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[57) .  ABSTRACT

"+ A:remote meter reading system in which transmitters

provide data signals over electric power 'line conduc-

- .tors to indicate the measurements of each of a plural-
ity of meters to associated receivers at a remote loca-

tion. The meter transmitters are divided into groups,
the transmitters of each group being operative to gen-

erate different frequency signals in a given frequency

band assigned to such group. The transmitters of each
group are further divided into subgroups, each sub-
group of transmitters being connected to a corre-

" spondingly different pair of the power line conductors.

A receiver unit is provided for each subgroup of trans-
mitters, the receiver for a subgroup being tunable to
the frequencies in the band assigned to the group, and
being connected to the same pair of line conductors as

_the transmitters of its associated subgroup.

-Each transmitter provides signals at a preassigned
o frequency as determined by the group and subgroup

to which the transmitter is assigned, the signals being
of a first and second phase to represent the meter

“measurement by logic 1 and logic O signals. The signal

input to each receiver is sampled for phase and
converted to digital signals which are stored in
discrete storage circuits for each of the transmitters.

10 Claims, 4 Drawing Figures
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REMOTE METER READING SYSTEM USING
‘ELECTRIC POWER LINES
This is a division, of application Ser. No. 230,873,
filed Mar. 1, 1972.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to remote meter read-
ing systems, and more particularly to remote meter
reading systems in which signals representing . meter
reading data are transmitted from a plurality of trans-
mitters over the power line conductors of a branch of
an electrical distribution system to receivers connected
to the same branch of the electrical distribution system.

2. Description of Prior Art

The distribution of electricity, gas and water to the
ultimate consumer has for the most part been con-
trolled by, and has been the responsibility of, the public
utility companies. Such companies have over the years
developed distribution systems which are generally
considered. to be most reliable and dependable, and
which effect the distribution of the desired service to
the ultimate consumer at a relatively reasonable cost.

The payment for such service has been generally
based upon the amount of service which is used by the
customer. For such purpose, highly reliable meters
have been developed and manufactured by indepen-
dent companies for purchase and installation by the
utility company at the consumer’s residence or place of
business. In the case of electrical power, for example,
the electricity is transmitted from a generating source
over a distribution network to distribution transformers
in the area of ultimate consumption, and further over
a three conductor branch to the individual service
mains which enter the consumer’s place of residence or
business. ,

Meters located at the entrance of the service main to
the consumer’s place of residence or business continu-
ally measure the amount of electricity used by such
consumer and provide a cumulative record of such
amounts for readout by the utilities at convenient time
periods. It is a conventional practice, for example, for
the utility meter readers to effect readout of the infor-
mation on the meters at monthly intervals. Readings as
thus made are normally posted in a book or on a card
which is carried by the meter reader, and then returned
to the central offices of the utility for transcription,
computation, billing and mailing to the consumer.

The shortcomings of such mode of data acquisition
are well known in the field. Inaccessible meters, as for
example, when a consumer is not at home, result in
callbacks, misreadings and annoyance and inconve-
nience to the customer. Further, the system requires
that a party.other than the meter reader must translate
the information from the meter man'’s book entry into
computer compatible form and as a result several po-
tential instances of error are ever present.

The industry therefore has turned in recent years to
the development of automated systems in which a more
reliable type of meter reading data acquisition is pro-
vided, and particularly to systems in which the data is
acquired in a computer-compatible form, whereby the
automated computer equipment which:is normally
available at the utility plants may be more efficiently
utilized both in the data processing and consumer bill-
ing. R
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One such system which has been developed is set
forth in the copending application to James N. Bruner,
Ser. No. 53,745 which was filed July 10, 1970. The
meter reading system there described includes a mobile
unit which travels along a route laid out along the
streets and roads of a community, and in its travel
transmits interrogating signals to transponder equip-
ment which is connected to the meters disposed along
such route. The transponder equipment automatically
generates and transmits signals which represent the
reading on the meter along with an identification num-
ber which is assigned to the meter. Transmit means on
the mobile unit radiate meter interrogate signals in the
direction of the transponders as the mobile unit moves
into the range and bearing of the transponder equip-
ment located at the meter equipment.

In one novel arrangement, the transponder unit asso-
ciated with each meter comprises an antenna having a
transmit and receive section and a nonlinear inpedance
network (such as nonlinear diode) connected therebe-
tween. As the mobile unit moves into the bearing and
range of the transponder unit for one of the meters, the
interrogate signals transmitted by the mobile unit are.
received by the receive section of the transponder an-
tenna (which is tuned to the frequency of the interro-
gate signals) and impressed across the associated diode
to effect nonlinear changes in the impedance of the di-
ode. Distortion of the received signals as applied to the
diode effects the consequent generation of harmonics
of the received interrogate signals.

Since the transmit section of the transponder antenna
is tuned to the frequency of the one of the generated
harmonics of the interrogate signals (i.e., the second
harmonic in one embodiment), the antenna will be op-
erative to radiate the second harmonic signals back to
the mobile unit. As the harmonic signals thus generated
are transmitted to the mobile unit, control circuitry in
the meter equipment controls modulation of the re-
transmitted signals with meter data (i.e., the reading on
the meter register at the time and the meter identity).

While such arrangement represents a significant ad-
vance in the art, it has been found that in certain areas
the addition of the transponder units to existing instal-
lations requires the use of local contractors for the pur-
pose of mounting the antennas and connecting the
same to the individual transponders. In addition, in cer-
tain installations equipment at a single receiver loca-
tion is preferably used to receive and store the data out-
put of a plurality of transmitters to a single transponder
at such location for readout by the mobile unit, and as
a result a suitable communication path must be con-
nected between the meters which are located at the
various customer locations and the single receiver loca-
tion. The installation of such communication path
again requires the use of local contractors, and a resul-
tant expense of relative significance. In addition, in a
number of communities electric power lines and the
like are buried beneath the ground for aesthetic rea-
sons. Obviously the stringing of three-wire conductors
in such areas between the house and a central receiver
location will not be acceptable to such communities,
and in existing installations of such type, the trenching
and burying of the further conductor set is costly and
disturbing to the property owner.

There is a need therefore for a system in which the
information accumulated by a plurality of meters at
each of a plurality of locations may be conveniently
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transmitted to a common receiver location in a practi-
cal, low cost mode, and particularly an arrangement in
which such data transmissions may be effected without
the introduction of additional wiring between the me-
ters and the point of data acquisition for readout pur-
poses.

There is also a need for a system of such type in
which data representing the information for a larger
number of meters may be processed over a single data
acquisition location so that the cost per unit of data ac-
quisition may be significantly reduced.

There is further a need for a transmitter of relatively
low cost which is operative in such type system which
generates signals which represent the meter data, and
effect the transmission thereof for storage in digital
form in a discrete accumulator for ultimate readout
and use with automatic billing equipment.

SUMMARY OF THE INVENTION

The present invention is directed to a remote meter
reading system in which a transmitter is provided for
each of a large number of meters, each of which trans-
mitters provides signals which represent the meter
reading on its associated meter for transmission over
electric power line conductors to associated receivers
at a remote location from the meters.

In such system, the meters are divided into groups,
each of the groups having a discrete operating band of
frequencies assigned thereto. Each transmitter for a
meter in a frequency band is operative to generate sig-
nals at a different assigned frequency in such frequency
band.

The meters in each group are further divided into
subgroups, the transmitters of each subgroup. being
connected to a predetermined, different pair of the
three power line conductors which provide electrical
service to the area.

In one embodiment, 96 meters were divided into two
groups of 48, the 48 transmitters connected to the me-
ters of the first group being operative at frequencies
separated by 5SKHz in the first band 80 KHz-155 KHz,
and the transmitters connected to the meters of the sec-
ond group being operative at frequencies separated by
10KHz in the second band of 165 KHz-315 KHz.

The 48 meters in each group are further divided into
subgroups of 16 meters each, with the transmitters of
the 16 meters in the first subgroup being connected to
conductors L,,L,, the transmitters of the 16 meters of
the second group being connected to the second con-
ductor pair L,,L,, and the 16 transmitters of the third
subgroup being connected to service conductors L;,L,.

At the receiver end, a plurality of groups of receivers
are connected to the power line conductors, each
group of receivers being tunable to receive signals in a
different one of the bands, the different receivers in
each group being connected to receive the signal out-
put of a different subgroup of transmitters. In one em-
bodiment each group included three receivers, each re-
ceiver of the first group being assigned to receive the
frequencies of the first band, and each receiver of the
second group being assigned to receive frequencies of
the second band.

The receivers in each group are in turn each con-
nected to a different pair of the line conductors to
thereby receive the signals output by a correspondingly
different one of the transmitter subgroups. By way of
example, in the illustrated embodiment, the first re-
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4

ceiver which is-assigned-to receive frequencies in the
first band of frequencies 80 KHz-155 KHz is connected
to the line conductors L;,L, and is selectively tuned to
receive the output signals provided by the 16 transmit-
ters of the first subgroup in the first group. The other
five receivers are connected in a related pattern.

