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(57) ABSTRACT 

A wide area communications network communicating data 
from a plurality of network Service modules through a 
plurality of remote cell nodes and intermediate data termi 
nals to a central data terminal. The wide area communicates 
network collects network generated by a plurality of physi 
cal devices Such as gas, water or electricity meters, located 
within a geographical area. The wide area communications 
network is a layered network have a hierarchical commu 
nications topology. The central data terminal controls net 
work operation. Intelligence exists at all layers of the 
network, thereby easing the workload of the central data 
terminal. The intelligence attributed to each module is a 
function of the application of that module. 

AN 2O 

NFORMATION 

4. 

O O 

  



US 2003/0001754 A1 Jan. 2, 2003 Sheet 1 of 10 Patent Application Publication 

SWSN [] [] [] [] [] ?)} {R DE 

cae(/ 
SONV/WWOO 

  

  

  

  

  

  





Patent Application Publication Jan. 2, 2003 Sheet 3 of 10 US 2003/0001754 A1 

Fig. 4 
GROUP APPLICATION 

3LNG 1. BASIC MONTHLY BILLING (RES./COMMERICAL) 
1.2 TLME OF USE BILLING (RES./COMMERICAL) 
1.3 DEMAND BELLING (RES/COMMERCAL) 
1. CONSOLIDATED BLS FOR MUL-STECUSOMERS 

EG. BLLBOARO OPERATORS (COMMERICAL) 
1.5 PREPAYMENT CUSIOMER SUPPORT (RESIDENTAL) 

7. SPECIAL READS 2.1 CUSIOMER INGURLES (1-3 MONTH DALLY CONSUMPTION 
RECORDAYALLABLE FOREACH CUSTOMER) 

l.l GPENING ACCOUNTS (CURRENT READINGAYALABLE) 
2.3 CLOSING ACCOUNTS (CURRENT READING AWALABLE 
2. REFUND AUTHORLATION ON PREPAYMENTS 

3. UNAUTHORLED SERVICE USE SOURCE OF LOSSES 
3.2 METER IAMPER DELECTION AND MONTORING 
3.3 REVENUEDYERSON ESTMATION 

GRD STATUS 4.1 OISTRIBUTION GRD OUTAGE (FUSE, RECLOSER, 
SECTIONALLER, DSTRIBUTION TRANSFORMER) 

2 NVA. SERVCE LOSS 
4.3 RESTORATION NOTFICATION 

5. SERVICEQUALTY 5.1 OUTAGE INFORMATION 
5. YOTAGE ON LINES 

6. GRD CONFIGURATON 6. CAPACTOR BANK SWITCHENG 
MANAGEMENT 62 RANSFORMER OAO MANAGEMENT 

6.3 FEEDERLOAD MANAGEMENT 
6, SECONALLER CONTROL 

7. LOAD CONTROL 71 ALR CONDONERS 
7.2. WATER HEATERS 
7.3 POOPUMPIHEATERS 

8. SERVCE CONTROL 8. SERVCE CONNECT 
8.7 SERYLCE BLS CONNECT 
8.3 SERY CELEMATON 

9. LOAD SURVEY 9. 15 MENUE RESOLUTION LOAD SURVEY 

OSUB-SAON MONORNG 1G. TRANSFORMERS (TEMPERATURE YOLIAGE, DEMAND. ETC) 
SUB-SCADA AND SCADA O.7 OTHER 

1 to LOA CURTAMENT 11. G. RESOLUTION READING ON DEMAND 
MONITORNG AND 11.7 CENTRAL LED CONTROL FOR MULTIPLE-SIAE 
NOFCATION GEOGRAPHICAREAS 

11.3 CUSTOMER NOTFICATION (CRT, PAGE, RADIO) 

  



Patent Application Publication Jan. 2, 2003. Sheet 4 of 10 US 2003/0001754 A1 

LIGHT AP TO Fig. 5 
RECHARGE 
BATTERY to 
N SENSOR SUBSYSTEM OGAL CONTROL 

+3W SUBSYSTEM 
+3V 

243 T 242 -- 
23O -- 

- O 

24O REV SENSOR 

22O 

ROO. 
22 

RO3 STORAGE 
MEMORY 

24 

a/ CR . 
23 LT 23 3. -- 

3/ 
SENSOR 

232 222 

C. LP SN 66VER SENsor. 
ACOUSTC 
SENSOR 

MODULATON DEVICE 3.35 
25 O E-FIELD 
223- E-FIELD PRESENC 

322 SENSoHD 
H-FIELD 

MASNECD PRESENCE 
SENSOR 227 

TEMP. TEMP. 
226 snoRD 
228 BATTERY EVEL 

SENSOR 

DIRECT CONSUMPTION 
MONTOR 

A/D 
CONVERTER 

  

    

  

  



Patent Application Publication Jan. 2, 2003 Sheet 5 of 10 US 2003/0001754 A1 

272 

2Z-I-T-III 

  



