FILELD® TRANSNITTER FOR STORI NG: iNFORNBTTCSFEﬂKTKEKJJWD“@F THE I10BRITEEN The
presentvlnvent|0n relate5w10 a;t&@ﬂsnlttgg .n_a Qrogeés control | oop.

Mor é s:pecwfdgagg t he prerSent dnventl on el afes tg alfiel sagsmad ter for
storing’ dlgltlze represegt dgnﬁ\of proc ss art a I . Process control

| oops are used to control pp@r 1t ] dn'of QproeREsy or exanple, in an
oil refinery. A’transnitteT ocated [h { e fﬁbld nbntLors a process

vari abl e, such as fluid anMI and’- trandm-ts- -dat-a.representations of the
process variable to a -1-

FIELD TRANSMITTER FOR STORING INFORMATION
BACKGROUND OF THE INVENTION

The present invention relates to a transmitter

in a process control loop. More specifically, the
5 present invention relates to a field transmitter for
storing digitized representations of process variables.

Process control loops are used to control
operation of a process, as for example, in an oil
refinery. A transmitter located in the field monitors

10 a process variable, such as fluid flow, and transmits
data representations of the process variable to a
controller located in a control room. The controller
receives signals representing process variables from
numerous transmitters and is capable of controlling the

15  process by sending signals to field instruments, such as
valve positioners, to alter the process. The controller -
receives digital information from the transmitter at an
update rate ‘of typically once per second. Some
controllers-/process the variables received from field

20 transmitters and provide diagnostics indicating status
of the process. For example, if a flow rate exceeds a
predetermined. system tolerance or alarm limits, the
controller in the control room receives digital
information from the field transmitters and thereafter

25 provides a warning and can take steps to shut down the
process.

There is a continuing need for improved
monitoring and control of processes by field mounted
process control devices. '

30 SUMMARY OF_ THE INVENTION

A transmitter in a process control system
coupled to a process control loop includes a sensor for
sensing a process variable and circuitry for storing a
digital representation of the process variable and

~
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| ocated in a control room The controller receives signals

representing process variables fromnunmerous transmtters and |s capabl e of
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transmtters and provide diagnostics indicating status of the process. For
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sample time information into memory. An analog-to-
digital converter coupled to the sensor provides a
digitized process variable. The digitized process
variable is obtained at a sample time. 2An interface
couples the transmitter to the process control locop and
communicates information over the control locp. The
transmitter is powered by the same control loop used for
communication. The transmitter includes a clock and a
memory. Control circuitry receives the digitized
process variable and clock information which it then
stores in the memory. The control circuitry stores the
information whereby the sample time of a stored
digitized process variable is associated with the
digitized process variable.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram of a process control
system monitoring an industrial process.

Figire 2 is a block diagram of a transmitter
in accordanee with the present invention coupled to a
process control loop.

Figure 3 is a flow chart of the operation of
a microprocessor in the transmitter of Figure 2.

Figure 4 shows a process control loop.

Figure 5 is a schematic diagram of a process
control system.

Figure 6 is a graph of flow rate versus valve
position for the process control system of Figure 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 is a diagram of a process control

system 10 for monitoring an industrial process. The
industrial process shown in Figure 1 is a fluid storage
system including- storage tanks 12 and 14 and
distribution piping 16. A process control system 18

includes a control room 20, flow transmitters 22 and 24,
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controller in the control room receives digital information fromthe
field transmtters and thereafter provides a warning and can take steps to
* shut downywigwg,pipcess. There is a continuing need for, @
nmoni toring and control of processes by field nounted process con
- devices. SUMVARY OF THE INVENTION A transmitter in a process control
system coupl ed to a process control |oop includes a sensor for sensing a
process variable and circuitry for stortgg a
valves 26 and 28 and level sensors 30 and 32. Control
room 20, transmitters 22 and 24, valves 26 and 28 and
transmitters 30 and 32 are connected together on a two-
wire control loop 34. Control loop 34 may comprise, for
S example, a number of point-to-point analog 4-20 milliamp
current loops or a digital Field bus loop.
In operation, control room 20 includes a
controller which monitors flow rate of fluid from pipe
16 with transmitters 22 and 24 and monitors level of
10 fluid in tanks 12 and 14 with transmitters 30 and 32.
Based upon information received from transmitters 22,
24, 30, and 32, circuitry in control room 20 adjusts
valves 26 and 28 to achieve a desired process operation.
It should be noted that additional valves and
15  transmitters (field devices) and tanks may be included
in system 18. Further, the transmitters and valves need
not be on the same control loop.
The ' controller in control room 20
interrogates, for example, transmitter 22 and receives
20 information from transmitter 22 relating to fluid flow.
Due to the number of loops typically monitored, real
time interrogation is typically not possible and the
maximum update rate for receiving information £from
transmitter 22 is relatively slow, once per second for
25  example. Circuitry in control room 20 uses this ¢
information to control operation of a process and
perform diagnostics on system operation. Further, if a
sensed parameter exceeds certain limits, circuitry in
control room 20 recognizes a failure in the process and
30 begins shutting down the process or performing
diagnostics.
Transmitter 22 has software or a circuit which
counts a clock output which is then associated with

sample time of a process variable. In the software or
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digital representation of the process variable and -2- sanple tine -
I nformation into nenory. An anal og-to- digital converter coupled to the

sensor proawg sz digitized process variable. - The di gi tIJ 951%955
~variable is obtained at a sanple tine. An interface couples

transmitter to the process control |oop and conmuni cates |nfornat|on over
t he control | oop. The - )

e

circuit, the count can be set to a predetermined number.

The speed at which the count advances must be either

known or controlled. The process of “association" can

comprise the steps of combining data representative of

5 sensor output and the count of the time the sensor data

is taken into a data element. The data element is then

transmitted to the control room. Alternatively, the

data representative of sensor output and the count when

the data is taken can be stored at fixed offsets from

10 one another in memory. They can then be combined into
a data element at the time of transmission.

Figure 2 shows a block diagram of field

transmitter 22 in accordance with the present invention.

In the example, transmitter 22 measures fluid flow rate.

15 Transmitter 22 includes flow rate sensor 40, analog-to-

digital converter 42, analog-to-digital converter 44,

microprocessor 48, memory 50, clock 52 and interface 54.

Transmitter 22'is shown coupled to control loop 34 which

connects traasmitter 22 to controller 56 in control room

20 20,. Controller 56 is modeled as a voltage source 58

and a resistor Ry 60. Controller 56 causes a current I

to flow through control loop 34 and transmitter 22.

Microprocessor 48 functions as control circuitry for

controlling operation of transmitter 20. However, other

25 control circuitry implementations are within the scope

of the invention.

In operation, sensor 40 senses a process

variable (or multi-variable), in this case a

differential pressure representation of the flow, Q.

30 The PV is converted into a digital format with analog-

to~digital converters 42 and 44 which provide the

digitized process variable to microprocessor 48.

Microprocessor 48 actuates interface 54 to transmit

analog or digital information over process control loop
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transmtter
transmtter

I s powered by the sanme control

| opop used for comrunication. The
I ncl udes a clock and a nenory. Control circuitry receives
- the di gi iomsdsqiocess variable and clock information “h'FBTkﬁw%ﬁgﬂ

in.the nenory. The control circuitry stores the information where

stores

y the

sanple tinme of a stored digitized process variable is associated with the

digitized process vari abl e.

BRI EF DESCRI PTION OF THE DRAWNGS Figure 1is a

di agram of a process control systen1nDn|tor|ng an industrial process.
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34 to controller 56. The information is compensated to
reduce errors. In an analog transmission, the magnitude
of the current I through loop 34 is representative of
the sensed prdcess variable. For example, a 4 milliamp
signal can represent a minimum value of the sensed PV
while a 20 milliamp signal represents a maximum value of

the PV. In a digital transmission, interface 54
superimposes digital signals on the current I in control
loop 34. Furthermore, controller 56 superimposes

digital signals on control loop 34 which are received by
interface 54 and used to control operation of
microprocessor 48. These signals can be, for example,
an interrogation requesting information from transmitter
22. Additional transmitters (not shown in Figure 2) can
be carried on control loop 34 if used in multi drop

- mode.

Interface 54 also provides power to components
of transmitter 22. The power is generated from current
I flowing through loop 34. The power is supplied on the
line identified PWR from interface 54 to the various
components of transmitter 22. Because all the operating
power for transmitter 22 is supplied by controller 56,
it is critical that each of the circuits in transmitter
22 be optimized for reduced power consumption.

