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(57) Abstract

The control unit is operable to substantially simultaneously operate a first receiver (200) to receive (at 16) a currently re-
ceived command within 2 group of commands from a reading control center (12) and to operate a first transmitter (208) to trans-
mit (at 24) an earlier received command within the same group of commands to meter terminal units when an earlier command
hasbeenreceived, and to operate a second receiver ( 209) toreceive messages (at 24) from the meter terminal units responding to
a single earlier transmitted command within the same group of commands when an earlier command has been transmitted, and
to operate a second transmitter (202) to transmit to the reading control center (12) the messages from the meter terminal units

responding to the single earlier transmitted command.
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CONTROL UNIT FOR AUTOMATIC

METER READING SYSTEM

Technical Field

The present invention relates to an improved

control unit for an automatic meter reading system.
The invention is especially useful in automatic

5 remote meter reading systems for reading and trans-
mitting utility meter readings from the users orem-
ises to a central location for recordation and
billing. For instance, the invention is especially
useful for reading and transmitting data from

10 electric power meters, or gas meters, or water
meters, which measure consumption of those commod-

ities.

Background Art

The present invention represents an improve-
15 ment upon a prior system disclosed in
British patent specification 1,543,501,General Electric
Company, published on ¢ Apgil 1979. [n that
prior system, a reading control center communicates

over voice grade communication lines with a number
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of section control units frequently referred to
herein simply as "control units", and through the

control units and through electric power lines to

Y

individual meter terminal units. The present in-
5 'vention relates particularly to improved controlr

units for use in such a system. The control units
of the prior system were capable of rapidly
receiving commands from the reading control center
and transmitting corresponding commands to the

10 meter terminal units, and for receiving messages
in respoﬁse to the coﬁmands, ard for transmitting
corresponding messages back to the reading control

center.

However, in a large system, there are a tre-
15 mendous number of different terminal units to which

commands must be sent, and from which messages must

[ 1)

be processed. Accordingly, it has been determined

that it is very desirable to provide for additional

!

speed and efficiency in the operation of the control
20 units in relaying commands from the reading control

center to the appropriate terminal units, and in

relaying corresponding data messages from the

terminal units back to the reading control center.
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Disclosure of Invention

It is a major object of the present invention
to provide an improved control unit for an automatic
meter reading system which provides for greatly
improved speed and efficiency in the handling of
commands and messages to be transmitted between
the reading control center and the meter terminal

units.

In carrying out the invention there is pro-
vided a control unit for an automatic meter reading
system of the type which also includes a reading
control center for sequentially transmitting com-
mands and receiving messages representative of
measurement data and a plurality of meter terminal
units for recording data at the sites where the
data is available and for transmitting that data
over a power line in the form of data messages in
response to commands, said control unit being
operable for relaying the commands and messages
between the reading control center and the meter
terminal units, said control unit including a
first receiving means for receiving commands over
a voice grade communication line from the reading

control center, a first transmitting means for

i
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transmitting commands corfesponding to received
‘commands over a power line to the meter terminal
units, a second receiving means for receiving data
messages from the meter terminal units over ﬁhe
power line, a secdnd transmitting means for trans-
mitting to the reading éonﬁrol center data messages
corresponding to the data messageé from the meter
terminal units,rdata processing and decpding means
for decoding and processing and switching commands
and messages between said first receiving means -
andrsaid first transmitting means and between said
second receiving means and said second transmitting
means, said data processing and‘communicating'means
being operable to substantially simultaneously (a)
operate said first receiving means to receive a
currantly received command within a group of com-
mands from the reading control center and (b)
operate said first transmitfing means to transmit
an sarlier receivedVCOmmand within the same ¢roup
of commands to the meter terminal ﬁnits when anr
earlier command has been received and.(c) operate
saii second receiving means to receive messaces from

the terminal units responding to a single earlier

_trznsmitted command within the same grdoup of com-
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mands when an earlier command has been transmitted
and (d) operate said second transmitting means to
transmit to the reading control center the messages
from the meter terminal units responding to the

single earlier transmitted command.

Brief Description of Drawings

FIG. 1 is a schematic block diagram of an
entire system of the type incorporating the present

invention.

FIG. 2 is a schematic block diagram showing

the major components and interconnections of th

(b

control unit of the present invention.

FIGS. 3 and 4, taken together, form.a more
detailed schematic diagram of the control unit of

FIG. 2

Best Mode of Carrying Out the Invention

Referring particularly to FIG. 1 of the draw-
ings, there is shown a schematic diagram of a
system in which the present invention is particu-
larly useful. The system is generally designated
as 10 and includes a reading control center (RCC)
12 which communicates with a section control unit
(SCU) 14 over a communication link 16. The section

control unit 14 communicates with a plurality of
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meter terminal units (MTU) over a communication

link 24. The communication link 24 preferably

consists of an electric power distribution grid.

%

Each meter terminal unit 18 has the capability of
reading a plurality of different utility meters by

taking readings from meter reading encoders 54.

‘Each terminal unit 18 also has the capability of

controlling a number of different loads 58 or

alert signal devices 56. Each terminal unit also

has the capability for reporting the status of a

plurality of devices such as relay contacts (not
shown). In the preferred embodiment, each meter
terminal unit 18 has the capability for readiﬁg
three meter encoders 54, contrdlling three

external loads 58, and two alert signalling devices
56; and for reporfing the status of up to six

external contacts.

td

The reading control center 12 controls the
overali operation of the system. Control center
12 includes a digital computer 26 which communicates
with the rest of the system through one or more

communications interface units (CIU) 28.
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The communications interface unit 28 issues
commands and receives data over the communication
link 16, which is preferably a voice grade tele~-
phone circuit, through a modulator-demodulator
circuit (MOD) 30. A similar modulator-demodulator
circuit 30 is provided as shown at the section

control unit 14 end of the communication link 16.

