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CIRCUIT MONITORING DEVICE

[0001]

This application is a Continuation of US. applica

tion Ser. No. 10/433,877, ?led on Jun. 3, 2003, noW pending,

Which claims priority to International Application PCT/
AU01/01566, ?led on Dec. 3, 2001; Which claims priority to
Australian Patent Application No. PR1878, ?led on Dec. 4,

2000. All publications, patents, patent applications, data
bases and other references cited in this application, all
related applications referenced herein, and all references

cited therein, are expressly incorporated herein by reference
in their entirety as if restated here in full and as if each

individual publication, patent, patent application, database
or other reference Were speci?cally and individually indi

cated to be incorporated by reference.

Jan. 10, 2008

[0006]

FIG. 1 shoWs a typical example of a single line

circuit connected to a sWitchable element SW1 of a single
?eld device. The circuit includes a ?rst resistive component
R1 in series With the sWitchable element SW1 and a second

resistive component R2 (?eld resistor) in parallel With the
sWitchable element SW1. Several ?eld devices may be
connected to this circuit and, in that event, the sWitchable
elements of those ?eld devices Would be connected in
parallel With the ?eld resistor R2. In practice, the ?eld
resistor R2 Would be connected to the ?eld device farthest
from the input terminals 1, 2 of the SMS control unit.

[0007] On considering the circuit shoWn in FIG. 1, it Will
be appreciated that the line resistance measurable at input
terminals 1, 2 of the SMS control unit Will change When the
sWitch SW1 closes. With the sWitch SW1 in the open

FIELD OF THE INVENTION

[0002] The present invention relates generally to monitor
ing systems and, in particular, concerns a device, method

position the line resistance Will be R1 plus R2. With the
sWitch SW1 in the closed position the line resistance Will be
R1 alone. The SMS control unit determines the status of the

and system for monitoring the status of a circuit. The device

sWitch SW1 (opened or closed) by continuously measuring

is especially useful in security management systems, ?re
systems and building management systems, and it Will

the circuit resistance of the line connected to its input
terminals 1, 2.

therefore be convenient to describe the invention in relation

[0008]

to those example applications. It should be understood
hoWever that the invention is intended for broader applica

particular value of ?eld resistor to be connected across the
last ?eld device in a line. Typical values may be 2
k.OMEGA., 4.7 k.OMEGA.or 10 k.OMEGA.. The resis
tance of the cable itself is in general insigni?cant in com
parison to the values of the resistive components R1 and R2
involved in the circuit. In many applications, the series
resistor R1 is the same value as the ?eld resistor R2. In any
particular installation, Wherein all lines are connected to a

tion and use.

BACKGROUND

[0003] Security management systems are typically
employed in correctional facilities, such as prisons, as Well
as buildings intended for other purposes Where restricted

access is required. Some examples of such systems include
those sold under the names Pagasus, Card key and Access.
In general, these systems are proprietary, and components
from one system Will not Work With components from

another system. Additionally, any modi?cations to the hard
Ware or softWare must generally be made by the originally
manufacturer.

[0004] In a typical prior art security management system
(SMS) a number of ?eld devices, perhaps several hundred or
even thousands, are Wired back via various circuits to a

centralised SMS control unit. Typical ?eld devices include
infra-red motion detectors, read sWitches on doors and

WindoWs, glass breakage tapes on WindoWs, smoke or heat
detectors and tamper sWitches. Each of these ?eld devices
includes a sWitchable element Which is triggered When an
abnormal or speci?ed condition occurs, for example a read
sWitch detects that a door is opened, an infra-red motion
detector senses movement or a smoke detector senses smoke

in the air. The sWitchable element may be a normally open
contact (ie., it closes When triggered) or it may be a normally

closed contact (ie., it opens When triggered).
[0005]

In general, a ?rst resistive component is connected

in series With the sWitchable element and a second resistive
component, referred to herein as a ?eld resistor, is connected

in parallel With the sWitchable element. The ?eld resistor is
typically connected across the terminal block of the ?eld

Each manufacturer of SMS equipment speci?es a

single SMS control unit, the ?eld resistor R2 for each line of
the system in the same value.

