocol. These correspond to layer 2 — the data-link layer — of the OSI protocol reference
model.

3.2 Master-slave operation

HART is a "master-slave" protocol. This means that each message transaction is originated by the
master (central) station; the slave (field) device only replies when it receives a command message
addressed to it. The reply from the slave device acknowledges that the command has been received,
and may contain data requested by the master.

3.3 Multimaster operation

The HART protocol allows for two active masters in a system, one "primary" and one "secondary”.
Usually, the primary master would be the control system or other main host device, and the
secondary master would be either a hand-held communicator or a maintenance computer. The two
masters have different addresses, so each can positively identify replies to its own command
messages.

3.4 Transaction procedure

HART is a half-duplex protocol; after completion of each message, the f.s.k. carrier si gnal must be
switched off, to allow the other station to transmit. The carrier control timing rules state that the
carrier should be turned on not more than 5 bit times before the start of the message (that is, the
preamble) and turned off not more than 5 bit times after the end of the last byte of the message (the
checksum).

The master is responsible for controlling message transactions. If there is no reply to a command
within the expected time, the master should retry the message. After a few retries, the master should
abort the transaction, since presumably the slave device or the communication link has failed.

After each transaction is completed, the master should pause for a short time before sending another
command, to allow an opportunity for the other master to break in if it wishes. In this way, two
masters (if they are present) take turns at communicating with the slave devices.

Typical message lengths and delays allow two transactions per second.

Table 3-1 below gives a simplified summary of these and other timing rules. Refer to the full HART
documentation for complete specifications covering all circumstances.
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3.5 Burst mode

To achieve a higher data rate, some field devices implement an optional "burst mode". When
switched into this mode, a slave device repeatedly sends a data message, as though it had received a
specific command to do so. Special commands (#107, #108, #109) are used to start and stop this
mode of operation, and to choose which command should be assumed. (If burst mode is
implemented, Commands #1, #2 and #3 must be supported; other commands are optional.) There is
a short pause after each "burst" message, to allow a master device to send a command to stop the
burst mode operation, or to initiate any other single transaction (after which burst messages will

continue).

Generally, burst mode is only useful if there is just one field device attached to a pair of wires (since
only one field device on a loop can be in burst mode at any one time). In burst mode, more than
three messages can be transmitted per second.

Table 3-1 includes a simplified summary of the burst mode timing rules. Refer to the full HART
documentation for complete specifications covering all circumstances.

Table 3-1. Summary of timing rules.

Device and message type Time interval

Unsynchronised primary master sends a command > 305 ms
Unsynchronised secondary master sends a command | = 380 ms after continuous quiet on the bus

Unsynchronised bursting slave bursts > 305ms

Synchronised master sends a command _ 20* - 75 ms | after a response to the other master
>75ms after a response to itself

Non-bursting slave responds to a command 0-256ms | after the command

Synchronised bursting slave bursts 75 - 256 ms | after its previous burst message

0-20ms after its response to the initial "enter
burst mode" command, or after the
response to any interposed command

Notes: Intervals are timed from the end of the checksum character (not from the end of the carrier).

When first connected to the bus, a device is "unsynchronised”. It becomes "synchronised” when it has been
monitoring bus activity and has recognised the type and end of a previous message.

ere i res command, us i ronised”.
If there is no onse to a nd, the bus again becomes "unsynch d"”

* A master need not wait 20 ms, following a burst message addressed to the other master (see 3.11 below).

3.6 Character coding

HART messages are coded as a series of 8-bit characters or "bytes". These are transmitted serially,
using a conventional UART (Universal Asynchronous Receiver/Transmitter) function to serialize
each byte, adding a start bit, an odd parity bit and a stop bit. These allow the receiving UART to
identify the start of each character, and to detect bit errors due to electrical noise or other

interfe.rence. The bit sequence for a complete character is shown in Figure 3-1. The least-significant
data bit DO is sent first. :

_——IOIDO|D1ID2|D3|D4IDS|DG|D7|P|1

Start bit 8 data bits Parity Stop
(DO is the least significant bit) bit bit

Figure 3-1. Character format

(Note that the serial port on an IBM-compatible PC cannot be set directly to this combination of
8 data b.its plus parity, either by the DOS MODE command or by the IBM BASIC "OPEN COM"
instruction. Most other programming languages do not have this problem. If necessary, the serial
port can always be set up using low-level machine functions.) :

Most asynchronous serial protocols allow inter-character periods at the idle signal level; however,

inter-chare.act'er gaps are not permitted in HART. This restriction is necessary, to meet the HART
message timing specifications; indeed any gap longer than 1 byte-time may be detected as an error.

3.7 Message format

The HART message structure is repeated here in Figure 3-2 for convenient reference,

[ PREAMBLE STRT ,ADDR , COM ,BCNT , [STATUS] l [DATA} CHK

Checksum

Data (0 to 25 bytes)

Command, communication and device
status (2 bytes, from slave to host only)

— Byte count (of status and data fields)

“— Command

— Addresses (source and destination; 1 or 5 bytes)

'— Start character

— Preamble (5 to 20 bytes, hex FF)

Figure 3-2. The HART message structure




The remainder of this chapter describes the Preamble, Start Character, Address, Byte Count and
Checksum fields. See Chapter 4 for information on the Command, Status and Data fields. Complete
example transactions are shown in Figures 3-5 and 3-6 below.

3.8 Long and short frame formats

Older HART instruments (up to and including HART Revision 4) always used a "short frame
format". In this format, the address of the slave device is either 0, for non-multidropped devices
using the 4-20 mA current signal for the measurement, or is in the range 1-15, for multidropped
devices. This short address form is referred to as the "polling address".

HART Revision 5 introduced the "long frame format". In this, the address of a slave device is a
worldwide-unique identifier, a 38-bit number derived from the manufacturer code, the device type
code, and the device identification number. (Figure 3-6 shows the construction of the unique
identifier.) This format gives extra security against the possible reception and acceptance of
commands meant for another device, either due to external interference or due to excessive crosstalk
in a badly-installed system. It also extends the addressing capability of the HART protocol to allow
for larger networks (for example using a common radijo link to a large number of remote field
devices). Strictly, the unique identifier is not quite unique, since only the least-significant 6 bits of
the 8-bit manufacturer code are included. In principle, there could be four devices with the same
"unique identifier". (The HART Communication Foundation has issued recommendations on device

type numbering which make this unlikely in practice.)

Most master devices should implement both long and short frame formats fully, so as to be able to
deal correctly with existing field devices as well as new ones. Revision 5 (and later) field devices
must always implement Command #0 ("Read unique identifier") in both frame formats. A master
will normally use Command #0 in short frame format to identify a field device on first connection,
when the unique identifier is not yet known. Since the reply to this command also includes the
device's universal command revision level, the master can then determine which format to use for
further commands to that field device. (See also 4.6 below.)

3.9 Preamble

The preamble consists of between five and twenty hexadecimal FF characters (all 1's). This allows
the receiver to synchronize to the signal frequency and the incoming character stream, after initial
detection of the HART signal, and also allows for any small delay in reversing the direction of
transmission through the modem after an outgoing command.

A first attempt at communication, and any retries, should use 20 preamble characters, to have the
best chance of success. The response to Command #0 tells a master how many preamble characters
the slave would like to receive; a master can use Command #59 to tell the slave how many preambles

to use in its replies.
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3.10 Start character

Th.e start character in a HART message has several possible values, indicating which frame format is
b'emg used, 'the source of the message, and whether this is a burst mode message. These are shown
(in hexadecimal) in Table 3-2. When waiting for a message, receiving devices listen for any of these
characters, as the first character after at least two FF characters, to indicate the start of the message.

Table 3-2. Start characters

Message type Short frame Long frame
Master to slave 02 82
Slave to master 06 86
Burst message from slave 01 81

These characters can be fully identified by the content of bits 0, 1, 2 and 7. It has been proposed that
future enhancements to the HART protocol may use bits 5 and 6 of the Start character to indicate the
presence of extra bytes between the Address and Command fields, However this has not yet been
approved by the HART Communication Foundation. y

3.11 Address

The address field contains both the master (host) and slave (field device) addresses for the message.

ghesetare contained in a single byte in the short frame format, or in five bytes in the long frame
ormat.

In bc?th formats, the most-significant bit is usually the single-bit address of the master device takin
part in th.e transaction. Only two masters are allowed — for example a control system and a hand-hgld
communicator. The most-significant bit of the address field distinguishes between these: primary
masters (control systems or other permanently-connected hosts) use address 1, secondaq; masters use

_ address 0. Burst messages are an exception ~ in these, the most-significant bit is set alternately to 0

and 1; this gives each master, in turn, an opportunity fo interrupt the burst mode operation.

glso in both for{nat's, the next-most-significant bit is set to 1 to indicate that this message comes
om a ﬁ)eld device in burst mode (which does not necessarily mean that this is itself a burst
message). )

.In the shc?rt fr.ame format, slave devices have polling addresses in the range 0 to 15. This number is
}ncluded in bmg:y form as t.he least-significant half of the single address byte. In the long frame
ormat, the polling address is not used; instead, the remaining 38 bits of the five-byte address field

hold the slave's "unique identifier" as an address. Fi
g e ! - Figures 3-3 and 3-4 show the two address
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=

L Slave address (4 bits: polling address)

T T
SA
1 1

DCDE

I— Burst mode

Master address

Figure 3-3. Short frame address structure

First byte 4 more bytes

T T T SI]\ T N TS s >:|
|TA | B | ! 1 | 1 { ) e e e e e e e e e e e e e e mae e e e =
’— Burst mode

Master address

|— Slave address (38 bits: unique identifier)

Figure 3-4. Long frame address structure

In the long frame format, 0 (38 zero bits) can be used as a broadcast address, for a message t(? be
accepted by all slave devices. This is only possible if the data in the message detemxm.es which field
device should reply; for example Command #11 ("Read unique identifier associated w1th. tag") ‘
normally uses the broadcast address with a tag in the data field, so that all connected devices receive

the message, but only the device with a matching tag replies.

3.12 Command

The command byte contains an integer (0 to hex FD or decimal 253) representing one of the HART
commands. The received command code is echoed back by the slave device in its reply.

Chapter 4 gives details of many commands and their associated data.

3.13 Byte count

The byte count character contains an integer, the number of bytes which form the remainder of the
message (that is, the status and data sections; the checksum byte is not included in this count). The
receiving device uses this to identify the chécksum byte and to know when the message is complete.

Because the data field is limited to 25 bytes maximum (see 3.15 below), the byte count is in the
range 0 to 27.

3.14 Status

Status (also referred to as the "response code") is included only in reply messages from a slave. It
consists of two bytes, reporting any outgoing communication errors, the status of the received
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command (such as that the device is busy, or does not recognise the command), and the operational
state of the slave device. ‘

The coding and meaning of status information is described in 4.14 below.

3.15 Data

Not all commands or responses contain data. For those that do, to conform to the overall transaction
timing rules, the data field can never be more than 25 bytes. (It has been suggested that this limit
should be relaxed for RS-485 HART, since higher communication speeds will generally be used.)

Data may be in the form of unsigned integers, floating point numbers or ASCII character strings.
The number of bytes of data, and the data format used for each item, are specified for each command.
Refer to Chapter 4 for more details. .

3.16 Checksum

The checksum byte contains the exclusive-or ("longitudinal parity”) of all the bytes which precede it
in the message, starting with the "start" character. This provides a further check on transmission
integrity, beyond that provided by the parity check on the 8 bits of each individual byte. The
combination guarantees to detect any single burst of up to three corrupted bits in a message, and has
an excellent chance of detecting longer or multiple bursts.

3.17 Example transactions

Figures 3-5 and 3-6 show examples of short frame and long frame transactions, with the meaning of
each field explained. Within each message, byte values are shown in hexadecimal, with address
fields further decomposed into binary to show their component parts.

3.18 Summary

HART is a master-slave protocol, with up to two active masters (a control system and a hand-held
communicator, for example). Up to 15 slave devices can be connected to a single multidrop pair of
wires.

Each message includes the addresses of its source and its destination.” Two forms of slave addressing
are used: a short form for older devices (and for initial device identification), and a long form, based

on the unique identifier, for newer (HART Revision 5) devices.

The field device's status is included in every response message, indicating its continued good health.
Parity checking and the checksum allow corruption of the message itself to be detected.

Two transactions can be made each second. In burst mode, three messages are sent each second.
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Master to slave:

Master to slave:
[ v [re [ er [re [er [ o2 a6 [os e [ o1 [4e o1 [oo [wo]

FFlFFlFFlFF'FF|02I82|01‘00i81|

r PREAMBLE {STRTiADDRl Ccom|BeNT %I [ PREAMBLE [srm| ADDRESS com|BeNT CHKJ -
0 I Read| 0
short — Long PV
frame, frame,
from Read from
master PV master
82 A6 06 BC 61 E
1000 0010 1010 6110 0000 0110 1011 1100 0110 0001 0100 1110
T [
Primary POLLING Primary UNIQUE IDENTIFIER
master ADDRESS : master 10 0110 0000 0110 1011 1100 0710 0001 Q100 1110
2 L T1 : T ' I
Not in Not in DEVICE TYPE DEVICE IDENTIFICATION
burst mode burst mode 6 = 3051C NUMBER 12345678
MANUFACTURER
Slave to master: 38 = Rosemount
rFFlFFlFF]FFIFFlOé}BZlm|07|00l00|06|40'80l00100'74 '
Slave to master:
p— [sver oo [ confacur| svarus OATA o] A re [ er [ s [ e [os [oc[er [ [ ot [o7 oo oo [ o6 40 [s0]oofoo|ss]
] 7| o Psl| 5.5 '
short l PREAMBLE lSTRTL ADDRESS COM[BCNT| STATUS DATA CHKI
frame, I f
from Read Read| 7 oK pst 5.5
slave PV | Long | as above | PV
. frame,
from
as above slave

Figure 3-6. A long frame format transaction

Figure 3-5. A short frame format transaction
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CHAPTER 4. COMMANDS, DATA AND STATUS

4.1 Introduction ¢

This chapter describes the classification of HART commands, and gives details of the data structures
used with many of them. The coding and meaning of HART status information is also described.
This corresponds to layer 7 — the application layer — of the OSI protocol reference model.

Refer back to Figure 3-2 for the overall structure of a HART message. This chapter is concerned
with the Command, Status and Data fields. (See Chapter 3 for information on the other fields.)

4.2 Commands

The command byte contains an integer (0 to hex FD or decimal 253), representing one of the HART
commands. A few numbers (31, 127, 254 and 255) are reserved. "254" may become the basis of an
expansion mechanism, if more command numbers are needed in future,

HART commands are defined in three groups: "universal”, "common-practice” and "device-specific".

4.3  Universal commands

"Universal commands" are in the range 0 to 30. They provide functions which are implemented in
all HART-conformant field devices. Table 4-1 summarises their functions. For more detail, see
sections 4.6 to 4.9 and 4.13, especially Table 4-4, where the data structure for each command is
shown. Some of these commands were different in earlier Revisions of HART; Table 4-5 shows
those differences.

Table 4-1. Universal commands (summary)

Commands Function
0, 11 Identify device (manufacturer, device type, revision levels)
123 Read measuréd variables
6 Set polling address (and multidrop mode)
12,13,17, 18 Read and write user-entered text information (tag, descriptor, date, message)
14,15 Read device information (sensor serial number, sensor limits, alarm operation,
range values, transfer function, damping time constant)
16, 19 Read and write final assembly number
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4.4 Common-practice commands

"Common-practice commands" are in the range 32 to 126. They proYide functions common to ma;ly
field devices, but not all. If these functions are implemented in a device, thfese commands should be
used to perf(;nn them. Table 4-2 summarises their functions; for more detail, see Table 4-5, where

the data structure for each command is shown.