The remote meter reading system further includes
novel transmitter circuits each of which has an oscilla-
tor circuit for generating signals which indicate the
count output of an associated meter. The oscillator for
each transmitter is enabled to operate at one assigned
frequency in the frequency band for its associated
group. An associated encoder circuit, including an en-
coder switch, is operative. between a first position
(logic 1) and a second position (logic 0) to represent
a predetermined measurement which is made by the
associated meter. The. encoder circuit in such opera-
tion effects enablement of the oscillator at different
half cycles of the power on the particular pair of service
conductors to which the transmitter is connected, the
encoder circuit effecting the operation of the oscillator
in one half cycle whenever a logic 1 signal is output
from the encoder switch, and effecting the operation of
the transmitter in the alternate half cycle whenever the
output from the encoder switch is logic 0.

By way of brief example, the first transmitter of the
16 transmitters in subgroup 1 of group 1 has an oscilla-
tor which operates at 80 KHz (which is one of the 16
assigned frequencies in band 1), and has its input and
output circuits connected to an assigned pair of con-
ductors (L;,L,). The oscillator in the first transmitter
is thus enabled in the first half cycle of the power on
lines L;,L, whenever a first signal (identified as a logic
1- signal) is output by the encoder switch, and in the
second half cycle of the power on the lines L,,L, when-
ever the encoder switch provides a second output sig-
nal (identified as a logic O signal).

The output circuit of the transmitter includes a series
resonant circuit which permits connection of the vari-
able transmitter outputs of relatively low power to the
electric power line conductors which have 120-240 v.
power thereon.

The receiver equipment connected to the electric
power line conductors on the secondary side of the
same distribution transformer includes a group of su-
perheterodyne receivers for each frequency band, each
receiver in a group being connected to the power line
conductors to receive only the frequency output of one
subgroup of sixteen transmitters, each -receiver in a
group being connected to a different pair of power line
conductors.

Tuner means for each of the receivers effects selec-
tive tuning of the receiver circuit to each of the sixteen
assigned frequencies in the assigned band, the selective
tuning being effected at a one pulse per second rate
whereby the entire band is sampled in the 16 second
period. At the same time that the receiver circuit is
being successively tuned to the different output fre-
quencies of the transponders of its associated sub-
group, the receiver beat oscillator is likewise shifted to
thereby continually maintain a 20 KHz signal output
from the receiver.

A phase detector circuit connected to the output of
the receiver is operative to separate the phase signals

- and extend the separated signals over discrete paths.

Associated circuit means effect conversion of the dis-
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crete signals to digital signals (logic 1, logic O for stor-
age purposes).

Multiplexer means, which are driven in synchronism
with the. tuning means for the receiver, gate the digital
signals thus provided for each meter to a discrete stor-
age means for such meter. Thus; during the period the
receiver means is tuned to receive the-signal output
(80KHz) of the first transmitter in the first subgroup,
the multiplexer means gates the output of the phase de-
tector means to a first storage circuit which is assigned
to store the count for the first meter. It will be apparent
therefrom that 16 storage circuits are required for each
subgroup of 16 meters, and a total of 96 discrete stor-
age circuits are required to.accumulate the count for
each of the meters in the disclosed system. .

Signal processing circuits are operative as set forth in

more detail in the above identified copending applica-

tion, to generate words in a cyclic manner which in-
clude the identity and stored counts of each meter, and
a mobile unit periodically travels in the vicinity to
project interrogating signals which effect readout of the
data words which are thus prepared by the signal pro-
cessing circuit and storage thereof in the mobile unit.

These and other objects and features of the invention
will be apparent with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the novel system which
uses electric power line conductors to connect the
transmitters and receivers of a data acquisition system;

FIG. 2 is a circuit schematic of one novel transmitter
which may be used in the system of FIG. 1;

FIG. 3 is a schematic circuit of a novel receiver ar-
rangement which may be used in the system shown in
FIG. 1; and ’

FIG. 4 is a schematic representation of a readout cir-
cuit which may be utilized with the system of FIG. 1.

GENERAL DESCRIPTION
A. System Description

With reference to FIG. 1, there is shown thereat one
subsystem of a plurality of subsystems in a novel auto-
matic meter reading installation. Each such subsystem
may comprise a plurality of transmitter units T1-T96
and a plurality of receiver units R1-R6 which are inter-
connected via the three service mains of a 240 volt,
60~ power supply which extend power from the sec-
ondary winding of a distribution transformer DT in an
electrical distribution system to 96 different consumer
points in such system. In accordance with conventional
practice, each consumer location has a watthour meter,
such as illustrated meter M1, for the first consumer,
which measures and registers the amount of electrical
power used by such consumer. One conventional meter
well known in the field comprises an electric watthour
meter of the type which is sold by the assignee as Model
No. J4. As will be apparent, the novel system may be
used with other types of meters and equipment includ-
ing, but not limited to, gas and water meters.

In the novel system, each meter, such as M1, has a
transmitter circuit, such as T1, connected to the service
conductors L;L,L, and linked to the associated meter
to detect measurement by such meter of a predeter-
mined amount of power or commodity consumption.

As will be shown, the transmitters T1-T96 respon-
sively generate signals for transmission over the service
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6

conductors L,L,L, which indicate each predetermined
change-in the measurements recorded by the associ-
ated meters M1-M96 to associated receiver equipment
R1-Ré6 for storage and eventual readout for billing pur-
poses.

As shown in FIG. 1, the transmitter circuits T1-T96
are divided into two groups, the first group including 48
transmitters T1-T48 which are operative to provide
output signals which are in a first frequency band
(Band 1 — 80-155 KHz), and the second group includ-
ing forty-eight transmitters T49-T96 which are opera-
tive to provide output signals which are in a second fre-
quency band (Band 2 — 165-315 KHz). Each of these
groups of 48 transmitters is further divided into three
subgroups of 16 transmitters each. Thus, Group 1 com-
prised of transmitters T1-T48 is divided into three sub-
groups, the first subgroup including transmitters
T1-T16, the second subgroup including transmitters
T17-T32, and the third subgroup including transmit-
ters T33-T48. Group 2 comprised of transmitters
T49-T96 is likewise divided into three subgroups, the
first of which subgroups includes transmitters T65-T86
and the third of which subgroups includes transmitters
T87-T96.

Each subgroup of transmitters in a group, such as
transmitters T1-T16 of Group 1, transmitters
T17-T32, transmitters T33-T48 are operative to gen-
erate and transmit signals in a predetermined assigned
band (80-155KHz), each transmitter in a subgroup
being operative to generate signals which are displaced
by 5 KHz from each other. Thus, transmitters T1, T17,
T33 are operative to generate 80 KHz signals, transmit-
ters T2, T18, T34 are operative to generate 85 KHz sig-
nals, etc. The 16 transmitters of the three subgroups of
transmitters in Group 2 are in turn each operative to
transmit signals in a second band (165KHz-315KHz).
The 16 transmitters of each of the second three sub-
groups generates frequency signals in the second band
which are displaced from each other by 10 KHz. Thus
transmitters T49, T65, T81 generate signals at 165
KHz; transmitters T50, T66, T82 generate signals at
175 KHz, etc.

The signal inputs and outputs of the transmitters in
each of the three subgroups 1,2,3 of Band 1 are con-
nected in different combinations to the three-wire ser-
vice conductors L,,L,L, The input and output of
transmitters T1~T16 of subgroup 1 in Group 1, for ex-
ample, are shown connected to service conductors
L;,Ln; the input and output of transmitters T17-T32 of
subgroup 2 in Group 1 are shown connected to service
conductors L,,L,; and the input and output of transmit-
ters T33-T48 of subgroup 3 in Group 1 are shown con-
nected to conductors L,,L,.

In a similar manner, the transmitters of the three sub-
groups 1, 2 and 3 in Group 2 which transmit signals at
frequencies which lie in Band 2 (165-315 KHz) have
their inputs and outputs connected, respectively, to ser-
vice conductors L;,Lp; Ls,Ly; and Ly, Ls.

In the disclosed system associated receiver units
R1-R6 which may be mounted in any convenient loca-
tion along service conductors L;,L,,L, are connected in
a predetermined pattern to receive the signal output of
preassigned ones of the transmitters T1-T96. In most
embodiments, the receivers R1-R6 would be conve-
niently mounted in the vicinity of the pole which sup-
ports the distribution transformer DT which supplies
the power to the service conductors L;,L,,L.. As will be
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shown the number of transmitters and receivers will
vary with the number of consumers which are con-
nected to the distribution transformer DT. By way of
example, if 16 (or less) consumers are fed by the distri-
bution transformer DT, only a single receiver R1 and
a single group of transmitters T1 will be required. As
the number of consumers tied to the output of a distri-
bution transformer DT increases (as for example in an
expanding community) additional receivers and sub-
groups of transmitters may be readily added as shown
to accommodate such increase. Such arrangement ob-
viously has unusual flexibility in the field which permits
a more expeditious use and adaption of existing meter
installations.

As shown in FIG. 1, the six receiver units R1-R6 are
divided into two groups, the first three receivers R1-R3
being assigned to receive the signal output of the trans-
mitters T1-T48 in Band 1 (80-155KHz) and a second
group of receivers R4-R6 being assigned to receive the
signal output of the second group of transmitters
T49-T96 in Band 2 (165-315 KHz).

The receivers R1-R3 for the first frequency band
have their inputs connected to the service conductors
L,L,; L,L,; L,L, respectively, so as to receive the out-
put of only a preassigned one of the three subgroups of
the transmitters in the first group. Thus receiver R1
which receives signals in the first band (80 KHz-155
KHz) and has its input conductors connected to the
service conductors L,,L, will receive only the signal
output of the transmitters T1-T16 in subgroup 1. Re-
ceiver R2 which is also tuned to Band 1 and has its
input conductors connected to the service conductors
L,,L, will only receive the signal output from the sec-
ond subgroup of transmitters T17-T32 of subgroup 2
in Band 1, and receiver R3 which is tuned to Band 1
and has its input connected to service conductors L,,L,
will only receive the signals output from the transmit-
ters T33-T48 of subgroup 3 in Band 1.