In accordance with the invention,
microprocessor 58 couples to memory 50 and clock 52.
Microprocessor 58 stores and retrieves information in
and from memory 50. Clock 52 is used to maintain real
time information and is therefore keeping time relative
to some external time-keeping standard. Various clocks
in the loop are synchronized with each other so that the
clock of one transmitter has some predetermined relation
to the clock of another transmitter. A technique for

synchronizing clocks in a process control system is
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Figure 2 is a block diagramof a transmtter in accordance with the present
I nvention coupled to a process control |oop. Figure 3 is a flow chart of
-t he’ oper awiomsi28dé1a m croprocessor in the transmtter of Fpgp{§eshizdai gure 4
shows a process control |oop. Figure 5 is a schematic diagramof a process
control system Figure 6 is a graph of flowrate versus valve position for
the process control system of Figure 5. DETAI LED DESCRI'PTI ON OF THE
PREFERRED ENMBODI MENTS e-
described in U.S. Patent No. 4,939,753 entitled TIME
SYNCHRONIZATION OF CONTROL NETWORKS.
In one of its basic forms, the invention
provides a link between a stored variable which was
5 obtained at a sample time and information related to the
sample time. This provides many benefits. For example,
information over a very short sampling period of time
can be stored for later analysis. The analysis can be
relatively slow in comparison to the short sampling
10 period. The stored information can be used to perform
a spectral analysis. Additicnally, if real time
information is used, the time information provides a
link between a variable measured at one point in a
process control system and a variable measured at
15 another point. This link allows the control system to
relate different variables to one another. Such a -
correlation can be used in diagnostics, for example.
In one embodiment, transmitter 22 includes two
analog-to-digital converters 42 and 44. Analog~to-
20 digital converter 42 provides a slower analog-to-digital
conversion at a higher resolution than the speed and
resolution provided by analog-to-digital converter 44.
(In another embodiment, a single analog-to-digital
converter is used. with a variable conversion rate.)
25 Microprocessor 48 transmits digitized process variables
received from analog-to-digital. converter 42 to
controller 56 over loop 34 via interface 54.
Additionally, microprocessor 48 receives (a clock
output) from clock 52. This information relates to the
30 real time on the network (i.e., the system shown in
Figure 1) when clock 52 1is interrogated by
microprocessor 48. Microprocessor 48 stores the clock
information in memory 50. Digitized process variables
from analog-to-digital converter 44 are received by
[
Shees Has Been Replaced

R



Figure 1 is a diagramof a process control system 10 for nonitoring an

I ndustrtal process. The industrial process shown in Figure 1 is a fluid
stor age y@bgmsei ncl uding storage tanks 12 and 14 awdrgéssioiiouti on
pi ping 16. A process control system 18 includes a control room 20, flow

' transmtters_22 and 24, -3- valves 26 and 28 and | evel sensors 30 and
32. Control
~ -7-
microprocessor 48 and stored in memory 50. In one

embodiment, this information can be stored at regular
time intervals, for example, every 5 milliseconds. This

d

rocess forms a table in memory 50 in which digitized
process variables are stored and are associated with the
time at which the process variable (PV) is digitized by
analog-to-digital <converter 44. (This may' be
accomplished by any suitable means. In one example, the
sample time should be a time which can be compared

wn

10 relative to some other time.) Table 1 shows the
resulting table formed in memory 50:
Location Value Data
000 Q00 Time (Initial)
001 215 PVt =0
15 002 225 PV £t =1
003 240 PV ¢ = 2 -
004 255 PV £ = 3
005 .' 255 PV t = 4
006 ’ 255 PVt =5
20 007 175 PV t = 6
008 120 PV £t =7
009 090 PV t = 8
010 040 PV t =9
011 030 PV t = 10
25 012 024 | PV t = 11 )
013 017 PV £ = 12
014 013 PV t = 13
015 011 PV t = 14
016 011 PV t = 15
30 017 011 PV t = 16
t

018 011 PV
Table 1

As shown in Table 1, the first information

stored in memory 50 at location 000 is the time received

= 17
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room 20, transmitters 22 and 24, valves 26 and 28 and transmitters 30 and
32 are connected together on a two- wire control |oop 34. Control |oop 34
. may conprw@83238er exanpl e, a nunber of point-to-point anaborushsAoami | |i anmp
current loops or a digital Field bus loop. In operation, control room 20
includes a controller which nonitors flowrate of fluid frompipe 16 wth
transmitters 22 and 24 and nonitors level of fluid in tariRd Shé&tHas®BechReplackd

transmitters 30 and 32. Based upon information received frfmm ﬁmmﬂls
22, 24, 30, and 32, circuitry in control room 20 adjusts R '
from clock 52. 1In the example, the initial time is 0.
This corresponds to the time on the network and is
synchronized with other field devices. Microprocessor
48 then proceeds to store digitized process variables in

5 memory 50 at subsequent locations. Each subsequent
location represents the next point in time, for example,
every 5 milliseconds. Thus, it can be determined that
the digitized process variable stored in location 011
was taken at the initial time plus 10 times the time

10 increment of 5 milliseconds, (i.e., at the initial time
plus 50 milliseconds). It is important that a memory
such as CMOS EEPROM, be selected which reduces power
consumption, since all operating power for transmitter
22 is supplied over the loop 34.

15 Figure 3 shows a simplified flow chart of
operation of microprocessor 48. Microprocessor 48 is
preferably ,implemented in CMOS to reduce power
consumption. In a preferred embodiment, microprocessor
48 includes an on-chip EEPROM having a storage capacity

20 of about 1K words of data. Microprocessor 48
synchronizes «clock 52 with the «clocks in other
transmitters on loop 34. Microprocessor 48 receives a
sensed PV and a real time clock output from clock 52 «
related. to the time at which the PV is sensed. If an

25 interrogation request is received by interface 54 from
controller 56, microprocessor 48 is triggered to send a
digitized process variable to controller 56 through
interface 54. In one embodiment, the digitized process
variable is digitized using analog-to-digital converter

30 42. Next, microprocessor 48 stores the digitized
process variable and real time clock input information
in memory 50 as discussed above and shown in Table 1.

In one embodiment, microprocessor 48 compares

-8—

information stcred in memory 50 with a predetermined



val ves 26 and 28 to achieve a desired process operation. It should be noted
-that, additional valves and transmtters (field devices) and tanks may be

i ncl uded iwog¥sixw 18. Further, the—HaH&mH—er——&ﬁd—val Ve?d‘ﬁﬁgs/tﬂ%.s be on
the sane control |oop. The control I“Fhs ee a Be&% lgcgd room

i nterrogates, for exanple, transmtter es |nfornat|on from
transmtter 22 relating to fluid flom/ nber of | oops typically
nonitored, real tine interrogation is possi bl e and the
maxi mum update rate for receiving infornatlon from

e

acceptable range of values. (Some separate examples are
given below in more detail.) If the stored data falls
outside of the acceptable range or the progression of
data points (PVs) stored in the memory indicates an
5 error, microprocessor 48 triggers an alarm condition.
This alarm condition can initiate diagnostics and warn
controller 56 that the pfocess has varied outside of
acceptable parameter limits. If there is no error, the
process is repeated and microprocessor 48 receives a PV
10 from analog-to-digital converter. Note that the various
steps in the sequence shown in Figure 3 is for purposes
of illustration and other sequences are within the scope
of the invention.

Figure 4 is a diagram of a process control
15 system 18 as shown in Figqure 1. Figure 4 shows control
room 20 contajning control room equipment 56 coupled to
transmitter 22 through loop 34. System 18 includes
valve 62, !transmitter 64 and support module 66.
Transmitter 22, valve 62, and transmitter 64 may all
20 include memory and clock circuitry similar to memory 50
and clock 52 shown in Figure 2. 1In such an embodiment,
valve 62 creates a table similar to Table 1 in which
valve position is correlated with time information.
Similarly, transmitter 64 can generate a table in its
25 memory correlating the process variable it detects (for
example, fluid level) with time information. Support
module 66 is similar to transmitter 22 shown in Figure
2 except that support module 66 does not include a
sensor or analog-to—-digital converters. Support module
30 66 includes a microprocessor, a memory, & clock and an
interface. Support module 66 is capable of transmitting

and receiving information over loop 34.
Figure 5 is a schematic diagram of a process
- control system 80 showing a valve 82 "and a flow



transmtter 22 is relatively slow, once per second for exanple.