Table 4-2. Common-practice commands (summary)

Commands Function
33,61, 110 Read measured variables
34-37, 44, 47 Set operating parameters (range, damping time, PV units, transfer function)
38 Reset "configuration changed" flag
39 EEPROM control
40-42 Diagnostic functions (fixed current mode, self test, reset)
43, 45-46 Analogue input/output trim
48 Read additional device status
49 Write sensor serial number
50-56 Use of transmitter variables
57-58 Unit information (tag, descriptor, date)
59 Write number of preambles required
60, 62-70 Use of multiple analogue outputs
107-109 Burst mode control

Common-practice Commands #123 to #126 are "non-public”. They are typically used b3f
manufacturers to enter device-specific information during a,ssemblyf for example the device )
identification number, which will never be altered by users, or for direct memory read and write

commands. Often, a password is needed to activate these commands.

4.5 Device-specific commands

"Device-specific commands" are in the range 128 to 253. They provide functions Which are.mc?.rebor
less unique to a particular field device. (Some documents refer to these as "transmltter-'spemﬁc' , but
the term "device-specific" is to be preferred.) Table 1-3 showed some examples of device-specific

commands.

In HART Revision 4 and earlier, device-specific commands always included.the Devi?e T}c/lpe .Code
as the first byte of the data field, to ensure that a commd never reach‘ed an mco.mpatxble evice.
This practice was dropped with HART Revision 5, since the use of Unique Identifiers now ) .
guarantees that the host has fully identified the field device before any other command can be sent.
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Device-specific commands are not considered further in this booklet. Refer to the manufacturer's
device-specific documentation for further information on the commands for any particular
instrument,

4.6 Commands #0 and #11

Commands #0 and #11 are used to identify a field device. Since HART Revision 5 , all commands
use the long frame format, but Command #0 must also be accepted, and responded to, in the old short
frame format. This lets a HART master identify an unknown field device, without previously
knowing its Unique Identifier. The data in the reply to Command #0 includes the manufacturer
identification code, the device type code, and the device ID number. From these, the master can
build up the device's Unique Identifier, for subsequent use in long frame commands.

Referring to Tables 4-4 and 4-6, notice the difference in the data structures for Command #0 in
earlier revisions. In Revision 4, the original "transmitter type code" is optionally split into two
bytes: the manufacturer code and the device type code. This option is indicated by "254"
("expansion") in the first data byte, and the remaining bytes are moved up by two positions. In
Revision 5, the expanded version is mandatory; in addition, the final-assembly number is replaced by
the device identification (ID) number. All HART masters must deal with all these cases, if they want
to work with Revision 4 or earlier devices. (In a future HART Revision, it is proposed to add four
further data bytes to the response to these commands, to identify the device's HART and functional
specifications more exactly: common-practice command revision, common tables revision, data link
revision and device family code.)

A master will commonly begin communication by using Command #0, with a polling address of 0,
then perhaps scanning up from 1 to 15 if multidrop operation is expected. Alternatively, if the field
devices are Revision 5 or later, and the tag(s) of the connected device(s) are already known (as they
may well be, in a control system), the master can use Command #1 1, with a long-frame broadcast
address of all 0's, and with the tag as data in the command. A field device will then respond only if
its tag matches. The data in the reply to Command #11 is identical to that of Command #0, so the
master can then construct the Unique Identifier in the usual way, for use in further commands.

. 47 Commands #1,#2 and #3

These commands are used to read measured variables in various forms. Commands #2 and #3
include the actual output current in mA. Like the real analogue output, this mA value represents the
primary variable (PV) only when it is within the configured output range, not when the device is in
multidrop mode, and not when the output is otherwise fixed, saturated or indicating a device fault by
an out-of-range value. However, the PV and other dynamic variables returried in engineering units
by these commands are not limited by the configured output range, but continue to follow the
measurement out to the sensor limits. The percent of range value returned by Command #2 also
follows the measurement out to the sensor limits, so can take values below 0% and above 100%.

Common-practice Command #61 is an equivalent to Command #3, for use with instruments having

an analogue output other than current. Command #110 also returns the dynamic variables (without
the analogue output signal level). Command #33 provides any selection of up to four transmitter
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variables. For multiple-output devices, Command #60 reads any select'ed analogue output signal
level (and its percent of range), and Command #62 provides any se!ectlon of up to four analogue
output levels. (See also section 4.12 for more on multivariable devices.)

4.8 Command #6

Command #6 sets the polling address of a field device. Set to 0, the device works normally 'in ;.)oint-
to-point mode, generating an analogue output signal. Set to any value from 1 to 15, the device is
switched into multidrop mode, and its output current is fixed at 4 mA.

4.9 Commands #12 to #19

Commands #12 to #19 are used to read and write a selection of devi'ce inforn.lation. Re(fei1 tc.) Table
4-4 for details. In HART Revision 4 and earlier, thesF commands did m.).t exist. Inste;t t eizct
functions were provided by Commands #4 and #5, with "block numbers" (0 to 3) used to se
particular sets of data. Table 4-5 shows the data formats for these old commands.

4,10 Data

Not all commands or responses contain data. For those that do, up to 25 bytes can be included. Data

may be represented as
L] integers — 8, 16, 24 or 32 bits, unsigned
» floating point numbers — IEEE 754 single-precision floating point format
»  ASCII character strings — usually packed 4 characters into each 3 bytes

s enumerated items from a standard list — coded as 8-bit integers.

Refer to the Glossary for details of these data formats.

If a command is unsuccessful (indicated by an "error" status), the response shou}lld not co::nonf data.
The response 10 a successful "write" or "command" command always 1nc1ufies ; e samese O e
variables as were contained in the command message; howev.er, 'the values in t] e:'res%;.cc))rrl1 e
actually used, taken from the field device's memory, so as to indicate any approximati .

h item, are specified for each command
ber of bytes of data, and the data format used for eac , ar : '
Zﬁi;;lina zew arzt allowed to be truncated after the last data item used in the particular device). Refer

to Tables 4-4 to 4-6 for details.
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4.11 Enumerated items

Data items for which a choice is made from a list of alternatives are coded as a number
corresponding to each alternative. Table 4-3 shows some of the standard enumerated lists defined in
the HART specification. There are also many device-specific lists, for example for special materials
or function options. Refer to the full HART specification and manufacturers' device documentation
for more information.

Table 4-3. Enumerated variables

Variable Values

Manufacturer identification 1 - 2489, allocated by the HART Communication Foundation®

Device type 0 - 249, allocated by each manufacturer

Units 0-249:6 = psi, 7=bar, 32=C, 33 =F, etc. etc.*2

Transfer function 0 =linear, 1 = square root, etc.

Material 0 - 249: 2 = 316 stainless steel, 10 = PTFE, 18 = ceramic, etc. etc.!

Alarm selection 0= low, 1 = high, 239 = hold last output value

Write protect 0 = not write-protected, 1 = write-protected

Burst mode control 0 = exit burst mode, 1 = enter burst mode

Physical signalling 0 = Bell 202 current, 1 = Bell 202 voltage, 2 = RS-485, 3 = RS-232

Notes: 1. Refer to the full HART specification for complete lists.
2. Individual codes are allocated for many combinations of fundamental units and their multiples, including

metric, "imperial” and industry-specific units, such as kg/sec, imperial gallons/hour and barrels/day. Over
140 different unit codes have so far been allocated.

4.12 Multivariable transmitters

_ Some transmitters (and indeed, output devices) measure more than one physical quantity. There are
" HART commands which allow up to four measurements to be returned in a single message. In some

multivariable devices, the set of measurements is predefined, but in others the user can select from
the set of up to 250 "transmitter variables" defined for that instrument,

Common-practice Commands #50 to #56 are related to these transmitter variables, their sensors and
ranges. In particular, in devices which support it, Command #51 allows the selection of transmitter
variables for the primary, secondary, third (or tertiary) and fourth variables (PV, SV, TV and FV).
These can then be read using Command #3. Alternatively, Command #33 specifies up to four
transmitter variables to be included in the immediate reply message. See Table 4-6 for details of
these commands. :
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Multivariable transmitters may also have the capability of generating more than one analogue output.
By definition, analogue outputs numbered 1 to 4 represent the HART "dynamic variables" (PV, SV,
TV and FV) respectively. (These are not necessarily all 4-to-20 mA current signals; in this respect,
for example, even a frequency signal counts as analogue.) Common-practice Commands #60 and
#62 to #70 are concerned with the configuration and control of these outputs. See Table 4-6 for

details of these commands.

The numbering of transmitter variables may start at 0 or 1, according to the manufacturer's

preference.

413 Command summary

Table 4-4 lists the functions and data structures for universal commands in HART Revision 5. Table
4-5 shows the differences in universal commands in earlier revisions of HART. (Host devices should
implement these if they need to operate with older field devices.) Table 4-6 lists common-practice

commands in HART Revision 5, and includes notes (n.n) of the revision in which certain features

were introduced.

Notes: In these tables, data types are indicated as follows:

ASC string (packed 4 characters per 3 bytes)
Bit-mapped flags
Date (3 bytes: day, month, year-1900)

Floating point (4 bytes IEEE 754)
Integers xxxxx yyy (xxxxx = hardware revision, yyy = physical signalling code)

ITITMow>

Unmarked items are 8-, 16- or 24-bit integers (including enumerated code values).

Table 4-4. Universal commands in HART Revision 5

Command number and Data in command i
o an| (type) Data in reply (type)
2
;e;g r::(u;{err;tn :r;d none Byte 0-3 current (mA) (F)
Byte 4-7 percent of range (F)
3 Read current and four none
{predefined) dynamic g;’:z 2_3 g\]/"jr:lléwe ®
variables
Byte 58 primary variable (F)
Byte 9 SV units code
Byte 10-13  secondary variable (F)
Byte 14 TV units code
Byte 15-18  third variable (F)
Byte 19 FV units code
Byte 20-23  fourth variable (F)
(truncated after last supported variable)
6 Write polling address Byle 0 polling address as in command
11 Read unique identifier Byte 0-5 fa
et g (A} | Byle0-11 as Command #0
12 R
ead message none Byle0-23  message (32 characters) (A)
13 gztzd tag, descriptor, none Byte 0-5 tag {8 characlers) (A)
Byte 6-17 descriptor (16 characters) (A)
Byte 1820 date (D)
14 R
in?;(r’n :t\]/oiensor none Byte 0-2 sensor serial number
Byte 3 units code for sensor limits & min. span
Byte 4-7 upper sensor fimit (F)
Byte 811 lower sensor limit (F)
Byte 12-15  minimum span F)
1
5 iﬁ;?:n 3::5:" none Byte 0 alarm select code
Byte 1 transfer function code
Byte 2 PVirange units code
Byte 3-6 upper range value (F}
Byte 7-10 lower range value (F)
Byte 11-14  damping value (seconds) (F)
Byte 15 write-protect code
Byte 16 private-label distributor code
16 Read final assembl
Read I y none Byte 0-2 finat assembly number
17 Wirite message Byle0-23  message (32 chars) (A) as in command
18 Write tag, descriptor, Byte 0-5 tag (8 characters)
\ , 2 (A i
date Byle6-17  descriptor (16 chars) (A; A I command
Byle 18-20 date (D)
19 Write final assembly Byte0-2  final assembly number

number

as in command

Command number and Data in command (type) Data in reply (type)
function
0 Read unique identifier none Byte 0 *254" {expansion)

Byte 1 manufacturer identification code
Byte 2 manufacturer's device type code
Byte 3 number of preambles required
Byte 4 universal command revision
Byte 5 device-specific command revision

Byle 6 software revision

Byte 7 hardware revision (H)
Byte 8 device function flags* (8)
Byte 9-11 device ID number

Byte12*  common-practice command revision

Byte 13*  common tables revision

Byte14*  datalink revision

Byle15*  device family code

* Bit 0 = multisensor device; bit 1= EEPROM control required;
bit 2 = protocol bridge device.
** Proposed for a future HART revision — ot in 5.3.
1 Read primary variable none Byte 0 PV units code
Byte 14 primary variable (F)




isi i ision 5 Table 4-6. Common-practice commands
Table 4-5. Universal commands in HART Revisions 2, 3 and 4 (differences from Revision 5)