In like manner, receiver R4 which is tuned to receive
the 165-315 KHz signals in Band 2 and is connected to
service lines L,,L,, will receive only the signal output
of transmitters T49-T64 in subgroup 1 of Group 2; re-
ceiver RS which is tuned to receive the 165-315 KHz
signals in Band 2 and is connected to lines L,,L, will re-
ceive only the signal output of transmitters T65-T80 in
subgroup 2 of Group 2, and receiver R6 which is tuned
to receive the 165-315 KHz signals and is connected to
lines L,,L,, will receive only the signal output of trans-
mitters T81-T96 of subgroup 3 in Group 2.

The signals applied to the service conductors L,L,L,
by the transmitters T1-T96, as will be shown, are
coded to indicate a change in the count at its associated
meter to its associated receiver. Each receiver in turn
includes means for accumulating the information trans-
mitted by its associated transmitters for eventual read-
out. In one system, such readout is effected by a mobile
unit which is assigned to travel in the vicinity of the re-
ceiver at periodic intervals. A system of such type is de-
scribed in detail in the above identified copending ap-
plication of James N. Bruner. It will become apparent,
however, that the system may also be used with other
types of readout equipment.

B. General Transmitter Description

One novel transmitter circuit which may be used with
the above described system is set forth in block in FIG.
1. As there shown, each transmitter, such as T1, basi-
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cally comprises an input circuit 101 which is connected
to derive power from an assigned pair of the three ser-
vice conductors (L,,L, for transmitter T1 for example)
and an encoder switch member 103 which is operative
to provide an output signal each time a quantum of en-
ergy is measured by its associated meter M1 (1 KWH
in one system disclosed in more detail hereinafter).

The output of switch member 103, which as will be
shown comprises a signal of different phase for each
such quantum, is fed to an oscillator 105 which is tuned
to oscillate at an assigned frequency (transponder T1
in the illustrated pattern oscillates at 80 KHz) and is en-
abled by power derived via a transformer 101 which is
connected to the assigned pair of service conductors
L,,L, for such transmitter. The output of oscillator cir-
cuit 105 is of a first phase (as compared to the phase
of the power on its associated pair of service conduc-
tors L;,L,) to indicate a first signal output (logic 1) by
encoder switch 103, and a second phase to indicate a
second signal output (logic 0) by switch 103. The 80
KHz phase oriented signals output from oscillator cir-
cuit 105 are fed over amplifier 107 and a series reso-
nant coupling network 109 to service conductors L,,L.
Briefly stated, 80 KHz signals are applied to conductors
L,,L, during one half cycle of the 60~ power, when-
ever the movable contact of encoder switch 103 en-
gages contact A, and during the alternate half cycle of
the 60~ power whenever the movable contact of
switch 103 engages contact B.

As will be shown, a shift in the movable contact of
encoder switch 103 for a transmitter, such as T1, re-
sults in a corresponding shift in the 80 KHz modulation
of the 60 cycle power on the conductors L,,L,. As the
associated receiver (R1 for transmitter T1) detects
such shift, one count is added to the accumulated count
for such transmitter T1. Each of the other transmitters
T2-T96 are operative in a similar manner to continu-
ally provide signals over the assigned ones of the ser-
vice conductors L,L,,L, at the assigned frequencies to
associated ones of the receiver units R1-R6 to effect
the desired change in the accumulated count for the as-
sociated meters. '

C. General Receiver Description

As shown in block in FIG. 1, each receiver, such as
illustrated receiver R1, comprises an input coupling
circuit 111 which is connected to a preassigned pair of
the service conductors (L,,L, for receiver 1) to thereby
detect the phase modulated signals output by an associ-
ated subgroup of transmitters (transmitters T1-T16 for
receiver R1) over such pair of service conductors.

Receiver R1 as shown includes superheterodyne re-
ceiver 113 which may be tuned to the different fre-
quencies of Band 1 (80-155 KHz), whereby signals
outside Band 1 which are applied to the service con-
ductors L,,L, are rejected. A multiplexer circuit 115 is
cyclically driven by a timing circuit 116 at a one pulse
per second rate to effect tuning of receiver 113 succes-
sively to each of the sixteen assigned frequencies in
Band 1 (80 KHz, 85 KHz, 90 KHz ... 155 KHz). While
receiver R1 is shown as having a discrete timer 116 and
multiplexer 115, it will be apparent that the timer 116
and multiplexer may, in certain installations, be used to
synchronously effect tuning of receivers R1-R3 to the

- sixteen frequencies of Band 1, and the receiver R4-R6

to the sixteen frequencies-of Band 2.
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With reference once more to receiver R1, and assum-
ing that multiplexer 115 first effects tuning of receiver
R1 to 80 KHz, the signal output of transmitter T1 as ap-
plied to conductors L;,L,, will be input to receiver 113
for a one second interval. Since the 60 cycle current on
the power line is used as a reference, approximately
sixty modulated pulses will be input to receiver 113
during such period.

Receiver 113 is a superheterodyne receiver which
provides a different frequency beat signal for each of
the different input signals, in each case the resultant
difference or IF frequency being 20 KHz. Thus when
the receiver 113 is tuned to 80 KHz the receiver 113
provides a 100 KHz beat signal, and the output of re-
ceiver 113 is a phase modulated 20 KHz signal. Such
signal is fed over AGC amplifier 117 and operational
amplifier 192 to a phase detector circuit 121, which
separates the 01, 02 signals by referencing the detected
signals to the input power signal on conductors L,,L,.

An envelope filter 123 connected to the 01, 02 out-
put paths of phase detector 123 is operative to provide
DC signals to the two inputs of a differential amplifier
125 to obtain a signal output having polarities which
represent 01, 02 signals respectively. As will be shown,
when a 01 signal is detected, differential amplifier 125
provides a positive signal output, and when a 02 signal
is detected, differential amplifier 125 provides a nega-
tive signal output. Such signals are converted to digital
signals, and a multiplexer circuit 129, which is cycli-
cally driven in synchronism with multiplexer circuit
115 by timer circuit 116, successively connects the
converted output of differential amplifier 125 succes-
sively over the 16 different channels CH1-CH16 to dis-
crete storage means for each transmitter in accumula-
tor and processor circuit 133.

It will be apparent that during the same one second
period that multiplexer 115 enables tuning of receiver
113 to 80 KHz to receive the output of transmitter T1,
the multiplexer 127 connects the signal output of dif-
ferential amplifier 125 to a discrete channel (channel
CH?1 for the signals of transmitter 1).

In the next 15 seconds, receiver R1 is enabled to se-
lect the signal output from the transmitters T2, T3, etc.,
for successive one second intervals, and the multiplexer

127 extends the signal output of differential amplifier
125 over correspondingly different channels
CH2-CH15.

As will be shown, each channel, such as channel
CH1, has three signal conductors (logic 1, logic O,
ground) which in effect duplicates the signal output
which occurs at its associated adjustable encoder
switch, such as 103, which provides the signal input to
its associated transmitter, such as T1, at meter M1.
Stated in another manner, the signals provided by the
encoder switch 103 at meter M1 in response to the

measurement of each quantum commodity being con-

sumer (1 KW, in one embodiment of the electrical util-
ity meter) are reproduced and stored in the associated
accumulator at receiver R1. .
The signal output on each channel, such as channel
CH1 is fed to a discrete accumulator in accumulator
and processing circuit 133. Accumulator and process-
ing circuit 133 may be of various types, one form of
" which is disclosed in the above identified copending ap-
plication to James N. Bruner. In such arrangement sig-
nal processor equipment is operated continually to gen-
erate 29 bit words, each of which words represent the
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accumulated count for a meter which is stored in a cor-
responding one of the accumulators, along with an
identification code for such meter. The words as gener-
ated are continuously applied to a novel transponder
arrangement, and as set forth in detail in such copend-
ing application, a mobile unit which travels along an as-
signed route at periodic intervals radiates meter inter-
rogation signals in the direction of such transponder. A
nonlinear impedance network (which has its impe-
dance changed by the data words which are being con-
tinually applied thereto by the processor equipment
133), modulates the interrogation frequency signals
which are input from the mobile unit, and reradiates
the same, as modulated with the accumulated data
words, back to the mobile unit for detection and re-
cording thereat.

D. Specific Transmitter Description

With reference to FIG. 2, there is shown thereat one
embodiment of a novel transmitter circuit which may
be utilized in the system of FIG. 1 to generate and
transmit meter information over an assigned pair of
power line conductors to associated receiver equip-
ment. As there shown the transmitter which is assumed
to be transmitter T1 includes a transformer 101, an en-
coder switch 103, a tuned oscillator circuit 105, an am-
plifier 107, and a coupling network 109.

As noted above, the transmitters T1-T96 are divided
into groups and subgroups and the connection thereof
to service conductors L,,L,,L, is determined by the
group and subgroup to which it is assigned. Transmitter
T1, as shown in FIG. 2, has a pair of input conductors
150, 151 which are connected to power distribution
conductors L;,L, to provide 110 voit, 60 cycle to the
primary winding 153 of transformer 101. A gas dis-
charge tube 155 and resistor 157 (which may be of the
type commercially available as S8-C350 and Z1-V3 re-
spectively) are connected across the primary winding
of transformer 101 for lightning surge protection pur-
poses.

