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An electricity meter which, in one embodiment, in-
cludes a digital signal processor configurable for generating
energy measurements for a plurality of meter form types
and connections is described. In the one embodiment, the
meter includes voltage and current sensor for generating sig-
nals representative of current and voltage at a load, and the
digital signal processor (DSP) is coupled to the voltage and
current sensors. The DSP includes a memory, and a plural-
ity of selectable instruction sets corresponding to respective
meter form types are stored in the DSP memory. The form
types include meter ANSI form 9 and meter ANSI form 16
type forms, and the instruction sets include processing steps
to be executed to determine line voltages and line currents
for respective meter form types. The meter also includes a
microcomputer coupled to the DSP for receiving data gener-
ated by the DSP. The microcomputer is operable to transmit
a selection command to the DSP to control selection of one
of the instruction sets stored in the DSP memory. An opti-
cal port may be electrically coupled to the microcomputer,
and the microcomputer is configured to receive a control
command from the optical port. The microcomputer uses
the control command to generate the selection command.
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CONFIGURABLE ELECTRICITY METER

Field of the Invention
This invention relates generally to electricity metering and more
particularly, to an electronic electricity meter configurable to operate in a

plurality of meter forms and ratings.

Background of the Invention

Since data collected from metering electric services within an electric
distribution network is used for billing customers, the collected data must be
accurate. To ensure accuracy, and in the past, different meter forms are used
to meter energy consumption for different types of electric services and load
ranges. Specifically, within an electric distribution network of a utility, there
are many different services and loads which a utility desires to meter. Each
type of service and load may require a meter having a particular "form" and
"rating”. The term "form" as used in the art refers to the physical configuration
of an electrical service, and the term "rating" refers to both voltage and current
range.

From application to application, the form and rating of the electricity
meter required to accurately meter energy consumption may vary. Although
broad current range and wide voltage range meters have reduced the number of
different meter types required for such metering applications, meters having
many different forms and ratings are still required by each utility.

Of course, requiring a utility to have on hand meters with a number of
different forms and ratings results in increasing the costs associated with
providing electric service. Particularly, different form and rated meters
typically are stored in inventory so that when a metering application is identified
which requires a particular form and rated meter, the meter is readily available
and can be installed. In addition to the inventory costs, utility personnel must

be trained on installation of each different form and rated meter. Of course,
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requiring skilled workers trained in the installation of a wide variety of meter
types to install the meters also is costly. 7

It would be desirable to provide one meter capable of being used in a
plurality of different applications requiring different forms and ratings to
facilitate reducing the inventory and labor costs associated with metering a wide
variety of electrical services. It also would be desirable to provide such a meter
which does not adversely impact the accuracy of the energy measurements

made.

Summary of the Invention

These and other objects may be attained by an electricity meter which,
in one embodiment, a digital signal processor configurable for generating energy
measurements for a plurality of meter form types and connections. More
particularly, and in the one embodiment, the meter includes voltage and current
sensor for generating signals representative of current and voltage at a load, and
the digital signal processor (DSP) is coupled to the voltage and current sensors.
The DSP includes a memory, and a plurality of selectable instruction sets
corresponding to respective meter form types are stored in the DSP memory.
The form types includes meter ANSI form 9 and meter ANSI form 16 type
forms, and the instruction sets include processing steps to be executed to
determine line voltages and line currents for respective meter form types.

The meter also includes a microcomputer coupled to the DSP for
receiving data generated by the DSP. The microcomputer is operable to
transmit a selection command to the DSP to control selection of one of the
instruction sets stored in the DSP memory. An optical port may be electrically
coupled to the microcomputer, and the microcomputer is configured to receive
a control command from the optical port. The microcomputer uses the control
command to generate the selection command.