{
- Command number and Data in command (type) Data in reply (type)
Command number and Data in command (type) Data in reply {type) ‘ function
function Byte0 ] iter type code * : 33 Read lransmitter Byte 0 transm, var. code for slot 0 Byte 0 transm. variable code for slot 0
T 5 .
Read unique identifier none e ransmitte variables Byte 1 transm. var. code for slot 1 Byte 1 units code for slot 0
0 Readuniq Byte 1 number of preambles Byle 2 transm. var. code for slot 2 Byte2-5  variable for slot 0 3]
Byte 2 universal command revision Byte 3 transm. var, code for slot 3 Byte 6 transm. variable code for slot 1
Byte 3 device-specific command revision Byle 7 units code for slot 1
Byle 4 software revision " ; Byte8-11  variable for slot 1 F
Byle 5 hardware revision A i Byte12  transm. variable code for slot 2
Byte 6 device function flags ® ‘ Byle13 units code forslot 2
Byte7-9 final assembly number 1 Byte 14-17  variable for siot 2 (F)
* Revision 4 introduced the expanded device type as an ; gy!e 18 kra_nsm. variable code for siot 3
" i ining bytes yte 19 units code for slot 3
option {see Rev. 5, Table 4-4), with the remaining Byle 2023  variable for slot 3 3]
moved up by two posilions.
. (truncated after last requested code) (truncated after last requested variable)
4 Read common stafic Byte 0 block number (*0") Byte 0 block number (‘0") )
data (block 0): Read Byle1-24  message 34 Write damping value Byte0-3  damping value (seconds) F as in command
message . 35 Write range values Byte 0 range unils code as in command
4 Read common static Byte 0 block number 1%} Byte 0 block number (*1°) ® Byte14  upper range value )
data {block 1): Read e erlor ) Bylte 58 lower range value (F)
: yte 7- lescripto
tag, descriptor, date Byte 1921 date ©) 36 Set upper range value none none
Byte 22-24 "250° (= push SPAN button)
: o ber (*2°) 37 Set lower range value
i Byte0 block number (") Byte0  block numb ge none none
4 dRe[ad t‘:]oml?’%" ;‘:a'; " Byle13  sensorserialnumber (= push ZERO button)
ata ( o cf . tion Byte 4 units code for sensor limits & min. span
sensor informa Byle58  upper sensor limit (] 38 Reset “configuration none none
Byte912  lower sensor imit (F) changed" flag
Byle 13-16  minimum span ()
Byte 17-24 "250° 39 EEPROM control Byte 0 EEPROM control code* as in command
4 Readcommonstatic | ByteO block number (*3") Byle 0 block number ("3') 0 = burn EEPROM, 1 = copy EEPROM fo RAM.
- Read Byle 1 alarm select (_:ode . ] . .
data (block 3): Rea Bylo 2 wansfer function code 40 Enterlexitfixed current | Byte0-3  current (mA) F) as in command
output information B ¢ mode
yte 3 PVirange units code ) = o
Byte47  upperrange value (’;) 0= exit fixed current mode.
Byle 811  lower range value (F) 41 Perform device self- none none
Byle12-15 damping value {seconds) . (F) tost
Byle16  write-protect code {*1" = protected)
Byte17 private-label distributor code ** 42 Periorm master reset none none
Byte 18-24 "250°
43 Set (trim) PV zero none none
**2500r "251" in Revisions 2 and 3.
** 150" in Revisions 2 and 3. 44 Write PV units Byte 0 PV units code as in command
5 Write common static Byte 0 block number (07 as in command 45 Trim DAC zero Byte0-3  measured current (mA) {F) as ih command
Wi A
data (block 0): Write Byle1-24  message w 46 Trim DAC gain Byte0-3  measured current (mA) 3] as in command
message .
5 Wit common stali Byte block nurmber (1) as in command 47 Write transfer function Byte 0 transfer function code as in command
dala (block 1): Write Byte16  tag (ﬁi 48 Read additional device none Byle05  device-specific stalus (B)
tag, descriptor, date Byte7-18  descriptor ED) status Byte67  operational modes (5.1)
Byte 19-21 9313. Byle8-10  analogue outpuls saturated® (5.1) ®)
Byte 2224 "250 Byte 1113 analogue outputs fixed* (5.1) (B)
LY L ii N K g . B
5 Wiite common stalic Byte 0 block number ("4*) as in command Byte 14-24  device-specific status (B)
data (block 4): Write Bylet-3 final assembly number * 24 bits each: LSB ... MSB refers to AO #1..# 24,
final assembly number | Byted-24  "250 (Response is runcated after last byte implemented)
1119 These commands did not exist before Revision 5.0
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Command number and Data in command {type) Data in reply {type) Commafnd :tl:lmber and Data in command {type) Data in reply (type)
function unction
- ] ; in command 61 Read dynamic none Byte 0 PV analogue output units code
49 Write PV sensor serial Byte0-2  sensor serial number as In comman variables and PV Beld PV analogue output level A
number analogue output (5.1) Byte 5 PV units code
ic vari none Byte 0 PV transmitter variable code Byte6-9  Primary variable (F)
% ::;gnmﬁz'm )nable ° Byte 1 SV transmitter variable code Byte 10 SV units code
Byte 2 TV transmitter variable code Byte 11-14  Secondary variable {F)
Byle 3 FV transmitter variable code Byte 15 TV units code
Byte 16-19  Third variable F)
Byte 20 FV units code
51 Wiite dynamic variable | Byte 0 PV transmitter variag:e coge as in command Byte 21-24  Fourth variable F)
i . Byte 1 SV transmitter variable code
assignments (4.1 B))::e 2 TV transmitier variable code { truncated after last supported variable) |
Bye3 FY transier variable code 62 Read analogue outputs | Byte 0 analogue output number Byte 0 slot 0 analogue output number code
p ; i i e as in command {5.1) code for slot 0 Byte 1 slot 0 units code
52 Set trinfmllter vatiadle | Byte 0 Wansimilter variable cod Byte 1 analogue output number Byle25  slot0level (F)
zero (4.1} p code for slot 1 Byte 6 siot 1 analogue output number code
ite transmitter Byte 0 transmitter variable code as in comman, Byte 2 analogue oulput number Byte 7 slot 1 units code
% xrrli(aeble units (4.1) lee 1 transmh. variable units code code for slot 2 Byte8-11  slot 1 level F)
N - Byte 3 analogue output number Byte 12 slot 2 analogue output number code
54 Read transmitter ByleO transmitier variable code ByteO ~ Wransmitter variable code code for siot 3 Byte1d slot2 units code
variable information Byte1-3  transm. var. sensor s'enal number Byte 1417 slot 2 level )
@1 Byted transm. var. limils units code . Byle18 slot 3 analogue oulput number code
Byte5-8 transm. variable upper limit (F) Byle19  slot3 unils code
Byte9-12  transm. variable lower limit (F) | Byte 20-23  slot 3 level {F)
Byte 13-16  transm. var. damping value (sec.) (3] ]
Byle 1720  transm. var. minimum span (5.0) (F) | (truncaled after last requested code) (Iruncated after (ast requested level)
55 Write transmitter Byle 0 transmitter variable code as in command / 63 .Read aqalogue output Byte 0 ~ analogue output number Byle 0 analogue output number code
variable damping value | Byte 14 transmifler variable damping ; information (5.1) code Byte 1 analogue output alamm seler_:t code
(4.1) value (seconds) (F) | Byte 2 analogue oul. transfer function code
i ] Byte 3 analogue output range units code
56 Write transmitter Byte 0 transmitter variable code as in command : Byle 47 analogue oulput upper range value ®
variable sensor serial Byle1-3  transmitier variable sensor ; Byte8-11  analogue oulput lower range value ~ (F)
number (4.1) serial number Byte 12-15  analogue output additional damping
57 Read unit tag, none ByleO5  unittag (8 characters) (A) 3 value {seq )
descriptor, date (5.0) Byte 6-17 unit descriptor (16 characters) (A) 64  Write analogue output Byte 0 analogue out. number code asin command
Byte 18-20  unit date ) additional damping Byte1-4  analogue output additional
- i value (5.1) damping value (sec) (F)
58 Write unit tag, Byte 0-5 unit tag (8 characters) (A) as in command ‘ -
descriptor, date (5.0) Byte6-17  unit descriptor (16 chars) (A) ’ i 65 Write analogue output Byte 0 analogue out. number code as in command
Byte 18-20 unitdate D) range values (5.1) Byte 1 an, out. range units code
. Byte2-5  an. out. upper range value F
59 Write number of Byle 0 number of response as in command 1 : Byte6-9 *  an. out. lower range value {F)
response preambles preambles | — -
(5.0) | 66 Enter/exit fixed Byte 0 analogue out. number code as in command
- ber cod ] analogue output mode Byte 1 analogue output units code :
60 Read analogue oulput Byte 0 analogue out. number code Byte 0 analogue output number code 5.1) Byle25  analogue oulputevel* &)
and percent of range Byte 1 analogue output units code . 4
6.1) Byte25  analogue output level ) **not a number" exils fixed output mode
Byte 6-9 analogue output percent of range F)
67 Trim analogue output Byte 0 analogue out. number code as in command
zero (5.1) Byte 1 analogue out. units code
Byte25  extemally-measured
analogue output level F)
68 Trim analogue output ByteO . analogue out. number code as in command
gain (5.1) Byte 1 analogue out. units code
Byle25  externally-measured
analogue output level (3]
|
|




Command number and Data in command (type) Data in reply {type)
function
69 Write analogue output Byte 0 analogue out. number code as in command
transfer function (5.1) Byte 1 an. out. transfer funct. code
70 Read analogue output Byte 0 analogue out. number code Byte 0 analogue output number code
endpoint values (5.1) Byle 1 analogue out. endpoint units code
Byte 2-5 analogue out. upper endpoint value F)
Byte6-9  analogue out. lower endpoint value F)
107 Wite burst mode Byte 0 . {ransm. var. code for slot 0 as in command
transmitter variables Byte 1 transm. var. code for sfot 1
(for Command #33) Byte 2 transm. var. code for slot 2
(5.1) Byte 3 transm. var. code for slot 3
108 Write burst mode Byte 0 burst mode command as in command
command number {5.0) number
109 Burst mode control Byte 0 burst mode control code as iﬁ command
(5.0 (0 = exit, 1 = enter)
110 Read all dynamic none Byte 0 PV units code
variables (5.0) Byte 14  PVvalue (F)
Byte 5 SV units code
Byle6-9  SVvalue (F)
Byte 10 TV units code
Byte 11-14 TV value (F}
Byte 15 FV units code
Byte 16-19  FVvalue F)

4.14 Status

Two bytes of "status", also known as "response code", are included in every message from a field
(slave) device. Between them, these two bytes convey three different types of information:
communication errors, command responses, and field device status.

Table 4-7 shows how this is done. If an error is detected in the outgoing communication, the most-
significant bit (bit 7) of the first byte is set to 1, and the details of the error are reported in the rest of
that byte; the second byte is then all zeros. Otherwise, if communication was good, bit 7 of the first
byte is 0, the remainder of the byte contains the "command response", indicating any problem with
the received command, and the second byte contains the "field device status”, indicating the
operational state of the slave device.

Communication errors are mostly those which would be detected by a UART: parity, overrun and
framing errors. In addition, the field device reports overflow of its receive buffer, and any
discrepancy between the message content and the received checksum.

Command response codes (integers in the range 0 to 127) are categorised as either errors or
warnings, and as having either a single meaning or multiple meanings. Table 4-8 shows the ranges
specified for each type. (The rather strange allocations are the result of maintaining compatibility
with earlier revisions of HART.) Table 4-7 shows command response codes which may be
applicable to any transaction. Table 4-9 shows those which have multiple meanings specific to
particular universal or common-practice commands; device-specific commands may re-use the same
meanings for these codes, or define their own.
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Field device status includes both fault conditions and abnormal operational modes or conditions, so
does not m.acessarlly imply a faulty device. Table 4-7 shows the decoding of this byte, and Table
4-10 describes the meaning of each of the reported conditions.

Table 4-7. Response codes

First byte:
Bit 7=1: Communication error or Bit 7=0: Command response
Bit6 (hexC0) parity error Bits 6 to 0 (decode: i it- :
BitS (hx A0l  beorn enor ( ded as an integer, not bit-mapped):
Bit4 (hex90) framing error 0 no command-specific error
Bit3 (hex88) checksum error 1 (undefined)
Bit2 (hex84) O (reserved) 2 invalid selection
Bit1 (hex82) rx buffer overflow 3 passed parameter too large
Bit0 (hex81) (undefined) 4 passed parameter too smail
5 too few data bytes received
6 device-specific command error (rarely used)
7 in write-protect mode
8-15 multiple meanings (see Table 4-9)
16 access restricted
28 multiple meanings (see Table 4-9)
32 device is busy
64 command not implemented

Second byte:

(not used) ) Field device status

Bit 7 or | Bit7 (hex80) field device malfunction

B!t 6 Bit 6 (hex 40) configuration changed

B!t 5 all bits 0 Bit5 (hex 20) cold start

B!t 4 (when a communication Bit 4 (hex 10) more status available

B!t 3 error is reported in the first Bit 3 (hex 08) analogue output current fixed

B!t 2 byte) Bit 2 (hex 04) analogue output saturated

B!t 1 Bit1 (hex 02) non-primary variable out of limits
Bit0 : Bit 0 (hex 01) primary variable out of limits

Note: l-!exadecimal equivalents are quoted assuming only a single bit is set. In reality, several bits may be set
simultaneously, and the hex digits can be or'ed together.

Many devices offer more status information than can be coded into this single byte. For these, bit 4
of the device status byte may be set, indicating "more status available"; Command #48 can then be
used to read the additional information. Originally, the use of data bytes in the reply to Command
#48 was left open for device designers to specify, but since HART Revision 5.1, bytes 6 to 13 have
specific meanings, indicating operating modes (as yet undefined) and the status of multiple analogue
outputs (see Table 4-6). The remaining bytes can be allocated as the device designer wishes; they are
typically bit-mapped to indicate individual conditions.

-45-



Table 4-8. Command response classification

Table 4-9. Multiple-meaning command response codes

Table 4-10. Field device status

Status indication Meaning
Error Warning Field device malfunction Measurements should not be trusted
1-7 24-27 Configuration changed Set whenever a configuration change is made by any host, or through a
Single-meaning 16-23 9 - 111 local operator interface. A primary master should recognise this bit as a
32-64 warning to re-read any cached configuration information, and should then
clear the bit by sending Command #38
9-13 8
] . 15 14 Cold start Set, for one transaction only, when a field device is powered up
Multiple-meaning 28,29 30, 31
65-95 112-127 More status available Use Command #48 to retrieve further information

Analogue output fixed

The device is in multidrop mode, or the output has been set at a fixed
value for testing. This bit applies only to Analogue Output #1. In a multi-
output device, Command #48 may return similar status information for the
other outputs

Code Commands Alternative meanings Analogue output saturated The measurement (for Analogue Output #1) is out of range. A linear
- overrange band, typically -0.63% (3.9 mA) to +105% (20.8 mA) is often
8* 1,2, 3, 33,60,61,62 110 Update failure allowed, before this status bit is set. [n a multi-output device, Command
34, 55, 64 3etdt°t nearest possible value #48 may return similar status information for the other outputs
48 pdate in progress
, Primary variable out of limits | The primary measurement is outside the sensor operating limits. So, not
9 35,65 'Aowl‘?rd’ap"rgie"i‘géoh‘;gmgh only is the analogue signal unreliable, but so is the digital value read by
36, 37,43, 52 pplie HART C
45, 46, 67, 68 Not in proper current mode (fixed at 4 mA or 20 mA) RT commands
- ision 4 and earlier) Non-primary variable out of As above, but for one or more other variables. There is no way to identify
10 6 'l\_/‘U't'de not Sl‘lpp"tg:‘-l‘o(\:v‘e"'s‘°" ana earil lirmits the specific variable (unless Command #48 gives further information)
35, 65 ower range value
36, 37, 43, 52 Applied process too low
11 35,65 Upper range value too high 4.15 Summary
40, 45, 46, 66, 67, 68 In multidrop mode )
53 Invalld transmitter variable code HART commands are defined in three groups: "universal”, "common-practice” and "device-specific".
12 35, 65 Upper range value too low
53, 66, 67, 68 Invalid units code Data is represented as integers, floating point numbers, ASCII text strings or enumerated item lists.
13 35,65 Both range values out of limits . . . . . .
69 Invalid transfer function code Commands to identify a field device, to read process variables, to set multidrop operation, and to
. . handle multivariable devices, are defined. Data structures for all universal and common-practice
14* 35, 36, 65 Span too smal . A .
a7 Pushed upper range value over fimit commands are shown in the tables
15 ' 65, 66, 67, 68, 69 Invalid analogue output number code Messages from a field device include status ("response code") information relating to communication
o5 invalid range units code errors, the command transaction and the condition of the device itself.
28

Note: * Codes 8 and 14 are classified as "warnings"; the remainder are "errors"”.
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CHAPTER 5. DEVICE DESCRIPTION LANGUAGE

5.1. Introduction

The HART "Device Description Language" (DDL) solves a number of problems relating to the
introduction and use of new smart devices. The use of a common communication protocol is not
enough to ensure useful communication, as different instruments are likely to have individual
variations on the data available, its use and its meaning. In the past, this has meant that a host device
(handheld communicator, control system or instrument management system) has needed a software
upgrade to accommodate product-specific features of each new field device. This invotved a
significant development cost, and often there would be a time lag before it could be done. Even then,
the host would usually talk to only a limited range of field devices, often restricted to the host
vendor's own products. With the increasing success of the HART protocol, and the rapidly-growing
number of suppliers using it, it has become quite impossible to keep host software up-to-date in this
way. Users have been left with hosts unable to take full advantage of the wide range of instruments

on the market.

DDL overcomes this difficulty. Device Descriptions make it easy to upgrade hosts to support new
field devices, without re-writing any software. Device Descriptions can be used by any suitably-
designed host device to automatically provide a correct and complete user interface for each field
device. Device Descriptions allow full interoperability and a degree of interchangeability between
smart instruments from different manufacturers. Users can choose the best instrument for each
application, without being locked in to a single supplier for a complete system.

This chapter provides an introduction to the HART Device Description Language, and to the
generation and use of Device Descriptions. However, not all features are described here. The
complete language specification, development tools and training are available from the HART
Communication Foundation.

5.2 What is Device Description Language?

DDL is a formal language, used to describe completely and unambiguously, what a field instrument
looks like when you talk to it through the "window" of its digital communication link. It forms an
additiona) "user layer" on top of the OSI protocol reference model. DDL includes descriptions of
accessible variables, the instrument's command set, and operating procedures such as calibration. It
also includes a description of a menu structure which a host device can use for a human operator.
The Device Description (DD), written in a readable text format, consists of a list of items ("objects")
with a description of the features ("attributes" or "properties") of each. Some example fragments
from an (imaginary) flowmeter DD are shown in Figure 5-1.
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i i

VARIABLE low_flow_cutoff

{
LABEL {low_flow_cutoff];
HELP “"Low Flow Cutoff — The value below which the process variable will indicate zero

to prevent noi ing il
TvPE FLOAPI' noise or a small zero error being interpreted as a real flow rate.",

{

;DISPLAY_FORMAT "6.4f"; 1* FE FHHHE
CONSTANT_UNIT "%"; e
HANDLING READ & WRITE; \
}

MENU configure_jo

{
LABEL [configure_jo];

ITEMS
{ .
:l:r\;vﬁsgns, /* variable */

X 7 edit-di *
low_flow_cutoff, ™ variabllip!sy !
flow_tube_config, /* menu ¥/
pulse_output_config /* menu */

}
COMMAND write_low_flow_cutoff
{
NUMBER 137;
OPERATION WRITE;
TRANSACTION
{
REQUEST
low_flow_cutoff
}
REPLY
{

response_code,
device_status,
low_flow_cutoff

}
RESPONSE_CODES

{

- 0, SUCCESS, [no_command_specific_errors):
2, BQ¥Q_E“IS$_ERROR, [passed_parameter_too_large]];
5, MISC—ERROR_ERROR' [passed_parameter_too_smaII]; .
7, MOSE & , [.too_few_dala_bytes_received];
), ._ERROR, [in_write_protect_mode];

}

Figure 5-1. Fragments of a Device Description

Notes:  Upper-case words are keywords of DDL. Text surrounded by /*... */is a comment

ltems in square brackets [ ] are references to the standard dictionary.