[0009] The various ?eld devices in a particular installation
are often supplied by other manufacturers and those devices
can generally be used With any SMS control unit. This is
because the ?eld devices merely contain a sWitching element
and the ?eld resistor is connected during installation of the
system. In some cases hoWever, the supplier of the SMS
control unit may also supply ?eld devices and, in those
cases, the ?eld resistor may be hard Wired Within the device,
rather than being externally Wired across the terminal block
at the time of installation. In that event, the ?eld devices can
only be used With the same brand of SMS control unit.
[0010] These factors cause a feW problems When the
oWner of an SMS system needs to upgrade or modify its
system. Because each line connected to the system includes
a ?eld resistor of a particular value, the oWner is forced to
return to the original supplier of the SMS in order to provide
an upgrade. Alternatively, the system oWner must reWire
each of the lines connected to the system and replace the
?eld resistor With a different value, as speci?ed by the
supplier of the neW SMS control unit. Where the resistor is
built into the ?eld device it cannot be changed and the
system oWner is forced to also replace each of the devices if
it Wants to change to a different brand of SMS control unit.

[0011]

Typical SMS systems include an operator interface

device at the time of installation. If more than one ?eld

providing a graphical representation of the system being

device is connected Within a particular circuit, the sWitch
able element of each of those devices is connected in parallel
With the ?eld resistor. In this con?guration, the ?eld resistor
is usually connected across the sWitchable element of the

monitored and controlled. The softWare employed in the
interface is proprietary and cannot be changed by the user.
Any modi?cation to the operator interface thus needs to be
made by the original supplier and this makes the oWner
vulnerable to excessive ongoing maintenance costs by the

last ?eld device on a line extending from the SMS control
unit.

supplier.
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[0012]

In an attempt to remove this dependency on the

original supplier, the present inventor has in the past devel
oped a universal replacement for a proprietary SMS system
using a standard programmable logic controller (PLC) and
analog input cards. This provided a ?exible solution Which
could be programmed to cater for a Wide variety of ?eld
resistor values. Any PLC could be used to replace the

proprietary system Without having to change the ?eld resis
tors, thus saving considerable installation time. The pro
gramming of the PLC is more time-consuming, because all
processing is done Within the central processor of the PLC
and this needs to be programmed using conventional ladder
logic, but overall installation time is reduced. The main
problem With this approach in a commercial installation,
hoWever, is the high cost of analog input cards for commer
cially available PLCs. The cost of these cards makes this

form of PLC-based SMS prohibitively expensive for large
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[0022] short circuit,
[0023] alarm 2,

[0024] normal,
[0025] alarm 1, and
[0026] open circuit.
[0027] The device preferably also includes communica
tion means for communicating the status to a monitoring

system. The communication means preferably employs an
open communication standard such as the DeviceNet.TM.

open netWork standard developed by the Open DeviceNet
Vendor Association Inc. DeviceNetTM. is a loW cost com

munications link used to connect industrial devices (such as

limit sWitches, photo electric sensors, process sensors, panel
displays and operator interfaces) to a network and eliminate

installations.

expensive hard Wiring. The direct connectivity provides

[0013] There therefore remains a need for a ?exible sys
tem Which can reproduce the function of a security man
agement system, or similar systems, or Which can be used in

improved communication betWeen devices as Well as impor
tant device-level diagnostics not easily accessible or avail
able through hard Wired I/O interfaces. DeviceNet.TM. is a
simple, netWorking solution that reduces the cost and time to
Wire and install industrial automation devices, While pro

conjunction With standard and commonly available hard
Ware and software to provide the necessary functionality.
SUMMARY OF THE INVENTION

[0014] The present invention accordingly provides a
device for monitoring the status of a circuit based on a

measurable parameter of the circuit, the device including:

viding interchangeability of “like” components from mul
tiple vendors. A description of the DeviceNetTM. standard
can be found in the July 2000 DeviceNetTM. Product Cata

logue by Open Vendor Association, Inc. This Produce Cata
log is incorporated herein by cross-reference.
[0028] Another aspect of the present invention provides a
security management system incorporating a circuit moni

[0015] measurement means for measuring the param
eter of the circuit;

toring device of the type described above. Such a system

[0016] comparison means for comparing the measured

Ware together With standard operator interface softWare to

parameter to at least one threshold value and for
assigning a status based on the result of the compari
son; and

provide a fully functional security management system. The

[0017]

output means for presenting an indication of the

assigned status.
[0018] This device may be used to measure the electrical
resistance of a circuit and, based on that measurement,

provide the functionality of a traditional security manage
ment system.
[0019] In one embodiment, the circuit is an electrical
circuit containing at least one sWitchable element. This
sWitchable element may be incorporated Within a ?eld
device of the type described above. The circuit includes a
?rst resistive component in series With the sWitchable ele
ment and a second resistive component in parallel With the
sWitchable element such that the status of the sWitchable
element is re?ected in the circuit resistance.