Preferably, the section control unit 14 is
installed at a sub-station of the utility, such as
the electric power utility which may be using the
system. The section control unit then communicates
with all of the meter terminal units 18 for custom-

ers who are served by that sub-~station.

Commands or messages are preferably trans-
mitted from the section control units 14 over their
associated power lines.24 by means of carrier signals
which are binary phase-modulated at thirty bits

per second.

Generally, the meter terminal units 18 can be
commanded to perform any of the following functions:
reading and storing meter data, performing a
reading of demand data and calculation of demand,
transmitting previously stored meter o£ demand data,
turning loads off and on, turning customer alerts

on and off, and providing the status of external

contacts.
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The meter terminal units are individually
addressable, group addressable, or block address-

able. In each of the latter two cases, a number

- ¥
85 x

[

of meter terminal units are simultaneously addressed,

and simultaneously respond to the commands.

Referring more particulariy to FIG. 2, thére
is shown a schematic block diagram of the séction
control unit 14 of FIG. 1. The control unit 14
includes a modulator-demodulator 30, which is
commonly referred to as simply a "modem”, and
which includes a receiver 200 and a transmitter
202. The transmitter 202 of modem 30 transmits
digital data signals on the telephone line 16 to
the reading control center 12 on a carrier
frequency. Typically, the trénsmitter 202 shifts
back and forth bethen two carrier frequencies to

indicate the presence of each digital "one" in a

serial train of digital pulse signals. The receiver

200 of the modem 30 likewise receives signals on
the telephone line 16 from the reading control
center 12 which are also transmitted in the férm
0of carrier signal pulses signified by shifting>
back and forth betweeﬁ'two_carrier signal frequen-

cies. Alternatively, a single carrier may be
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switched on and off, or otherwise modulated, to
carry the digital'pulse signals received or trans-
mitted. The carrier signal frequencies for the
receiver are different from the carrier signal
frequencies for the transmitter so that both sets
of signals can exist on the telephone line at the
same time, without.interference. Since concurrent,
or substantially simultaneous operation is avail-
able, the telephone line 16 is schematically
indicated as comprising two lines in FIG. 2. As
previously pentioned in connection with FIG. 1, a
éorresponding modem, including both a transmitter
and a receiver, is provided at the reading control

center 12.

The signals from the receiver 200 and to the
transmitter 202 are handled within the control unit
by means of a communicator circuit 204. The func-
tion of circuit 204 may be carried out by a syn-
chronous receiver-transmitter circuit which is
available as an integrafed circuit component manu-
factured by Intel Corporation of Santa Clara,
California, U.S.A., under product model No. 82S1A.
This component is sometimes referred to as a

programmable communication interface. The communi-
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cator 204 receives commands from the reading
control center 12 through receiver 200 which are

in serial form, and converts those commands to a

[

parallel format for transmission to an information
processor 206, which is included within the control
unit 14. The communicator 204 also receives message
information from the informationAprocessor 206 in
parallel form and converts that information to
serial form for subsequent transmission through the
transmitter 202 to the reéding control center 12.
The communicatof 204 is preferably program control-

led by the information processor 206.

The information processor 206 is operable in
response to commands feceived from the reading
control center l2rthrough receiver 200 and communi-
cator 204 to transmit corresponding information or
commands through a transmitter modulator 208 %o ‘
the power line724, and thus to the meter terminal
units 18 of FIG. 1. The information processor 206
also responds to commands from the reading control
center 12 to condition itself and to stand ready
to receive information transmitted back from the
meter terminal units 18 through ;he pover line 24
and through receivers 209, whenever the original
command orders the meter terminal units to trans-

mit information.

STREAD
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The receiver 200 of FIG. 2 is sometimes
referred to below as a first receiving means, and
the receivers 209 are sometimes collectively referred
to below as a second receiving means. The trans-
5 mitter modulator 208 is sometimes referred to
below as a first transmitting means and the trans-
mitter 202 is referred to as a second transmitting
means. Furthermore, the communicator 204 and the
information processor 206 are sometimes collectively
10 referred to below as a data processing and communi-

cating means.

It is a very important feature of the present -
invenﬁion that the data communicator 204 and the
information processor 206 are operable in combina-

15 tion to substantially simultaneously operate the
receiver 200 to receive a currently received com-
mand within a group of commands from the reading
control center 12, and to operate the transmitter
208 to transmit a command corresponding to an

20 earlier received command within the same group of
commands>to.the meter terminal units 18 (when an
earlier command has been received), and to operate
the receivers 209 to receive messages. from the

terminal units 18 responding to a single earlier

tr
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transmitted command within the same group of com-
mands (when an eaflier command has been transmitteé),
and to operate the transmitter 202 to transmit to
the reading control center 12 messages from the

5 meter terminal units 18 responding to the single

earlier transmitted command.

In the above described substantially simul-
taneous transmissions and receptions of commands
and messages, the control unit preferably operates

10 such that when there is an earlier received com-
mand which is transmitted through the transmitter
208 to the terminal units, that earlier command is
the earlier command received by the control unit
immediately prior to the reception of the command
15 which is currently received from the reading con-
trol center 12, and the messages received from the -
terminal units 18 are in response to the immedi-
ately préceding command transmitted to those

terminal units.