Primary winding 153 of transformer 101 in one em-
bodiment comprises 7600 turns of No. 44 wire. Sec-
ondary winding 159 of transformer 101 in such em-
bodiment comprises 1900 turns of No. 37 wire which
is centertapped as shown at 160. The output of trans-
former secondary winding 159 comprises a 30 volt
peak signal as measured between the center tap 160
and each terminal end of secondary winding 159. The
one terminal end of secondary winding 159 is con-
nected to fixed contact 161 and the second terminal
end of fixed contact 163 is connected to fixed contact
163. Movable arm 167 on encoder switch 103 is moved
between contacts 161, 163 as the meter M1 measures
successive quantums of electricity. The encoder switch
103, in effect, comprises a single-pole, double throw
switch which is connected to transformer secondary
winding 159 to provide a signal of different phase over
the movable arm 167 with each change of position
thereof in response to the measurement of each quan-
tum of a commodity measured by associated meter M1,

- the center tap 160 providing a ground reference for the

65

signals, and the phase of the power of source conductor
L,.L, providing a phase reference for the signals output
over the movable arm 167 as the arm engages contacts
161, 163 respectively. Stated in another manner, with
the arm 167 moved into contact with the upper termi-
nal 167, the signal output from secondary winding 159
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(as referred to center tap 160) is of a first phase, and
with arm 167 in contact with the lower terminal 163,
the signal output from secondary winding 159 (as refer-
enced to center tap 160) is displaced 180° from the first
phase.

In one embodiment, a movement of arm 167 was ef-
fected to provide a phase reversal for each measure-
ment of 1 kilowatt hour by the electric watthour meter.
Various types of encoder switches 103 may be pro-
vided to effect such phase reversal. Reference is made
for example to one form of switch which is shown in
U.S patent application having Ser. No. 157,484, which
was filed by Donald A. Eggleston and Trevor N. Sam-
uel on June 28, 1971, and connected as shown in FIG.
2 hereat.

The phase-oriented signal output provided by mov-
able arm 167 is connected over rectifier 104 to tuned
oscillator circuit 105. In that rectifier 104 conducts
only during each positive half cycle of the power on
conductors L;,L,, the output of rectifier 104 with the
arm 167 in contact with the upper contact 161 will be
as shown by the waveform 01, and during the period
that the movable arm 167 is in contact with the lower
contact 163, the 02 signal output from rectifier 104 is
displaced 180° from the phase in 01 signals as shown by
the 02 waveform. Thus, positive potential signals of two
different phases are fed to tuned oscillator circuit 105
by the encoding switch 103, the phase of the applied
signal indicating the position of movable arm 167.

Tuned oscillator circuit 105 for transponder T1 basi-
cally comprises a transistor 170 and a tank circuit 172
which is tuned to effect oscillation of transistor 170 at
80 KHz. (The oscillators of transmitters T2-T96 will of
course be tuned to the frequencies indicated in the pat-
tern of the system shown in FIG. 1). With reference
once more to FIG. 2, transistor 170 includes an emitter
connected over resistor 172 to reference ground (the
center tap 160 of transformer secondary winding 159)
and a collector element connected over a tank circuit
172 (which includes a parallel-connected tuning capac-
itor 174 and primary winding 175 on inductance 176)
to the output of rectifier 104.

A first secondary winding 178 on inductance 176 is
connected in a feedback mode to the base of transistor
170, a voltage divider 183 comprised of resistor 182
and diodes 184, 186 being connected to one side of in-
ductance 176 to provide a slightly positive bias voltage
over the feedback circuit (approximately 1 volt in the
present embodiment) to bias transistor 170 in the
slightly on condition. A decoupling capacitor 188 is
connected across voltage divider 183.

A further secondary winding 190 on inductance 176
supplies the 80 KHz phase oriented signals output from
the slug-tuned oscillator 105 over a current limiting re-
sistor 192 to the base element of transistor 194 which
is connected as a Class C amplifier in amplifier circuit
107. The emitter of transistor 194 is connected to ref-
erence ground, and the collector element is connected
over a tank circuit 196 to the output of rectifier 104.
Tank circuit 196 includes a parallel-connected capaci-
tor 198, resistor 200 and inductance 201 which is the
primary winding of an adjustable inductance 202 and
is tuned to resonate at the same frequency (80KHz) as
the oscillator tank circuit 172. The windings of induc-
tance 202 are selected so that the tank circuit 196 is
broadly tuned, whereby possible frequency drift of the
oscillator circuit 105 will not seriously affect the power
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output of the transmitter T1. Inductance 202 may have
an adjustable slug to assist in tuning of the tank circuit
196.

Secondary winding 203 of adjustable inductance 202
is series-connected across the service lines L,L, with
a series resonant circuit 208 which includes inductance
210 and capacitor 212. The coupling network 109 in-
cluding series resonant circuit 208 is important to the
invention in that such circuit makes it possible to effect
unilateral transmission of the relatively low power out-
put signals of transmitter T1 over the service conductor
lines (i.e., the 120 volt power on service lines L;,L,
must be isolated from the 1 volt, 80 KHz output of the
transmitter T1).

Surge protection for the output circuit of transmitter
T1 including inductance 203 and series resonant circuit
208 is provided by a neon bulb 211 (commercially
available as NE-2 and rated at 65 volt breakdown). A
second neon bulb 213 (NE-2) is connected across be-
tween the cathode of rectifier 104 and the center tap
160 of the secondary winding 159 of transformer 101.

The values of the components in one embodiment of
a transmitter operative at 80 KHz are set forth hereat.

Transformer 101

Primary Winding 153

Secondary Winding 159 '

Diode 104

Transistor 170

Resistor 172

Inductance 176
Primary Winding 172
Secondary Winding 178
Secondary Winding 190

Capacitor 174

Diodes 184,186

Resistor 182

Capacitor 188

Resistor 192

Transistor 194

Inductance 202
Primary Winding 201
Secondary Winding 203

Capacitor 198

Resistor 200

Inductance 210

Capacitor 212

7600 turns, No. 44 wire
1900 turns, No. 37 wire
1N4383

2N5830

100 ohms

384 MH (Nominal)

91 turns, No. 10-42 Litz
2% turns, No. 10-42 Litz
5 turns, No. 10-42 Litz
.0104 MFD (For 80 KHz)
DA 111

3300 ohms

.47 MFD

180 ohms

MPS-U06

181 MH (Nominal)

62 turns, No. 15-42 Litz
3 turns, No. 15-42 Litz
.02 MFD (For 80 KHz)
560 ohms

39 Microhenries

29 turns No. 10-38 Litz
.1 MFD

E. Transmitter Operation

The 60~ power output over the centertapped wind-
ing 159 on transformer 101 as fed over encoder switch
103 and rectified by rectifier 104 enables oscillator cir-
cuit 105 to oscillate at 80 KHz, the oscillator circuit
105 being so operative during one half cycle of the
power on service conductors L, L, whenever movable
arm 167 of encoder switch 103 is in the upper position
in the other half cycle of the power on service conduc-
turs L,,L, (02) whenever movable arm 167 of encoder
switch 103 is in the lower position.’

The signal output of tuned oscillator circuit 105 is
amplified by transistor 107 and is fed over tank circuit
196 which is also tuned to resonate at 80 KHz. The out-
put of tank circuit 196 (which is in the order of 1 volt
80 KHz signal) is in turn fed over series resonant circuit
208 to the service line conductors L;,L,. The signals
fed to service conductors L,,L, for the different posi-

. tions of encoder switch 103 are shown adjacent the

coupling network 109 in FIG. 2.
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The output signals of transmitters T2-T96 are con-
tinually applied in like manner to the assigned ones of
power conductors L,L,L, whereby the changing
count at meters M1-M96 represented by such signals
on conductors L,,L,,L, is continually available at the
receiver end of the system. Briefly reviewed, the 16 fre-
quency signals of Band 1 are used by transmitters
T1-T16 to transmit count information for meters
M1-M16 over service conductors L,,L,, the 16 fre-
quency signals of Band 1 are .used by transmitters
T17-T37 to transmit the count output of the 16 meters
M17-M37 over conductors L,,L, and the same 16 fre-
quency signals in Band 1 are used by transmitters
T33-T48 to provide the count output for meters
M33-M48 over conductors L,,L,. In a similar manner,
the signal output of transmitters T49-T64 at the 16 fre-
quencies in Band 2 are applied over conductors L,,L,
for meters M49-M64, the output of transmitters
T65-T80 at the 16 frequencies in Band 2 are continu-
ally coupled to lines L,,L, to represent the change in
count of meters M65-M80, and the output of transmit-
ters T81-T96 operating at the 16 frequencies in Band
2 are continually applied to service lines L,,L, to repre-
sent the count:changes at meters M81-M96.