When fabricating the above described meter, a meter base is selected to

at the factory. As is known in the art, and by way of example with respect to
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meter socket types, the meter base configuration may conform to the ANSI 9S
socket configuration or the ANSI 168 socket conﬁguratién. With respect to
bottom connected meter types, the meter base configuration may conform to
ANSI 10A, 48A or 16A configurations. Depending on the meter base
configuration, the DSP memory is then loaded with instruction sets for all
possible applications for that particular base. For example, a meter having a
base which conforms to an ANSI 9S socket may have a 3 element, a 2 1/2
element, a 2 element, or a 1 element connection between the meter and the
power lines. In addition, and for each of the various number of elements, the
specific electric circuit to which meter is actually is used depends upon the
electric service, e.g., an ANSI 9S form, 3 element connection may be
electrically connected to a 4W-Y configuration or a 4W-delta configuration. All
the instructions sets for the various meter forms reside in the DSP ROM
memory, and the instruction sets contain the process steps to be executed for
cach of the possible applications for the particular meter base. The meter is
preprogrammed at the factory so that the most commonly used instruction set
for the meter base is selected for execution by the DSP, and the meter is then
delivered to the utility.

At the utility, and for an ANSI 9S base meter for example, a worker
may install the meter in any ANSI 9S socket. If the electric connection between
the meter and the power lines at that particular installation correspond to the
preprogrammed selected instruction set, then the worker need not take any
further action with respect to proper installation. If the particular installation
does not correspond to the preprogrammed selected instruction sets, the worker
may then select the appropriate instruction set or sets by transmitting a select
signal to the microcomputer via the optical port. The microcomputer then
transmits the command signal to the DSP insiructing the DSP to execute a
particular preloaded instruction set corresponding the electric circuit at the
installation.

PCT/US98/09555
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With the above described meter configuration, and rather than requiring
a utility to store many different meters in inventory, only two sets of meters
need be on hand for socket based applications, for example. These meters are
readily and easily configurable so that accurate metering is performed at each

installation.

Brief Description of the Drawings

Figure 1 is a block diagram of an electronic energy meter.

Figure 2 is a block diagram illustration of the digital signal processor
shown in Figure 1.

Figure 3 is a chart illustrating the form, elements, and methods of
operation for a variety of electricity services.

Figure 4a is a matrix illustrating the processing steps executed by the
digital signal processor for each of the various forms identified in Figure 3, and
Figures 4b and 4c illustrate various meter forms and designations referenced in
the matrix shown in Figure 4a.

Figure 5 is a chart setting forth additional metering applications, digital
signal processor input signals, form, and processing steps executed by the
processor.

Figures 6a-i illustrate electrical connections made for various forms and

applications.

Detailed Description

Figure 1 is a block diagram illustration of an exemplary electronic
energy meter 10 which, for example, is commercially available from General
Electric Company, 130 Main Street, Somersworth, N.H. 03878, and generally
referred to as the KV meter. The KV meter can be modified to be configurable
as described below in more detail. Although the present apparatus and methods
are described herein in the context of an electronic electricity meter, it should

be understood that the present invention is not limited to practice with any one
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particular meter. The pres_ént invention can be utilized in connection with other
microcomputer based meters.

Referring now specifically to Figure 1, meter 10 includes voltage sensors
12 and current sensors 14. Sensors 12 and 14, in operation, typically are
coupled to the power lines supplying power to site at which the meter is located.
Sensors 12 and 14 are coupled to an analog to digital (A/D) converter 16 which
converts the input analog voitage and current signal to digital signals. The
output of converter 16 is provided to a digital signal processor (DSP) 18. DSP
18 supplies microcomputer 20 with digitized metering quantities, e.g., V?H,
’H. Microcomputer 20, using the metering quantities supplied by DSP 18,
performs additional metering calculations and functions. DSP 18 may, for
example, be a processor commercially available as Model Number TMS320
from Texas Instruments Company, P.O. Box 6102, Mail Station 3244, Temple,
TX 76503, modified to perform metering functions.

Microcomputer 20 is coupled to a liquid crystal display 22 to control the
display of various selected metering quantities and to an optical communications
port 24 to enable an external reader to communicate with computer 20. Port 24
may be the well known OPTOCOM™ port of General Electric Company, 130
Main Street, Somersworth, N.H. 03878, which is in accordance with the ANSI
type II optical port. Microcomputer 20 may also generate additional outputs 26
used for various other functions as is well known in the art. Microcomputer 20
may, for example, be an eight bit microcomputer commercially available from
Hitachi America, Inc., Semiconductor & I.C. Division, Hitachi Plaza, 2000
Sierra Point Parkway, Brisbane, CA 94005-1819, modified to perform metering
functions.