20 FIGS. 3 and 4, taken together, show the section
control unit, generally referred to as the control
unit 14, in a more destailed schematic block diagram.

FIG. 4 should be placed to the right of FIG. 3 to

SUREAT
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best show how they relate to one another. FIG. 3

again shows the modem 30 with the receiver 200 and

the transmitter 202 from FIG. 2, and the communica-

tor 204 is again shown in FIG. 3. The transmitter
5 modulator 208 of FIG. 2 is shown in FIG. 4, and

the receivers 209 are shown to include preferably

eight receivers 209 schematically indicated in FIG. 4.

Most of the details added to the schematic

diagram of FIGS. 3 and 4, in addition to showing

10 additional'connections, consist in the elaboration
of the contents of the information processor 206.
For information processor 206 preferably includes
a microcomputer 210, which includes an internal
random access memory "RAM" 211, an address latch

15 circuit 214, an electrically progfammable read only
memory "EPROM" 212, an address buffer 216, and
address switches 230, all of which are shown on
FIG. 3. The information processor 206 also

includes a clock generator 224 illustrated on FIG. 4.

20 Various components of the information processor
may preferably be embodied by components available
from Intel Corporation of Santa Clara, California,

U.S.A., and carrying product model numbers as follows:

OMPI
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the microcomputer 210 may be moael 8035. The
electrically programmable read only memory (EPROM)
may be model 2716; The address latch circuit 214
and the address buffer 216 may each be model 8212.
5 The microcomputer 210 is often referred to herein-

after as simply a computer.

The receiver 200 within the modem 30, in the

preferred mode of operation, continuously receives
a carrier signal having a frequency fl which is

10 preferablf a frequency of 660 Hz. The carrier
signal frequency fl is continuously modulated in a
predetermined pattern to provide a continuous
stream of ASCII characters at a rate of 30 charac-
ters per second. ASCII is a standard pulse code

15 representation for numbers and letters, the full
identification of which is American National
Standard Code for Information Interchange. Whenever
the carrier is on, receiver 200 responds to the
reception of the carrier to generate a "carrier

20 detect in" signal which is carried on a éonnection
201 to a DSR input terminal of the communicator 204.
Also, the modulated carrier is applied on a "data
in" line 203 by the receiver to anrRXD'input ter-
minal of thg communicator 204. As each character

25 is received, the communicator 204 generates a ready

BUREAT
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signal at an output terminal labeled RXRDY which
is carried to an inverter circuit 242, and after
' inversion is carried to an INT input terminal of

the computer 210. This signal as received by the

5 computer, is interpreted as an interrupt signal
which causes the initiation of the execution of a
program by the microcomputer 210. The ready signal
is also carried from the RXRDY output terminal on a
connection 226 to the clock generator circuit 224

10 of FIG. 4, where it serves to synchronize the clock
generator with the incoming signal received on the
telephone line 16 from the reading control center 12.
Since the clock generator 224 controls all of the
clocking functions within the control unit, all of

15 the operations of the control unit are thus syn-
chronized with the signals from the reading control
center 12. Thus, all of the clocking signals RC2,
RC3, BC, and TC, are synchronized with the pulses
from the reading control center. In order to assure

20 . continuous sy;lchronization of the control unit with
the reading control center.lZ, the carrier frequency
£

1 is sent continuously by the reading control

center and continuously modulated to provide a con-

L]

tinuous train of binary 1's which are recognized

SUREAD
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by the system as nidle" characters which merely

serve to synchronize the control unit with the

reading control center.

When a command message 1s transmitted by the
reading control center 12 and received by the control
unit, ten characters will be stored by the communi-
cator 204, and then transferred to the computer 210.
As each of the ten characters is received, the ready
signal received at +he INT terminal of the computer
210 will cause an interruptrto the computer which
commences the interrupt sub-routine program of the

computer.

The random access memory (RAM) 211 within the
computer 210 perfofms substantially all of the
storage functions within the computer. RAM 211 is
thus a working storage. RAM 211 includes a number
of different addressable storage locations which
are dedicated to the storage of different informa-

tion. In particular, at least two of the data word

positions within RAM 211 are devoted to the purpose
of storing the first and second commands of a set
of commands received from the reading control center

12. additional addressable positions within the

RAM 211 are devoted tc a storage of counts, and are

characterized as counters which are associated with
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the storage for the first and second commands, and
which are responsive to the signals from clock 224
for counting the characters of the commands received

by the control unit.

5 The interrupt program sub-routine is commenced
by providing a specific bit configuration on the
computer bus lines DBO-DB7. This bit configuration
is applied to the address latch circuit 214. To
latch the address into the address latch circuit 214,

10 an enable signal is also supplied from the computer
210 output terminal ALE' to the DS2 input terminal
of the address latch circuit 214. The receipt of
the address by the address latch circuit 214 results
in the emission of signals on output lines DO5 and

15 DO6 from the address latch circuit 214 to the C/D
(control/data) and S (select) input terminals of
the communicator 204. The communicator 204 is now
conditioned to supply the character information to
the computer 210 upon the emission of a read signal