F. Detailed Receiver Description

One embodiment of a receiver circuit,.such as R1,
which is adapted to be used with the transmitters, such
as T1-T16 in the system pattern of FIG. 1 is shown in
detail in FIG. 3. It will be initially recalled that receiver
R1 is shown connected to service conductors L,,L, and
is adapted to be selectively tuned to the frequencies in
Band 1 (80-155 KHz) to thereby receive the signals
output by transmitters T1-T16 of subgroup 1 in Group
1. Input circuit 111 in receiver R1 as shown in FIG. 3
includes capacitor 224 and inductance winding 228 of
inductance 226 connected in series with conductor
L,L,. (Receivers R3, R6 which are connected to the
power conductors L,,L; have an additional capacitance
224’ connected in the input circuit as shown in FIG. 3).

Inductance 226 may have a secondary winding 230
which is connected in the tuning circuit 227 for re-
ceiver 113. Tuning circuit 227 further includes resistor
232 and capacitor C16" which as connected across the
inductance 230 are of -values selected to provide a
tuned circuit which is resonant at 155 KHz. Further ca-
pacitors C15-C1 are arranged to be connected in par-
allel with capacitor C16 by relay contacts R15''-R1’’,
each successive capacitor as connected effectively de-
creasing the frequency of tuned circuit 227 by S5KHz
(155KHz, 150KHz, 145KHz, etc).

The signal output of the tuned circuit 227 is fed to
the base element of transistor 229 which has its emitter
connected to the beat frequency output of receiver os-
cillator 231 in the superheterodyne receiver 113. Oscil-
lator 231 as schematically shown includes a transistor
233 having a tuned circuit 234 which:basically includes
parallel-connected capactior -C1 and inductane 234’
connected in the collector circuit thereof. A secondary
winding 234 associated. with inductance 234’ connects
the output of tuning circuit 234 to the emitter circuit
of transistor 229, A second winding 234b provides a
feedback path to the base of transistor 233 which in-
cludes a positive bias signal derlved by resistor 235 and
diodes 236.

The values of resistor 235, capacitor Cl and induc-

tance 234’ in tuned circuit 234 are selected to provide
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oscillation of oscillator 231 at 175 KHz. Capacitors
C2-C16 are arranged to be connected in parallel with
capacitor C1 by relay contacts R15'-R1’ at successive
time intervals to thereby adjust the tuner circuit 234 by
5. KHz increments over the frequency range of 175 KHz
to 100 KHz. Receivers R2-R6 are similarly con-
structed, it being apparent that the value of capacitors
C1-C16 and C1'-C16’ for receiver R4-R6 would be
selected to provide adjustment of the tuner circuits in
10 KHz increments over the frequency ranges 315-165
and 335-185 KHz respectively.

Reed relays R2-R16 have relay contacts R2'-R16’
and R2""-R16"’ respectively associated therewith, and
are successively operated at one pulse per second rate
by multiplexer 115 and program timer 116.

As shown in FIG. 3, program timer 116 includes a
one pulse per second clock 237 which drives a 16 bit
binary counter 238 (which may be of the type commer-
cially available as SN7493) to provide a 16 bit binary
count output over the four conductors A,B,C,D. The
output on conductor A,B,C,D, is fed over cable 239 to
the steering input for multiplexer circuit 115 which has
battery potential connected to its input leads 1-16, and
which has its output leads 2~16 connected over amplifi-
ers A2-A16 to reed relays R15-R1.

Since the counter 238 is driven at the one pulse per
second rate, the count on conductor A,B,C,D, will
change once each second, and muitiplexer 115 will be
enabled to connect a successive one of its inputs 1-16
to outputs 1-16 in known manner as each successive
count is input thereto over conductors A-D in cable
239. At count 1 there will be no output from multi-
plexer 115 and accordingly the timer circuit 227 in re-
ceiver 113 will be tuned to 155 KHz and the beat oscil-
lator 231 will be tuned to 175 KHz to provide a 20 KHz
output over capacitor 241 and over 20 KHz band pass
filter 241. As a one second interval expires, clock 237
advances counter 238 one count, and multiplexer 115
connects the battery VCC on input 2 to output 2 and
over amplifier A2 to reed relay R15 which operates to
close its contacts R15’, R15’’ and thereby connect ca-
pacitors C15, C15’ in tuned circuits 234 and 227 re-
spectively to thereby tune such circuits to 170 KHz and
150 KHz respectively. With 170 KHz signal input to the
emitter to transistor 229 and 150 KHz signal input to
the base of transistor 229, the output of transistor 229
over capacitor 241 is a 20 KHz signal.

It is apparent that as the clock 237 advances counter
238 through 16 counts in 16 seconds, the relays
R15-R1 are successively operated to tune the tuner to
the 16 frequencies in Band 1 as predetermined by the
values of capacitors C1-C16 and C1'-C16’. The out-
put of receiver R1 in each case is a 20 KHz signal which
is phase oriented as will be shown.

The manner in which receivers R4-R6 are similarly
operative to provide 20 KHz signals will be apparent
from such description. It is noted that the same timer
116 and multiplexer 115 may be used for the relays
R15-R1 in the receivers R1-R6, the use thereof being
limited only by the number of contacts which can be
operated by each of the relays R15-R1.

The 20 KHz signal output of receiver 113 is fed over
capacitor 241 and bandpass filter 241’ to an AGC am-
plifier circuit 117 which includes an amplifier 242
whichi may comprise an integrated circuit available
from Fairchild as LM372. Terminals 1, 3 of amplifier
242 are capacitively coupled by capacitor 242', termi-
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nal 4 is connected to ground, terminals § and 7 are ca-
pacitively connected to ground over capacitors 243,
247 respectively, terminal 8 is connected to +15 volts,
an output terminal 6 is connected over capacitor 245’
to ground and over capacitor 245 to one input of oper-
ational amplifier 246. Such input is also connected over
resistance 247 to ground.

Operational amplifier 246 may be of the type com-
mercially available from Texas Instruments as
SN72741. Terminals 11 of amplifier 246 is connected
to +15 volts and terminal 6 is connected to —15 volts.
Output terminal 10 is connected over a feedback path
including resistor 248 to input 4 which is also con-
nected over resistance 250 to ground.

The AGC amplifier circuit 117 is operative to adjust
the signal output which is input from receiver 113 to a
relatively constant level, and operational amplifier cir-
cuit 119 increases the value of such signal output by a
gain of 6. The representative signal output from opera-
tional amplifier circuit 119 to represent logic 1 and
logic O signals input by encoder switch 103 and tran-
sponder T1 are respectively shown in FIG. 3 adjacent
the output from amplifier 246.

The amplified output of operational amplifier 246 is
fed over conductor 269 to the input of phase detector
circuit 121. Phase detector 121 includes a first and a
second transistor 254, 256, which may be 2N3904 tran-
sistors commercially available from Motorola.

Phase reference signals are derived from the service
conductors L,,L, which are input to the receiver R1 via
6.3 volt transformer 260, which has its primary winding
262 connected to conductors L4,L, and a center tapped
secondary winding 264 connected over resistances
266,268 to the base elements of transistors 254, 256
respectively. The emitter elements of transistors 254,
246 are connected common to the center tap of sec-
ondary winding 264 which is connected to ground. It
will be apparent therefrom that a positive signal is fed
to the base of transistor 254 on one half cycle of the
line voltage which appears across service conductors
L,,L, and a positive signal is fed to the base of transis-
tor 256 on the next half cycle, whereby transistors 254,
256 will be enabled on alternate half cycles of the
power which occurs on service conductors L,,L,.. The
collectors of transistors 254, 256 are connected over
resistors 270, 272 respectively to the output conductor
269 of operational amplifier circuit 119 and also to a
pair of 01, 02 conductors which are output from phase
detector 121.

It will be apparent therefore that if a 20 KHz signal
is present on input conductor 269 during the period
that the transistor 256 is conductive (i.e., during the
positive half cycle of the power on service conductors
L,.L, which is assumed to be the 01 signal), the 20 KHz
signal on conductor 269 will be fed over 01 conductor.
During such period there will of course by no output
signal on 02 output conductor. Likewise, during the
next half cycle of the power on service conductors
L,,L, transistor 256 conducts, and there will be no out-
put on the 01 or 02 conductors during such period.

Alternatively, assuming that a 02 signal is input over
conductor 269, it will be apparent that the 02 output
signal is fed over phase conductor 02 only during the
half cycle that transistor 256 is conducting, and during
the alternate half cycle there will be no signal on either
the 01 or 02 conductors.
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Thus, by using the power signals on the conductors
to which the transponder is connected as a reference at
the transmitter end and also as a reference in the re-
ceiver phase detector, the phase of the input signal is
readily detected and fed over the corresponding output
conductors 01, 02 at representations of the logic 1,
logic 0 signals which are input at the transponder end.

The signal output on the 01, 02 conductor is fed over
rectifiers 280, 290 respectively, to a pair of filters in en-
velope filter 123. The filters respectively comprise a
parallel connected capacitor 284 and resistor 286, and
parallel connected capaictor 294 and resistor 296
which have values selected to provide a time constant
of approximately 1 second. Thus, whenever an input is
provided to one of the filters, the DC level on the ca-
pacitor in such filter is increased correspondingly.
Stated briefly, when a 01 signal is detected by phase de-
tector 121, the DC signal level on capacitor 284 in-
creases to a given value, and when a 02 signal is de-
tected by phase detector 121, the DC signal level on ca-
pacitor 294 increases to a given value.

As shown, the pulse output of the clock 237 (1 pps)
is also fed to a one shot multivibrator 251 which oper-
ates a transistor driver 253 for approximately 10 milli-
seconds to energize relay R17 for a like period. With
relay R17 operated, contacts R17 close to equalize the
charge on capacitor 284, 294 prior to the input over
one of the phase conductors 01, 02, and the increase
of the signal on capacitors 284, 294 as the case may be.