Microcomputer 20 also is coupled to an input/output (I/0) board 28 and
to a function, or high function, board 30. DSP 18 also supplies outputs directly
to high function board 30. Microcomputer 20 further is coupled, via a control

bus 32, to an electronically erasable programmable read only memory

_ PCT/US98/09555
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(EEPROM) 34. /O boara 28 and high function board 30 also are coupled, via
bus 32, to EEPROM 34.

Back-up power is supplied to the meter components described above by
a battery 36 coupled to a wide range power supply 38. In normal operation
when no back-up power is required, power is supplied to the meter components
from the power lines via power supply 38.

Many functions and modifications of the components described above are
well understood in the metering art. The present application is not directed to
such understood and known functions and modifications. Rather, the present
application is directed to the methods and apparatus for configuring a meter to
be compatible with many different metering applications as described below in
more detail. In addition, although the methods and apparatus are described
below in the hardware environment shown in connection with Figure 1, it
should be understood that such methods and apparatus are not limited to practice
in such environment. The subject methods and apparatus could be practiced in
many other environments. _

Further, it should be understood that the present invention can be
practiced with many alternative microcomputers, and is not limited to practice
in connection with just microcomputer 20. Therefore, and as used herein, the
term microcomputer is not limited to mean just those integrated circuits referred
to in the art as microcomputers, but broadly refers to microcomputers,
processors, microcontrollers, application specific integrated circuits, and other
programmable circuits.

Figure 2 is a block diagram illustration of DSP 18 shown in Figure 1.
DSP 18 includes a random access memory (RAM) 50 illustrated as being a 512
byte RAM. Inputs to DSP 18 includes sample sets from A/D converter 16
which are transmitted from converter 16 to DSP 18 at 3500 bits per second in
the specific configuration illustrated. The sample sets are at least temporarily
stored in RAM 50 for further processing. DSP 18 also includes a read only
memory (ROM), and a number of instructions (FL and PF) 52 and metering

_PCT/US98/09555
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pulse instruction (Kt) 54, ar_ld instruction sets 56 and 58 are stored in the ROM.
Block 56 describes the values calculated by DSP 18 as being V2, Reactive
Power, I>, Active Power, and Imputed Neutral I?, for fundamental and
harmonics. Block 58 describes values calculated by DSP 18 for 50 or 60 Hz
NB Filter, V2, Reactive Power, zero crossing (0 X), and Active Power, for
fundamental frequency only. The settings for various flags and accumulated
values 60 also are stored in the ROM.

As described above, DSP 18 is configured to connect to microcomputer
20, and such connection is made via a serial input/output port 62. Various
commands and data are passed between DSP 18 and microcomputer 20 via port
62, and such commands and data include adjustments for 50 Hz and 60 Hz
operation, diagnostics, flags, metering constant (Kt), measurements, selected
samples and counts, and verifications. These commands and data are stored at
least temporarily in RAM 50 and are used to control processing by DSP 18.
DSP 18 also includes a reset port 64, and when a reset signal is received at
reset port 64, various checks are performed including ROM and analog-to-
digital converter tests, as is known in the art.

DSP 18 is described herein as one exemplary embodiment of the
environment in which the present invention can be practiced. It should be
understood, therefore, that the present invention can be practiced in connection
with many alternative types of processors and in other meter configurations.

Generally, and with respect to operation of DSP 18, instruction sets
include processing steps to be executed to determine line voltages and line
currents for respective meter form types are stored in the DSP memory, or
ROM. Microcomputer 20 is operable to transmit a selection command to DSP
18 to control selection of one of the instruction sets stored in the DSP memory.
Particularly, microcomputer 20 is configured to receive a conirol command via
optical port 24, and microcomputer 20 uses the control command to generate the
selection command. DSP 18 then processes the data received from ADC 16 in

accordance with the selected instruction set, and the calculated values are

PCT/US98/09555



10

15

20

25

30

WO 98/52057

-8-

provided to microcomputer 20 via serial I/O 62. In addition, DSP 18 can be
programmed to calibrate the samples received from ADC 16, and such
calibrated samples can be provided to other meter circuitry via a DSP bus.