20 from the RD terminal of the computer 210 to the RD
terminal of the communicator 204. The read signal
is a pulse which will cause the character to be

transferred from communicator 204 through communica-

tor terminals DO-D7 into the computer bus port lines

25 DBO through DB7 (in parallel form). Thus, the

OPT
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characters are each received in the form of a serial

train of pulses from the reading control center 12,

- are stored in communicator 204, and then the com-

ponents are read out in parallel form from communica-
tor 2047to'computer 210. For each character re-
ceived by the communicator 204, therabove process
will be repeated to transfer-that character into the

computer 210,

The communicator 204 is controlled from the
computer 210 to transfer data from the computer to
the reading control center 12 through the trans-
mitter 202. This is accomplished by the computer
210 by executing a command which'conditions the
communicator 204 with a binary signal of sense
opposite to the sense of the previous signal applied
to the control data (C/D) input terminal. of the
communicator 204 through address latch 214. The
computer can then transfer through the bus connec-
tions DBO through DB7, a chtrol word into the com-
municator 204 at terminals DO through D7 upon the
application of a write pulse from the WR terminal
of the computer 210 to the WR terminal of communi-
cator 204. The control word thus transierred to
communicator'204 will condition the communicator to
receive subsequent'data words from computer 210

with the generation of each write pulse.
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When communicator 204 is commanded to trénsfer
information to the reading control center 12, the
communicator will enable the modem transmitter 202
by applying a binary 1 output signal from the com-

5 municator RTS terminal to the modem transmitter 202.
The information is then shifted out from the communi-
cator TXD output terminal, the timing of this
operation being controlled by a 300 Hz timing signal
received from the clock frequency generator 224 on

10 connection 228 to terminals RXC and TXC of communi-

cator 204.

The output carrier frequency from the modem
transmitter 202 can be any one of three different
frequencies Fyr Fy, or F,. These frequencies

15 represent separate sub-channel frequencies to allow
more than one control unit to simultaneously com-
municate with a single communication channel of the
reading control center 12. Usable frequencies for
this purpose may be, for instance, F2 equal to

20 1260 Hz, F3 egual to 1860 Hz, and F4 equal to 2460
Hz. As previously described, the binary pulse coded
information may be transmitted by the modem trans-

mitter 202 by shifting between two frequencies of

the carrier, in which case, a complimentary fre-
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quency is empioyed with each of the frequencies
F2, F3, and F4. Howeverfrif desired, fhe data can
also be transmitted in binary pulse coded form by
simply switching the carriers on and off, using only
5 one frequency for each carrier.

The entire program for the computer is con-
tained in the BPROM 212, The EPROM is addressed
from the address latch 214 via its output lines
DOO-DO7 applied to the EPROM input terminals AO0-A7.

10 To select a particular address location in the EPROM
during program execution, an address is placed on
the computer BUS DBO-DB7 and latched into the address
latch 214 via the ALE output terminal applying the
enable signal on terminal DS2 .of the address latch.

15 To now read the program component from the adcéressed
location of the EPROM, the computer executes an
instruction which causes its PSEN output terminal
to provide a binary O select signal to a CS input
terminal of the EPROM. This causes the addressed

20 word in the EPROM 212 to be read out and transferred
via the BUS DBO through DB7 into the computer for
execution of the retrieved instruction.

An output port 2 of computer 210 is connected
through lines PO through P2 to address input lines

25 A8 through AlO0 of the EPROH 212 for page addressing

of that memory as required by the system. The

. g{)REﬁlU
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port 2 P7 output line from 210 is connected to a
reset RS input terminal of the communicator 204.
By the execution of an instruction by the micro-
computer 210 the communicator 204 can be reset at a
5 system start up in preparation to receiving and
transmitting information between the control unit
and the reading control center.
Whenever a command is received by the control
unit from the reading control center 12, that command
10 must be examined to see if it contains the address
of the control unit which has received the cormand.
The control unit accomplishes this testing by com-
paring its own address, which is predetermined by
a plurality of address switches schematically indi-
15 cated at 230. The settings of these switches provide
input signals through associated lines 232 to tﬁe
address buffer circuit 216.
In the course of accomplishing the test, the
computer 210 executes an instruction to read the
20 address buffer 216 into its internal memory 211.
The computer does this by first selecting line DO3
to enable terminal DS2 of the address buffer 216
through the address latch circuit 214. The com-
puter 210 thenAgenerates a pulse on the.RD output
25 terminal to enable the DS1 input terminal of the

address buffer 216 to cause the control unit

SUREAT
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address to be supplied at the connection 217 to the
data bus connections DBO-DB7 of computer 210. This
address is then compared by the computer with the
received address contained in the command from the

5 reading control center 12. If the compared addresses
match, the computer will continue to carry out the
operations specified by a function code portion of
the command. Otherwise, the command is not carried
out since it is not intended for this particular

10 control unit.

| Normally, when the command is to be carried
out, it resulﬁs in the éransmission of a corresponding
command through the transmitter 208 to the power
line 24. To accomplish this, the computer 210 pro-

15 vides, through port 2, on one of the connections
P4-P6 which is further identified as connection 234,
a transmit gate signal (TG) to enable the transmitter/
hodulator 208. The computer 210 then proceeds to
transmit the command in serial fashion through

20 port 2 on the transmit data (TD) line 236 to trans-
mitter 208. The TD signal on connection 236 modulates
the transmitter carrier signal TXCAR which is applied
to the transmitter/modulator from a phase locked
loop and frequency generator circuit 225. The

25 modulated output signal from the transmitter modulator

208 is coupled through a line coupler circuit 218 to

SUREAD
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the power line 24 at 219. The frequency of the

carrier is preferably 5010 Hz. The data bit rate

of transmission is controlled by a transmit clock

signal TC at 30 Hz which is applied to the transmitter
5 modulator 208 from the clock generator 224. When

the entire command has been transmitted to the meter

terminal units, the computer 210 turns off the trans-

mit gate signal TG, thus disabling the transmitter

modulator 208.