Circuitry in control room 20 wuses this information to control

oper at-i ony@lsgsspr ocess and per form di agnostics on system pegapgdsiods
Further, if a sensed parameter exceeds certain limts, circuitry in contro
room 20 recognizes a failure in the process and beglns shutting down the
process or perform ng diagnostics. Transmtter 22-has software or a circuit
whi ch counts a clock output which is then associated with sanple tinme of a
process variable. In the software or

._10_

transmitter 22. The direction of process fluid £low is

indicated by line 86. Valve 82 is a control valve

coupled to a positioner 88. Figure 6 shows a

relationship between the valve characteristic of valve

5 82. The valve position on X axis is shown as a function

of flow, Q in Y axis. Flow transmitter 22 receives

information from control valve 82 representative of the

valve position at a specific network time. Mem@ry 50 in

flow transmitter 22 contains information related to flow

10 rate correlated with real (network) time. Circuitry in

control valve 82 generates a table similar to Table 1

except that it contains valve positions and associated

real time values. This information from control valve

82 is sent to flow transmitter 22 over loop 34 when

15 control valve 82 is interrogated by flow transmitter 22.

The real time values provide a link between a flow rate

measurement by flow transmitter 22 and valve position

provided by' control valve 82. Based upon this

information, microprocessor 48 in flow transmitter 22

20 can compare the flow rate/valve position correlation

with an acceptable flow rate/valve position correlation

and determine whether the process is functioning

properly. If the correlation falls outside of the
acceptable range, microprocessor 48 triggers an alarm

25 and sends a warning signal to control room circuitry 56

over loop 34. Additionally, transmitter 22 can send

instructions to valves and other field devices in

response to the failure condition.

In one embodiment, valve 82 is a smart valve

30 and includes a microprocessor, memory and clock similar

to that shown in Figure 2 for transmitter 22. 1In such

an embodiment, the smart valve stores valve position.

Valve position is & process variable related to the
process being controlled.
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-4- circuit, the count can be set to a predeterm ned nunber. The speed at

mhlch t he count advances nust be either known or controlled. The process of
"associ atwom3nzmgn conprise the steps of conbining data repepasstoitdsve of

sensor output and the count of the time the sensor data is taken into a

data elenent. The data elenent is then transmtted to the control room

Al ternatively, the b

Support module 66 shown in Figure 4 1s capable
of developing a correlation similar to that shown in
Figure 6. Additionally, control room equipment 56 can
interrogate various transmitters and field devices on

5 loop 34 to send the contents of their memory over loop
34 so that equipment 56 can develop similar
correlations. Note that since information is
immediately digitized and stored in the device sensing
the information, the interval between samples is'capable

10 of being much smaller than if the information is sent
periodically over the control loop 34 at the normal
system update rate. Hence, it is possible to obtain
sufficiently £fine resolution to generate a useful
frequency analysis, such as through a fast Fourier
15 transform of information stored in memory 50 or of a
correlation between one measured process variable and
another. The transform is performed by microprocessor
48 using standard FFT techniques. In such an
embodiment, digital signal processing capabilities can
20 be included in the microprocessor. Further, the
processing of stored information can operate at a
relatively slow rate, thus saving power, because the
processing can look at information gathered during a
short sampling period and then process the information
25 over a much longer period.

Correlations in the present invention can be
performed in both the time and the frequency domain.
The correlations are compared against baseline operation
to diagnose system operation.

30 One example correlation monitors flow rate.
This information is used to detect a worn pump or a
plugged input to a sensor impulse line connected to a

differential pressure transmitter. Pump anomalies give
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data representative of sensor output and the count. when the data is taken
can be .stored at fixed offsets fromone another in menory. They can then
- beconmbi vedleg/atey a data el ement at the tine of transm ssigeydokgihhe 2 shows
a block diagramof field transmtter 22 in accordance with t’%e pr esent
invention. In the exanple, transmtter 22 measures fluid flow rate.
Transmtter 22 includes flow rate sensor 40, 'analog-to- digital converter
42, anal og-to-digital converter 44, mcroprocessor 48, nenory 50, clock 52
and interface 54. Transmtter 22'is shewp-coupled to control |oop 34 which
rise to specific patterns when viewed in the frequency
domain.

Using the FieldBus communication protocol,

various devices in a control system can synchronize
5 their clocks to the digital control system clock.

In another embodiment, the PV output on the
control loop can be held constant while various
diagnostic information is recorded to memory. This
diagnostic information includes loop impedance, power

10 supply characteristics (voltage, current and noise) or
ground loop information. These off line diagnostics are
then compared with acceptable values to diagnose
operation of a transmitter. Stored information can be
used to establish a baseline to detect anomalies during

15 operation.

Although the preferred embodiment has been -
described with reference to a field transmitter, the
invention applies to any type of field device. This
includes transmitters, valve positioners, switches and

20 discrete devices. Although the present invention has
been described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.

25 ¢

30

heet Has Been Replaced

T



connects transmitter 22 to controller 56 in control room20,. Controller
56 is nbdel ed as a voltage source 58 and a resistor RL 60. Controller 56

" causes awamgsigrdr | to flow through control |oop 34 and t paiasbiémss 22.
M.croprocessor 48 functions as control circuitry for contrelling operation
of transmtter 20. However, other control circuitFy~+ﬁﬁ+€ﬂentarrUﬁ§‘are

within the scope of the invention. In operation, sepgod,
WHAT IS CLAIMED IS:

vari abl e (or nulti-variable), in this case
pressure representation of the flow, Q13-
1. A transmitter in a process control loop,

comprising:
a sensor for sensing a process variable;
an analog-to-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;
an interface coupling the transmitter to the
control loop for communicating
information and receiving power over the
control loop;
a clock having a clock output;
memory for storing information; and
control circuitry coupled to the memory and
the clock output for storing digitized
process variables and the clock output
related to the sample time of the
'digitized process variables.
2. The transmitter of claim 1 wherein:
the control circuitry actuates the interface
to send information related to the
digitized process variables over the
process control loop, wherein there is a
maximum update rate at which information
is sent; and N
the control circuitry stores .digitized
process variables in memory at a storing
rate which is greater than the maximum
update rate.
3. y The transmitter of claim 1 wherein the control
circuitry actuates the interface to transmit a plurality
of stored digitized process variables and the stored
ciock output over the process control loop.
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The PV is converted into a digital format with anal og- to-digital
converters 42 and 44 which provide the digitized process variable to
ni cr opr onesEAk3c148. M cropr ocessorTM@ha@HmeasRepmeérface P4 nis0sbaensm t
anal og or digital information over ' i@l | oop 34 to controller
56. The information is conpensated ft ‘ grs. In an anal og
transnrssion, the magnitude of the current | rough Ioop 34 is
representative of

4. The transmitter of claim 1 including:
means for receiving a plurality of data
points related to operation of a control
system and time data from another device
coupled to the control loop, wherein the
control circuitry develops a correlation
between the plurality of stored
digitized process values and the
plurality of received data points and
provides an output related to the
correlation.
5. The transmitter of claim 1 wherein the control
circuitry performs a spectral analysis on information
stored in memory.
6. A field device for use in a process control
loop coupled to a controller for monitoring a process
variable related to a érocess and sending information
related to thé process variable to the controller,
comprising: -
means for determining a value of the process
variable and providing a PV output;
coupling circuitry coupling to the control
loop for receiving power from the
control loop to power the field device,
and communicating information to the
controller;
a field device clock providing an output
related to passage of time;
memory containing time data and a plurality
of PV outputs obtained at a plurality of
time intervals, the time data related to
a time at which a PV output was
obtained; and

LR



t he sénsed process va%%ab%e——Fef—exaﬁﬁ+e a4 mllianp signal can represent

a mninum val ue of the

QHE g 20 mllianmp signal represents a

maxi mim weo s239é1 t he PV. | jeal transm ssion, iptraideases 54
_superi nmposes digital sig1ﬂl rent | in control | oop . 34.
Furthernore, controller

ses digital signals on control |oop

34 which are received by interface 54 and used to control operation of

m croprocessor 48. These signals can be, for exanple,
requesting information fromtransmtterl®2. Additiona
shown in Figure 2) can

an interrogation
transmtters (not

control circuitry for transmitting PV outputs

to the controller through

the coupling

circuitry at an update rate and for

storing the plurality of digitized
process variables and time data in

memory at a storing rate,

wherein the

storing rate is greater than the update

rate.

7. The field device of claim 6 including:

means for receiving a plurality of data

points related to operation of a control
system and time data from another field
device coupled to the control loop; and
wherein the control circuitry develops a
correlation between the plurality of

stored PV outputs and the
received data points and

plurality of
provides an

‘output related to the correlation.