With respect to function blocks 56 and 58, the underlying process steps
executed by DSP 18 to make calculations such as reactive power and active
power are dependent upon the meter form and the electrical circuit in which the
meter is connected. More particularly, and referring to Figure 3, the meter
form types includes meter ANSI form 9 and meter ANSI form 16 type forms,
the number of elements may be 3, 2, 2 1/2, or 1, and there are a number of
circuit configurations in which the meter can be connected. The meter form,
elements, and circuit configurations affect the inputs received by the DSP and
the meter operation. The meter method of operation (MO) designations in
accordance with ANSI standards are set forth in Figure 3.

Figure 4a illustrates the processing steps executed by DSP 18 for each
of the various forms and meter operation (MO) designations identified in Figure
3. The designations set forth in Figure 4a correspond to the meter base forms
illustrated in Figures 4b and 4c. Particularly, Figure 4b is a form 9S meter
base and Figure 4c is a from 16S meter base. Each voltage is the potential
difference between the voltage sensing blades which are illustrated as solid
rectangles in Figures 4b and 4c. Each voltage sensing blade is assigned a
number, i.e., 0, 1, 2, 3. Each current is sensed in a conductive circuit between
two blades, illustrated in Figures 4b and 4c as a line between blades. The
current sensing blades are illustrated as outlined rectangles. Each current is
designated as a letter A, B, or C. Some socket type meters have blades which
are utilized for both voltage sensing and current sensing. This circumstance
is illustrated in Figures 4b and 4c with one blade (e.g., an upper blade)
illustrated as a voltage sensing blade with a number (e.g., 1, 2, or 3) next to it
and a lower blade illustrated as a current sensing blade.

Referring now to Figures 4a, 4b, and 4c, the values e,, ¢, e,, and e,

represent the voltage signal values obtained from respective voltage sensing

_PCT/US98/09555
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blades of the meter base anzi provided to DSP 18 via ADC 716. The values e,,
eg, and ec are the calculated voltage values for the respective lines, and the
values i,, i, and i are the calculated current values for the respective lines.
Using the voltage values, instantaneous power can be calculated in accordance
with the following.

Pa = € X iy,

Ps = €5 X 1,

Pc = €c X i, and

ProtaL = Pa + Ps t Pc-
As set forth in Figure 3, the calculations for each the various voltage and
current values may vary depending on the meter form and meter operation.

Figure 5 is a chart setting forth in more detail the DSP processing steps
for each type of meter service application. The DSP Case # column refers to
the general designation which may be assigned to each meter application. The
DSP Case # could be used, for example, by microcomputer 20 to communicate
to DSP 18 the particular type of service being metered so that DSP 18 executes
the appropriate steps in calculating the various metering quantities. More
particularly, and in one specific embodiment, the DSP Case # is passed to DSP
18 from microcomputer 20 in a configuration word (CFG_WRD).

The Meter Application column identifies the specific electric circuit
being metered. For example, for DSP Case # 0, the specific meter being used
is a 2-element, 3-wire meter in a 3-phase, 3-wire delta service. The DSP input
signals column identifies the signals provided to DSP 18 from ADC 16. The
ANSI forms column identifies the particular ANSI form corresponding to the
particular service. The Symmetrical column identifies whether the attributes of
symmetry (i.e., whether arithmetic apparent power is defined) are present.

The Processing Steps column identifies the processing carried out by
DSP 18 to calculate various metering quantities for each DSP Case #.
Execution of the steps shown in Figure 5 for each case are to be carried out

from top to bottom, and the processing is performed on corrected samples to

_ PCT/US98/09555
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transform a wide variety of forms and services into a virtual 4-wire wye
configuration.