[0020]

In one embodiment the threshold value is adjust

able by a user. In this Way, the device is able to cater for a

Wide variety of values of the ?rst and second resistive
components. This enables the device to be retro?tted to
existing SMS systems, Wherein the resistors may have been
installed many years earlier and may not be readily acces

sible for replacement.
[0021] Preferably, the comparison means includes a plu
rality of threshold values for assigning a corresponding
plurality of status conditions. In one embodiment, the plu
rality of status conditions includes the folloWing:

may utilise standard programmable logic controller hard
circuit monitoring device may be in the form of a separate
module Which is connected to the PLC using a communi
cations module based on the DeviceNet.TM. standard, or

other suitable open communication standard. Alternatively,
the circuit monitoring device may be con?gured as a plug-in
card Which connects directly to the back plane of the PLC.
In this form, different versions of the circuit monitoring
device Would need to be made to plug in to different brands
of PLC. A separate DeviceNet.TM. module thus has the
advantage that it can be used With any brand of PLC.

[0029] A major advantage of the present invention is that
it alloWs the retro?t of existing security management sys
tems, ?re systems and building management systems, While

utilising the existing circuit Wiring regardless of existing
resistance values. Rctro?ts and new installations may use

various PLCs and operator interfaces, and a variety of

hardWare and softWare, instead of being locked into propri
etary hardWare and softWare.

[0030] As a further alternative, the circuit monitoring
device may be built into a card Which is adapted to plug
directly into a personal computer or similar device.
BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Preferred embodiments of the present invention

Will noW be described With reference to the accompanying

draWings. In the draWings:
[0032]

FIG. 1 shoWs a circuit in a prior art security

management system;
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[0033] FIG. 2 shows a monitoring system-incorporating
three embodiments of the circuit monitoring device of the

present invention;
[0034]

FIG. 3 shoWs a circuit block diagram for one input

of the circuit monitoring device of the present invention;
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plug-in card, similar to conventional digital and analog input
and output cards. Communication betWeen the microproces
sor 6 of the PLC and the EOL module 10 is via the back

plane of the PLC.

[0035] FIG. 4 shoWs a diagrammatic representation of
comparisons made to determine status conditions according
to the present invention;

[0045] FIG. 2 also shoWs tWo remote EOL modules 20 and
30. A scanner module, being a communications card, is
provided to enable communication With remote EOL mod
ules 20 and 30.

[0036] FIG. 5 shoWs a circuit diagram for an end of line
resistance module.

[0046] EOL module 20 monitors the resistance of circuit
B Whilst EOL module 30 monitors the resistance of circuit

[0037]

C. Circuit B is identical to circuit A but the EOL module 20
is remote from the PLC. EOL module 20 employs the

FIG. 6 shoWs a circuit diagram for a closed loop

module; and

DeviceNet.TM. standard to communicate With the PLC via a

[0038] FIG. 7 shoWs a circuit diagram for a prototype
circuit monitoring device in accordance With one embodi
ment of the present invention.

7 Which is plugged into the back plane of the PLC.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] FIG. 2 of the draWings shoWs an example appli
cation of the circuit monitoring device of the present inven
tion. In this application a number of circuit monitoring
devices are used in a security management system (SMS) to
monitor the status of various circuits containing ?eld devices
such as motion detectors, read sWitches on doors and Win

doWs, smoke detectors, etc. In particular, a centralised SMS
control unit 5 communicates With three monitoring devices
10, 20 and 30 to monitor three individual electrical circuits
labelled generally as A, B and C in FIG. 2 respectively.
[0040] The SMS control unit 5 includes a conventional
programmable logic controller (PLC) such as an Allen

communications link 8 and DeviceNet communications card

[0047] EOL module 30 is a closed loop form of resistance
module Which measures the resistance of circuit C via inputs
1 and 2 and inputs 3 and 4. This circuit provides an extra
level of security in the event that a section of the circuit fails
due to an open or short circuit. The EOL module 30 also

operates according to the DeviceNet.TM. standard and com
municates With the communications card 7 of the PLC via
communications links 8 and 9.