8. A tfransmitter in a two-wire process control
loop coupled to a plurality of transmitters, the

transmitter comprising:

a sensor for sensing a process variable;

analog-to-digital conversion

circuitry

providing a digitized process variable
comprising a series of digital values N

spaced apart in time;

an interface coupling the transmitter to the

control loop for

communicating

information and receiving power from the

two-wire loop;
a clock for measuring time;

means for synchronizing the clock with field
devices on the network whereby the clock

measures real time;

LT



be carried on control loop 34 if used in nulti drop node. Interface 54 al so
provi des power to conponents of tran§mw6meﬂk22wnxhﬁwpbmer I's generated from

-current |wiowsisg through | oop 34. The it li ed eprhRResdikske
identified PAR frominterface 54 to th ' onents of transmtter
ransm

22. Because all the operating power for er 22 is supplied by
controller 56, it is critical that each of the circuits in transmtter 22
be optim zed for reduced power consunption. In accor dance with t he
i nvention, -16-
memory for storing information; and
control circuitry coupled to the analog-to-
digital converter, the interface, the
clock and the memory, the control
circuitry storing the series of digital
values in memory and storing real time
information from the clock related to
time of sampling of the process
variable.
9. The transmitter of claim 8 wherein:
the control circuitry actuates the interface
to send information related to the
digitized process variables over the
process control loop at a preselected
update rate; and
the control circuitry stores digitized
process variables in memory at a storing
'rate which is greater than the update
" rate.
10. The transmitter of claim 8 wherein the control
circuitry actuates the interface to transmit a plurality
of stored digitized process variables and the clock
output over the control loop.
11. The transmitter of claim 8 including:
means for receiving a plurality of data <
points related to operation of a control
system and time data from a field device
coupled to the control loop; and
wherein the control circuitry develops a
correlation between the plurality of
stored digitized process values and the
plurality of received data points and
provides an output related to the
correlation.
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' nicrobrpcessor 58 Ccouples to nenory 50 and cl ock 52. M croprocessor 58
stores and retri evesThisshest HestReayReplacedind from nenory 50. G ock 52 is used to

* mai Nt di NwWiERk3sd e | ngamﬂlﬁmﬂﬂﬂ“ s therefore keeping tﬂ&‘fu@%ﬁ?i ve to
sone external time-ke 0(RE ' . Various clocks in the [oop are
synchroni zed with eac er so that the clock of one transmtter has sone

predeterm ned relation to the clock of another transmtter. A technique for

synchroni zing clocks in a process control systemis
_.17_
12. A process control system coupled to a two-wire
process control loop for monitoring a process,
comprising:
a first transmitter including:
a sensor for sensing a process variable;
an analog-to-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;
an interface coupling the first transmitter
to the control loop for communicating
information and receiving power over the
control loop;
a clock having a clock output;
means for synchronizing the clock whereby the
clock measures real time;
memory for storing information; and
control circuitry coupled to the memory and
_"the clock output for storing digitized
process variables and the clock output
corresponding to the sample time of the
digitized process variables, wherein the
control circuitry activates the
interface to transmit a plurality of
stored digitized process variables and
the stored clock output over the process
control loop;
a second transmitter including:
a sensor for sensing a process variable;
an analog-to-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;
an interface coupling the second transmitter

to the control loop for communicating

I
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-6- described in U S Patent No. 4,939,753 entitled TI ME SYNCHRONI ZATI ON OF
CONTROL: NETWORKS. I n one of its bagi Crfpé4% taddten RepMent i on provides a |ink

Cbetween avrgsrsdéivari abl e whi ch was obtjg | . | e tRAOTEUS3BEN01294
information related to the sanple tine. maﬁm%mum many benefits. For
exanple, information over a very short Pl f"od of time can be

stored for later analysis. The analysis can be relatively slowin

conparison to the short sanpling

-18-

information and receiving power over the
control loop;
a clock having a clock output;
means for éynchronizing the clock whereby the
clock measures read time;
memory for storing information;
control circuitry coupled to the memory and
the clock output for storing digitized
process variables and the clock- output
corresponding to the sample time of the
digitized process variables, wherein the
control circuitry activates the
interface to transmit a plurality of
stored digitized process variables and
the stored clock output over the process
control loop; and -
a module coupled to the process contrel loop
'for receiving the plurality of stored
' digitized process variables and stored
clock output from the first transmitter
and receiving the plurality of stored
digitized process variables and stored
clock output from the second transmitter
and correlating the process variables of
the first transmitter with the process
variables of the second transmitter
based upon the stored clock outputs to
provide an indication of operation of
the process.
13. The process control system of claim 12 wherein
the module compares the indication of operation with
acceptable operation and actuates a warning if the
indication is outside of acceptable operation.

R B



period. The stored information can be used to performa spectral

anal ysi s. Additionally, if real time information is used, the tine
-1 nformatiWg jdes a link between a variable neasured a ot in a
process ggg??% %gysten1and a variabl e measured at anothergggﬂﬁFggéais i nk
allows the control systemto relate different variables to one another.
Such a correlation can be used in diagnostics, for exanple. In one

enbodi ment, transmitter 22 includes two anal og-to-digital converters 42

and 44. Anal og-to- digital converter-#2-provi des a sl ower
anal og-to-digital
14, The process control system of claim 12 wherein

the module performs a Fourier analysis on the

information stored in memory.
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conversion at a higher resolution than the speed and resol uti on provided by
anal og-t oy, 2‘5 %33 converter 44. (In another enbodi nent, a single

anal og-t o-di gl ! converter is used with a variabl e converg oy %

M croprocessor 48 transmits digitized process varl abl es recei ve rom

anal og-to-digital converter 42 to cong(fé over loop 34 via
interface 54. Additionally, mcropro r 48 recel ves (a clock output)
fromclock 52. This information relates to the real tine on the network
(i.e., the systemshown in Figure 1) when cl ock 52 is

i nterrogated by
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m croprocessor 48. M croprocessor 48 stores the clock information in nmenory
50. Digitized process variables fromanal og-to-digital converter 44 are
recei ved bygesp3kCroprocessor 48 and stored in nenory 50. pctissRes4

enbodi ment, this information can be stored at regular tine intervals, for
exanpl e, every 5 milliseconds. This pr@ckss forns a table in menory 50 in
which digitized process variables are stored and are associated with the
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time at which the process variable (PV) is digitized by anal og-to-digital
converter 44. (This may be acconplished by any suitable neans. In
one exanp¥@9sniel sanple time should be a tinme which can BETEHRIPEAIEH
relative to sone other tine.) Table 1 shows the resulting table forned
in menory 50: Location Val ug/ 5 Data 000
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FIELD TRANSMITTER FOR STORING INFORMATION
BACKGROUND OF THE INVENTION

The present invention relates to a transmitter
in a process control loop. More specifically, the
present invention relates to a field transmitter for
storing digitized representations of process variables.

Process control loops are used to control
operation of a process, as for example, in an oil
refinery. A transmitter located in the field monitors
a process variable, such as fluid flow, and transmits
data representations of the process variable to a
controller located in a control room. The controller
receives signals representing process variables from
numerous transmitters and is capable of controlling the
process by sending signals to field instruments, such as
valve positioners, to alter the process. The controller
receives digital information from the transmitter at an
update rate 'of typically once per second. Some
controllers-process the variables received from field
transmitters and provide diagnostics indicating status
of the process. For example, if a flow rate exceeds a
predetermined- system tolerance or alarm limits, the
controller in the control room receives digital
information from the field transmitters and thereafter
provides a warning and can take steps to shut down the
process.

There is a continuing need for improved
monitoring and control of processes by field mounted
process control devices.

SUMMARY OF THE INVENTION

A transmitter in a process control system
coupled to a process control loop includes a sensor for
sensing a process variable and circuitry for storing a
digital representation of the process variable and
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consunption, since all operating power for transmtter 22 is supplied over
the loop 34. Figure 3 shows a sinplified flow chart of operation of
m croprocessor 48. M croprocessor 48 is preferably inplenented in CMOS to
reduce power consunption. In a preferred enbodi mnent, m croprocessor 48
I ncl udes an on-chi p EEPROM havi ng a storage capacity of about 1K words
of data. M croprocessor 48 synchroni zes clock 52 with the clocks in
other transmtters on | oop 34. M cropregessor 48 receives a sensed PV and a
real time clock output fromclock 52

sample time information into memory. An analog-to-

digital converter coupled to the sensor provides a
digitized process variable. The digitized process
variable is obtained at a sample time. An interface
couples the transmitter to the process control loop and
communicates information over the control loop. The
transmitter is powered by the same control loop used for
communication. The transmitter includes a clock and a
memory. Control circuitry receives the digitized
process variable and clock information which it then
stores in the memory. The control circuitry stores the
information whereby the sample time of a stored
digitized process variable is associated with the
digitized process variable.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram of a process control

system monitoring an industrial process.