Of course, the present invention is not limited to the specific processing
steps illustrated in Figure 5, and it is possible to use other processing steps even
for the same meter applications depending on the standard calculation
methodology selected. For example, in the processing illustrated in Figure 5
and as explained above, the processing is performed to transform a wide variety
of forms and services into a virtual 4-wire wye configuration. Of course, in
making this transformation, some of the phases do not actually exist and are
processed as phantom phases. Alternatively, the processing could be carried out
to transform the data to some other virtual meter configuration.

Figures 6a-i illustrate electrical connections made for various forms and
applications. Generally, using the present invention, two meter forms satisfy
all electrical services requiring three or fewer meter elements. Particularly,
with class 20 and class 200 meter forms rated at 57 to 120 volts, and 120 to 480
volts accommodating 528 volts continuously and 575 volts maximum, such
service needs can be met with just two meter forms. In addition, with an
extended class 320 rated meter, load currents up to 320 amperes directly can be
metered. Using a form 9§, class 20 meter with instrument transformers, larger
loads and higher voltages can be measured. '

More particularly, and referring to Figures 6a-i, the form designations
are set forth in accordance with ANSI C12.10 form designations. Figure 6a-c
i'lustrate self-contained, form 16S meter bases with the following ratings: Kh
21.6, Kt 4.5, and CL 320. Figure 6a is a 2-wire base, Figure 6b is a 3-wire
base, and Figure 6c is a 4-wire base. Figures 6d-i illustrate transformer rated,
form 9S meter bases with the following ratings: Kh 1.8, Kt 0.3, and CL 20.
Current transformers are identified by the designation "CT" and voltage
transformers are identified by the designation "VT". The meter base
connections illustrated in Figures 6d-f include current transformer(s) (CT) only,

_ PCT/US98/09555
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and the meter base connections illustrated in Figure 6g-i include current
transformer(s) (CT) and voltage transformer(s) (VT).

When fabricating the above described meter including DSP 18, a meter
base is selected at the factory. As is known in the art, and by way of example
with respect to meter socket types, the meter base configuration may conform
to the ANSI 9S socket configuration or the ANSI 16S socket configuration.
Depending on the meter base configuration, the DSP memory is then loaded
with instruction sets for all possible applications for that particular base. For
example, a meter having a base which conforms to an ANSI 9S socket may
have a 3 element, a 2 1/2 element, a 2 element, or a 1 element connection
between the meter and the power lines. In addition, and for each of the various
number of elements, the specific electric circuit to which meter is actually is
used depends upon the electric service, e.g., an ANSI 9S form, 3 element
connection may be electrically connected to a 4W-Y configuration or a 4W-delta
configuration. The instructions sets which reside in the DSP memory contain
the process steps to be executed for each of the possible applications for the
particular meter base. The meter is preprogrérmned at the factory so that the
most commonly used instruction set for the meter base is selected for execution
by the DSP, and the meter is then delivered to the utility.

At the utility, and for an ANSI 9S base meter for example, a worker
may install the meter in any ANSI 9S socket. If the electric connection between
the meter and the power lines at that particular installation correspond to the
preprogrammed selected instruction set, then the worker need not take any
further action with respect to proper installation. If the particular installation
does not correspond to the preprogrammed selected instruction set, the worker
may then select the appropriate instruction set by transmitting a select signal to
the microcomputer via the optical port. The microcomputer then transmits the
command signal to the DSP instructing the DSP to execute a particular

preloaded instruction set corresponding the electric circuit at the installation.
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With the above desc;ibed meter configuration, and rather than requiring
a utility to store many different meters in inventory, only Vtwo sets of meters
need be on hand for socket based applications, for example. These meters are
readily and easily configurable so that accurate metering is performed at each
installation.