The DC output of the 01, 02 filters is fed over resis-
tors 292, 294 respectively to the inputs 4, 5 of differen-
tial amplifier 300.

Differential amplifier 300 may comprise an inte-
grated circuit available as SN72741 from Texas Instru-
ments. Terminals 6, 11 of amplifier 300 are connected
to —15 volt and 415 volt potential respectively, input
terminal 5 is connected over resistor 294 to the output
of 02 filter, input terminal 4 is connected over resistor
292 to the output of 01 filter, and output terminal 10
is connected over resistance 304 to the input terminal
4 and over output conductor 236 to A to D converters
310, 314.

Differential amplifier 300 provides an output which
is the difference between the inputs which appear at
the first and second inputs 4, 5. With detection of a 01
signal, the input from 01 filter to the upper input termi-
nal 4, for example, enables differential amplifier 300 to
output a positive signal over output circuit 236, and
with detection of a 02 signal, the input from 02 filter to
the lower terminal 5, enables differential amplifier 300
to output a negative signal over output circuit 236.

The positive and negative signal output of differential
amplifier 125 is fed to the input A to D converter 310
(positive) and the input of A to D converter 314 (nega-
tive). A to D converters 310, 314 may comprise cir-
cuits available from Texas Instruments as SN72710 cir-
cuits, and are connected as shown in FIG. 3, with con-
verter 310 having a +1.5 volt bias and converter 314
having a —1.5 volt bias. With a positive voltage output
by differential amplifier 300 over conductor 236 (01
signal) which is greater than +1.5 volts, converter 310
will provide a logic 1 output over conductor 312, and
converter 314 will provide a logic 0 output over con-
ductor 316. With a negative voltage output over con-
ductor 236 (02 signal) which is greater than —1.5 volts,

- the converter 314 will provide a logic 1 output over

conductor 316 and conductor 310 will provide a logic
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0 output over conductor 312. In the absence of an out-
put from differential amplifier 300, a zero output oc-
curs on conductor 236 and the output of A to D con-
verters 310, 314 are logic 0 signals. The outputs of A
to D converters 310, 314 are processed by multiplexers
318, 320, and output as logic 1, logic 0 signals respec-
tively over the appropriate one of the channels
CH1-CH16.

More specifically, multiplexers 318, 320 which may
be of the type available as SN74154 from Texas Instru-
ments, are enabled by counter 238 in synchronism with
tuning multiplexer 115 so that as the receiver circuit
113 in receiver R1 is successively tuned to receive the
signal output of each of the successive transmitters
T1-T16 of the subgroup associated therewith, the sig-
nal output of differential amplifier 300 (as converted to
digital outputs by converters 310, 314) is fed over out-
puts 1-16 of multiplexer 318, 320 and over a corre-
sponding one of the channels CH1-CH16. As will be
shown, each channel, such as channel CH1, includes
three conductors, and the output which is provided
over the three conductors of each channel, such as
CH1, thus corresponds to the signal output by the en-
coder switch 103 at the corresponding one of the me-
ters, such as M1 (FIG. 1).

G. Data Transmission and Detection

With reference to meter M1 and its associated en-
coder switch 103 (FIG. 1), it will be recalled that trans-
mitter T1 generates and applies a 01, 80 KHz signal to
conductors L,,L, to continually indicate a first signal
(logic 1) is output from encoder switch 103 (movable
arm 167 engages contact 161) or a 02, 80 KHz signal
is output from encoder switch 103 (movable arm 167
engages contact 163) to indicate a second signal (logic
0) is output from encoder switch 103. As explained
above, program timer 116 (FIG. 3) is operative once
every 16 seconds to tune receiver R1 to receive the 80
KHz signals on conductors L,,L, for a one second inter-
val. During such interval, the beat oscillator 231 in re-
ceiver R113 beats a 100 KHz signal against the 80 KHz
input signal, and a 20 KHz IF signal is output therefrom
which has a phase (01 or 02) which corresponds to the
signal output from the meter M1.

The 20 KHz IF signal is amplified by amplifiers 117,
119 and sampled for phase by phase detector 121, and
a DC level signal corresponding thereto is applied over
envelope filters 123 to differential amplifier 125. If the
signal sampled is a 01 signal, a positive potential signal
is output by differential amplifier 127 which is fed over
A to D positive converter 310 as a high signal to the
input for multiplexer 318. If the signal sampled is a 02
signal, a negative potential signal is output by differen-
tial amplifier 125 and fed as a high signal over A to D
converter 314 to multiplexer 320,

. Assuming that a logic 1 signal is output at meter M1

during the 1 second sampling period at receiver R1, a
positive signal output from differential amplifier 125 is
fed by multiplexer 318 to its output circuit 1 and one
input of gate 322 in Channel 1. The A to D converter
314 however will have no output during such period
and no signal is output over the first output circuit 1 of
multiplexer 320 to gate 324 for Channel 1. Gate 322 is
therefore enabled to provide a high signal output over
conductor 325 to represent a logic 1 signal.

If, alternatively, a logic 0 signal is input to the system
by meter M1 during the one second interval, a high sig-
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nal is output by A to D converter 314 to the multiplexer
320 which provides a logic 1 output to gate 324 which
operates to provide a high signal output over Channel
1 to indicate a logic 0 signal.

The manner in which multiplexer 318, 320 are
stepped to provide logic 1, logic O signals over the suc-
cessive channels CH1-CH16 in synchronism with the
tuning of the receivers R1-R16 to the 16 different fre-
quencies output from transmitters T1-T16 will be ap-
parent from such description.

H. Data Acquisition

At this point the signal outputs of Channels
CH1-CH16 over conductors 325, 326 are logic 0, logic
1 signals, and may be used as inputs to various types of
data acquisition equipment, one of which is disclosed
in detail in the above identified copending application
to James N. Bruner.

In such type arrangement, the channels CH1-CH16
(FIG. 4) are connected to discrete 12-stage pulse
counters 345(1)-345(96), each of which is stepped as
a function of the number of reversals of the pulses pro-
vided on the three conductor input channels which are
associated therewith. The number of reversals in each
channel is counted by the counter (such as counter
345(1) for Channel 1 and meter M1) and the signal
levels on the output conductors RD0-RD11 for such
counter will thus represent, in binary coding, the count
which is accumulated on such counter for meter M1.
Similar channels CH2-CH96 and counters
345(2)-345(96) are, of course, provided for the other
meters M2-M96.

The counter outputs RDO-RD11 of counter 345(1)
are each connected to a corresponding one of the 12
inputs EO-E11, of a multiplexer circuit 346(1) to per-
mit serial readout of the bits on the counter which rep-
resent the meter reading stored by the pulse counter
345(1). That is, multiplexer 346(1), which may be of
the type .commercially available as SN74150 from
Texas Instruments, has steering inputs A~D connected

‘to be enabled by steering signals which are provided

over inputs A~D in time slots 17-28 of a 29 bit word
cycle provided by the data readout circuits 344, The 12
bits stored by counter 345(1) are thus sequentially out-
put over path 354(1) to the first input of a first multi-
plexer 347(1) to provide sequential binary logic signal
levels which represent the accumulated count for
meter M1 which are stored in counter 345(1).

Multiplexer 347(1) has 16 inputs, each of which is
connected to the output of a correspondingly different
multiplexer 346(1)-346(16). The inputs of five addi-
tional multiplexers 347(2)-347(6) are connected to
the outputs of the multiplexers 347(17)-347(96), and
the A-D steering signals output from data readout cir-
cuit 344 are connected to enable multiplexers
346(2)-346(96) in synchronism with multiplexer
346(1).

The output of the six multiplexers 347(1)-347(6) is
fed to the first six inputs of a meter select mutliplexer
349, the output of which is connected over conductor
JW to a NAND gate 355 in output circuit 360.

Data readout circuit 344 generates 29 time slots in a
cyclic manner to provide signals which effect succes-
sive word outputs from the system. A clock 346 drives
the readout circuit 344 at a 9280 Hz rate to provide a
time slot for each pulse, each 29 time slots thus pro-
vided by readout circuit 344 defining a word in the sys-
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tem, the time slot 0 being used for sync programming,
time slots 1-16 being used for identification of the se-
lected one of meters M1-M96, and time slots 17-28
being used to transmit the count stored for such meter
in the associated one of the counters 345(1)-345(96).

The data readout circuit 344 provides a signal to en-
able address select multiplexer 348 over conductor FN
during the time slots 1-16, and a signal over path JN to
enable multiplexers 347(1)-347(6) and meter select
multiplexer 349 during time slots 17-28. Data readout
circuit 344 also cyclically provides sixteen steering sig-
nals for the multiplexers 346(1)-346(96) over output
paths A-D during time slots 17-28.