Figure 2 is a block diagram of a transmitter
in accordanece with the present invention coupled to a
process control loop.

Figure 3 is a flow chart of the operation of
a microprocessor in the transmitter of Figure 2.

Figure 4 shows a process control loop.

Figure 5 is a schematic diagram of a process
control system.

Figure 6 is a graph of flow rafe versus valve
position for the process control system of Figure 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 is a diagram of a process control

system 10 for monitoring an industrial process. The
industrial process shown in Figure 1 is a fluid storage
system including storage tanks 12 and 14 and
distribution piping 16. A process control system 18

includes a control room 20, flow transmitters 22 and 24,



related to the time at which the PV is sensed. If an interrogation request
Is received by interface 54 fromcontroller 56, mcroprocessor 48 is
triggered to send a digitized process variable to controller 56 through
interface 54. In one enbodinment, the digitized process variable is
digitized using anal og-to-digital converter 42. Next, m croprocessor 48
stores the digitized process variable_and real tine clock input
information in nmenory 50 as di scussed above and shown in Table 1. In one

enbodi ment vﬂ%%ﬁéé’cﬁ?&%a arit? 1P FehEore’ 96MBhkOR2St OkedekB1mEMOIY 50

with a predetermn
room 20, transmitters 22 and 24, valves 26 and 28 and

transmitters 30 and 32 are connected together on a two-
wire control loop 34. Control loop 34 may comprise, for
example, a number of point-to-point analog 4-20 milliamp
current loops or a-digital Field bus loop.

In operation, control room 20 includes a
controller which monitors flow rate of fluid from pipe
16 with transmitters 22 and 24 and monitors level of
fluid in tanks 12 and 14 with transmitters 30 and 32.
Based upon information received from transmitters 22,
24, 30, and 32, circuitry in control room 20 adjusts
valves 26 and 28 to achieve a desired process operation.
It should be noted that additional valves and
transmitters (field devices) and tanks may be included
in system 18. Further, the transmitters and valves need
not be on the same control loop.

The ' controller in control room 20
interrogates, for example, transmitter 22 and receives
information from transmitter 22 relating to f£luid flow.
Due to the number of loops typically monitored, real
time interrogation is typically not possible and the
maximum update rate for receiving information from
transmitter 22 is relatively slow, once per second for
example. Circuitry in control room 20 uses this
information to control operation of a process and
perform diagnostics on system operation. Further, if a
sensed parameter exceeds certain limits, circuitry in
control room 20 recognizes a failure in the process and
begins shutting down the process or performing
diagnostics.

Transmitter 22 has software or a circuit which
counts a clock output which 1is then associated with

sample time of a process variable. In the software or



-9- acceptabl e range of values. (Sone separate exanples are given belowin
nore detail.) If the stored data falls outside of the acceptable range or
the progression of data points (PVs) stored in the nenory indicates an
error, mcroprocessor 48 triggers an alarmcondition. This alarm condition
can initiate diagnostics and warn controller 56 that the process has varied
out si de of

_4_

circuit, the count can be set to a predetermined number.
The speed at which the count advances must be either
known or controlled. The process of "association" can
comprise the steps of combining data representative of
sensor output and the count of the time the sensor data
is taken into a data element. The data element is then
transmitted to the control room. Alternatively, the
data representative of sensor output and the count when
the data is taken can be stored at fixed offsets from
one another in memory. They can then be combined into
a data element at the time of transmission.

Figure 2 shows a block diagram of field
transmitter 22 in accordance with the present invention.
In the example, transmitter 22 measures fluid flow rate.
Transmitter 22 includes flow rate sensor 40, analog-to-
digital converter 42, analog-to-digital converter 44,
microprocessor 48, memory S0, clock 52 and interface 54.
Transmitter 22'is shown coupled to control loop 34 which
connects transmitter 22 to controller 56 in control room
20,. Controller 56 is modeled as a voltége source 58
and a resistor R, 60. Controller 56 causes a current I
to flow through control loop 34 and transmitter 22.
Microprocessor 48 functions as control circuitry for
controlling operation of transmitter 20. However, other
control circuitry implementations are within the scope
of the invention.

In operation, sensor 40 senses a process
variable (or multi-variable), in this case a
differential pressure representation of the flow, O.
The PV is converted into a digital format with analog-
to-digital converters 42 and 44 which provide the
digitized process variable to microprocessor 48.
Microprocessor 48 actuates interface 54 to transmit

analog or digital information over process control loop



acceptabl e paraneter limts. If there is no error, the process is repeated
and m croprocessor 48 receives a PV from anal og-to-digital converter. Note
that the various steps in the sequence shown in Figure 3 is for purposes of
illustration and ot her sequences are within the scope of the invention.
Figure 4 is a diagramof a process control system 18 as shown in Figure 1.
Figure 4 shows control room 20 containing control room equi pment 56 coupl ed
to transmitter 22 through | oop 34. S§§ten118 i ncl udes val ve 62
transm tter 6344 %%dcgggggﬁegogy.l e'IQx% information is compensated to

reduce errors. In an analog transmission, the magnitude

of the current I through loop 34 is representative of

the sensed process variable. For example, a 4 milliamp

signal can represent a minimum value of the sensed PV

while a 20 milliamp signal represents a maximum value of

the PV. In a digital transmission, interface 54

superimposes digital signals on the current I in control

loop 34. Furthermore, controller 56 superimposes

digital signals on control loop 34 which are received by

interface 54 and used to control operation of

microprocessor 48. These signals can be, for example,

an interrogation requesting information from transmitter

22. Additional transmitters (not shown in Figure 2) can

be carried on control loop 34 if used in multi drop

mode.

Interface 54 also provides power to components

of transmitter’ 22. The power is generated from current

I flowing through loop 34. The power is supplied on the

line identified PWR from interface 54 to the various

components of transmitter 22. Because all the operating

power for transmitter 22 is supplied by controller 56,

it is critical that each of the circuits in transmitter

22 be optimized for reduced power consumption.

In accordance with the invention,

microprocessor 58 couples to memory 50 and clock 52.

Microprocessor 58 stores and retrieves information in

and from memory 50. Clock 52 is used to maintain real

time information and is therefore keeping time relative

to some external time-keeping standard. Various clocks

in the loop are synchronized with each other so that the

clock of one transmitter has some predetermined relation

to the clock of another transmitter. A technique for

synchronizing clocks in a process control system is



Transm tter 22, valve 62, and transmtter 64 may all include nenory and
clock circuitry simlar to nenory 50 and clock 52 shown in Figure 2. In
such an enbodi nent, valve 62 creates a table simlar to Table 1 in which
val ve position is correlated with tinme information. Simlarly, transmtter
64 can generate a table in its nenory correlating the process variable it
detects (for exanple, fluid level) with tine infornmation. Support nodul e
66 is simlar to transmtter 22 shown iRgkigure 2 except that support
nodul e 66 does not include a sensor or anal og-to-digital converters.
Support nodul edescribed in U.S. Patent No. 4,939,753 entitled TIME

SYNCHRONIZATION OF CONTROL NETWORKS.

In one of its basic forms, the invention
"provides a link between a stored variable which was
obtained at a sample time and information related to the
sample time. This provides many benefits. For example,
information over a very short sampling period of time
can be stored for later analysis. The analysis can be
relatively slow in comparison to the short sampling
period. The stored information can be used to perform
a spectral analysis. ‘Additionally, if real time
information is used, the time information provides a
link between a variable measured at one point in a
process control system and a variable measured at
another point. This link allows the control system to
relate different variables to one another. Such a
correlation can be used in diagnostics, for example.