From the preceding description of various embodiments of the present
invention, it is evident that the objects of the invention are attained. Although
the invention has been described and illustrated in detail, it is to be clearly
understood that the same is intended by way of illustration and example only
and is not to be taken by way of limitation. For example, it is contemplated
that the DSP could be automatically configured for a particular service rather
than requiring a user to select the DSP Case Number. Particularly, depending
on the particular service and using predetermined criteria, the microcomputer
could automatically determine the type of service being metered and then
instruct the DSP to execute the appropriate instruction sets. As an example, if
DSP Case Number 3 is selected for a form 458, 2 element, 3 wire meter,
several different services could be metered. Upon initiation of operation, the
microcomputer may determine, using preprogrammed criteria, that DSP Case
Number 0 is the correct case number, and the DSP would automatically be
instructed by the microcomputer to execute the instruction sets for DSP Case
Number 0. Accordingly, the spirit and scope of the invention are to be limited

only by the terms of the appended claims.
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Claims:

1. An electricity meter for measuring energy consumption of a load,
comprising:

voltage and current sensor for generating signals representative of current
and voltage at the load;

a digital signal processor coupled to said voltage and current sensors,
said digital signal processor comprising a memory having stored therein a

plurality of selectable instruction sets corresponding to respective meter form

types.

2. An electricity meter in accordance with Claim 1 wherein said
meter further comprises a microcomputer coupled to said digital signal
processor for receiving data therefrom, said microcomputer operable transmit
a selection command to said digital signal processor to control selection of one

of said instruction sets stored in said digital signal processor memory.

3. An electricity meter in accordance with Claim 2 further
comprising an optical port electrically coupled to said microcomputer, said
microcomputer configured to receive a control command from said optical port

and using the control command, generate the selection command.

4. An electricity meter in accordance with Claim 1 wherein the form

types includes meter ANSI form 9 and meter ANSI form 16 type forms.

S. An electricity meter in accordance with Claim 1 wherein the
instruction sets include processing steps to be executed to determine line

voltages and line currents for respective meter form types.
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6. A processor for an electricity meter, said processor comprising:

a memory having stored therein a plurality of selectable instruction sets
corresponding to respective meter form types; and

a processing unit for performing energy consumption calculations, said
processing unit configured to execute a selected one of said instruction sets so
that said energy consumption calculations are performed in accordance with a

respective one of the meter form types.

7. A processor in accordance with Claim 6 comprising an input
configured to be coupled to a microcomputer operable transmit a selection
command to said digital signal processor to control selection of one of said

instruction sets stored in said digital signal processor memory.

8. A processor in accordance with Claim 6 wherein the form types

includes meter ANSI form 9 and meter ANSI form 16 type forms.

9. A processor in accordance with Claim 6 wherein the instruction
sets include processing steps to be executed to determine line voltages and line

currents for respective meter form types.
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10. A method of operating a meter for measuring energy consumption
of a load, the meter including voltage and current sensors for generating signals
representative of current and voltage at the load, and a digital signal
processor coupled to the voltage and current sensors, the digital signal processor
including a memory having stored therein a plurality of selectable instruction
sets corresponding to respective meter form types, said method comprising the
steps of:

selecting at least one of the instructions sets for execution; and

executing the instructions contained in the selected instruction set.

11. A method in accordance with Claim 10 wherein the meter further
includes a microcomputer coupled to the digital signal processor for receiving
data therefrom, the microcomputer operable transmit a selection command to the
digital signal processor to control selection of one of the instruction sets stored

in the digital signal processor memory.

12. A method in accordance with Claim 11 further wherein the meter
further includes an optical port electrically coupled to the microcomputer, the
microcomputer configured to receive a control command from the optical port

and using the control command, generate the selection command.

13. A method in accordance with Claim 10 wherein the form types
includes meter ANSI form 9 and meter ANSI form 16 type forms.

14. A method in accordance with Claim 10 wherein the instruction
sets include processing steps to be executed to determine line voltages and line

currents for respective meter form types.