Other names are internal cross-referenc
VARIABLE o e 1 es, for example the MENU ITEM "low_flow_cutoff" refers to the
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The principal constructs or object types of DDL (summarised in Table 5-1 below) are as follows:

» Variables — Any item of data contained in the field device: measurements, operating
parameters, device information. Among the attributes of a variable are a label for display,
and the specific data type. Table 5-2 lists the main data types available.

= Commands — HART commands which the device will accept, defined by the content of their
request and reply data fields, and the response codes implemented.

= Menus — Menus for presentation to an operator (specifically for a handheld communicator),
defined as a list of other items (variables, displays, methods, further menus)

= Edit Displays — Displays for presentation to the operator (specifically for a handheld
communicator), defined as a list of variables for display and/or editing, and procedures
("methods") to be executed before or after editing.

= Methods — Defined sequences of interactions with the field device and with the operator,
executed by a host to achieve specified operations on the field device (e.g. calibration or re-
ranging), using a subset of the ANSI C programming language. A library of built-in
functions is available for use within methods, including sending commands to the field
device, inspecting responses, displaying messages to the operator, and accepting keyboard
input from the operator. These allow a method to deal correctly with error and failure
conditions, as well as normal operation. A method can also be used to warn the operator of
the implications before proceeding with an action which might adversely affect system

behaviour.

Variables (and other objects) can also be grouped into "arrays”, "collections" and "relations", to
express functional similarities or relationships relevant to the way they are used.

Arithmetic, logical or conditional expressions are permitted in the definition of many attributes. In
this way, the device can be treated differently depending on present circumstances (for example,

configuration parameters or operating modes).

A standard dictionary is used to provide multiple language translations of common phrases (see
Figure 5-2). This provides several benefits:

n shorter compiled DDs using dictionary reference numbers instead of text.

= instant translation into several languages.

= consistent terminology between manufacturers.

[251.2] square_root "Sq root"
"|033 Racine carree”,
"049 Radiziert"
251,3; i ith_i "Li i
[: ] linear_with_input Linear with input",

"[033 Lineaire avec entree",
"l049 Linear z. Eingang"

[254.2] passed_parameter_too_large "Value was too high"
"|033 Val trop haute”,
"|049 Wert war zu hoch"
[301,34, "
] remove_from_auto_befor_send 'WARN — Remove loop from automatic control before sending.

You may return loop to automatic control i

h after sending.",
10439 WARNUNG - Vor Senden die automatische Steuerung

abschalten. Steuerg. ev. wieder einschalten."

Note:  International telephone dial codes are used to identify languages other than US English. ‘

Figure 5-2. Entries in the standard dictionary

5.3 Benefits of DDL

3‘:‘2 ::1:1]0;: ::Ezfit .of DDL for suppliers is that it decouples the development of host and field
A, . signer can (_:omplete product development, with the assurance that the new product
will interoperate f:f)rrectly with current and older devices, as well as with future devices not yet
mven?ed.' In afidltlon, a simulation program can be used to "test" the user interface of thmJ)DI})’e
allowing iterative evaluation and improvement, even before the device itself is built o

For the user, the major benefit is the ability to mix products from different suppliers, with. confidence

that each can be used to its full capabili
: pability. Easy field upgrad i
devices. Innovation in new instruments is encouraged. perecesallowhost devices to accept new field

Zl?ceoﬁie of adsta}ndard dictionary bOtl.l provides instant translation into the supported languages, and
ages designers to follow consistent implementations of common tasks. "Interoperable” st

. (sc‘te section 5.4) encourage this further, and make true interchangeability possible.

A host system keeping records of configuration or instrument management data can use DDs to

construct appropriate database record structur i
: : i es for each instrument type, eit i
or interactively with the assistance of a human operator. ope, it ully automaticlly,




Table 5-1. Principal DDL object types

DDL object type Attributes Comments
For cross-reference
VARIABLE EZISEL Displayable text
TYPE Data type. See Tabl19 §-2
CLASS Classification of use
HANDLING READ, WRITE or .READ & WRITE
CONSTANT_UNIT Unchangeable_ units tzext
VALIDITY Meaningful existence’
HELP Displayable text ) o oo
READ_ & WRITE_TIMEOUTs Times a host may have to wait for read or write to comp
For cross-reference
COMMAND rI:laLJnI‘:/?BER HART command number s
OPERATION READ, WRITE or COMMAND
TRQS(?GS;#ON Data included !n command
REPLY Data included in reply m
RESPONSE_CODES List of sets: {value, type, description, help}
For cross-reference
MERU EZEEL Displayable text o trods
ITEMS List of variables, menus, edit displays and/or metho!
For cross-reference
EDIT_PISPLAY EZEEL Displayable text
DISPLAY_ITEMS List of variables for dls_play only
EDIT_ITEMS List of variables for editing .
PRE_EDIT_ACTIONS List of methods to be performed before e.qmng
POST. EDIT_ACTIONS List of methods to be performed after editing
For cross-reference
METHOD IIE\EEL Displayable text .
CLASS Classification of use
DEFINITION Sequence ofC} stater;!en(s
VALIDITY Meaningful existence
HELP Displayable text

Notes: 1. CLASS classifies a variable or method according to how it is used by the field device. Examples are:
o DEVICE, INPUT, CORRECTION, DYNAMIC, DIAGNOSTIC, SERVICE).

2. VALIDITY defines circumstances in which a variable or method is valid, that is, has a meaningful existence.

it is usually specified as a conditional expression, evaluating to TRUE or FALSE depending on present
values of other variables.

3. A COMMAND command is one that affects device operation in some way other than by writing a new value
’ to a variable (for example, "set zero").

Table 5-2. Principal DDL data types

UNSIGNED_INTEGER size (in bytes)

DISPLAY_FORMAT

SCALING_FACTOR

Variable data type Sub-attributes Comments
Arithmetic:
FLOAT Four-byte fioating point (IEEE 754)
DOUBLE Eight-byte floating point (IEEE 754)
INTEGER size (in bytes)

Defines display (C "printf" format string)

EDIT_FORMAT Defines data entry (C "scanf’ format string)
MIN_VALUE Upper limit for entered value of variable
MAX_VALUE Lower limit for entered value of variable

Multiplier to convert value of variable for display

Enumerated:
ENUMERATED

size (in bytes)
BIT_ENUMERATED

size (in bytes)

List of sets: {value, description, help}
List of sets: {value, description, help, functional-class?,
status_class?, actions}

Strings:
ASCII length (in characters) Full ISO Latin 1 character set available
PACKED_ASCII length (in characters) Restricted ASCII character set (see Glossary)
PASSWORD tength (in characters) Usually displayed as *****
BITSTRING length (in bits) Interpretation is not specified.
Date and time:
DATE Three bytes: day, month, year-1900.
TIME Format not yet defined
DATE_AND_TIME Format not yet defined
DURATION

Format not yet defined

Notes: 1. "Functional-class" indicates the class of use for each bit (as for other variable types).

2. "Status-class" classifies each device status bit according fo its cause, duration, correctability and scope.

5.4 Creating a Device Description

Figure 5-3 represents the process of generating and using a Device Description. Creation of the DD

is the responsibility of the field device designer, who first writes the DD in DDL "source" text form.

This can also form an important part of the device's specification, since it is human-readable, and
describes explicitly how the device will appear to the outside world. The designer can omit the
standard HART "universal" and "common-practice" data and commands from the DD, and instead
simply refer to them as "imported". The HART Communication Foundation is also developing
"interoperable” DDs for common instrament types (pressure, temperature, level, various types of
flowmeter, valve positioner, etc.) These will encourage consistency of parameter use and operating
procedures in devices of the same type from different suppliers.

The DD text is then passed through a "tokeniser”
keywords and text phrases by numbers (using the

program, which compresses it, replacing standard
standard dictionary for reference). This creates a

"tokenised" or "binary" form of the description; this is the distributable version used by host system

builders and service organisations.
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Field device
product
specification

Device designer's PC

Device )
Description (Edit)
Source Text
Standard core
and family profile
DDs
DBL Tokeniser Simulator
Standard
Dictionary
Device
Description
(binary file)
Host system
Device-specific
DD
Display
Standard core Dev.icg
and family profile Description
DDs Interpreter
Keyboard
Standard
dictionary

(HART communication)

Figure 5-3. Generation and use of a Device Description

Using a simulator program, the designer can demonstrate the proposed user interface, and improve it
if necessary by editing the DD source text. (The core DDs and standard dictionary, and the tokeniser
and simulator programs, are available from the HART Communication Foundation, to run on an
IBM-compatible PC.)

DDL writers should be aware that it is possible to describe, in DDL, things which are not permitted
by other parts of the HART protocol specification. Such usage must be avoided.

5.5 Using a Device Description

The host device designer's task is to write a program which can interpret Device Descriptions (a
"DDL engine"), generating the described screen displays, operator interactions and HART
commands, in the particular hardware and software environment of the host system. In general, this
program should be capable of providing all the services which the DDL language can specify;
however, some applications may not need a complete implementation, This DD interpreter, when ‘
running in the final system, operates on the DD for an identified field device, referring as necessary

to the standard core (universal and common-practice) DDs and the standard text dictionary,

Once this general-purpose DD interpreter (and a linker, if required — see below) is written and tested,
the host designer's task is complete. The resulting system should work with any device presented to
it. In the event that the host does not possess a copy of the DD for a particular field device, it can fall
back on the standard universal and common-practice command DDs, or on "interoperable" DDs if
the device implements these, Thus a host can provide at least a basic capability for any device, until
such time as the specific DD can be loaded in.

In some host systems, the set of device-specific DDs and the standard DDs may be pre-combined
into an internal form for more efficient operation (less memory use, for example). This might be
done off-line by a "linker" program (probably running in a PC), which takes binary DDs for a
number of devices, combines them, and translates them into the form the interpreter needs. Or it
might be done on-line, whenever a new DD is introduced into the system.

5.6 Distribution of Device Descriptions

* For 2 host to work fully with a particular set of field devices, it needs to have the appropriate set of

binary DDs available. Depending on the physical form of the host device, DDs could be loaded in by
copying from a floppy disk, by transfer through a serial port, or simply by plugging in a memory
module containing the information.

In any case, the host system builder (or service engineer, for later updates) needs to have the relevant
set of DD files for the field devices to be used. Typically, users will find that the host system
supplier includes a basic set of DDs, and offers a service for installing more. However, it should be
quite feasible for users to undertake this installation themselves if they wish, given appropriate
equipment and training by the host system supplier.

To provide a central resource for manufacturers and users to obtain DDs from other vendors, the
HART Communication Foundation maintains an archive of registered and tested DDs. These are




available to subscribers, with regular updates as needed. It may be that some instrument vendors will
also supply their own DDs directly to end users.

As memory cost and power consumption continue to fall in the future, it is possible that the DD
might be included in the field device itself, so that it could be read out by a host when it is first
connected. This would be a very attractive proposition, since it would completely remove the need
for field upgrades to host systems. However, the HART protocol does not at present include suitable
commands for this, and is also rather slow for the purpose — it might take many minutes to perform
the upload of a full DD. (Uploading just the incremental DD differences in a new device type could

be attractive.)

5.7 Fieldbus

Fieldbuses have exactly the same need for Device Descriptions, for all the same reasons. In fact, the
idea for DDL originated in the International Fieldbus Group a few years ago. Any fieldbus with
pretensions to being an international standard should include a DDL. It cannot be exactly the same
as the HART DDL, since the details of the language must depend to some extent on the protocol it is
describing, but it must provide the same benefits of real interoperability between instruments from
different manufacturers. The Fieldbus Foundation DDL is based closely on the HART version, with

appropriate modifications and extensions.

5.8 Summary

The HART Device Description Language provides the means to completely describe the behaviour
of a field device, as seen through its communication link. The language offers a set of object types
and attributes, from which a description of data, commands, menus and displays can be built up.
"Methods" allow operator interactions to be specified. Existing DDs can be imported and re-used.

The DDL mechanism allows interoperability between equipment from different suppliers — an
important requirement for the widespread acceptance of digital field communications.

DDL is being used by many members of the HART Communication Foundation as they introduce
new HART-based products. The model 275 Universal HART Communicator, and other host
systems implementing DDL, will be able to work with any of these, both now and in the future.

The HART Communication Foundation maintains an archive for instrument manufacturers to
register their Device Descriptions, and manages the distribution of these to host system designers,

service departments or others who need them.

-56-

GLOSSARY

g n s
Ihls lOSSaIy contains explanatlons of some tec]].lllcal terms and abl)ICVlat]()ll par tlculally as Illey
S,

Address.

Inc icati

Ine E;lﬁnﬂ:g;:‘a::ﬁs te§h1(11019gy, the address of a device is a code number used to identify that device

o et mess tgam an eh ehverefi correcftly. The destination device's address is included as part of ’

e mes s(g)urce de, so 't at listening devices can know whether the message is intended for t}Il)em or

oy The s "pouinzv;;Z :ezsicllt'ire;; ;nalysalso be included. HART uses two forms of addressing for field
: : s" ol 0 to 15, and a "unique identifier" i

address is 1 for a primary master, 0 for a secondarc}lr master. " of 38 bt The HART master

HART 1w n M
also uses a "broadcast address (38 bits, all zeros) in messages intended for all field devices

Aliasing.

Aliasing iS an effect hich can i i y
2 Wi occur in samphng measurement systems Wheﬂ the measurement
1 ; f the
signa changes faster tha.n can be properly represented by the Samples, speciﬁcally i

If th i i i
o ;ﬁs;l;n;t)(l)u;g rate c}z:fmot be increased to avoid the effect, filtering the measurement signal before
g move higher-frequency components, is the proper cure. See also "Damping value"

ASCIL

‘ASC i i
ANSiI(Eﬁ:;(::?C S;alx\}(:?ir;inclog;i;r Igformatlon Interchange) is a widely-used code defined by
a .
mmbers 0 105, e e ards Institute). It represents the alphabet (upper and lower case) !
pubers auoc;ted o otr; l:;l:nfit::at'lon characters, as 7-bit binary codes. In addition, a number of, \
¢ ntro ctions, such as "St o " "Carri
Form Feed", "Tab", "Bell", "Backspace" and others. o e’ "End of Tt Cortinge Retur |

W hell J‘blt ASCII 1s transmitted n 8-blt bytes the most-signif b t ually either set to 0, or
N 1gnificant bit 1s us 1 5 L

Th « . . .

areen?:vgigzﬂsz:Svslgc(l:fg:edédbr}:)t m(gl?de European characters with accents. Extended ASCII codes ‘

oo 8359;1 e8! its, an mglude extrfi characters, but these are not well standardised. h
character set is compatible with ASCII for the first 128 characters, but also
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includes a good selection of accented and other characters for European languages in the second 128
characters.

For use in tags, descriptors and messages, the HART protocol uses only a subset of the original 7-bit
ASCII characters — those represented by codes with a most-significant hex digit of 2, 3,4 or 5. This
range includes the digits 0 to 9, upper-case A to Z, and common punctuation characters. Lower-case
and accented letters are not included. This subset is represented in HART by 6 bits, by removing the
most-significant bit of the 7 bit ASCII code. (The most-significant hex digits 2, 3, 4 and 5 become 2,
3, 0 and 1 respectively). This allows four characters to be packed into three bytes, reducing the
length of text data items for improved transmission efficiency.

Asynchronous transmission.

To recover meaningful data from a serial bit stream arriving over a communication channel, the
receiving device needs to identify the beginning and end of each bit and character. This timing
information can be provided in various ways:

In "synchronous" communication, clock information is transmitted on a separate line, or is embedded
in the bit stream in such a way that it can be extracted by the receiver.