10 If the function code portion of the command
received from the reading control center 12, as
decoded by computer 210, indicates that there is an
expectation of a response from one or more of the
addressed terminal units, the computer will generate

15 an "IBRG on" signal on line 238 from port 2. That
signal ig carried to all of the receivers 209, as
well as to an automatic gain control circuit 220 in
FIG. 4, to enable those components to receive
messages returning from the meter terminal units.

20 The meter terminal unit messages may come from as
many as eight separate addressed meter terminal units
simultaneously, at different carrier frequencies
FI1 through FI8, and are simultaneously received
through the line coupler 218 and the au;omatic gain

25 control circuit 220 by all eight of the receivers

209. The individual receivers 209 are tuned to

NPT
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respond to the different individual carrier frequen-

cy signals by means of local oscillator signals from

the phase locked loop and frequency generator circuit

222 over connections 223.

The clock circuit 222 also receives a 60 Hz
signal from the power line 24 and provides a 60 Hz
output signal at connection 225 which is applied
to the automatic gain control circuit 220 for gain
control purposes. The 60 Hz signal'is also divided
by 2 by means of a frequency divider 227 to provide
a 30 Hz gating signal for gating the received
binary digits from the receivers 209 which are
applied through the data signal lines IBRD1-IBRDS
on conductors 240 back to poft 1 of the computer
210. Additional 30 Hz timing signals RC2, RC3, and
BC are provided from the system clock 224 to the

receivers 209 for timing purposes.

As previously mentioned above, the system
clock 224 is synchronized in its operation with the
timing of the digital pulse signal train received
from the reading control center 12 throuch the
receiver 200, which is preferably at a uniform pulse
rate of about 30 Hz. The transmitter mopcdulator 208
of FIG. 4 is then caused to operate to transmit

data to the meter terminal units at a synchronized
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30 Hz pulse rate, which is in synchronism with the
clock 224. The receivers 209 thén operate also to
receive serial pulse trains of binary signals at
the same basic 30 Hz pulse rate, and when messages
are relayed back to the reading control center 12
through the transmitter 202, those messages are
also in the serial binary pulse format at the same
30 Hz pulse rate, and in synchronismrwith the timing
signals from the clock 224. Thus, the same pulse
rate is used in all of the transmitters and
receivers of the control unit, and all are in

synchronism.

The commands received from the reading control
ceﬁter 12 include separate address and function
code field portions, and the data processor 206, as
shown in detail in FIG. 3, embodies decode means
responsive to the address and function field code
portions of the commands to effect the transfer of
the received commands to terminal units 18 corres-
ponding to the address and function code fields
reccsnized by the decode means whenever the contents

of those fields identify at least one terminal unit.

The command also enables the control unit to trans-

fer messages back to the reading control center 12

from those terminal units 18 which recognize the
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function code and an address in the action field of
commands received by the terminal units 18. The
‘decode means is embodied in the computer 210 and

the address buffer 216 and the address switches 230.

5 The counters, previously referred to above,
which are associated with storage positions within
RAM 211, are each responsive to clock signals for
counting the characters of the commands received by
the control unit, and the computer 210 includes a

10 control means which is responsive to the counts in
the counters to effect a generation of control
signals at prescribed counts of the respective
counter; to selecgively identify the respective
storage positions for the first and second commands

15 ancé to control the time of storage of the first and
second commands in the selectively identified
storage positions for those commands and to coﬁtrol
the time of transmission of the first and second

cormands from those storage positions to the termi-

20 nal units 18.

As previously mentioned above, the EPROM 212
of FIG. 3 stores a number of sub-routine programs
for execution by the computer 210. One‘'of these
sub-routine programs is an interrupt sub-routine

25 which is entered upon receipt of a command from the

B kA LA
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reading control center 12, when a resulting interrupt
signal is caused to be applied to the computer 210

at the interrupt (INT) input terminal. The inter-
rupt sub-routine directs entry to others of the
sub-routine programs which cause the computer to
carry out the various operations previously described,
including the substantially simultaneous operation

of the receivers 200 and 209 and of the transmitters

202 and 208.

The communicator 204 ié Qery important to the
operation of thg cpntrol unit. Thus, the communica-
tor 204 is operable to couple the computer 210
through the receivers 209 and the transmitter 202
for causing the reception of meséages from the
terminal units 18 and the storage of those messages
in the RAM 211 of the computer 210, and for causing
the transmission of those messages from the RaM 211
to the reading control center 12 through the
transmitter 202. The communicator 204 and the
computer 210 are also operable together to sequen-
tially transfer commands received from the reading
control center 12 through the receiver 200 into the
RAM 211, and to provide the aforementioned interrupt

signal to the computer at prescribed intervals as

commands are received from the control center to
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thereby affect entry by the computer 210 into the

interrupt sub-routine with each interrupt signal to

- thereby sélectively direct entry into the other

sub-routines for execution to carry out the substan-
tially concurrent reception and transmission of
commands and messages being transferred between the

control center 12 and the terminal units 18.

It is one of the features of the control unit
of the present invention that the computer 210 may
be operable to append control unit status informa-
tion to all of the messages from the meter terminal
units 18 at the time those messages are transmitted

from the control unit to the reading control center

12, Thus, the messages include status information

of the control unit as well as information £rom the

meter terminal units.