[0048]

FIG. 3 shoWs an example input circuit as may be

used Within any one of the EOL modules 10, 20 or 30. The

input circuit includes an operational ampli?er (OPAMP) 40,
an analog to digital converter 41 (A/D converter), a micro
processor 42 and a communication module 43. A ?eld

circuit, for example circuit A, B or C of FIG. 2, is connected
to the input of the OPAMP 40. An analog output of the
OPAMP 40 is converted by the A/D converter 41 to a count

Bradley model SLC 505 produced by RockWell Automation,

value representing its analog input. This count value is then

or any other suitable model produced by another manufac
turer such as Siemens, Omron, Mitsubishi, etc. The PLC
includes a microprocessor card 6 and may include various
input and output cards or communications cards.

a numerical representation of the end-of-line resistance of
the ?eld circuit. The microprocessor 42 compares the value
of the measured resistance With various thresholds to deter
mine the status of the ?eld circuit, and of any sWitchable
element Within the ?eld circuit. The result of this compari

[0041] CircuitAincludes a sWitchable element SWA asso
ciated With a ?eld device (eg. an infra-red motion detector),
a ?rst resistive component R1 in series With the sWitchable
element SWA and a second resistive component R2 in

son is communicated to a centralised monitoring system
such as the SMS control unit 5 shoWn in FIG. 2.

[0049] In the EOL module 10 (FIG. 2) the communication

parallel With the sWitchable element SWA. The second
resistive component R2 is typically Wired across the termi
nal block of the ?eld device at the time of installation and is

module 43 is adapted for communication across the back
plane of the PLC to the microprocessor 6. In EOL modules
20 and 30 (FIG. 2) the communication module 43 is a

often referred to as a ?eld resistor.

DeviceNet.TM. communication module implementing the

[0042] In this application, the circuit monitoring device 10

DeviceNet.TM. communication standard.

may be called an “end-of-line resistance module (EOL
module) because it measures the end-of-line resistance of
circuit A. It is thus convenient to hereinafter refer to the
device 10 in this Way.

[0050] For the sake of simplicity, FIG. 3 shoWs a single
?eld circuit connected to a single A/D converter, micropro
cessor and communications module. HoWever, in practice,
an EOL module Would include multiple inputs, for example,

[0043] Similar to the conventional circuit shoWn in FIG. 1,
the end-of-line resistance of circuit A Will change When the

8 or 16. In the case of a 16 input EOL module, sixteen
OPAMP may be used and these may be connected respec
tively to 16 A/D converters. HoWever, the outputs from the
sixteen OPAMPS may alternatively be multiplexed to a

sWitchable element SWA closes or opens. The measured

resistance may thus be used by EOL module 10 to determine
Whether the sWitch SWA is open or closed. Further, the EOL
module 10 can determine the existence of a fault condition
such as an open circuit (in?nite resistance) or short circuit

(very loW resistance).

single A/D converter. A single microprocessor may be used
to read each of the digital resistance values to determine a
status condition for each of the ?eld circuits.

[0051]

FIG. 7 shoWs a circuit diagram for a prototype

[0044] The EOL module 10 is con?gured electrically and
mechanically to be plugged directly into the back plane of

circuit monitoring device. The device provides for eight

the PLC. This module may thus be produced as a form of

converter. This is connected via an I/O bus to a central

input circuits connected to an eight channel analog to digital

US 2008/0007415 A1

processing unit (CPU) which is in turn connected to a
DeviceNet.TM. communication module.

[0052]

FIG. 4 shows a diagrammatic representation of the

comparisons made by the microprocessor 42 (FIG. 3) for a
?eld circuit. This example assumes that the EOL module
uses a 16 bit A/D converter. Such a converter produces a

count value ranging from 0 to 32,767. This count represents
the measured end-of-line resistance of the ?eld circuit. The
count is compared to various thresholds, as shown, to
determine a status condition for the ?eld circuit. If the count

is below 8,000, an Open Circuit condition is assigned. If the
count is above 30,000, a Short Circuit condition is assigned.
A value between 15,000 and 16,000 is considered to be the
normal operational range for the circuit, and a Normal
condition is assigned. Values between 8,000 and 15,000 are
assigned an Alarm 1 condition whilst values between 16,000
and 30,000 are assigned a Alarm 2 condition.