In "asynchronous” ("without a clock") transmission, timing is defined by starting each character with
a start bit (always 0) and following the character by a stop bit (always 1). Within a character, the bit
timing is then defined by the baud rate (agreed by both parties, or, sometimes, detected
automatically).

HART uses asynchronous serial transmission, sending the least-significant bit first in each character.
In principle, there could be any amount of idle time (at the logical 1 level) between characters;
however, to meet the overall transaction timing requirements, this is not permitted in HART.

Baud rate.

The baud rate of a communication channel is the number of data symbols transmitted each second.
Some systems code more than one data bit into each symbol (often by combining phase and
amplitude modulation), so as to provide more possible values for each symbol, and therefore a higher

bit rate.

The HART protocol specifies a 1200 baud transmission rate, with only two distinct values for each
symbol (frequencies of 1200 or 2200 Hz); thus, each symbol represents only one data bit, and the
data rate is 1200 bits per second (bps), the same as the baud rate.

Bell 202.

Bell 202 is a U.S. standard, originated by AT&T (the Bell Telephone Company). It uses 1200 Hz
and 2200 Hz as 1 and 0 respectively, at 1200 baud. Bell 202 is a full duplex communication
standard, using a different pair of frequencies for its reverse channel.
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uHSACE(T uses Bell 202 signals, but is a half-duplex system, so the reverse channel frequencies are not
ed. '

Some other Bell standards have European (CCITT) equivalents; Bell 202 does not.

Binary.

Numbers can be represented in any "base". Our normal counting uses decimal (base 10), in which
any nu‘mber is represented by the digits 0 to 9, written as multipliers for successive powe’rs of 10
from right t9 left (units, tens, hundreds, etc.). Ina binary representation, only digits 0 and 1 are used
and successive digits from right to left represent multipliers for successive powers of 2. Computers
nearly always use binary representation for numbers and other data coded into numeric' form, to
match the two-state "on/off" switching mechanism of most di gital electronic circuits. ’

]

Bit.
A bit, or binary digit, represents a single itém of "yes/o" information.

Numerical and alphabetic information can be coded into a number of bits for computer or

communication purposes, for example using the ASCII code for alphanumeric ch
IEEE 754 code for floating point numbers. P erie characters or the

Byte.

.(/l\tby;e is a set of bits (usually 8), treated as an entity. Eight bits is often a convenient sized piece of
ata 1or a computer to handle. This is because it is a power of two, and is 1 i

3 arge enough t
useful range of character codes. # g focontin e

Capacitance number (CN).

- HART specifies a capacitance limit of 5000 pF between the two terminals of a field device.

However, it is allowable to exceed this value, and quote a "capacitance number” or "CN", which is

the multiple of 5000 pF actually present in the device. For simplici inlier i
. For simplicity, the mult
rounded up to the next whole number. plictty, the multiplier is normally

CCITT.

.The CC.ITT (in English, the I.nter.national Telegraph and Telephone Consultative Committee) is the
international standard's organisation responsible for modem and other communication standards, both
for telephone and radio systems. The V-numbered protocols (V.21, V.22, etc.) are CCITT standards.
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Character.

Either:

an alphabetic, numeric or other text symbol, which can be represented by a binary code (for
example ASCII, see above), or

a transmitted sequence of bits which contain data (which may, or may not, c.onsist ofa )
character in the above sense). This "character" is often considered as including the start, parity

and stop bits surrounding the real data.

Checksum.

iti ining the arithmetic sum of all previous
dditional byte or bytes appended to a message, conta{mng 1 .
g;:s (Jsually ignoring any carry beyond the number of bits allocated for the checksum). I'n practice,
the term is often loosely applied to the longitudinal parity check used in HART, and sometimes to
more-complex schemes such as cyclic redundancy checks.

Compiler.

] n
A computer program whose function is to convert a programmer's hun.lan-read.able "source coffie .
program into an machine-executable code version. A tokeniser (g.v.) is sometimes loosely referre
to as a compiler, though it does not in fact generate executable code.

Crosstalk.

Crosstalk is the unintentional physical coupling of signals from one circuit to a.nother. It caxll-l be ]
caused by capacitance between circuits, by inductive coupling, or by common impedances share

between the two circuits.

The HART signal levels and cable specifications are designed to red‘uce crosstalk to level§ at which it
will not cause significant interference. If, despite this, crosstalk is high enough to Pe received by z:l
device on another HART loop, the use of unique identifiers prevents a message being accepted an

acted upon by the wrong device.

Cyclic Redundancy Check (CRC).

A cyclic redundancy check (CRC) is a complex check character, generated by a succession of bit
shifting and exclusive-oring operations on each character of a message. Several standard .CRCA
algorithms are in use, giving various levels of protection against different types of corruption.

common one is "CRC-16".

HART does not use a CRC. See also "Checksum" and "Longitudinal Redundancy Check".
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Damping value.

The "damping value" or "damping time constant" in a HART field device is a smoothing time
constant applied to the primary variable before its value is made available, either by digital
communication or as the analogue output signal. It can be used to reduce unwanted "noise” from a

measurement, or to reduce aliasing (q.v.) in a host system using a slow scan cycle (for example via a
multiplexer).

Device Description (DD).

The HART Device Description is a complete and unambiguous description of a field device, written
in Device Description Language (q.v.). Loading a Device Description into a host device allows that
host to communicate fully with the corresponding field device, without any custom programming.
See Chapter 5 for a full discussion of this subject. '

Device Description Language (DDL).

The HART Device Description Language (usually abbreviated to DDL) is a formal language used to

describe field devices, their commands, accessible data, display requirements and operating

procedures. See "Device Description” above, and Chapter 5. The Fieldbus Foundation is developing
a similar DDL for fieldbus devices.

Duplex.

Duplex communication means that communication is possible in both directions (as opposed to
simplex, which is communication in one direction only - radio broadcasting, for example).

In half-duplex systems, the two stations take turns to transmit. In full-duplex, both can transmit and
receive simultaneously.

HART uses half-duplex communication.

Dynamic variable.

In HART, the four principal measured variables (primary, secondary, third and fourth) are referred to
as the "dynamic variables". Thisis a special use of the word — in general it could also be said that
any process-related variable, which changes its value without user intervention, is "dynamic".

Enumerated variable.

A variable which can take only certain values, and for which those values are represented by some
other set of symbols (usually successive integer numbers), is said to be "enumerated". For example,
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Frame.

The message frame is the structure of the set of characters or bytes making up a single complete
message. It is made up of a number of individual fields, containing the separate items within the

message (address, data, etc.). The sequence of fields forming the frame is a part of the protocol
specification.

Frequency-shift keying.

Frequency-shift keying (fs.k.) is a method of modulating digital information for transmission over
Paths with poor propagation characteristics. Tweo different frequencies are used to represent 0 and 1,
usually in the audio frequency range (300 to 3000 Hz). Such a signal can be transmitted successfully
over telephone systems. An fsk. signal can also be modulated on to a radio carrier, or, as in HART,
on to ad.c. current or voltage.

Half-duplex.

Transmission in both directions, but only one direction at a time. See "Duplex".

Handshaking.

Handshaking is part of many communication protocols. It is the method used to control the flow of

information, so that the receiver is not overloaded. Without handshaking, the receiver must be ready
and able to accept a message at any time. Handshaking may consist of a defined sequence of special
characters or messages, or may use separate control signals (as in RS-232).

HART does not use handshaking, beyond what is defined by the sequence of messages making up

the transaction procedure. (HART messages are always short enough that they can easily be received
and stored in a temporary buffer, and, if need be, not actually dealt with until a short time later.)

HART®,

The HART protocol is a widely-used open protocol for communication with Smart transmitters.
HART is an acronym for "Highway Addressable Remote Transducer”.

HART is a registered trademark of the HART Communication F oundation.

HART Communication Foundation (HCF).

The HART Communication Foundation (HCF) was formed in 1993, to promote and support the
HART protocol, taking over from the earlier HART User Group. The HCF is a "not for profit"

foundation, supported by its membership. It offers training and tools to help manufacturers of
HART-compatible products.
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The HCF office is in Austin, Texas, USA. Telephone +1 (512) 794-0369; fax +1 (512) 794-3904.

Hexadecimal.

Hexadecimal (base 16) representation of numbers (hex for short) is commonly used to describe the
value of a data byte. One hex digit takes values 0 to 15, written as 0, 1,2, 3,4,5,6,7,8,9, A, B, C,
D, E, F. Four bits are expressed in this way by a single hex digit. An 8-bit byte can be expressed as
two hex digits, for example hex 43 represents binary 01000011 (decimal 67), and hex FF represents
binary 11111111 (decimal 255). :

Host.

A device which contains the communication "master” function. Typically a control system, or
instrument management computer.

Integer.
An integer is a whole number (0, 1, 2, etc.), either positive or negative.

In the HART protocol, integers are transmitted as 8, 16 or 24 bits, and are always regarded as
unsigned (that is, positive).

Interpreter.

A computer program whose function is to execute another program written in a different
programming Janguage. The interpreter provides executable code segments corresponding to each
possible instruction in the original language, so that it can "run" that program as a series of calls to
those code segments. Often the original program is part-compiled or "tokenised" to compress it,
before it is passed to the interpretér. See also "Compiler" and "Tokeniser".

Linker.

A computer program whose function is to combine together several program sections or files into
one, to create a complete working program or file. HART Device Descriptions are combined by a
linker, to reduce the amount of memory space used in the HART Communicator.

Longitudinal Redundancy Check (LRC).
This form of message integrity check, otherwise known as "longitudinal parity”, uses a check

character containing an odd or even parity bit for the corresponding bits in each character of the
message (usually including address and control characters as well as the real data).
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HART uses this form of error checking. In conjunction with the parity bit for each individual
character, this allows detection of multiple errors per character. ‘

See also "Exclusive Or".

Master-slave.

A master-slave communication system is one in which message transactions are always initiated by a
master device (for example, a central controller) and slave devices only respond to requests received.
This organisation keeps the design of slave devices (such as field-mounting transmitters) simple, and
puts the responsibility for recovering from errors entirely in the more-complex central master.

HART is a master-slave protocol.

See also "Multimaster”.

Modem.

A modem (“"modulator / demodulator”) is a device which converts binary digital signals to and from

an f.s.k. form. Most commercial modems provide RS-232 signal levels on the binary digital side. A
modem does not provide a data coding mechanism, only a conversion of the physical form of signal

used.

The term may be applied to a box which includes supporting functions such as signal interface
circuits, connectors, power supply, auto-dialling or auto-answer functions, etc., or to an integrated

circuit chip which just performs the main conversion task.

Low-power CMOS modem chips are available for use in HART field devices.

Modulation.

Modulation is the process by which a carrier signal is varied in some way to represent an information

-signal. This can allow accurate transmission of the information, even over an imperfect signal path,

or a path which could not convey the information signal in its original form.

"Demodulation" is the inverse process of recovering the original information at the receiver.
HART uses "frequency-shift keying" as a method of modulating binary coded data on to ad.c.
current or voltage signal. Within limits, attenuation of the audio frequencies used has no effect on
the accuracy of the reconstructed binary data stream at the receiver.

Multidrop.

In a multidrop communication system, more than two devices are connected together on a single
transmission medjum. In such a system, each device must have a unique address. A message
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including a destination address can then be recognised by the device it is intended for.

HART can be operated in a multidrop mode, with up to 15 slave devices on one pair of wires. The
analogue signals cannot be used in this mode, since they would simply add together in the common
wiring. To save power, the output current of each slave device is set at its minimum value.

Multimaster.

Multimaster communication systems can have more than one master device. For this to work, the

masters need a specified way to allow each other an opportunity to transmit.

HART is a simple multimaster system. After receiving a reply from a slave device, a master waits
for a short time before starting another transaction. This allows a second master to break in if it

wishes.

Multiplexer.

A multiplexer is a device which can connect one circuit to any one of a number of other circuits; in
other words, it acts as a switch, normally under software control.

HART masters often include a multiplexer to allow a single serial communication channel and
HART modem to serve several HART loops, thus saving cost. However, there is a penalty in
performance: since only one transaction can be underway at a time through one modem, the scan
cycle is increased proportionally to the number of devices scanned. In addition, the master should
follow the "unsynchronised" timing rules,-and wait 305 ms (380 ms for a secondary master) before
transmitting, in case another master is already active on the loop, making the total transaction time

anything up to 700 or 800 ms.

Off-line / on-line.

A communication device is said to be "on-line" when connected in its working environment, in an
operational condition. It is "off-line" when disconnected or switched off, or perhaps when connected

in a temporary environment such as a workshop.

OSI model.

The "OSI" ("Open Systems Interconnection”) reference model is a defined way of structuring the
specification and implementation of a communication protocol into "layers”, each of which has a
specific function. It originated from the International Standards Organisation (ISO). In any
implementation, each function should be performed, if at all, in the appropriate layer, and the
interfaces between layers should be well-defined.

There is no implication that different "OST model conformant" protocols will be able to
inter-communicate directly. However, the implementation of gateways translating between different

protocols should be easier than for non-OSI protocols.
HART i i
T implements layers 1 (the physical layer), 2 (the data-link layer) and 7 (the application layer)

of the OSI model. Layers 3 (the network |
del. ayer), 4 (the transport 1 i
(the presentation layer), are not relevant to this type of localrr)lethx}',lfr), ? (the sesson fayen), and

Parallel.

See "Serial".

Parity bit.
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HART is usually operated in point-to-point mode, in which case the analogue signal can be used

-See also "Multidrop”.

Process variable.

This i ibi i ’
o ;s; ; lienegal term describing any r{leasured quantity originating in the process (pressure
p e, tlow, etc.), or a value derived from these, such as the HART "dynamic variablés"

Protocol.
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(text and numeric data formats) and physical signal characteristics (modulation techniques, signal
type, signal level, transmission medium).

Redundancy.

Redundant information is information which is additional to the real information being transmitted,
but is generated in some way from that information. The use of redundancy allows the detection, and
in some cases the correction, of errors introduced in the transmission of data.

The HART protocol includes redundant information in the form of an odd parity bit for each byte, a
checksum character for each message, and the echoing of address, command and data fields from the

host, in the reply from a slave device.

RS-232.

RS-232 is a well-known standard for serial asynchronous communication, originally designed for the
connection of computer terminals and modems — "Data Terminal Equipment” (DTE) and "Data
Communications Equipment" (DCE) respectively — over distances less than 50 feet. Specified by the
EIA (Electronic Industries Association), it defines connectors, signal meanings, and signal voltage
levels. In most applications, many of the handshaking and other control lines of the standard are not

used, leading to a large number of minor variants.
For all practical purposes, the CCITT V.24 standard is the same as RS-232.

Many computers provide an RS-232 port, which can be used to connect a Bell 202 modem to link
into a HART network.

RS-485.

RS-485 is an EIA (Electronic Industries Association) communication standard, using two-wire
balanced circuits with a differential signal of 5V, for good noise-immunity. Impedance-matched
lines are often used. RS-485 allows higher speeds and much greater distances than RS-232.
Depending on their design, up to 32 devices can be connected together on a single pair of wires, in

multidrop and/or multimaster configurations.

Some vendors (including Fisher-Rosemount) offer instruments using the HART frame and message
formats, with an RS-485 physical layer. When higher speeds than the standard 1200 bps of HART
are used, the timing rules have to be modified. This variant has not yet been accepted by the HART

Communication Foundation.

Serial.

Transmission of digital information from one device to another can be organised in two ways. In
serial form, one bit is sent after another, on a single transmission path. In parallel form, several bits
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(often a byte of 8 bits) are sent simultaneously on a number of paths equal to the number of bits

* (
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HART uses serial transmission. Since HART is asynchronous, there is no extra clock signal

Simplex.

Transmission in one direction only. See also "Duplex"

Smart Family Interface (SFI).