In one embodiment, transmitter 22 includes two
analog-to-digital converters 42 and 44. Analog-to-
digital converter 42 provides a slower analog-to-digital
conversion at a higher resolution than the speed and
resolution provided by analog-to-digital converter 44.
(In another embodiment, a single analog-to-digital
converter 1is used with a variable conversion rate.)
Microprocessor 48 transmits digitized process variables
received from analog-to-digital converter 42 to
controller 56 owver loop 34 via Jinterface 54.
Additionally, microprocessor 48 receives (a clock
output) from clock 52. This information relates to the
real time on the network (i.e., the system shown in
Figure 1) when «clock 52 is interrogated by
microprocessor 48. Microprocessor 48 stores the clock
information in memory 50. Digitized process variables
from analog-to-digital converter 44 are received by



66 includes a m croprocessor, a nenory, a clock and an interface. Support
nodul e 66 is capable of transmtting and receiving information over | oop
34. Figure 5 is a schematic diagram of a process control system 80 show ng

a valve 82 and a flow -10- transmtter 22. The direction of process
fluid flowis indicated by |ine 86. Valve 82 is a control valve
-7 =

microprocessor 48 and stored in memory 50. In one
embodiment, this information can be stored at regular
time intervals, for example, every 5 milliseconds. This
process forms a table in memory 50 in which digitized
process variables are stored and are associated with the
time at which the process variable (PV) is digitized by
analog-to-digital converter 44. (This may Dbe
accomplished by any suitable means. In one example, the
sample time should be a time which can be compared
relative to some other time.) Table 1 shows the
resulting table formed in memory 50:

Location Value Data
000 000 Time (Initial)
001 215 PV £t =20
002 - 225 PV £t =1
003 240 PV £t = 2
004 255 PV t = 3
005 255 PV £t = 4
006 255 PV £t =5
007 175 PV £t = 6
008 120 PV t =7
009 090 PV t = 8
010 040 PVt =9
011 030 PV £t = 10
012 024 PV t = 11
013 017 PV t = 12
014 013 PV t = 13
015 011 PV t = 14
016 011 PV t = 15
017 011 PV t = 16
018 011 PV t = 17
Table 1

As shown in Table 1, the £first information

stored in memory 50 at location 000 is the time received



coupled to a positioner 88. Figure 6 shows a relationship

bet ween the val ve characteristic of valve 82. The valve position on X axis
s shown as a function of flow, Qin Y axis. Flow transmtter 22 receives
i nformati on fromcontrol valve 82 representative of the valve position at a
specific network tinme. Menory 50 in flow transmtter 22 contains
information related to flowrate correlated with real (network) tine.
Grcuitry in control valve 82 generatesga table simlar to Table 1 except
that it contains valve positions and associated real tinme values. This

information frogpcenbeR! s¥yal VEn the example, the initial time is 0.
This corresponds to the time on the network and is
synchronized with other field devices. Microprocessor
48 then proceeds to store digitized process variables in
memory 50 at subsequent locations. Each subsequent
location represents the next point in time, for example,
every 5 milliseconds. Thus, it can be determined that
the digitized process variable stored in location 011
was taken at the initial time plus 10 times the time
increment of 5 milliseconds, (i.e., at the initial time
plus 50 milliseconds). It is important that a memory
such as CMOS EEPROM, be selected which reduces power
consumption, since all operating power for transmitter
22 is supplied over the lcop 34.

' Figure 3 shows a simplified flow chart of
operation of microprocessor 48. Microprocessor 48 is
preferably implemented in CMOS to reduce power
consumption. In a preferred embodiment, microprocessor
48 includes an on-chip EEPROM having a storage capacity
of about 1K words of data. Microprocessor 48
synchronizes «clock 52 with the <clocks 1in other
transmitters on loop 34. Microprocessor 48 receives a
sensed PV and a real time clock output from clock 52
related to the time at which the PV is sensed. 1If an
interrogation request is received by interface 54 from
controller 56, microprocessor 48 is triggered to send a
digitized process variable to controller 56 through
interface 54. In one embodiment, the digitized process
variable is digitized using analog-to-digital converter
42. Next, microprocessor 48 stores the digitized
process variable and real time clock input information
in memory 50 as discussed above and shown in Table 1.
In one embodiment, microprocessor 48 compares

information stored in memory 50 with a predetermined



82 is sent to flow transmtter 22 over |oop 34 when control valve 82 is
i nterrogated by flow transmtter 22. The real tine values provide a link

between a flow rate neasurenent by flow transmtter 22 and val ve position

provided by control valve 82. Based wupon this information,

m croprocessor 48 in flow transmtter 22 can conpare the flow rate/val ve
position correlation with an acceptable flow rate/val ve position
correlation and determ ne whether the process is functioning properly.

the correlation falls outside of the aexzeptabl e range,
triggers an alarm

m croprocessor 48

acceptable range of values. (Some separate examples are
given below in more detail.) If the stored data falls
outside of the acceptable range or the progression of
data points (PVs) stored in the memory indicates an
error, microprocessor 48 triggers an alarm condition.
This alarm condition can initiate diagnostics and warn
controller 56 that the process has varied outside of
acceptable parameter limits. If there is no efror, the
process is repeated and microprocessor 48 receives a PV
from analog-to—-digital converter. Note that the various
steps in the sequence shown in Figure 3 is for purposes
of illustfation and other sequences are within the scope
of the invention.

Figure 4 is a diagram of a process control
system 18 as shown in Figure 1. Figqure 4 shows control
room 20 contajning control room equipment 56 coupled to
transmitter 22 through loop 34. System 18 includes
valve 62, transmitter 64 and support module 66.
Transmitter 22, valve 62, and transmitter 64 may all
include memory and clock circuitry similar to memory 50
and clock 52 shown in Figure 2. In such an embodiment,
valve 62 creates a table similar to Table 1 in which
valve position is correlated with time information.
Similarly, transmitter 64 can generate a table in its
memory correlating the process variable it detects (for
example, fluid level) with time information. Support
module 66 is similar to transmitter 22 shown in Figure
2 except that support module 66 does not include a
sensor or analog-to-digital converters. Support module
66 includes a microprocessor, a memory, & clock and an
interface. Support module 66 is capable of transmitting
and receiving information over loop 34.

Figure 5 is a schematic diagram of a process

- control system 80 showing a valve 82 and a flow

| f



and sends a warning signal to control roomcircuitry 56 over |oop 34.
Additionally, transmtter 22 can send instructions to val ves and ot her
field devices in response to the failure condition. In one enbodi nent,
valve 82 is a smart valve and includes a m croprocessor, nenory and cl ock

simlar to that shown in Figure 2 for transmtter 22.

In such an

enbodi nent, the smart val ve stores valve position. Valve position is a

process variable related to the procesgghei ng controll ed.

transmitter 22. The direction of process fluid flow is
indicated by line 86. Valve 82 is a control valve
coupled to a positioner 88. Figure 6 shows a
relationship between the valve characteristic of valve
82. The valve position on X axis is shown as a function
of flow, Q in Y axis. Flow transmitter 22 receives
information from control valve 82 representative of the
valve position at a specific network time. Memory S0 in
flow transmitter 22 contains information related to flow
rate correlated with real (network) time. Circuitry in
control valve 82 generates a table similar to Table 1
except that it contains valve positions and associated
real time values. This information from control valve
82 is sent to flow. transmitter 22 over loop 34 when
control valve 82 is interrogated by flow transmitter 22.
The real time values provide a link between a flow rate
measurement by flow transmitter 22 and valve position
provided by' control wvalve 82. Based upon this
information, microprocessor 48 in flow transmitter 22
can compare the flow rate/valve position correlation
with an acceptable flow rate/valve position correlation
and determine whether the process 1is functioning
properly. If the correlation falls outside of the
acceptable range, microprocessor 48 triggers an alarm
and sends a warning signal to control room circuitry 56
over loop 34. Additionally, transmitter 22 can send
instructions to valves and other field devices in
response to the failure condition.

In one embodiment, valve 82 is a smart valve
and includes a microprocessor, memory and clock similar
to that shown in Figure 2 for transmitter 22. In such
an embodiment, the smart valve stores valve position.

Valve position 1s a process variable related to the
process being controlled.



Support nodul e 66 shown in Figure 4 is capable of developing a correlation
simlar to that shown in Figure 6. Additionally, control room equi pnment 56
can interrogate various transnmtters and field devices on |oop 34 to send

the contents of their nmenory over loop 34 so that equipnent 56

devel op

simlar correl ati ons. Note that since information

can
S

I mredi ately digitized and stored in the device sensing the information,

i nt erval

bet ween sanpl es is capabl e -11-

Support module 66 shown in Figure 4 is capable
of developing a correlation similar to that shown in
Figure 6. Additionally, control room equipment 56 can
interrogate various transmitters and field devices on
loop 34 to send the contents of their memory over loop
34 so that equipment 56 can develop similar
correlations. Note that since information |is
immediately digitized and stored in the device sensing
the information, the interval between samples is‘capable
of being much smaller than if the information is sent
periodically over the control loop 34 at the normal
system update rate. Hence, it is possible to obtain
sufficiently fine resolution to generate a useful
frequency analysis, such as through a fast Fourier
transform of information stored in memory 50 or of a
correlation between one measured process variable and
another. The transform is performed by microprocessor
48 using standard FFT techniques. In such an
embodiment, digital signal processing capabilities can
be included in the microprocessor. Further, the
processing of stored information can operate at a
relatively slow rate, thus saving power, because the
processing can look at information gathered during a
short sampling period and then process the information
over a much longer period.