It is another feature of the invention that
the computer 210 is operable in response to a
special command from the reading controlrcenter 12
to respond with a message to the reading control
center containing only control unit status informa-
tion, and not including any meter terminal unit
information, but having the same format.as other
messages transmitted to the reading control center

12.
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It is another feature of the present invention

that a plurality of the control units described in

detail above may be incorporated in a single system

in communication with a single reading control
center 12. The system further fypically includes

a large number of meter terminal units 18, as shown
in FIG. 1, which are in communication with various
control units 14 through the power line 24. The
terminal units 18 are addressable, and are substan-
tially instantaneously responsive to commands

which contain a recognizable address to transmit
messages representative of measurement data onto

the power liﬂe 24. The commands transmitted from
the reading control center 12 include at least
transmit and receive address fields which identify’
one of the control units, and further have an action
field identifying at least one terminal unit. Each
of the control units 14 is connected to a common
channel of the reading control center 12, as well as
to the power line 24 for selectively transferring
commands and messages between the reading control

center 12 and the meter terminal units 18.

Each of the control units, as exp%ained above,
includes address means such as the address switches

230 and the address buffer 216 for providing transmit
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and receive address signals representative of transmit
and receive addresses unique to the control unit.
Also, each control unit includes, within the com-
puter 210, means for selectively comparing the con-
5 tents of the transmit and receive address fields
in the commanés received through the communicator
204 with the transmit and receive address signals
provided by the address buffer 216. The computer
operates in reséonse to this comparison to generate
S a transmit enable signal when there is a matching
of the transmit addreés field contents and the
transmit address signals, and to generéte a receive
enable signal when there is a match between the
receive address field contents and the receive
15 address signals. These enablement signals enable
the control unit to transmit the action field of
the received command to the terminal units 18 and
to receive messages from those terminal units 18
responding to the action field of the command and
20 to transfer the received messages to the reading

control center 12.

In accordance with another feature of the
invention, the transmissions from the meter terminal

units are often rather weak signals. Accordingly,

25 it has been found to be advantageous to provide
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control units which are distributed in position
around the power distribution system so as to place
every meter terminal unit 18 within a reasonable
distance of a control unit which can receive

5 limited power meter terminal unit data messages.
However, since the control unit messages are not
weak in power, it is not necessary to provide a
number of distributed pcosition control units for

transmitting messages to the terminal units 18.

10 Accofdingly, it is a feature of the invention
to provide a plurality of control units, using oﬁly
one of the control units to recognize a match between
the transmit address field provided by the address
buffer and the transmit address signals of the

15 command to generate a transmit enable signal and
to transmit commands to the terminal units 12,
while another one or more of the plurality oF con-
trol units is operable in response to a match
between the receive address field and the reczive

20 address signals to generate a receive enable signal
and then to receive the messages from the terminal

units 18 and to transmit those messages to ths

reading control center 12.
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The control units in éuch a system are prefer-
ably arranged in a set of control units which operate
" together to process the same command, and additional
sets of the control units may be connected to the
5 common channel of the reading control center 12 and

to the power line 24.

It is another feature of the invention that

the terminal units 18 may be arranged in a plurality
of separate groups, with each group connected to a

10 sSeparate power line 24, with at least one control
unit being connected to each of the separate power
lines to serve a separate group of the terminal
units 18, but all of the control unitsamay be con-
nected to the reading control center on a commén

15 channel. The control units are all operable to
receive commands from the reading control center
at one freguency on the common channel, but the
separate control units are operable to respond to
the commands by sending messages to the reading

29 control center on the common channel at different
frequencies so as to provide for simultaneous
transmission of messages from the various control

units to the reading control center. The reading

SUREA
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control center 12 is operable to receive and recog-
nize the messages transmitted at the different fre-

quencies from the separate control units.

As previously explained above, it is a very
important feature of the invention that the control
unit 14 is operable to substantially simultaneously
receive a command through the receiver 200, and
transmit an earlier received command to the meter
terminal units 18 through the transmitter 208, and
to receive messages at receivers 209 from the
terminal units 18 responding to an earlier trans-
mitted command, and to transmit messages back to
the reading control center 12 through the trans-
mitter 202. These substantially simultaneous
operations are sometimes characterized as "inter-

lacing".
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CLAIMS:

1. A control unit (14,FIG.l) for an auto-
matic meter reading system of the type which also
includes a reading control center (12) for sequen-
tially transmitting commands and receiving messages
representative of measurement data and a plurality
of meter terminal units (18) for recording data at
the sites where the data is available and for
transmitting that data over a power line (24) in
the form of data messages in responsa to commands,

said cont?ol unit (14) being operable for
relayi;g théicommands and messages between the
reading control center (12) and the meter terminal
units (18),

said control unit (14) includiné a first
receiving means (200,FIG.2) for receiving commands
over a voice grade communication line (16) from the

reading control center (12), a first transmitting

means (208) for transmitting commands corresponding

to received commands over a power line (24) to the
meter terminal units (18), a second receiving
means (209) for receiving data messages from the

meter terminal units (18) over the power line (24),
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Claim 1 (continued) -
a second transmitting means (202) for transmitting
to the reading control center (12) data messages
25 corresponding to the data messages from the meter
terminal units (18), data processing and decoding
means (204,206) for decoding and processing and
switching commands and messages between said
first receiving means (200) and said first trans-
30 mitting means (208) and between said second re-
ceiving means (209) and said second transmitting
means (202),
characterized in the provision that
said data prdcessing and communicating means
35 (204,206) is operable to substantially simultaneously
(a) operate said first receiving_ﬁeans (200)
to receive a currently received command within a
group of commands from the reading control center
(12) and
40 (b) operate said first transmitting means
(208) to transmit an earlier received command
within the same group of commands to the meter
terminal units (18) when an earlier co;mand has

been received and

BUREATG
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Claim 1 (continued)