Rosemount's "Smart Family Interface", a hand-held configuration device for HART instruments,

Now more commonly known as a "hand held :
. A Conﬁ t " " s fnon
communicator" or "HART Communicator". giort hand-held terminal®, "hand-held

Start and stop bits.

irtl1 :rsa}:tlglr?ﬁ)ust:;x%{m}nicgﬁon, start and stop bits are used to indicate the beginning and end of a
. The s 1t 1s a 0, perhaps following an idle period of 1-level si it i
. 1ap - signal. The stop b
which ensures that the next start bit is recognisable even if there is no idle pgeriod soppitial

Some protocols (not HART) extend the stop bi
t ' p bit to occupy 1% or 2 bit ti
extended idle periods at the "1" level, between characterr;)., o mes, andmay allow further

;I'i{l:hrectelvilr;.g UA.RT derives _sampling times for the individual bits by timing from the leading edge
o €S e:)rt it (using the specified or assumed baud rate). The UART will detect a "framing error" if
e stop bit does not appear at the right time due to corruption of the signal or other fault

Synchronous.

See "Asynchronous".

Timeout.

p nt d il -
If an ex; eCted event does not occur Wlthlﬂ a Speclfled tlﬂle, thlS time perlod, and the non-event ltseu,

ixtl :!16 HART protocol, there are timeouts for the response by a slave to a message from the master
ation, and for the pause after each transaction, to allow the other master to transmit.
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Fokeniser.

i 's human-
ion i keywords and other text in a programmer's
ogram whose function is to replace ] ; a progr :
: c(;) nl:{;u't‘:l(.)grrceg code" by numerical coded reference symbols ( 'tokens ). Tb}&ls SI%]mﬁ’(;‘Zr:r};sulﬁng
'e ; aresses the source code, but does not actually produce machme-exect;/tla e ;:o mis The resuling
glgclﬁised form is used as data for an "interpreter" program to work on. (Many fo

n this way.)

. . ised or
he HART DDL tokeniser converts the original text form of. aDDintoa §maller tokenised o
’biel:lary" form for distribution and use by the DD interpreter in a host device.

see also "Compiler" and "Interpreter"”.

[ransaction.

i i i ion to another.
[he series of messages used to convey a piece of useful 1nformat.10n from one station
l"hfs might include acknowledgements and/or retries after detection of errors.

UART.

. . . vert
A UART (Universal Asynchronous Receiver Transmitter) prov1d§s the le:trom:;;e;;i:{i tg:(;)ﬁ)
i llel form) to and from s N
Ily presented by the processor in para : .
?ci,t ; o:r?litje(?lf: Zt;’np parity and stop bits. It usually takes the form o‘f an 1ntte gr:te;]i ]:;r:él;ta(t:e 1pAt
ind can ' i o parity, and any standar .
to use 7- or 8-bit data, odd, even or n
il?d cmi?/‘ien?:fdg lflf: U(XIIKT checks parity and the character frame format, and reports any errors to
he rece: ,

its controlling processor.

Unique identifier.

i iti turer
he unique identifier is a HART concept; it is a 38-bit mteg.er formefi from 'Lhe me’lrn;t;arcl ulin "
'1;1 : :1 21(11tion code, the device type code, and a device identifier (sem:il nu:ﬁ e:;'). e g
sintually , icei 1d, and is used as the device
i i HART field device in the world,
Frmuan}’;;l:é‘;: fg;eeZ:(:Z’ion 3.8). This ensures that messages are never accepted and acted upon by
AMe M .8).

the wrong device. See also "Crosstalk”.

Variable.

i i i i take various
i i "variable" is any item of data which can .
ematical sense (and in HART), a "vari : i ; arious
[nlth:sm?llllis has nothing to do with data type: text strfngs are just as muc}}: va:lrxa‘t;lgs z:eir" umeric
ar ti’;ies Nor does it relate to whether the value varies often, or only when "config .
an ) . 1" i} - 1"
ﬂ]gynamic variable”, "Enumerated variable" and "Process variable".
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FURTHER INFORMATION
This section lists a selection of references for further information on the HART protocol.

Documents available from the HART Communication Foundation:

HART® - SMART Communications Protocol, Protocol Specification —
Document Revision 5.3; HCF Document Number HCF_SPEC-10.

HART® - SMART Communications Protocol, FSK Physical Layer Specification —
Document Revision 7.2; HCF Document Number HCF_SPEC-53.
(Document Revision 8.0, HCF Document HCF_SPEC-54, is due out shortly.)

HART® - SMART Communications Protocol, Voltage Modulation Physical Layer Specification —
Document Revision 1.0; HCF Document Number HCF_SPEC-71.

HART® - SMART Communications Protocol, Data Link Layer Specification —
Document Revision 7.0; HCF Document Number HCF_SPEC-81.

HART® - SMART Communications Protocol, Command Summary Specification —
Document Revision 7.0; HCF Document Number HCF _SPEC-99,

HART® - SMART Communications Protocol, Universal Command Specification —
Document Revision 5.1; HCF Document Number HCF_SPEC-127.

HART® - SMART Communications Protocol, Common Practice Command Specification —
Document Revision 7.0; HCF Document Number HCF_SPEC-151.

HART® - SMART Communications Protocol, Common Tables —
Document Revision 7.0; HCF Document Number HCF_SPEC-182.

HART® - SMART Communications Protocol, Command Specific Response Code Definitions —
Document Revision 4.0; HCF Document Number HCF_SPEC-307.

HART Physical Layer Test Procedure — :
Document Revision 1.0 Preliminary; HCF Document Number HCF_TEST-2.

Device Description Language Specification —
Document Revision 10.0; HCF Document Number HCF_SPEC-500.

NCR 20C15 Modem Application Note: A HART Master Demonstration Circuit —
Document Revision 2.0; HCF Document Number HCF_LIT-14.

NCR 20C15 Modem Application Note: A HART Slave Demonstration Cireuit —
Document Revision 2.0; HCF Document Number HCF_LIT-15.
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Documents available from other sources:

"Rosemount SMART Transmitters in Intrinsically Safe Systems" (Romilly Bowden, Feb 1991) -
A 24-page note discussing technica] aspects of how IS barriers and isolators can (and in some cases
cannot) be used in HART networks. Available from Fisher-Rosemount Lid.

"HART® compatibility with analogue control systems" (Romilly Bowden, June 1995) —
A 10-page note discussing compatibility issues to consider, when using HART field devices with
"non-HART-compatible" hosts. Available from Fisher-Rosemount Ltd.

"The HART® Book", published from time to time by Fieldbus.com Ltd. -
A useful reference to HART products and suppliers. Available from the publisher.

Software available from the HART Communication Foundation:

HTEST: HART Master Simulator —
A DOS PC program which executes interpreted "C" scripts to simulate a HART master. Builds and

transmits HART messages, and receives, displays and logs responses from a field device. See
HTEST Application Manual, HART Master Simulator, Document Revision 10.0; HCF Document

Number HCF_LIT-17.

XMTR: HART Slave Simulator —
A DOS PC program which simulates a HART slave. Allows configurable responses, including error

conditions. Also offers host (master) and monitor modes. See XMTR Application Manual, HART
Slave Simulator, Document Revision 10.0; HCF Document Number HCF_LIT-16.

ANALYS: HART bus analyser —
A DOS PC program which monitors HART network messages. Records every message, with timing
in milliseconds, and any errors detected. See HART Bus Analyser User Manual, Revision 1.0;

temporary Fisher-Rosemount document (un-numbered).

H-Sim: HART network simulator —

A Windows 3.1 PC program which solves a set of equations representing a simple circuit model of a
HART network. Given cable and device parameters, calculates received signal level versus cable
length. Currently at Version 0.5. (Also available from the author.)
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Contact information:

HART Communication Foundation  Tel:

93?0 Research Boulevard Fax: +1 512 794 3904
i11111st§rll-31§)(2 g7 E-mail:  keithk@hartcomm.org
i s 9 Internet: http://www.hartcomm.org/
Fisher-Rosemount Limited Tel: +44 1243 863121
lfglzztrfloPl;ce. Fax: +44 1243 867554
r Regis Internet: http://www

West Sussex PO22 9SH Pl feoconf
United Kingdom.

Ron'ﬁlly Bowden Tel: +44 1243 845486

at Fisher-Rosemount Limited Fax: +44 1243 845354

(address above) E-mail:  romilly.bowden@frco.com
orat

]63 Inglewlgod. Drive Tel./Fax: +44 1243 265770

ognor Regis E-mail: romilly@romilly.co.uk

West Sussex PO21 4JX Internet; hitp:// g
United Ko : p://www.romilly.co.uk/
T‘he HART Book Tel: +44 1329 846166
Fieldbus.pub Ltd. Fax: +44 1329 512063
,lr.W;:St Street E-mail: phil@fieldbus.com

itchfield Internet: http://www.fieldbus.com/hart/

Hants PO14 4DH .
United Kingdom.

+1 512 794 0369

Some further Fisher-Rosemount offices are listed inside the back cover.
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INDEX

References preceded by a hash sign (#) are to HART command numbers. Details of these can be found in tables 4-4, 4-5
and 4-6. See also under "command #n" for further references in the text.

Where more than one reference is listed, bold type indicates those giving more extensive information.

65 (S THITE .+ . . e e e et e ettt e e e e e e e e 2.8,2.9,2.15
254 EXPANSION COBE 4 .« o vv e vt ettt e e e e e et e bt e e n e 4.2,4.6, #0, #11
275 Universal HART COMIMUMICAIOT ...\ v v vt vttt vtte it e e eanoitettes it aie s anttiansesenes 5.8
ACCUTACY, TIPIOVEL . ...t v et et sttt ettt e a et 1.2,1.5,1.17
active
Ly x 1= - T R T 2.15
LSOUTCE EVICES « v v vt vttt vttt e e e e et et e et et e s et e e an e e 2.5,2.6
additional .
AEVICE SEAILIS .+« v« v vt e eeete e ve et et neee s et e e et e aa e e 4.14, #48
T e 1 T s TR T 1.6
Bl oy 1 <o) oS 2.14
AAATESS, o v v oo e 1.7, 1.8, 3.7, 3.11, glossary; see also "unique identifier"
BIOAACASE « o v v v vt e et e et e e et e et e e 3.11,4.6
By 1T i e + W 1.8,2.6
long and ShOTEfTAME . ... u ettt ettt i
VT = o 3.3,3.11,3.17
POLHNE ..ottt 2.6,3.8,3.11,3.17,4.8, #6
slave (field device) ... ....oiiiuar e 1.7,2.6,3.8,3.11,3.17
Lt 2l R R R 1.8
AAJUSHNENE, TEMOLE . o+« sttt e et e e e b e et st e s e e e n sttt 1.17
alarm
T T T + TR P 2.11
L T T+ NS 4.11, #4, #15, #63
AHASIIE .+ -« .o vt e ettt e e e e e glossary
analogue
EleCtTOMIC INSIUIMENIES + . o .\ vt e ettt et e e re et st e s e n s et saannnsanennnns 1.15
output, rate-0f-ChaNEE . ... ... ittt 2.12
(control) outpUE SIGNAL . .. ..ot e 2.13
(transmitter) outputs, multiple .. ......... . 4.7, 4.12, #48, #60, #62 - #70
(transmitter) signal . ........ ... 1.4,1.7,1.8,1.8,2.2,24-26,2.15-2.17,4.14 -
signal bandwidth .. ..o .o 2.12
signal, vOItage MOde ... v\ vttt 2.16
analogue-to-digital CONVETSION . . . . ...t ou it 15
analytical INSIUMENTS . . . . ..ottt ettt ettt e e e e e e s e s s et 1.13
application layer ...... e et e et e ee et 4.1; see also "OSI model"
2 2T R R R 52
ASCII Lottt e e e e 3.15,4.10, 4.13, 5.2, glossary
assignments, dynamic variable . ... ... Lo 4.12, #50, #51
asynchronous COMMUMICAION « .. u vttt enene ettt 3.6, glossary
AHETIUALION .« « v v v s et ettt ettt e et e e et 2.3,2.8,2.12
P 1oL R P PR 52
barrier, intrinsically safe . .. ... ... 1.13,2.8,2.11,2.15
23 (o R R R R R 3.6
DA TALE - . . v v et s ettt e e e ee e ee e e et 1.8, 2.2, glossary
Bell 202 standard . ... ..vvtiin i e e 1.8, 1.17, 2.2, 4.11, glossary
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benefits of

Device Description ..................ooouiuii. ... '

Device Description Language .. ................................. 0o o
enhanced diagnostics . ......................... ...l o
HART ... oo 1.12, 1.17

binary ..o 1.17
\alues, requencios comesmonting o .............................................. gloss;r;/

bit L. oS SOMESPONGIB IO o

brondeas miirecs ............................................. 5.2, glossary

builtin functions T 3.11,4.6

BrSmods. . T 5.2

busydevme ............................ 3.5,3.10,3.11,3.17,#107,#;08,#10

Byle .14, 4.14
- ............................................ 3.6, glossary

byte,command,,,,,_,,.,,,,,,,,,,_,,,,__,___: ............................................. 3.7,3.13

bytes, data, for HART commands 441§

C ’

Gable L 5.2
attenuation and phase shift ........................................... >e
COBGIANGE o 2.8
Tongth, maximm HART .17 2.8,2.
g UM HART . T 2.9
FESISIANICE .. ...t 7o
screening .................................... Saa0
e e 2.9,2.10
twisted-triple .................. ... ..., L1262

alibration, LT : 6 ..... 2.6
DAC .6, 1.13, 5.
sensor .......................................... #45’1#46
seroand g T a1

capacitance number ................................ g 2

capacitancs, T 2.7,2.9, glossary

cable ......... ... o

device oL 2.8,2.9
carTier CoMtrol iming rules .. .............................. . T 228 ; 2
COITT o TMBTIES o .
Character .............................................. glossary

Codings LT glossgrg

sttings, ASCIL | .
charactar, T 3.15,4.10,4.13, 5.2, glossary

preamble ........ ... ... ... ... ..

SAIE o\ 3.9
chartrecorder ............................. OO 28 ;114
Chocksum T e .8, 2.

ertor T 3.7,3.]3,3.16,glos:a1ry

N .14

coding, T e see "capacitance number"
character ................ :

oher ................................ 3.6; see also "character”

enumeratedvariables..........................::: .......................................... i

SRIS oo 4.11
CONOCHONS .. ... ve e ce s oo Y2
o 52

HOtOH#I9 ... 43,4.13

BO T 3, 4.