Correlations in the present invention can be
performed in both the time and the frequency domain.
The correlations are compared against baseline operation
to diagnose system operation.

One example correlation monitors flow rate.
This information is used to detect a worn pump or a
plugged input to a sensor impulse line connected to a

differential pressure transmitter. Pump anomalies give

t he



of being much smaller than if the information is sent periodically over the
control loop 34 at the normal system update rate. Hence, it is possible
fo obtain sufficiently fine resolution to generate a useful frequency

anal ysis, such as through a fast Fourier transformof information stored in
menory 50 or of a correlation between one neasured process variable and
another. The transformis perforned by m croprocessor 48 using standard

FFT techniques. In such an emhod nment, digital signal processing
capabilities can be included in the mcroprocessor. Further, the

rise to specific patterns when viewed in the frequency
domain.

Using the FieldBus communication protocol,
various devices in a control system can synchronize
their clocks to the digital control system clock.

In another embodiment, the PV output on the
control loop can be held constant while various
diagnostic information is recorded to memory. This
diagnostic information includes loop impedance, power
supply characteristics (voltage, current and noise) or
ground loop information. These off line diagnostics are
then cdmpared with acceptable values to diagnose
operation of a transmitter. Stored information can be
used to establish a baseline to detect anomalies during
operation.

Although the preferred embodiment has been
described with reference to a field transmitter, the
invention applies to any type of field device. This
includes transmitters, valve positioners, switches and
discrete devices. Although the present invention has
been described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.



processing of stored information can operate at a relatively slow rate,

t hus savi ng power, because the processing can | ook at_information gathered
-during a short sanpling period and then process the information over a nuch
| onger period. Correlations in the present invention cdiisSeeeids BenRegdhced
both the time and the frequency domain. The correl ations
agai nst baseline operation to diagnose system operation. 'lm
correlation nonitors flow rate. This infjgzmation is used to detect a rn
punp or a

WHAT IS CLAIMED IS:
1. A transmitter in a process control loop,
comprising:
a sensor for sensing a process variable;
an analog-to-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;
an interface coupling the transmitter to the
control loop for communicating
information and receiving power over the
control loop;
a clock having a clock output;
memory for storing information; and
control circuitry coupled to the memory and
the clock output for storing digitized
process variables and the clock output
related to the sample time of the
digitized process variables.
2. The transmitter of claim 1 wherein:
the control circuitry actuates the interface
to send information related to the
digitized process variables over the
process control loop, wherein there is a
maximum update rate at which information
is sent; and
the control circuitry stores digitized
process variables in memory at a storing
rate which is greater than the maximum
update rate.
3. The transmitter of claim 1 wherein the control
circuitry actuates the interface to transmit a plurality
of stored digitized process variables and the stored
clock output over the process control loop.
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plugged input to a sensor inpulse line connect ed to a differenti al

transmtter.

viewed in the frequency domain. Using the Fiel dByg

vari ous’ devi ces
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5.
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The transmitter of claim 1 including:

means for receiving a plurality of data
points related to operation of a control
system and time data from another device
coupled to the control loop, wherein the
control circuitry develops a correlation
between the plurality of stored
digitized process values and the
plurality of received data points and
provides an output related to the
correlation.

The transmitter of claim 1 wherein the control

circuitry performs a spectral analysis on information

stored in memory.

6.

A field device for use in a process control

loop coupled to a controller.for monitoring a process

variable related to a process and sending information

related to the process variable to the controller,

comprising:

means for determining a value of the process
variable and providing a PV output;

coupling circuitry coupling to the control
loop for receiving power from the
control loop to power the field device,
and communicating information to the
controller;

a field device clock providing an output
related to passage of time;

memory containing time data and a plurality
of PV outputs obtained at a plurality of
time intervals, the time data related to
a time at which a PV output was
obtained; and

A B0

pressure

Punp anonmal i es give -12- rise to-spectftie—patterns when
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| n anot her

enbodi nent, the PV output on the control |oop can be held

constant while various diagnostic information is recorded to nenory.
di agnostic information includes |oop inpedance, Tougheet HasBetny/Replaced

characteristics (voltage, current and noise) or rmation.
These off |ine diagnostics are then conpared mnth
di agnose operation of a transmtter. Stored infor used to

establish a baseline to detect anonalies gurlng oper ati on.

ues to

preferred enbodi nent has been

control circuitry for transmitting PV outputs
to the controller through the coupling
circuitry at an update rate and for
storing the plurality of digitized
process variables and time data in
memory at a storing rate, wherein the
storing rate is greater than the update
rate.
7. The field device of claim 6 including:
means for receiving a plurality of data
points related to operation of a control
system and time data from another field
device coupled to the control loop; and
wherein the control circuitry develops a
correlation between the plurality of
stored PV outputs and the plurality of
received data points and provides an
output related to the correlation.
8. A transmitter in a two-wire process control
loop coupled to a plurality of transmitters, the
transmitter comprising:
a sensor for sensing a process variable;
analog-to-digital conversion circuitry
providing a digitized process variable
comprising a series of digital values
spaced apart in time;
an interface coupling the transmitter to the
control loop for communicating
information and receiving power from the
two-wire loop;
a clock for measuring time;
means for synchronizing the clock with field
devices on the network whereby the clock
measures real time;

) AR L
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described with reference to a field transmtter, the invention applies to
any type of field device. This includes transmtters, valve positi
switches and discrete devices. Al though the preserfhisiSheetiias Bem Regleebeen

described with reference to preferred enbodi nents, HEINE
art will recognize that changes may be made in form '
departing fromthe spirit and scope of the invention.

10.

_16_

memory for storing information; and

control circuitry coupled to the analog-to-
digital converter, the interface, the
clock and the memory, the control
circuitry storing the series of digital
values in memory and storing real time
information from the clock related to
time of sampling of the process
variable.

The transmitter of claim 8 wherein:

the control circuitry actuates the interface
to send information related to the
digitized process variables over the
process control loop at a preselected
update rate; and

the control circuitry stores digitized
process variables in memory at a storing
rate which is greater than the update
rate.

The transmitter of claim 8 wherein the control

circuitry actuates the interface to transmit a plurality
of stored digitized process variables and the clock

output over the control loop.

1l.

The transmitter of claim 8 including:

means for receiving a plurality of data
points related to operation of a control
system and time data from a field device
coupled to the control loop; and

wherein the control circuitry develops a
correlation between the plurality of
stored digitized process values and the
plurality of received data points and
provides an output related to the
correlation.
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13- CLAIMB: 1.

Atransmtter in atw wire process control loop,-

conprising: a sensor for sensing a process variable; an anal og-to-

sanple time; an interface coupling the transmtter t

-converter coupled to the sensor providing a digitiibids_t
| oop for comunicating information and receiving pov

I

_17_
12. A process control system coupled to a two-wire
process control loop for monitoring a process,
comprising:

a first transmitter including:

a sensor for sensing a process variable;

an analog-to-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;

an interface coupling the first transmitter
to the control loop for communicating
information and receiving power over the
control loop;

a clock having a clock output;

means for synchronizing the clock whereby the
clock measures real time;

memory for storing information; and

control circuitry coupled to the memory and
the clock output for storing digitized
process variables and the clock output
corresponding to the sample time of the
digitized process variables, wherein the
control circuitry activates the
interface to transmit a plurality of
stored digitized process variables and
the stored clock output over the process
control loop;

a second transmitter including:

a sensor for sensing a process variable;

an analog-to—-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;

an interface coupling the second transmitter

to the control 1loop for communicating

R O D

i gital
ble at a
control



transmtter over the two wire control |oop; a eLeek_hauinn afirst clock

out put; nenory for storing information; control
emory and the first clock output for storing in
process variables and the first clock output relat
the digitized process variables; and nmeans couple

' coupled to the
di zed
a Ie time of
i and to the

interface for receiving a pIurallty of data points related to operation of

a control

system and -18-

information and receiving power over the
control loop;
a clock having a clock output;
means for synchronizing the clock whereby the
clock measures read time;
memory for storing information;
control circuitry coupled to the memory and
the clock output for storing digitized
process variables and the clock: output
corresponding to the sample time of the
digitized process variables, wherein the
control circuitry activates the
interface to transmit a plurality of
stored digitized process variables and
the stored clock output over the process
control loop; and
a module coupled to the process control loop
for receiving the plurality of stored
digitized process variables and stored
clock output from the first transmitter
and receiving the plurality of stored
digitized process variables and stored
clock output from the second transmitter
and correlating the process variables of
the first transmitter with the process
variables of the second transmitter
based upon the stored clock outputs to
provide an indication of operation of
the process.
13. The process control system of claim 12 wherein
the module compares the indication of operation with
acceptable operation and actuates a warning if the
indication is outside of acceptable operation.