45 - (c) operate said second receiving means (209)
to receive messages from the terminal units (18)
responding to a single earlier transmitted command
within the same group ofrcommands when an earlier
command has been transmittéd and

50 (d) operate said second transmitting means
(202) to transmit to the reading control center (12)
thé meésages from the meter terminal units (18)
responding to the single earlier transmitted

command.
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2. A control unit (14,FIG.l1,FIG.2) as
claimed in Claim 1,

further characterized iﬁ that

the control unit operates such that when
there is an earlier received command transmitted
to said meter terminal units (18) that earlier
command is the earlier command received by the
control unit (14) immediately prior to the recep-
tion of the command currently received from the
reading control center (12), and the messages re-
ceived from the terminal units (18) are in response
to the immediately preceding command transmitted
to those terminal units (18), and said signal
processing means comprises a data convertor (204)

and an information processor (206).
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3. A control unit (FIG.3,FIG.4) as claimed
in Claim 1 or in Claim 2,

further characterized in the provision of

a clock pulse generator (224,FIG.4) for
providing timing pulses to all of the other
components of the control unit, said control unit
being operable to receive commands from the reading
control center in the form of a serial train of
data pulses, means (226) for providing a train of
timing pulses-to said clock generator (224) Eerived
(at 204,FIG.3) from the data pulses received from
the reading control center (12) through said first
receiving means (200) for controlling the operation
of said clock means (224) to thus synchronize the
operation of said control unit to the incoming
train of data pulses from the reading control

unit (12).
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4. A control unit (FIGS. 3,4) as claimed in
Claim 3,

further characterized in the provision that

said control unit is operable to receive
commands transmitted from the readihg control
center in a serial train of digital pulses at a
uniform pulse rate which is used to synchronize
the control unit clock (224), said control unit
being operable to operate said first transmitting
means (208) to transmit commands to said meter
terminal units (18) in a serial bit format at the
same pulse rate as the incoming commands from said
reading control center (12), said control unit
being operable to operate said second receiving
means (209) to receive response messages from said
meter terminal units (18) and to operate said second
transmitting means (202) to transmit data messages
to the reading control center (12) at the same
pulse rate as the commands from the reading control

center (12) and in serial digital pulse format.

s
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5. A control unit (FIGS.3,4) as claimed in
any one of the preceding claims 1, 2, or ¢,
further characterized in the provision that
said data processing and communicating means
5 (204,206,FIG.2) comprise a communicator (204)
and a data processor (206), said data processor
(206) including a computer (210,FIG.3), first and
second storage means (in 211) within said computer
(210) for storing first and second commands
10 received from the reading control center (12,FIG.1),
decode means (230,216,210) responsive to the address
and function code field portions of the commands
received from the reading control center (12,FIG.1)
to effect the transfer of those received comﬁands
15 to terminal units (18) corresponding to the address
and function code fields recognized by said decode
means the contents of which identifies at least
one terminal unit and to enable said control unit
to transfer messages to the reading control center
20 (12) from those terminal units (18) which recognize
the function code and an address in the action
field of commands received by the terminal units

(18), said first receiving means (200) and said




WO 81/02960 PCT/US81/00385

-4} -
Claim 5 (continued)
data processing and decoding means (204,206) being
25 operable to transfer sequentially received first
and second commands from the reading control
center (12) into said first and second storage
means (at 211,FIG.3) respectively, said first
receiving means (200) and said data processing and
30 communicating means (204,206) being operable to
generate a system synchronizing clock signal (at
226,224 ,FIG.3,FIG.4) each time a character is
received from the reading control center (12) to
effect the synchronous storage of the commands in
35 said first and second storage meané (at 211) and the
transmission of commands from said control unit to
the terminal units (18) and the transfer of messages
from the terminal units (18) to the readiné control
center (12) through said control unit, first and
40 second counter means (within 211,FIG.3), each
associated with a respective one of said first and
second storage means (in 211) and each respcnsive
to the clock signal for counting the characters of
commands received by said control unit, and control

45 means (in 210) responsive to counts in said first
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Claim 5 (continued)
and second counter means to effect ﬁhe generation
of control signals at prescribed counts of said
first and second cqunter means to selectively
identify said first and second storage means and
50 control the time of storage of the first and
second commands in the selectively identified
first and second storage means and to control the
time of transmission of the first and second com-
mands from said first and second storage means to
55 +the terminal units (18) and to further control the
time of reception and.the transfer of messages from
the terminal units (18) to the reading controi

center (12).
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6. A control unit (FIGS.3 and 4) as claimed
in Claim 5,
further characterized in the provision of
a memory (212) within said information
5 processor (206) and interconnected with said
computer (210) for storing sub-routine programs
for execution by said computer (210), one of
said sub-routine programs being an interrupt sub-
routine entered upon receipt of a command from
10 the control center (12) when a resulting interrupt
signal is caused to be applied to said computer
(210), said interrupt sub-routine di;ecting entry-
to other ones of the sub-routine programs to
thereby cause said substantially simultaneous
15 operation of said first and second receiving means
(200,209) and said first and second transmitting
means (208,202), said communicator (204) being
operable for coupling said computer (210) through
sald second receiving means (209) and said second
20 transmitting means (202) for causing the re-
ception of messages from the terminal units (18) and
storage of those messages in the store (211) of said