[0053]

Referring now to circuit A in FIG. 2, and assuming

that switch SWA is a normally open switch, one would
expect the normal end-of-line resistance of the circuit to be

equal to the values of R1 plus R2. This resistance value
would produce a count between 15,000 and 16,000 in FIG.
4. A range of count values are speci?ed in order to allow for

variations in the circuit resistance resulting from cable
resistance and connections. Some variation would clearly
occur depending on the length of the cable extending to the
?eld devices and the cross-sectional area of those cables.

When the switch SWA closes, the end-of-line resistance
would drop to the value of R1 alone. In FIG. 4, this would
produce a Alarm 2 condition. Alternatively, if the switch
SWA was instead a normally closed, that condition would be
considered “normal” and opening the switch SWA would
result in an increase in the end-of-line resistance to the value

of R1 plus R2. This would produce an Alarm 1 condition in
FIG. 4. Thus, what is considered “normal” depends on the
type of switchable element used in the ?eld circuit. It will
also be appreciated that the de?nition of High and Low in
FIG. 4 could be reversed compared to the scenario just
described.
[0054]

The EOL module 10 can also detect the presence of

a fault condition, such as an open circuit or a short circuit.

In the case of a short circuit, the end-of-line resistance drops
to a very low value, depending upon the resistance of the
cable and the location along the cable of the short circuit. In
the case of an open circuit, the resistance increases to a very

high value, dependent upon the resistance of the insulation
of the cable. A range of values is thus used to allow for such
variations.

[0055] It is considered that appropriate software for the
microprocessor 42 shown in FIG. 3 may be written by any
skilled computer programmer and, accordingly, need not be
described herein in detail. The language used may be a high
level language or a low level machine language appropriate
to the particular microprocessor used in the EOL module.
[0056]

The various threshold values shown in FIG. 4 at

8,000, 15,000, 16,000 and 30,000 are preferably con?gured
as variables which may be set as parameters of the EOL

module. In this way, the EOL module may be con?gured to
operate with a wide range of ?eld resistors, thus enabling the
EOL module to be retro?tted to a wide range of ?eld circuits

wherein the series and ?eld resistors (R1, R2 respectively)
already exist and cannot readily be changed.
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[0057] After comparing the measured resistance to each of
the threshold values the microprocessor 41 (FIG. 3) pro
duces, as an output, an indication of the status of the ?eld

circuit, eg. circuit A, B or C in FIG. 2. This output may be
in the form of individual ?ags or bits which are set when a

particular status condition is assigned and thus has only two
possible values from each comparison. For example, ?ve
output bits may represent ?ve possible status conditions,

namely Short Circuit, Alarm 2, Normal, Alarm 1 and Open
Circuit.

[0058] Thus, in accordance with an embodiment of the
invention, the EOL module measures the end-of-line resis
tance of the ?eld circuit, compares the measured resistance
to a number of threshold values and assigns a status based
on the result of the comparison. This status is then presented
as an output in the form of ?ve digital bits which then can
be read by or transmitted to a centralised monitoring system.
This centralised system does not need to concern itself with
the actual value of the end-of-line resistance for the circuit
but merely with the determined status of the circuit. This is
signi?cant because merely a few bits of information needs to
be transferred, rather than a whole word representing the

analog value. In FIG. 2, the microprocessor 6 of the PLC
merely needs to read 5 ?ags or bits from EOL module 20, via
the communications module 7. The microprocessor 6 is not
concerned with, and is not even aware of, the actual end
of-line resistance of the circuit B which is connected to the
EOL module 20. The communications module 7, being a

conventional scanner module produced by the manufacturer
of the PLC equipment, scans the EOL module 20 using
conventional DeviceNet.TM. standards.
[0059] To con?gure a particular EOL module, such as a
module 20 in FIG. 2, the threshold values are controlled by
software at the module level. For example, using software

called RS Networks (Rockwell Software Networks) pro
duced by Rockwell Automation, it is possible to access any
particular module connected to the PLC network. The RS
Networks software displays the parameters of each of those
modules and the parameters can then be changed. In the