(92 371nY) 133HS 31n1l1SANS

Loy e e om0 e w |
Converter|~| DSP | computer |— -
rrent -
énsor'sq> @ @ 2 |0ther 170 2?\32
Control Bus
14 ﬂ /34
Wide Range Function 1/0
Battery)o | power Supp?y Option Board Option Board (EEPROM)
36 38 \30 "\
p—
FIG. 1 ~
9
FORM | _ELE [ 4W-Y A4 -4 JW-NETWORK 30-10 20-10
9 3 MO 9-6 MO 98-6
9 2-1/72| MO 36-2
9 2 MO 45-4 MO 45-3 MO 45-0 MO 45-4
3 OR 1 MO 2-1 MO 3-5
16
16 2 MO 12-0 MO 12-4 MO 12-4
16 3 MO 16-6 MO 16-6

FI1IG.3

LS0TS/86 OM

$$S60/86SN/1LDd



WO 98/52057 PCT/US98/09555

2/5

18

FROM S §

oM | Simultaneous Sample Sets //,50 64 :

ADC 16! 3900/s: 3.elnl; 3.iln] f’ ;

; Initislization | |

' ROM Check :

; S ADC Tests i

5 Calibration [ é \ l 5

: FL & PF - Reset |

i 52 B i

) Y E

: t :

: e :

DSP | Calibrated Samples to - :

BUS i Advanced functions Options 2 ’ é

e n Serial I/0 ;

o , d :

b Ve == 0 S0 or 60 Hz. g

: | |Reactive Pwr : m Adjustments, E

bl 12 A Commands, :

SEE ! Configuration, |
S5 i 1 [Active Pwr|= . g Diagnostics, ‘T’J

o Imputed e ;lags. N 5

E ' Neutral I : s Selected :

:r'-'-' T T T, Samples & '

. S0 or 60 Hz - M Counts, E

b NB Filter ; : Verifications, 5

| e ide| 7 |

=y : Nk s

b : Y :

58 i Reactive Pwr S 170 with E

- OX Je—o- Register uC 20

o Active Pwr § ;

§ Accumulate and Flag|= i

; T 60 §

-2 [ a

F1G. 2

SUBSTITUTE SHEET (RULE 26)



(92 37nY) L33HS 31nL11SANS

2 B 58 sroa el et
9816 MO 2-1 ep=(ej-egl/2. eg=0. ec=(ep-ej)/2.g1 =0

9 MO 36-2 ep=e)-ep. eg=-{(e)-epl+(ez-eqgl). ec=ez-ep

g MO 45-3 ea=le)-eg)-tep-eg). eg=0. ec=e3-eg. ig=0 |
9816 MO 45812-4 ep=ej-eg. eg=0. ec=ez-eg. ig=0 |
9816 MO3-3 ep=ej-eg. eg=U. ec=0. ig=0. ic=0 _
9816 MOS&16-6 ep=ej-ep. eg=ep-eqn. ec=e3-eg _

FI1IG.49a

G/ ¢

LS0TS/86 OM

$5$60/86S11/LOd



PCT/US98/09555

WO 98/52057

4/5

S 914

8231AJ3S
eliep 8J4im-p ‘aseyd-g

ou
saA S91 (8Am) aJtm-psoseyd-¢
auou S6 |o1°'oa'qQI‘qQa‘eI‘'BA| JB1BW 8JIM-p ‘JUBWB[S-E 9
0=>21 ‘'0=Aal se 80T1AJOS QJIM-2 ‘'8seyd-g|
‘O=>9A '0=>0A 8] 'GA Jol1aw 8JimM-Z2 ‘jusuwais-T S
ou 821AJ3S >JOM1BU
) saA SZT '801AJ3S B8JIM-g ‘Bseyd-T
0=Ql '0=4A O0]°'OA°8] 'BA Jalaw 8JIm-£ ‘jusuwaia-2 b
a01AJBS
saA 8Am 8Ju1mM-}p ‘sseyd-¢£
saA *901AJ8S 8JIM-g ‘aseyd-T
0 =4l 801AJBS
0=QA ou SCh B1[8p aJim-p ‘aseyd-g
QA-BA =>BA *3]°9A°QA‘e] "eA Jolauw aJIM-£ ‘'juswais-g £
991AJaS
A soe (juasqge qa) 8aAM 8J1M-} ‘aseuyd-g
(OA+BA)-=>ap | SP 91'OA'QI ‘S 'SA |Jslow 8uIM-p ‘luswaad Z/T-Z2 ¢
0=0aI ‘0=0qA
OA+BA DBA saA Sé 801AJBS aJImM-£ ‘8seyd-T
Z/8A- =0A d1'sI'BA Jol1aw aJIm-£‘jusuwaia-1 1
(9I+8])-=qIl
OA+QA=D
o>”n>uvo» saA Mww 821AJSS
(OA+BA)IE/T-=QA S116p 8JIn-¢ ‘886ud-¢
OI'OA'8I ‘BA Jalsw aJImM-£ ‘luawalra-¢ 0
1891418 |{SwJO 4 s1eubis indul suof31e91 1ddy # ase)
sdais Burssado.d -wwAs | ISNV dsa J918K dsa