computer (210) and for causing the transmission of

SUREAD




WO 81/02960 PCT/US81/00385

Claim 6 (continued)
messages from the store (211) of said computer (210)
25 to the reading control center (12) through said
second tFansmitting means (202) and for sequentially
transferring commands received from the reading
control center (12) through said first receiver into
said store (211) of said computer (210) as directed
30 by the program of sub-routines, said communicator
(204) being operable to provide the aforementioned
interrupt sigﬁal to said computer (210) at pre-
scribed iﬁtervals as commands are received frqm the
control center (12) to affect entry by said computer
35 (210) into the interrupt sub-routine with each
interrupt signal whereby the interrupt routine
program is carried out to selectively direct entry
into the other sub-routines for eXecutionrto thereby
carry out the substantially concurrent receotion and
40 transmission of commands ana messages being trans-
ferred between the control center (12) and terminal

units (18).

SUREAT
( oot
I8 WIPO <



WO 81/02960 PCT/US81/00385

-4 5_.
7. A control unit (FIGS.3,4) as claimed in
Claim 6,
further characterized in the provision that
said computer (210) is operable to append
5 control unit status information to all messages
from the terminal units (18) at the time that those
messages are transmitted from said control unit to
the reading contrél center (12).
8. A control unit (FIGS.3,4) as claimed in
Claim 6,
further characterized in the provision that
said computer (210) is operable in response
5 to a predetermined command from the reading control
center (12) for responding with a message to the
reading control center containing only control unit
status information but having the same format as
other ﬁessages transmitted to the reading control

10 center (12).
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9. An automatic meter reading éYstem (FIG.1) .
for reading the measurement of a commodity over a
power line incorporating a plurality of control
units as claimed in any one of the preceding claims
5 1,2,4,6,7, or 8,
further characterized in that the
system comprises arplurality of addressable
terminal units (18,FIG.l) connected ﬁo the power
line, each of said terminal units (18) being sub-
10 stantially instaneously responsive to commands
received theréby which éontain a recognizable
address to transmit messages representative of
measurement daté onto the power line; a reading
control center (12) having a common channel for
15 transmitting commands and receiving messages and
being operable to transmit commands each having at
least transmit and receive address fields which
identify at least one of said control units (14)
and further having an action field ideﬁtifying at
20 least one termihal unit; each of said controi
units (14) being connected to the common channel
of said reading control center (12) and to the

power line (24) for selectively transferring
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Claim 9 (continued)
commands and messages Between said reading control

25 center (12) and said terminal units (18), each of

said control units including,

communication means (204,FIG.3) for receiving
commands from said reading control unit (12) and
for communicating messages thereto,

30 address means (230,216) for providing transmif
and receive address signals representative of
transmit and receive addresses unigue to a control
unit,

means (in 210) for selectively comparing the

35 contents of the transmit and receive address fields
in commands received by said communication means
(204) with the transmit and receive address signals
provided by said address means (230,216), said
means for selectively comparing being operable to

40 generate a transmit enable signal when there is a
matching of the transmit address field contents
and transmit address signals and to generate a
receive enable signal when there is a match between
the receive address field contents and the receive

45 address signals to thereby selectively enable one

SUREAD
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Ciaim 9 (continued) s
control unit to transmit thé action field of the
received command to saidr terminal units (18) and
to receive messages from those terminal units (18)
responding to the action field of the command and
50 to transfer the received messages to said reading

control center (12).
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10. An automatic meter reading system as
claimed in Claim 9,
further characterized in the provision that
only one of said plurality of control units
5 (14) is operable upon the recognition of a match
between the transmit address field contents and
transmit address signals to generate a transmit
enable signal and to transmit commands to said
terminal units (18), and another one of-said
10 plurality of control units (14) is operable in
fesponse to a maﬁch between the receive address
field contents and the receive address signals to
generate a receive enablé signal and then to
receive the messages from said terminal units (18)
15 and to transmit those messages to said reading
control center (12).
11. A system as claimed in Claim 10,
further characterized in that
said plurality of control units (14)
comprises a set, and the system further includes
5 additional sets of said control units (14) con-
nected to the common channel of said reading

control center (12) and to the power line (24).
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12. A system as claimed in Claim 11,

further characterized in the provision that

one of said control units.(l4) in at least
one of the sets of control units is utilized only
for transmitting commands to said terminal units
(18) and the remainder of the control units (14)
in each set is utilized only for receiving and
transmitting messages from the associated terminal

units (18) to said reading control center (12 ).
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13. A system as claimed in any one of the
preceding claims 10, 11, or 12 comprising a
plurality of sepafate groups of terminal units (18)
with each group connected to a separate power line
5 (24), at least one of said control units (14) being
connected to each of said separate power lines to
serve a separate group of said terminal units (18),
and
further characterized in the provision that
10 said reading control center (12 ) is operable to
transmit commands at a first frequency on a common
channel and to simultaneocusly receive messages on
said common channel at a plurality of frequencies
which are different from said first frequency, said
15 control units (14) respectively serving said
different groups of terminal units (18) being
operable to receive commands from said reading
control center (12) at said first frequency and to
respond by sending messages to said reading control
20 center (12 ) on said common channel at different
ones of said different frequencies so as to
provide for simultaneous transmission of messages

to said reading control center (12).
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