The steering signals A-G which are applied to the
steering inputs A-D of the multiplexers 347(1) and
347(6) and E-G of meter select multiplexers are pro-
vided by counters 351, 352, the one of the input paths
354(1)-354(96) which is connected to the output JW
of multiplexer 347 being determined by the signal
count output from counter 352 to the select inputs
A-G. The seven bit signal output of counter 352 on
conductor A-G is also connected to the eight marking
terminals F8-F16 on multiplexer 348 to identify the
particular meter M1-M96 which is being read out at
any given time, i.e, when the counter 352 provides a
count to terminals A~G of multiplexer 347(1)-347(6)
and multiplexer 349 to enable same to connect the in-
formation at one of the inputs 354(1)-354(16) of one
of the multiplexers 347(1)~-347(6) to the output JW of
multiplexer 349, the same count on input F8-F16 is
used to provide a binary coded bit identification to the
system of the particular meter for which such conduc-
tor is provided. As indicated, the markings on the first
eight terminals FO-F7 are prewired, and are therefore
the same for all 96 meters M1-M96 in the illustrated
group of 96 meters.

The counter 351 is used with the system to permit in-
clusion thereat in the equipment of the copending ap-
plication. That is, in such system counter 351 (which
includes three flip-flops B~D) is advanced at the start
of each 29 bit word cycle of data readout circuit 344
and is operative to provide a count of five before reset,
with the result that the word output provided by each
multiplexer, such as 346(1) for its associated meter,
such as M1, as selected by the signals on steering inputs
A-G of counter 352 will be read out five times (i.e.,
data readout circuit 344 generates five discrete word
cycles before the count on counter 351 advances one
step). At the sixth count, counter 351 advances
counter 352 which at its outputs A-G controls multi-
plexer 347(2) and multiplexer 349 to extend the six-
teen bits output from multiplexer 346(2) and counter
345(2) over conductor JW to NAND gate 355 during
time slots 17-28 of five successive words as defined by
data readout circuit 344. A total readout of the ninety-
six meters will therefore require 480 word generation
cycles by the data readout circuit 344.

Operation of Readout Circuit

As noted above, data readout circuit 344 is driven by
clock 356 to generate words in cyclic pattern, each of
which words has twenty-nine time slots. One time slot
(0) is used as a sync signal for each word, sixteen time
slots (1-16) are used to identify the meter selected, and
twelve slots (17-28) are used to provide the informa-
tion stored for such meter in its associated counter 345,
During the time slots 1-16, data readout circuit 344
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provides an enabling signal over conductor PN to en-
able the meter address mutliplexer 348, and during
time slots 17-28, data readout circuit 344 provides an
enabling signal over path JN to the multiplexers
347(1)-347(6) and meter select multiplexer 349. Dur-
ing each word generation cycle (in the illustrated em-
bodiment at the end of time slot 16) data readout cir-
cuit 344 provides a signal output over conductor T2 to
counter 351. After five counts are received over path
T2 (i.e., after five words have been generated) the sig-
nal output of counter 351 is advanced one count and
at such time the count representing signals for the next
meter of the group M1-M96 is forwarded to the output
circuit 360.

By way of specific example, as the data readout cir-
cuit 344 initiates a word generation cycle, an enabling
signal is placed on output FN during time slots 1-16 of
such word to the enable terminal for address multi-
plexer 348. As the sixteen steering signals are provided
by data readout circuit 344 over outputs A-D to the
steering inputs FA-FD on multiplexer 348, the pre-
wired bits which are marked on terminals FO-F9 to
identify the group of meters (M1-M96) and the meter
identification marking for the selected meter in the
group which is placed on terminals F10-F16 by counter
321 are read out serially over output FW to output gate
355. The sixteen bits as serial output over path FW are
fed via output gate 355 to drive circuit 360 which pro-
vides corresponding bias signals for the varactor diode
335 (i.e., logic 1 or logic 0) in a manner to be de-
scribed.

As data readout circuit 344 advances to time slot 17
in the word generator, data readout circuit 344 re-
moves the enabling signal from output FN and marks
output JN to thereby enable multiplexer 347(1) -
347(6) and meter select multiplexer 349 to select the
one of the meter which is indicated by the signals out-
put from counter 352 over steering paths A-D and E-G
respectively. '

It will be initially assumed that circuit 352 is in the
reset condition, and accordingly conductors A-D have
signal levels which control each of the multiplexers
347(1)-347(6) to connect the first input thereto to the
inputs 1-6 on meter select multiplexer 349 which is en-
abled by steering signals on steering paths E-G to con-
nect its first input path 354(1) from multiplexer 347(1)
to output terminal JW and output circuit 360.

It will be recalled that the bit information which indi-
cates the accumulated reading on the counter 345(1)
for the first meter M1 is continually applied over path
RO1-RO11 to the 12 inputs of multiplexers 347(1).
Such information is in turn continuously fed serially by
multiplexer 346(1) to the first input of meter select
multiplexer 349 in response to the A-D steering signals
which are applied to the A-D steering inputs of multi-
plexer 346(1) by the data readout circuit 344 during
time slots 17-28 of each word. SInce the A-D steering
signals are applied simultaneously to each of the multi-
plexers 346(1)-346(96), the information bits which
represent the count for each meter M1-M96 are con-
tinuously available at the 96 inputs for multiplexers
347(1)-347(6). However, as indicated above, meter
select multiplexer 349 is enabled over inputs E,F,G, to
select the output information from only one of the mul-
tiplexers 347(1)-347(6) at a time, and then (by reason

- of the signal on conductor JN) only during time slots

17-28 of a word.
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With completion of the generation cycle for the first
word, data readout circuit 344 starts a second word
generation cycle and marks output 72 to counter 351
which advances one count to mark the generation of
the second word, and therefore the second transmis-
sion of information for the selected meter. During the
first time slots 1-16 of the second cycle, the meter ad-
dress for the first meter M1 is once more provided by
address select multiplexer 348 and during time slots
17-28 the meter data input from counter 345(1) over
path 3544 to multiplexer 347(1) for the first meter M1
is extended over path 351(1) and multiplexer 349 to
the output JW of multiplexer 349 and over gate 355
and output circuit 360 to antenna A. v

As the data readout circuit 344 generates five succes-
sive words in such manner. the information and address
for the first meter M1 is output five times over gate 355
to output circuit 360.

As the last time slot of the word generated in the fifty
cycle occurs, the signal on conductor 72 output from
the data readout circuit 344 causes the BDC flip-flop
in counter 351 to restore to zero.

Counter 352 advances. one count and marks inputs
A-D for multiplexers 347(1)-347(6) and inputs E-G
for meter select multiplexer 349 with count one
whereby the multiplexer 349 is operative during time
slots 17-28 of the next five words to connect the output
of the second meter reading data multiplexer 346(2)
(not shown—but connected via an inverter to input 2)
on multiplexer 349 and over output JW-to output cir-
cuit 360 and antenna A.

With such advance of counter 322, the terminals
F10-F16 of the meter address multiplexer 348 will now
be marked to indicate that the signals which represent
the count for meter M2 is being read out. During the
sixth cycle of the data readout circuit 344 therefore,
the address of the second meter M2 is transmitted
along with the information stored in the second counter
345(2) which is associated with meter M2.

With each advance of counters 352 to a higher count
a correspondingly different meter is selected, and the
signals representing the count for such meter are out-
put over gate 355 with the code which identifies the
particular meter which is being read out.

As counter 352 advances to a count of 96, the ad-
dress and data for the last meter (meter M96) is read
out five times. After the fifth readout of the data for
meter M96, counters 321, 322 are reset to initiate a
new cycle with the information stored for meter M1
being next selected for readout.

Output Drive Circuit

Gate 355 is also selectively enabled by the data read-
out circuit 344 during each time slot over conductor
354 to transmit the word data bits output from the
meter data storage circuit 341 and the meter address
data storage circuit 342 to the output drive circuit 360
which basically includes a transistor 356 having its
emitter connected over diode 359 to ground and its
collector connected over resistor 357 to positive poten-
tial and also over lumped inductance L1’ to the cath-
ode of a varactor diode 335. The anode of the varactor
diode 335 is connected through a lumped inductance
L2’ to ground.

Varactor.diode 335 is connected across the receiving
section 331 and the transmitting section 332 of antenna
A. When NAND gate 355 is disabled by a logic 1 input
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thereto, the drive transistor 356 will be turned on to
provide a reduced voltage level at its collector and a
voltage of approximately —1 volt at the cathode of the
varactor diode 335. In this condition (a reverse bias of
about 1 volt), harmonic reply signals will be generated
at the 1830 MHz rate to represent a logic 1 data level
at the mobile unit.

When the output NAND gate 355 is enabled by a
logic 0, the resultant logic O signal at its output turns
transistor 356 off, and as the potential at the transistor
collector increases, the potential at the cathode of the
varactor diode 335 likewise increases (approximately
12 volts in one embodiment) to provide a reverse bias
for the varactor diode 335. As the varactor diode 335
is reverse biassed at such level, the generation of har-
monic reply signals at the 1830 MHz rate will be inhib-
ited, and the absence of harmonic signals for radiation
to the mobile unit will represent logic 0 data levels.

Such transmitting mode is described in more detail in
the above identified copending application. Briefly
stated, as the mobile unit moves into the bearing and
range of the output circuit 360 for the meters
M1-M96, the 915 Hz interrogate signals transmitted by
the mobile unit (not shown) are received by the receive
section 321 of the transmitter antenna A (which is
tuned to the frequency of the interrogate signals), and
impressed across the associated diode 335 to effect
nonlinear changes in the impedance of such diode. The
distortion of the received signals as applied to the diode
effects the consequent generation of harmonics of the
received interrogate signals which are in turn used to
transmit information back to the mobile unit.