SUBSTITUTE SHEET (RULE 26)



WO 98/52057 PCT/US98/09555

57595
N A N A C N.ﬁ\B C
0|0 [ [
2-WIRE 3-WIRE 4-WIRE

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

iernational Appiication No

PCT/US 98/09555

A. CLASSIFICATION OF SUBJECT MATTER

IPC & GO1R21/133

According to International Patent Classification (IPC) or to both national classification and IPC

8. FIELDS SEARCHED

IPC 6 GOIR

Minimum documentation searched (classification system followed by classification symbois)

Documentation searched other than minimumdocumentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and. where practical, search terms used)

C.DOCUMENTS CONSIDERED TO BE RELEVANT

see abstract

November 1989
see abstract

see figure 1

see column 7, 1ine 23 - 1ine 63

_/......

Category * | Citation of document, with indication. where appropriate. of the relevant passages Relevant to claim No.
X US 5 555 508 A (MUNDAY MARK L ET AL) 10 1,2,5-7,
September 1996 9-11,14

Y see column 4, line 14 - line 31 3,12
see column 4, line 39 - column 5, line 5
see column 9, line 36 - Tine 39

A see figures 1,2 4,8,13

X US 5 548 527 A (HEMMINGER RODNEY C ET AL) 1,2,5-7,
20 August 1996 9-11,14
see abstract

Y US 4 884 021 A (HAMMOND SCOTT H ET AL) 28 3,12

Further documents are listed in the continuation of box C.

Fatent family members are listed in annex.

* Special categories of cited documents *

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or

which is cited to establish the publicationdate of another
citation or other special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T* later document published after the international filing date

or priority date and not in conftict with the application but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention

cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-

ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent famity

Date of the actual completion of theinternationat search

10 August 1998

Date of mailing of the international search report

17/08/1998

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Fax: (+31-70) 340-3016

Authorized officer

Lopez-Carrasco, A

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




ternational Appiication No

PCT/US 98/09555

INTERNATIONAL SEARCH REPORT

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document. with indication,where appropriate. of the relevant passages Relevant to claim No.

A US 4 754 368 A (BULLOCK DONALD F ET AL) : 4,8,13
28 June 1988

see column 1, line 5 -~ line 24
see column 2, line 43 - line 45

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information. on patent family members

_iternational Application No

PCT/US 98/09555

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5555508 A 10-09-1996 us 5631843 A 20-05-1997
us 5544089 A 06-08-1996
us 5537333 A 16-07-1996
us 5548527 A 20-08-1996
AU 3130193 A 13-09-1993
BR 9207088 A 26-12-1995
CA 2130433 A 02-09-1993
CN 1079305 A 08-12-1993
EP 0671009 A 13-09-1995
MX 9206230 A 01-09-1993
WO 9317390 A 02-09-1993

US 5548527 A 20-08-1996 us 5544089 A 06-08-1996
us 5537333 A 16-07-1996
Us 5555508 A 10-09-1996
us 5631843 A 20-05-1997
AU 3130193 A 13-09-1993
BR 9207088 A 26-12-1995
CA 2130433 A 02-09-1993
CN 1079305 A 08-12-1993
EP 0671009 A 13-09-1995
MX 9206230 A 01-09-1993
WO 9317390 A 02-09-1993

US 4884021 A 28-11-1989 CA 1290400 A 08-10-1991
EP 0288413 A 26-10-1988

US 4754368 A 28-06-1988 CA 1285026 A 18-06-1991

Fom PCT/ASA/210 (patent family annex) (July 1992)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