81 3.8,3.9,4.6,4.13

Ba s 3.5,4.7,4.13

..................................................................... 4.9,4.13




command
BB et e e e e e e 4.8,4.13
2 1 1O 3.11, 4.6,4.13
F3 B 2R T L 4.9,4.13
F 2 TV 215 (0 PN 44,4.13
72 3 70 4.7,4.12, 4.13; see also #107
HAB . ... e e e e e e e e e 4.13,4.14
B0 00 56 o vttt e e e e e e i 4.12,4.13
53 PPN 4.12,4.13
B30 L e e e e e e 3.9,4.13
- 4.7,4.12,4.13
F 2 TR -7 P 4.7,4.13
E R Lo 1 4.12,4.13
107, B108, B100 . o ottt e e e 3.5,4.13
3 1P 4.7,4.13
L3 I T 2 . T 4.4
L2810 3253 o ittt e e e e e e e e e s 1.11,4.5
TESPONSE COMBS . . . vttt ettt et e 4.14
TeVISION JBVEIS L .ottt e e 3.8,4.3,4.6,4.13, #0, #11
COMIMANAS, .+« v e ovn st et ettt iat it ietaaiesisaesaseesansansoenonnas 1.14,3.7,3.12,4.2 - 4.13,5.2, 5.5
LT85T+ o < A 3.5
COTAMON-PEACLICE - . . . ottt e ete ettt et i it aie e ae s senaaesocennons 1.10, 1.17, 4.4, 4.12, 4.13, 5.
AeVICE-SPECITIC . . . o .ottt e e e 1.11,4.5
NON-PUBTIC « . ot i 4.4
LR LT 17" <-x- Y P 1.9,1.17,4.3,4.13, 5.
COMMON-Practice COMMANAS .. .......ivutiuiti it it e eaaaanes 1.10,1.17, 4.4,4.12,4.13, 54
communicating device, connection to JOOp ... ... .. i e s 24-26
COMMUIICALION .« v e vttt iie i iie et naennnnns 5.1; see also "HART Communication Foundation"
L= € ¢ 3.14,3.16, 4.14
Y <N 52
L1728 14 -1 o« R 1.8, 115
communication,
digital L. e e e 14-18,1.15,2.2,2.4-2.6
establishing . ... ..ottt e e 3.8,4.6
simultaneous analogue and digital ......... ... ... . . 1.4,1.15,1.17
communicator, hand-held . .. ... ... e 14,18,1.17,24,3.3,5.1,5.2
compatibility
with analogue signal ........ ... i e e 14,115
with controller OUtPUL CIFCUILS . . ..o vttt i i i e e 2.13.
LT 01311 glossary
configuration changed flag . ... ... ... i e 4.14,#38
CONFIGUIALOT . o vttt ittt et a e 1.3, 1.4; see also "hand-held communicator”
connection, 0N fITSt . . . ... o e e e 38,46
CONSITUCHION MALEIIAIS v vt vttt it ettt ittt et ie st e bt ae e iaan s tea s e ann s 1.11,4.11
control SYStem . ... ...t e 14,1.8,1.12,1.13,1.17,2.4,2.10,2.13, 3.3, 3.11, 5.1
1040 ) v S P 1.15
o321 2.13
coupling of muitiple HART loops see "crosstalk"
CROC 1ottt ettt it e e e e see "cyclic redundancy check”
LT G111 7211 < 2.3,2.9,2.11, 3.8, glossary
current B
TS DT 7o) 2.7
) O P 22-26
OUPUL (FranSMItter) ... ..ottt e e 47,4.12,4.14, #2, #3
set fixed ..... ettt e e e e 1.17, #40
output (CONLTOl SYSTEIM) . o .. vttt ittt it e a ettt et et i 2.13
CUE-OfF fTEQUEIICY .« . oottt ettt i it it e e e 2.8
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cyclic

redundancy Check . ... ...t e e e e glossary
1S 1.7
DAC
/<5 (o T 1 4 1+ #45
A, ITII L .ot e e e e e e e, #46
damping value (time CONStaNt) . ... ... oot e #15, #34, glossary
data ... e e e 1.8, 1.15, 3.7, 3.15, 3.17, 4.10; see also "variable"
DIt Order . . .. e e s 3.6
bytes for HART COMIMANAS . . . . .« o vttt ettt ettt ettt e et e e e et et e ieae e aneanenns 4.13
format, ’
1 1 8 glossary
QA . e e e e e e e 4.13
EDUMETAEd . .o oottt e e e glossary
FloALING POIME L. ottt e e glossary
1T PPN glossary
DT LY vttt e e e e e e 1.17
SN Ay .. e e e e 3.1; see also "OSI model"
1 PP 2.2; see also "baud rate”
TECOVEIY CITCUILS . ..ottt t ettt ettt ettt ettt iaae st iee s eneessrnnnneess 2.8; see also "UART"
15 7 PR e 4.10,5.2
ata, ON-lITe .. oot e e e e e e e 1.17
Qa0 e e e e, 1.6,5.2, #13, #18
0] v 2T A 4.13
d.c.
L0018 504 T 1 2.2
J0ad . e e e s 2.4

see "distributed control system"
........................................................................ see "device description"
see "device description language"

[« (T T N 15
delaY, e e e e e e e 1.5
INOAEIN FEVETSAL . . .\ ottt ettt e et ettt et e et e e et e e e e et S 3.9
SIBIAl L. e e e 2.8
demodulation . ... ... e e see "modulation”
denSity MEASUTEINENIE . . ...\ v vt e e e ettt et et sttt e et ettt et e ee e e seeeasessessosnonanunnnsesoasnnns 113
L3 15510 41«31 N #13,#18
destination address . .. ... ... e e 1.8,2.6
device
busy ....... e e e e e e e e 3.14,4.14
description (DD) ......ooovviveinnuanns e 1.14, chapter 5, glossary
ATChIVE L . e e s e P, 5.6
diStribUtion . . ... e e e s 5.6
LTy o L Y 5.5
language (DDL) .. ..ottt e e e e ... 1.14,1.17, chapter 5, glossary
SOUTCE .+t vvv et st et e et e tnae et inneentenantooentannnensnananns L 52,54
31, (LT o) 5.4
L1011 . 54
description,
CTEALIGE . .o ittt ittt ettt e e e e e 54
LU 1 4N 55
TUNCHON F1agS . . oottt e e e #0, #11
identification MUMDBET ... ... ..ottt e i ey 3.8,3.17, #0, #11
IMPEAaAnCES .. ..ottt e e e s 2.7,2.13,2.14
-SpeCific COMMAnMS . . .. ..t e s 1.11,4.5
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s e 1.8,1.17,3.7,3.14, 3.17, 4.14
SIS, oo 2o R DRSS a8
additional .................... g
COdmg ................. 3.8,3.17,4.11, #0, #11
3 L
O HGRING -+ 24-26
COMMUNICALNG .+« vttt et i et

ﬁeld113’seealso"masterv
HOSE oo L e N
oS 1.12, 2.13
QUIPUE et et
L1 V1« A SO
B s e #40 - #42
quctlonts. .............................................. LT L e s g onies sttt
RfOMMALON ..o 12 L2 LT, BA8; see also Hdevi o
fctionary, standard .. ... e e
e BCALION .« v vttt ettt e e 14-1.7,1.15,1.17,2.2,2.6,2.17,5.2
COMMURIGAHON ... ovvvveseemee s LA LS, 107, 22,26, 2.0 32
-LO-aNalOBUE COMVEISION ... cooo s L
istributed control system ................... P
istributor code, private-label ...................... s
istortion,signal................................................:::: ............................ 28
O RODEGOMMANA -+ 3.4, glossary
PIEK .o 5. bito, Sleeeny
YRAO VAHADIE . ..o..veoes s Yoo
ASSIEOMENES . ..ot vt ettt it
..................... see "ground"”
B s SE8 BTG nd
conomyinﬁeldwiring.................................................:: ....................... P
HEAISPIays ..o o2
EPROM GORTOL ..o >
lectronic "label" ......... ..., e 110, 4L oy
numerated variable ... ... ... . e
o d-SPECIIC + v vt e e see "command response codes"
command-SeCific ... Se0 Toommandy e s
COMMUMICRHION ... ovees e 36,3416 i
vOlUtionary trend .. ... . viuet it e
e TongS v e oo 29
Cable Jengis .. ... 22
device desCription ... .+ o e 22
device-specific commands ...........ooross -
transactlons ................ 535 Sy
KOISIVENOF .. s P
xpansioncode254...............................................:.:: .......................... i
XPIESSIONS « o\ v v vv v ete e vee e it
................... 1.5, 1.7
ast loops .......................... L7
O OSSN lossry
el JOVICE oo 12,1.13,1.14,2.2,2.13,3.5,5.1,5.2,5.5,5.6
devwf:d‘.:I ............................................................ S
BAIESS o L oy
CBPACIANGE ..o B TS 4g
identification ........... s
impedance ...... i e
polling address ..o L ST e
o 15, 1.8, 1.17,3.7, 3.14, 4.14, #48
SIS e B R LG S S e
JOOP < et vt e e e

field wiring ... 1.7,1.17,2.9,2.10
Fieldbus T 15,118, 5.7
Foundation ... 1.15,5.7
fiter ... 22,2.12,2.13
final assembly number ... ... S #16, #19
Fisher-Rosemount ........................... 1.1,14,1.13,1.15
fixed output current, set ............ ... RS 1.17, #40
flags,
configuration changed ... 4.14, #38
device function ... 4.13, #0, #11
floating point ... 4.10, 5.2, glossary
flow measurement, COMPUERT . .o T 1.13
format,
Bddress . ... 3.11,3.17
ASCITtext ... glossary
CRTACIET ..o B 3.6
Gala 4.10
Gafe ..o 4.13
display ... 5.2
Ot 5.2
enumerated variable ... 4.11, glossary
floating point ... glossary
hardware revision level ... SY 4.13
AMEGET ..o glossary
long and short frame ......................... .. .. ..U 3.8,3.10,3.11,3.17, 4.6
MESSAZE . oo vv e 3.7-3.17
fourth variable ..., 4.12, #3, #110; see also "dynamic variable"
frame ... glossary
format, ... 3.7-317
longandshort .......... ... 3.8,3.10,3.11,3.17, 4.6
framing error ... TR e 4.14
frequencies, signal ... 1.8,2.2
frequency-shift keying ............................ ... 1.8, 2.2, glossary
fsk .o see "frequency-shift keying"
fullbduplex ... T see "duplex"”
fluses, resistance of ... B 2.11
BV see "fourth variable"
8ap, inter~character . ... 3.6
ground, grounding ... 2.3,24,2.10
single-point ... R A 2.10
halfduplex ... 3.4, glossary
hand-held .
communicator, configurator, terminal, ................... ... ... .. 14,1.8,1.13,1.17,2.4,3.3,5.1,5.2
addressof ... T T 3.11
PC oo e e e 1.13
handshaking ... glossary
hardware revision level .................... ..., ..l #0, #11
format ... 413
HART
benefits ... 1.17
Communication Foundation . .. ... e preface, 1.8, 1.16,2.13, 2.17, 3.8,3.10,4.11,5.1,5.4, 5.6, glossary
communiCator, universal . ... T e 5.8
coupling of multiple loops ................................. .. T 2.11
device description language ... chapter 5
features ... T 1.17
integrated cireuits ... 1.17,22
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R Gable gl v v e e 29
MM Cable Jegih ... o
ol L et 18, ehapters 2,3 and 4, 5., glossary
prOFO'COS ................................................. 3.8,4.3,4.6,4.13
TEVISIONS v vt v eeteeett oo ittt e sy
signel i ..2.8

attenuation and diSTOMHON . . ..o\t ve et i 1 .o
P 2=) A O 13, -

i 12T 1 AT 3
BT OO O e e 2.15
headroom fOr ...\ttt it et e e 2 3 29-2 i2 s
interferenceto . . ....vvvv vttt e R .3, 2. 12, ,2'13
QUEPUE AEBVICE .. v vt ettt ettt ie et e et e prerace i
SPECHiCAON, .o+t PO ,2.16
e I K HARY Commieation Fondaton (o)
HCF USSTOIOUP oo see "HART Communication Foundation"
................................................. ‘ ation Foundation’
headroom for HART $ignal .........ooorrssrsssssirs s diesnry

hexadecimal ....... .

:iig}t:-speedloops .......... 13, slomsars sew i e

OSE .- ee e L3, glossany; sesaiso e e
SOfWare applications ..o s
software,upgradmg .... >

hydrostatic tank GAUZE .. ..o v vn ettt e

................ 3.6

IBM-compatible PC ... .ottt et e

idemiﬁcgz 0r‘l:anufacturer ............................ 3.8,3.17, 4.6, 4.11, #0, #11
oot o 3.8,3.17, #0, #11

id tixfl'll:rn‘::i’qiiwce ................................................. 3.8,3.11, 3.17, 4.6, #0, #11, glossary

iden SUNIQUE oo v v iiiiiie i

i 2.8,2.9
cable ... s s M 2
Bovice e a2 2
QOVIEE e BTG -
FUSE oo -
IS BAITIEE e >
OUIPUEEVICE . >3
POWEL SUDPY . - e T

inaCeSsIblE IMSIUMENES - -« ocvvvs et S

T TS e L70) ol LY I I E R R R R

e el e, 1.6

additional ... LS
COMSITUCTIONL &+« v e v oo e e e tee e ettt e a e eeten s ettt iannaonasiaseseeeensnonn RN
maintenance-Telated . ...ooniieenss e R ., 1.11: o
MAerials -+ e L 1
i strug::fss-related.“““”““””.””.”““.””:::::: .......... see also "device type", "field device"
SHUIIERE o ccrrovse s 500150 Tdevics BT, TCE 6 oo
case, connectionto ...... ceene R LR -
e L G U Vi 50,5
int MEBBEIEN 4.10, glossary
G5 .o oo e e G Blossery
integrated circuits, HART ... ... oot
O 1.17
loop .............. 7
HARSTHISSION .+ ).
T e 1 T = o L R PR
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interference
toanalogue signal ......... ... P 1.8,2.2
o HART signal ... 2.3,29-2.12,3.6,3.8
interference, detection of ... 3.6,3.16
interational standards ... 1.15
Interoperability ... 51,53
Interpreter ... 5.5, glossary
Intrinsic safety ... T 2.15
barriers, repeaters . ... 1.13,2.11, 2.15
inventory management .. .................ioiiii i 12,117
IS see "intrinsic safety"
ISOLatin b ..o see "ASCII"
items from astandard list ...................o. 4.10, 4.11
Tto-Paransducer . ..o 1.13
Latin LISO ..o see "ASCII"
level measurement ... 1.13
Hmit, 65 s oo 2.8,2.9,2.15
linker ... .o 5.5, glossary
list, items from a standard ...................... T 4.10, 4.11
loadresistor ......... ... 23-29,213
load, dic. ..oy 24
local ’
Indicator ... 2.7,2.14
operator interface .............. 1.3,4.14
POWEE . . 2.5
long frame format....................... 3.8,3.10,3.11,3.17, 4.
longitudinal parity, longitudinal redundaney check ... ................................ 3.16, glossary
loop
IMegrity ..o 1.17
VOlage drop . . ... 2.9,2.11,2.15
loop,
Bast 1.5, 1.7
fleld ..o 24-2.6
signal ... 24,25
signal, grounding ... 2.10
low-passfiller ........ ... 22,2.12
LR see "longitudinal redundancy check”
maintenance
COMPULET ... . et et e e e e e e e e 33
MANAZEMENT ...\ttt et e 1.13
—related information . .. ... ... o 1.6,1.12,1.17
management information systems ............ R 1.15
MANUEACHINET . ..ot e e 1.14,5.1,5.6
identificationcode ................. ... 3.8,3.17, 4.6, 4.11, #0, #11
mass flow measurement .............. ..o oo e e 1.2,1.5,1.13
master . ...... S see also "transaction"
BAAIESS . ... 3.3,3.11,3.17
device impedances ................ooo 27,213
e #42
signal levels . ... i 23
SIAVE L 1.8, 3.2, 3.4, glossary
master, '
burstmode operation . .. ... o 3.5
multi- . 1.17, 3.3, glossary
PHMArY, SECONGALY ...\ttt 2.7,3.3,3.11
revision 4 compatibility ... ............... 4.6