I



a plurality of second clock outputs related to a sanple time of each of the
plurality of data points from another device coupled to the control |oop,
wherein the control circuitry develops a correlation between the plurality
of stored digitized process variables and the plurality of received data
poi nts based upon the first and second cl ock outputs and provi des an out put

related to the correlation. 2. - The transmtter of claim1 wherein:
_19_
14, The process control system of claim 12 wherein

the module performs a Fourier analysis on the
information stored in memory.

R, 0 DO
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the control circuitry actuates the interface to - 14 - send information
related to the digitized process variabl es over the process control | oop,
wherein there is a maxi mum update rate at which information is sent; and
the control circuitry stores digitized process variables in nmenory at a
storing rate which

20
FIELD TRANSMITTER FOR STORING INFORMATION
ABSIRACT

A transmitter (22) in a process control loop (34) includes
a sensor {40) for sensing a process variable. An analog-to-
digital converter (42, 44) coupled to the sensor (40)
provides a digitized process wvariable at wvarious sample
times. An interface (54) couples the transmitter to the
contrel loop (34) and is used for communicating information
and receiving power over the control loop (34). The
transmitter (22) includes a clock (52) and a memory (50).
A microprocessor (48) coupled to the clock (52) and the
memory (50) stores digitized process variables and clock
information in the memory (50). The storage ig such that
the sample time of a stored digitized process variable can
be determined.

FIGURE 2.
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is greater than the maxi mum update rate. 3. The transmtter of claim1l
wherein the control circuitry actuates the interface to transmt a
plurality of stored digitized process variables and the stored cl ock out put
over the process control |oop. 4. The transmitter of claim1l wherein
information is erased fromthe nenory and subsequent information is witten
to the nenory. 5. The transmtter of claim1l wherein the control
circuitry perforns a spectral analysis on information stored in nmenory.
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6. The transmtter of claim1l wherein the plurality of second cl ock
outputs and the plurality of data points are received fromthe two-wire

process control |oop. 7. The transmitter of claim1l wherein the neans for
recei ving generates power for conpletely powering the transmtter using
power received fromthe two-wre process control |oop. 8. The transmtter
of claim1 wherein the output is a warning related to control |oop
operation. 9. The transmitter of clai§11 wherein the process
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- 15 - variable is related to valve position of a control valve. 10. A
field device for use in a two-wire process control |oop of a control system
coupled to a controller, the field device for nonitoring a process variable
related to a process and sending information related to the process
variable to the controller, .
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conprising: neans for determning a value of the process variable and
providing a PV (process variable) output; coupling circuitry coupling to
the two-wire control |oop for receiving power fromthe control loop to
power the field device, and comunicating information to the controller; a
field device clock providing a first clock output related to passage of
time;, nmenory containing tine data based4ppon the first

A

TRANSMITTER

62>

VALVE

ééw

SUPPORT
MODULE ’

| .

ROOM EQUIPMENT

oUTPUT
P : TRANSMITTER
g 1
| A 1
| |
l |
i CONTROL i
l |
l l



clock output and a plurality of PV outputs obtained at a plurality of tine
intervals fromthe neans for determning, the tinme data related to a sanple
time at which each PV output was obtained; control circuitry for
transmtting the PV output to the controller through the coupling circuitry
and for storing the plurality of digitized process variables and tine data
in the nenory; and neans for receiving a plurality of data points
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CLAIMS:
1. A transmitter in a two wire process control loop,
comprising:

a sensor for sensing a process variable;

an analog-to-digital converter coupled to the
sensor providing a digitized process
variable at a sample time;

an interface coupling the transmitter to the two-
wire control loop for communicating

" information and receiving power for the

transmitter over the two wire control loop;

a clock having a first clock output;

memory for storing information;

control circuitry coupled to the memory and the
first clock output for storing in the memory
digitized process variables and the first
clock output related to the sample time of
the digitized process variables; and

means coupled to the memory and to the interface
for receiving a plurality of data points
related to operation of a control system and
a plurality of second clock outputs related

Wt to a sample time of each of the plurality of

data points from another device coupled to
the control loop, wherein the control
circuitry develops a correlation between the
plurality of stored digitized process
variables and the plurality of received data
points based upon the first and second clock
outputs and provides an output related to
the correlation.

2. The transmitter of claim 1 wherein:

the control circuitry actuates the interface to



correlation between the plurality of stored PV outputs and the plurality of
recei ved data points based upon the first and second clock outputs—and—-

provides an output related to the correlation. 11. The fiel K f
claim 10 including: nmeans for transmtting the plurality ﬂ(il’ it i m’%”mma
data stored in menory to the controller through the coupliHS¢ CFr s er

the control loop. 12. The neasurenent transmtter of claim 10 wherein the
output is a warning related to control4|oop

send information related to the digitized
process variables over the process control
loop, wherein there is a maximum update rate
at which information is sent; and

the control circuitry stores digitized process
variables in memory at a storing rate which
is greater than the maximum update rate.

3. The transmitter of claim 1 wherein the control
circuitry actuates the interface to transmit a

S plurality of stored digitized process variables and
the stored clock output over the process control loop.

4. The transmitter of claim 1 wherein information is
erased from the memory and subsequent information is
written to the memory.

5. The transmitter of claim 1 wherein the control
circuitry performs a spectral analysis on information
stored in memory.

6. The transmitter of claim 1 wherein the plurality
of second clock outputs and the plurality of data

i points are received from the two-wire process control
loop.

7. The transmitter of claim 1 wherein the means for
receiving generates power for completely powering the
transmitter using power received from the two-wire
process control loop.

8. The transmitter of claim 1 wherein the output is

a warning related to control loop operation.

9. The transmitter of claim 1 wherein the process



operation. 13. The field device of claim 10 wherein the process variable is
related to valve position of a control valve. 14. The Tield device of claim

| oop.

10 wherein the means for receiving generates power for amm]gﬂl“uﬂm:ﬁmlng
the transmtter usi'ng power received fromthe two-wire L' EpI
* c

- 15 -

variable is related to valve position of a control
valve.

10. A field device for use in a two-wire process
control loop of a control system coupled to a
controller, the field device for monitoring a process
variable related to a process and sending information
related to the process variable to the controller,
comprising:
means for determining a value of the process
variable and providing a PV (process
variable) output;
coupling circuitry coupling to the two-wire
control loop for receiving power from the
control loop to power the field device, and
communicating information to the controller;
a field device clock providing a first clock
output related to passage of time;
memory containing time data based upon the first
clock output and a plurality of PV outputs
obtained at a plurality of time intervals
from the means for determining, the time
data related to a sample time at which each
PV output was obtained;
control circuitry for transmitting the PV output
to the controller through the coupling
circuitry and for storing the plurality of
digitized process variables and time data in
the memory; and
means for receiving a plurality of data points
related to operation of the control system
and a plurality of second clock outputs
related to a sample time of each of the
plurality of second-data points from another
field device coupled to the control loop;
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and

wherein the control circuitry develops a
correlation between the plurality of stored
PV outputs and the plurality of received
data points based upon the first and second
clock outputs and provides an output related
to the correlation.

11. The field device of claim 10 including means for
transmitting the plurality PV outputs and time data
stored in memory to the controller through the
coupling circuitry over the control loop.

12. The measurement transmitter of claim 10 wherein
the output is a warning related to control loop
operation.

13. The field device of claim 10 wherein the process
variable is related to valve position of a control

valve.

14. The field device of claim 10 wherein the means
for receiving generates power for completely powering
the transmitter using power received from the two-wire
process control loop.
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FIELD TRANSMITTER FOR STORING INFORMATION

ABSTRACT

A transmitter (22) in a process control loop (34) includes
a sensor (40) for sensing a process variable. An analog-to-
digital converter (42, 44) coupled to the sensor (40)
provides a digitized process wvariable at various sample
times. An interface (54) couples the transmitter to the
control loop (34) and is used for communicating information
and receiving power over the control loop (34). The
transmitter (22) includes a clock (52) and a memory (50).
A microprocessor (48) coupled to the clock (52) and the
memory (50} stores digitized procesg variables and clock
information in the memory (50). The storage is such that
the sample time of a stored digitized process variable can
be detaermined.

FIGURE 2.