present application, the threshold values (shown in FIG. 4)
may be changed as parameters of the DeviceNet.TM. EOL
module 20. Once the parameters are set, they are stored
within the module 20, not the PLC, and are retained within
non-volatile memory of that module.
[0060] In one form, the parameters may be set individually
for each input of a multi-input module. However, more

likely, the parameters would be identical for each input of
the module and each, at least initially, would be set using the
same parameters. Individual changes could be made after
setting the default parameter for the whole module.
[0061] The EOL modules may also be programmed with
default threshold values at the time of manufacture. For
example, the threshold value may be set at levels appropriate
for ?eld circuits employing ?eld resistors having a value of
4.7 k.OMEGA.. In this way, the EOL module may be used
in a PLC-based retro?t, for a conventional security manage
ment system which normally uses ?eld resistors having a
value of 4.7 k.OMEGA., without needing to program the
EOL modules at all. If the system being replaced uses ?eld
resistors having a different value, then the EOL modules can
be reprogrammed for that value.
[0062] FIGS. 5 and 6 show extended versions of circuits
B and C in FIG. 2 respectively. In each of FIGS. 5 and 6 a

US 2008/0007415 A1
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number of ?eld devices are connected Within the circuit.
Like reference numerals are used in FIGS. 5 and 6 to

[0071] Dual redundancy may be provided at various lev
els. For example, tWo communication lines may be provided

represent like component in FIG. 2. The ?eld devices may
be smoke detectors, read sWitches or other forms of detector.

betWeen a communications scanner module in the PLC and
a remote EOL module. If one of the lines fails, the other

[0063] A PLC based security management system Would
preferably be provided With an operator interface in the form
of a visual display unit and an input device, such as a

computer keyboard. A visual representation of the system

keeps going. Alternatively, or in addition, tWo scanner
modules may be provided in the PLC. Further, tWo micro
processors may be provided Within the PLC in critical
application. Such dual redundant systems are typically

being monitored Would be presented on the visual display. A
number of standard Supervisory Control And Data Acqui

required in specialiZed ?re systems.
[0072] lntrinsically safe systems are often required in

sition (SCADA) softWare packages are available Which can
be run on standard personal computer (PC) hardWare. Some

haZardous locations. This may be achieved by using an
intrinsically safe barrier or module, Which are commonly

examples include FIX by intellution, Citec by C1 Technolo

available, or by making the EOL module itself intrinsically

gies. Alternatively, a customised user interface may be

safe. This saves on added Wiring and additional hardWare
costs but Would make the cost of the module itself someWhat

developed using graphical programing tools such as Active
X, Visual Basic or Visual C++. The personal computer may
be netWorked to one or more PLCs to provide an integrated

security management system.
[0064] Similar PC and PLC hardWare and softWare may be
employed to create a fully functional ?re system or building

management system.
[0065] Such PC/PLC-based systems using EOL modules
according to the present invention may be readily retro?tted
to existing systems, While utiliZing the existing circuit
Wiring regardless of existing resistance values. A system
built in this Way, either as an original installation or as a

retro?t, provides a ?exible and relatively inexpensive option
Which eliminates dependency on proprietary hardware and
softWare.

[0066]
various
[0067]
[0068]
[0069]

A system employing the present invention provides
options including:
End-of-line resistance (as shoWn in FIG. 5);
Closed loop resistance (as shoWn in FIG. 6);
Dual redundancy,-end-of-line or closed loop (see

beloW);
[0070] lntrinsically safe (see beloW).

greater.
[0073] Although preferred embodiments of the invention
have been described herein in detail, it Will be understood by
those skilled in the art that variations may be made thereto
Without departing from the spirit of the invention or the
scope of the amended claims. For example, the
DeviceNet.TM. standard has been referred to herein for
providing the communication link betWeen a remote EOL
module and a PLC communication scanner module. There

are, hoWever, various communication netWorks Which may
be just as ef?cient. Such variations to the described system
are considered to fall Well Within the scope of the appended
claims.

1-27. (canceled)
28. A device for monitoring the status of a circuit based
on a measurable parameter of the circuit, the device com

prising: measurement means for measuring the parameter of
the circuit; comparison means for comparing the measured
parameter to at least one threshold value and for assigning
a status based on the result of the comparison; and output
means for presenting an indication of the assigned status.
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