terials Of COMSHIUCHON . .\ v\ o vttt ettt et e et s et e ettt e e e neanane 1.11,4.11
asured variable ........... .. iii 1.4, 1.5, 1.7, see also "primary variable
[IUS - v v e e e e e e e eae e e e et e e e m e e e e e e e e e 52
ssage
FONMAL (SHUCKUIE) .« . vt ottt et at et s es e et e e b st e b s et a s et st e etanaaaens 37-317
stored i fIEld deVICE . . . v ettt e e e e e #12,#17
YT« 1R 5.2
jcellaneous
COTIPOMENIES . . .+ ¢ st e e e s e s e et e st e et et s e e e e e st e b e st s it st e et 1.13
1o T 2.7,2.8,2.14
YDE command, DOS . ..ttt ettt e e e e 3.6
1 ¢ TR 1.4, 1.13, 1.17, glossary
0 AR I 1.13,1.17,2.2
dem, reversing direction 0f .. .. ...ttt 3.9
QUIBLION, .\ e v ettt ettt et et e 2.2, 2.13, glossary
VO « - e e ettt et et e e e e e e 2.3,2.13,2.16
JHATOP + v e v et e e e e 1.7, 1.8, 1.17, 2.6, 2.9, 4.8, #6, glossary
ey LT oS P R 1.17, 3.3, glossary
Itiple
ANAlOZUE OULPULS - .+« v et ttae e et ete e s e et e n b e a e 4.7,4.12, #48, #62 - #10
field devices see "multidrop”
HART loops, couplng of . ...... ... . oiveieiieiii e e e 2.11
EWISTEA PAITS - -+ v vt v et eanee e et e e e e e 29
THPIEXET .« et ettt e et e e et ettt e e 1.4, 1.13, glossary
LEVArIAble tTANSMILIEES « . o o v vttt et ettt et etan e s e 4.12
1S€, POWET SUPPLY -+« o v e e e e et e ettt et e ettt 2.11
1-PUBIIC COMMANGS . ..+« vttt ettt et ettt e et a e e 4.4
£ =AU R R glossary
S R R R R glossary
- T R T 1.17
EN COM commMAand . . ..ottt ittt ettt e ettt et a e e 3.6
o L eY-+) (R CRREEREERS 1.8,1.17
en Systems INLerCOMNEctioN . . ...« vvuve v ettt see "OSI model"
BIALINE PIOCEAUTES . ..\ e sttt e ettt s e ettt e e e et e e e e 5.2
e Ui+ 1 PSS L15
] T s (<) R R 2.1,3.1, 4.1, glossary
put
CUITETIE, .« vt veeevens o s nvanmeaasaeaaenanannaees #2, #3, #6; see also "analogue output", "analogue signal”
PATKING . . oot e e 2.6
DT £ S P 1.17, #40
BT T 1.12,2.13
221 R R R R glossary; see also "multidrop"”
11 2 LT R EERE 3.6, glossary
KNG OUEPUE CULTEME .+ . o vt e et et et e me s te et et i e me et et sttt ettt sttt e es 2.6
SSIVE INSITUITIENES .« . v v v v v e e et te e st et eaaa e aaacn s ainnneaneanes see "miscellaneous devices"
T R see "personal computer
e i v 11V R R ERETETERRREERES 4.7,#2
[SOMAT COMPULET . .« o« v ettt et et i e ae e e e anas e e st s et a it taansnanan s 1.4,3.6,5.4,5.5
T T2 2.8
YSICAL JAYET, Lo vt et e e 2.1; see also "OSI model"
22 T 2.17
voltage MOdUIAION . . . ... v\ttt e e 2.16
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physical
signal
freqUencies ... ... .. i 22
levels ........ 2‘3
signalling code ........... i 411
plant information network 115
PLC . R see "programmable logic controller”
pnf,umanc {nstruments .......................................................................... 1.15
pom_t-to-pomt .......................................................................... 2.6, glossary
Polling address .. ........eutii 2.6,3.8,3.11,3.17, 4.6, 4.8, #6
POWEL SUPDLY ottt et e e e e 2.3,2.4,2.6,2.11
preamble . ... 3.4,3.7,3.9,3.17, #0, #11, #59
pressure MEASUTSIMIENL . . . .ottt ettt e ettt s e e e et 1.7, 1.13
primary
TIASTET o ettt e e e e e e e e s 3.3
BAAIESS -t e 3.1.1
IMPEdANCE . ... e 2.7
) MG IUIES . Lo e 3.4
variable ... ... ... 2.6, 3.17, #1, #3,#110, glossary; see also "dynamic variable"
outof imits ... ... . 4.14
span, BB e e e e #36
U S L ottt ittt e e e e e e e ety #1,#3, #15, #44, #110
ZETO, SEt L.t e e el N #37
ZEPO, TNl e e s #43
variable, CROOSING . . ..ottt e e e 4.12, #51
private-label distributor code .. ...... ... e ' #15
process-related information ... ... ... .. e 1.6
process
COMTOI e . L e 1.13
L TE ) 1.13
Variable ... e glossary
PROQUCES, HART . ..\ e e e e e e e e i 1.13
programmablelogiccontroller......................................................:::::::::::::: 1.13
PrOtOCOL ..\ e glossary
:;Xl‘é?er ......................................................................... RPN 1.13
public tlephone etwork 111111111111 e T chapln B A an 3 ey
o see "primary variable"
radio HIK .o 38
range,
ELy LT T #63, #65
TEAMSIIIIEET & . .ottt e e e e e et 1.17, #15: #35
1= L1 4.14; see also "sensor limits"
rate-of-change of analogue oUtpUE .. ..........ovit it e P 2.12
RC t.ime-constant ....................................................................... 28,29, 2: 15
receiver
SeRSHIVILY . ... s e
trshold L. 23
redundancyglossary
FElALIONS . ..o e 52
TRHADILIEY ..o\ s 1.17
TESBL MASIET . ...t e #42
resgstance .......................................................................... see "impedance"
resistor,
loafi ............................................................................ 23-29,2.13
EE o AU 2.14
FESPONSE COE . . v ittt ittt et et e et et e e e e e 3.14,4.14
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evision levels, 3.8,4.3,4.6,4.13, #0, 21 1
COMMENG oo essss e SR AR T it
hardware, software ................................ M

pple, POWET SUPPLY -+ ..... preface, 1.8, 1.16; see also "Fisher-Rosemount”

ROSEMOUNE . ..o eeeeeeeeeseeereeesesseees DIV 200 0 PP O e sy

RS-232 . L B

RS-ABS v e v vee e et

T U RO U PRSPPI 1.13

SCADA e 17

S0, GYClIC e s 55 210

SCTEETIIG 4« v e v v ovremcenssrnnsesnnsssonassene e

STy 29,33
MBSHET ..o escsrces T o

QATESS .. oocces s o
HMPOQANCE ... occes et 2
timingmles-----------~~-~--~--------~-----.----~: .... 4.12,#3,#110;seealso"dynamicvariable‘z'
VAHADIE ... e eeeeee e SRS T TR BEERE I T e
self-test, .................................... hoe
PEFOMN ..o s kot
TGOS ..o o
SENSHIVILY, FECEIVET .. v v v vvnn s errcm e
SO PRSP R RP P RS RPERE EE R L 1.11
GAIDTALION . ecvccce s TRy
BIMS oo e eeeoesscs s e o
serialnumber......................................:::: .......................... 336 losary
- b ............................. see ;'&é\;i.c.e.I.D. number”, "final assembly number", "sensor serial number’
DUMDET .« vvvearveennneennronnenns
VPP TPRPRPIPPPPPPR PRSP R PERY 1.17, #40
fixed QUIPE CUITENE ... cveweeossssrrrscecsssss s s tr st "
span ...................................... s
ZEIO oo e b
112 B T 868 3.8’3.10’3.11,3.17’4.5
Short frame fOMMat ... ococvvessssssssisseeeessssss st T TR T T by
Shunt IMPEdANCE . . v veeiiree e
Bl 23,28
HEMUALON . ... corescoesss s ss s T 2
BARAWIGt ... )2
QISIOTHON. .o sre s P22
FIOQUERGIES -+ v e e e ooes st 22
EVES e ey
JOOP « v v vcennnnn e .
grounding
Signal, SINE-WAVE . c.oeoressssr e
SHPIEX + o v ae e Senenenn iy
simultaneous analogue and digital COMMUNICAHON ... .ocovvseeresseerrss st e T e
sine-wavesignal..........................................:..: ................................ 22
Single 100p COMIFOLIET .. cvveeos s o
SINIE-POIDEGFOUNA o e dowieet
SIBVE ..o eeee e T a1t 317
address FOTMALS . . ..o cvvnrnennenrnsraerassenmeesessesnaenes
e, P A 3.5
BUISt MOde OPEFANION ...« (853 3 sy
FUASLET- .. o eo e e R T A
mUltidrop OPETation . ... oo voooiveriaeir i
T o (e aMSUMEIS) e« e e e e et e e e 1.2,14,1.17,5.1
devices (HAMSMIIETS) .. ..ccconessssssesssesss s T o s
DUtP“tldeIViC:; RO RN RRRRPRI .... glossary; see also "hand-held communicator"
Smart Family Interface . .. ...oovvvenenrianes
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software revision level

....................................................................... #0, #11
SOUPCE addresS . ...... .. ...t 1.8
specification,

Device Description Language . ... ........c.uuuuiuniniei e e 5.1
device-specific commands ........... .. 4.5
HART o preface, 1.
standard diconary .. ... ... . 52,53
standard, communication . ......... ... Lo 1.8, 1.15
standards committees, international . ......... ... . i e 1.15
start
andstop BItS .. ... e 3.6, glossary
ChAMACEr L.\ 1.8,3.7,3.10
SEALUS . .. 1.8,1.17,3.7,3.14,3.17, 4.14
COdING - e 4.14
status, additional . . . ... ... #48
SEOP bt oL see "start and stop bits"
SUPPHEr . ... see "manufacturer”, "private-label distributor”
Y see "secondary variable"
SYNChronous ComMmUNICALION . ... ...\ eet ittt ettt e e e glossary
L 1.17, 4.6, #11, #13, #18
techmical SUPPOTE ....... .. o 1.8, 1.16
Telemetry . ..o e e e 1.13
telephone network, public . ....... ... oo 22
TEIMPETAMUTE . . o ettt ettt et e e e e e e e 1.5
MEASUTEIMEIIE . . . .ottt et e e e ittt e ettt e e e 17,11
terminal, hand-held ....... ... ... .. see "hand-held communicator"
terminology, COMSISIENT .. .. ... oi ettt 52
tertiary variable ....... ... ... e 4.12, #3, #110; see also "dynamic variable"
TEXESITITIE .\ v ettt et e et e e e see "ASCI"
threshold, receiver ...... ... ... . 2.3
time constant,
QAMPING « .\ttt #15, #34, glossary
R 2.8,2.9,2.15
HIEOUL Lo e . 3.4, glossary
timing rules,
BURSEMOdE . ..o 3.5
CAITIET COMITO ...\ e e 34
TANSACLION . . ...t e 2.17,3.

BOKEMISET .. ..o 5.4, glossary

totalized Mass flOW . . ... ... oo 1.5

OMAliZer . ..o 1.11

TAnSACHON . ..o\ it e 1.8,3.2, 34, 5.2, glossary

examples ... ... .ot e 3.17
HMINZTUIES ... ettt et e e 2.17,3.15,34

transaction, BUISE MO ... ... o.ueun ettt ettt e 3.5

transfer function .. ... ... 4.11, #15, #4

translation, INStANt . ... o 52

transmission '

gy . o e 3.16
MediUM ..o 2.1,2.9
B e e see "baud rate"
transmitted signal ... ... .o 18,22,23,2.8

TANSMIMET ..o\t e see also "field device”

BT o e e e e e 1.17, #15, #35
~specificcommands . .. ... see "device-specific commands"
variables ... 4.12, #33, #50-56
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Fisher-Rosemount Europe

STAMSIIIHEES, «  + « v v e e e e e s ee e e e s e s ee e e st e e e s st 1.7 Austria Italy
Fishe.r-R'osemount ......................................................................... ‘1‘13 Fisher-Rosemount AG Fisher-Rosemount ltalia srl
e s Industrie-Zentrum NO Sud Via Pavia, 21
Tmaire 24,256 Strasse 2a Obj. M29 1-20053 Muggio

wrim 2351 Wr Neudorf Milano
DAC ZEFO e v e v e e e et e e et et e e b et #45 Austria Italy
DAC AN .. eveveeeeee e e e e e #46 Tel: 432236 607 Tel: 3939 27021
PIMary VArADIE ZEIO .. ..o o e et e s #43 Fax 432236 60744 Fax 3939278 0750

EWISEEA-PAIE CADIE .+« o v v vt e e enen e 14,1.7,2.6,2.9

e e S Belgium Netherlands
mentdoon - 24 Fisher-Rosemount NV/SA Fisher-Rosemount BV |
CEIISITIIEEET « « v v s e s e e e e e e e et s e e e e e an e e e e e et 2.4,2.6 De Kleetiaan 4 Patrijsweg 140 !

o VT R R R R R see "tertiary variable" B-1831 Diegem 2289 EZ Rijswijk ‘

Belgium The Netherlands

L7 -4 SRR TR R [ 3.6, 4.14, glossary Tel: 322716 77 11 Tet: 31 70 340 96 66

unique identifier .. ... ..ol e 3.8, 3.11, 3.17, 4.6, #0, #11, glossary | Fax: 322725 83 00 Fax: 3170390 68 15

UNIEag, AESCEIPLOT, AIE . ..+ + v e e ent s aas s s rs e s s s s s #57,#58 ' .

LITEIES, - < o« e s e s e e e m e e e e e e e e e 1.6,4.11 :
PEMATY VAHIE 1+« oo e es e et en e e #1, 43, #15, #44, #110 Denmark Portugal %
TAIMEE « oo e et et e et e e e e #15, #35 | Fisher-Rosemount A/S Fisher-Rosemount A/S i
secondary, tertiary, fourth variables ... .......o.iiuiarieiiien e #3,#110 Hejrevang 11 Rosemount Portugal Instrumentos, LDA ‘
SEISOE HHIHES + « « v v v e e e e n e et ettt e e e e n st e et #14 DK-3450 Alleroed Rua Alfredo Da Silva No 8 i
TANSIEEr VAFABLE . . oo et ettt e it e e #33, #53,#54 Denmark Bloco C, Piso O Norte i

universal . . cec "UART" Tel: 4548170333 2720 Alfragide ;
B L e 43,54 Fac 4548170244 Portugal
HIART GOMIUIECALOT .« « ¢+« « s s s se e e e annmee s s b s e s s st sttt it tes e st 5.8 Tel: 351 1 471 3208 ‘

BSEIS e ve s e e e e s e e et e e 1.14, 1.15,1.17,5.1, 5.6 Engtand Fax: 351 1 471 3338 !

Fisher-Rosemount Limited

% T e R R 2.2; see also "CCITT" Heath Place Spain {

valve positioner ......... L LR LR AR 1.12,1.13,2.3, 2.13,;5.411 Bognor Regis Fisher-Rosemount SA

var%ableassignments,dynamlc...........................................................:4.12,#52, 1 West Sussex Crta Fuencarral - Alcobendas Km, 12,200

T3 R R EEEEE R 5.2, glossary; see also "data a
T R REATERETEY #3, #110, glossary PO22 25H Edificio Auge, 1 Plantas 5a-6a
EIITIETALEA « + « e e e e e e e ee e e e et e et an e e e n e a ettt 4.10, 4.11, glossary Tel: 01243863 121 28049 Madrid
FOUTER .+« v v e e e e e e e e e e e e er e 4.12, #3, #110; see also "dynamic variable” Fax; 01243 867 554 Spain
IEASUTEA . ..o v ve e se e e e et et 1.4, 1.5, 1.7; see also "primary variable" Tel: 341358 9141
PIIMATY, « .o oeeaveer s eeen e s s 2.6, 4.12, #1, #3, #110; see also "dynamic variable" France Fax: 34135891 45

choosing R EE IR LA 4.12,4:#111 Fi_sher-Rosemount SA
e s ek, 10 2 Place Guslave Eiffel Sweden
secondary, teTHary . .« ..ovoonnrnni e s 4.12, #3, #110; see also "dynamic variable" Silic 247 ) Flshgr-Rosemount AB
B S R ETETER 4.12, #33, #50-56 Fome Kanikenasbanken 6, Box 1053
VOItage-mOde FIART ... euvnuns s e anneeeneas e s sis o h s s st h s h s st 2.16 France S-651 15 Karlstad
VOItage MOUIBHON . . .+« . v v ee et ine e et 23,213 Sweden
Germany Tel: 46542199990
WIEIE, FIEIA . .\ e v ettt eeee e 1.7,1.17,2.9, 2#10 Fisher-Rosemount GmbH & Co Fax: 4654211 28 04
WIS PIOTECE L« ¢ 4o e e ae e oo n e s e eee e s s e e n ettt 4,11, 4.14, #15 Argelsrieder Feld 7 “
82234 Wessling Switzerland !
Germany Fisher-Rosemount AG

. Resource Center
Fisher-Rosemount Systems
Austin Texas

Tel: 49 8153 270
Fax. 49815327172

Visit us on our Website:

Blegistrasse 21

6341 Baar
Switzerland

Tel: 41 423361 11

Fax: 4142318740

http://www.fisher-rosemount.com
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