Since the transmit section 332 of the antenna A is
tuned to the frequency of the generated harmonic of
the interrogate signals, the antenna A will be operative
to radiate the resultant harmonics back to the mobile
unit. As the harmonic signals thus generated are re-
transmitted to the mobile unit, the transistor 356 con-
trols modulation of the retransmitted signals with the
meter data (i.e., in the present example the reading on
a selected meter register and the identity number for
such meter) as disclosed above.

That is, the two level data is applied by transistor 356
to diode 335 as first and second bias conditions respec-
tively for the nonlinear diode. With bias levels of alter-
nate levels applied to the nonlinear diode, the signal
level of the harmonics generated will correspondingly
be of different magnitudes (first and second) so that
the harmonic signals radiated to the mobile unit will, as
modulated, provide meter information to the equip-
ment at the mobile unit as amplitude variations of the
harmonic signals. The harmonic signals received at the
mobile unit are translated into data bits of a first and
second value (1 and 0) and as grouped provide a word
which represents the meter reading and meter identifi-
cation for such meter.

MODIFICATION

While the foregoing system has been disclosed in a
pattern wherein 96 transmitters are -divided into a first
and second group of 48 transmitters, and each group of
48 transmitters are divided into subgroups of 16 trans-
mitters for connection to the three conductor power
lines along with two groups of three receivers each,
each receive groups being divided into subgroups of
one receiver each, it will be apparent that without de-
parting from the invention, the size of the groups and
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subgroups may be altered to accommodate different
field conditions and different circuitry arrangements.
In a new community, for example, one receiver may be
initially installed to work with one group of transmitters
and as the community grows (and the need for addi-
tional service develops), further receivers and transmit-
ters may be added in the manner of the novel pattern.
There is, of course, no specific requirement that the
transmitter subgroups be limited to sixteen transmit-
ters, or that each receiver be limited to the receipt of
the output of 16 transmitters, such arrangement having
been selected as one illustrative embodiment.

It is also noted that the novel transmitters and receiv-
ers also have utility with a power system which has two
wire service to the consumer. In a typical system of
such type 32 transmitters may be divided into two sub-
groups of 16 transmitters each, each of which sub-
groups is assigned to operate in a different frequency
band. The receivers would comprise two receivers, the
first receiver being tuned to receive the output frequen-
cies of the band assigned to the first 16 transmitters,
and the second receiver being tuned to receive the out-
put frequencies of the band assigned to the second 16
transmitters.

- It is also noted that while a separate timer unit 116
and multiplexer 115 have been shown for each re-
ceiver, such as R1, in practice the timer and multi-
plexer equipment will undoubtedly be used to provide
tuning enablement of all or a large number of the asso-
ciated receivers.

The band of frequencies, and the specific frequencies
in the bands which are used in the present embodiment
may also be of different values, it being important how-
ever that the frequency selected be of values to mini-
mize the generation of harmonics which might interfere
with one another.

The superheterodyne receiver 113, as shown, utilizes
a beat oscillator to provide a 20 KHz IF frequency, and
the tuning circuitry is adjusted to provide 16 different
beat frequencies as the receiver is tuned to the 16 dif-
ferent frequencies in its assigned band. In certain sys-
tems, receiver 113 may be initially tuned to a lower
output frequency, such as 1% KHz, whereby a portion
of the circuitry used to adjust the beat frequency to the
sixteen different values may be eliminated.

While one embodiment of the accumulator and read-
out circuit is shown in FIG. 4, it will also be apparent
that the novel system concepts of FIG. 1, and the novel
transmitter and receiver equipment of FIGS. 2 and 3
may be readily used with other known accumulator and
signal processing equipment without departing from
the spirit of the invention.

It will be apparent from the several foregoing exam-
ples that these and other changes and modifications
may be made in the illustrated system without depart-
ing either in spirit or scope from the invention set forth
hereinabove.

What is claimed is:

1. In a system for use with the transmission lines of
an alternating current, electric power distribution sys-
tem, a plurality of meter transmitters, each of which is
associated with a discrete meter, and each of which is
operative to transmit a correspondingly different car-
rier signal, said carrier signals at each transmitter being
at times modulated by a first set of one half cycle pulses
derived from a first phase of the power on said trans-
mission lines and being modulated at other times by a
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second set of one half cycle pulses derived from a sec-
ond phase of the power on said transmission lines, re-
ceiver means having a receiver circuit connected to
said transmission lines, adjustable tuning means opera-
ble to selectively tune said receiver circuit to receive
the different carrier frequency signals on said transmis-
sion line in a predetermined pattern, phase detector
means for detecting the phase of the received signals,
means connected to said phase detector means for pro-
viding digital output signals representative of said re-
ceived signals, a plurality of storage means, each of
which is connected to store the signals which represent
the information received from a different transmitter,
selector means for transmitting said output signals to
the assigned storage means for storage purposes, and
program means for selectively operating said tuning
means in the adjustment of said receiver circuit to re-
ceive the carrier signal output of each of said transmit-
ters in said predetermined pattern, and simultaneously
operating said selector means to transmit said output
signals to the one of the storage means which is preas-
signed to store the signal output for the transmitter
which is transmitting the selected carrier frequency.

2.In a system as set forth in claim 1 in which said tun-
ing means includes a first circuit including at least one
inductance and one capacitor connected in parallel, a
further capacitor for each one of said preassigned fre-
quencies to be selected by said receiver, and means for
selectively connecting an additional one of said capaci-
tors in parallel with said one capacitor to thereby adjust
the receiving circuit to receive correspondingly differ-
ent ones of said preassigned frequencies.

3. In a system as set forth in claim 1 in which said re-
ceiver circuit includes a beat oscillator, and means con-
trolled by said program means for adjusting the fre-
quency output of said beat oscillator to different fre-
quency values with each adjustment of said tuning
means to receive a different frequency, the difference
frequency values being selected so as to maintain a
constant IF frequency output from said receiver circuit
for all received frequencies.

4. In a system as set forth in claim 1 in which said
phase detector means includes an input circuit con-
nected to said transmission line to derive a phase refer-
ence signal for use in detecting the phase of the re-
ceived signals.

5. In a system as set forth in -claim 4 in which said
means for providing digital output signals includes
means for deriving an analog signal for each signal out-
put from said phase detector means, and means for
converting the analog output signals to digital signals.

6. A system as set forth in claim 1 in which said
means for providing output signals representative of
said receiver means includes a first output means for
providing an output signal indicating the receipt of a
signal of said first phase by said phase detector means
and a second output means for indicating the receipt of
a signal of a second phase, envelope filter means con-
nected to said first and second outputs to provide ana-
log signals indicating the receipt of signals of said first
and second phases, differential amplifier means con-
nected to the output of said envelope filter means for
providing signals of different values in response to re-
ceipt of the signals of said first and second phase, and

- analog to digital converter means for converting each

of the signals to digital signals for storage purposes.
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7. A system as set forth in claim 1 in which a separate
input channel is provided for each storage means, each
of which channels includes means for selectively pro-
viding a logic 1 or a logic O output in response to the
receipt of said output signals from said selector means.

8. In an automatic meter reading system for use with
the transmission lines of an AC electric power distribu-
tion system, a meter transmitter circuit for each meter
device which includes signal generator means for gen-
erating signals which represent the measurements

-made by the associated meter device including encoder
means continually operated by said meter device to
provide a first output signal of a first phase as reference
to the AC power on said transmission lines to represent
the period of measurement of a first quantum of energy
measured by said meter device and to provide an out-
put signal of a second phase as reference to the power
on said transmission line to represent the period of
measureient of a second quantum of energy by said
meter device, said encoder means being operative to
shift its signal output with each measurement of a dif-
ferent quantum by said meter device, oscillator means
including an input circuit connected to the output of
said encoder means operable in response to said first
output signal to provide signals at a predetermined car-
rier frequency during only one half cycle of the power

-on said transmission lines to represent said first quan-
tum of measured energy, and operative in response to
said second output signal to provide said signals of said
predetermined carrier frequency only during the other
half cycle of the power on said transmission lines, said
oscillator means for different meter transmitter circuits
being operative to generate a correspondingly different
carrier frequency, and output means including a series
resonant circuit for modulating the power on said
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transmission lines with the phase-oriented frequency
signals output from said oscillator means to provide a
coded indication of the different measurements by said
meter device, and receiver means connected to said
transmission lines for receiving the carrier frequency
signals as modulated by the one half cycle, phase ori-
ented pulses which are derived from the power on said
transmission line.

9. A system as set forth in claim 8 in which said out-
put means includes amplifier means coupled to the out-
put of said oscillator means, a further tank circuit con-
nected in the output of said amplifier means including
a parallel-connected capacitor, resistor and inductance
tuned to the same frequency as the tank circuit for said
oscillator circuit, and means connecting the output of
said amplifier to said series resonant circuit.

10. A system as set forth in claim 8 which includes at
least one receiver tuned to receive the predetermined
frequency output of said one transmitter circuit, phase
detector means operable to detect the phase of the re- -
ceived signals including first means for providing a first
output signal in response to detection of a signal of said
first phase, and second means for providing a second
output signal in response to detection of a signal of said
second phase, envelope filter means connected to said
first and second means respectively, means connected
to said envelope filter means for providing a first output
in response to the signal output by said envelope filter
means in response to detection of a signal of a first
phase, and a second output in response to the signal
output by said envelope filter means in response to de-
tection of a signal of a second phase, and means for

converting said signals to digital signals.
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