Patent Application Publication 

ANY TAMPER FLAG 
REVERSE ROTAON 

E-FIELD 
H-FIELD 

; : ; TLT -128KWH 
; : COVER 236 

Jan. 2, 2003 Sheet 6 of 10 

Fig. 8 

O 
OKWH NCREMENTS 

238 

US 2003/0001754 A1 

+28KWH 
237 

bSUN APR 30 
MON 
'TUE 
WED 
PTHU 
FR 
bSAT 
SUN MAY O7 
DMON 
TUE 
oWED 
TH 
eFR 
SAT 
eSUN MAY, 
MON 

  



US 2003/0001754 A1 Jan. 2, 2003. Sheet 7 of 10 Patent Application Publication 

| 29 

º E 
}} 819 

229 

HELLIWSN WÄHL 

HOSS300}{c} 
  

    

  

    

  



US 2003/0001754 A1 Jan. 2, 2003 Sheet 8 of 10 

}}OSSIBOO}}d 

Patent Application Publication 

  





Patent Application Publication Jan. 2, 2003 Sheet 10 of 10 US 2003/0001754 A1 

DT RECEIVES 



US 2003/0001754 A1 

WIDE AREA COMMUNICATIONS NETWORK FOR 
REMOTE DATA GENERATING STATIONS 

RELATED PATENTS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 09/960,800, filed Sep. 21, 2001, entitled WIDE 
AREA COMMUNICATIONS NETWORK FOR REMOTE 
DATA GENERATING STATIONS, which is a continuation 
of Ser. No. 09/687,785, filed Oct. 13, 2000, entitled WIDE 
AREA COMMUNICATION NETWORK FOR REMOTE 
DATA GENERATING STATIONS, which is a continuation 
of U.S. application Ser. No. 09/296,359, filed Apr. 22, 1999, 
entitled WIDE AREA COMMUNICATIONS NETWORK 
FOR REMOTE DATA GENERATING STATION, now 
issued as U.S. Pat. No. 6,172,616, which is a continuation of 
U.S. application Ser. No. 08/454,678, filed May 31, 1995, 
entitled WIDE AREA COMMUNICATIONS NETWORK 
FOR REMOTE DATA GENERATING STATIONS, now 
issued as U.S. Pat. No. 5,963,146, which is a continuation of 
U.S. application Ser. No. 08/271.545, filed Jul. 7, 1994, 
entitled, RADIO COMMUNICATION NETWORK FOR 
REMOTE DATA GENERATING STATIONS, now issued 
as U.S. Pat. No. 5,553,094, which is a file wrapper continu 
ation application of U.S. application Ser. No. 08/124,495, 
filed Sep. 22, 1993 entitled RADIO COMMUNICATION 
NETWORK FOR REMOTE DATA GENERATING STA 
TIONS, which is a file wrapper continuation application of 
U.S. application Ser. No. 07/732,183, filed Jul. 19, 1991, 
entitled RADIO COMMUNICATION NETWORK FOR 
REMOTE DATA GENERATING STATIONS, which is a 
continuation-in-part of U.S. application Ser. No. 07/480, 
573, filed Feb. 15, 1990, now issued as U.S. Pat. No. 
5,056,107, which issued on Oct. 8, 1991, entitled RADIO 
COMMUNICATION NETWORK FOR REMOTE DATA 
GENERATING STATIONS. The benefit of the earlier filing 
dates of the parent patent applications is claimed pursuant to 
35 U.S.C. S. 120. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a communications net 
work for collecting data from remote data generating Sta 
tions, and more particularly a radio based System for Sending 
data from a plurality of network Service modules, with each 
network Service module attached to a meter, and communi 
cating through remote cell nodes and through intermediate 
data terminals, to a central data terminal. 

DESCRIPTION OF THE RELEVANT ART 

0003. Many attempts have been made in recent years to 
develop an automatic meter reading System for utility meters 
Such as used for electricity, gas and water, which avoids 
meter reading perSonnel inspecting and physically noting the 
meter readings. There are, of course, many reasons for 
attempting to develop a System of this type. 
0004 Most of the prior art systems have achieved little 
Success. The System, which has achieved Some Success or is 
most widely used has an automatic meter reading unit 
mounted on an existing meter at the usage Site and includes 
a relatively Small transmitter and receiver unit of very short 
range. The unit is polled on a regular basis by a traveling 
reading unit, which is carried around the various locations 
on a Suitable vehicle. The traveling reading unit polls each 
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automatic meter reading unit in turn to obtain Stored data. 
This approach is of limited value in that it requires trans 
porting the equipment around the various locations and, 
hence, only very infrequent, for example monthly, readings 
can be made. The approach avoids a meter reader perSon 
actually entering the premises to physically inspect the 
meter which is of itself of some value but only limited value. 
0005 Alternative proposals in which reading from a 
central location is carried out have been made but have 
achieved little Success. One proposal involves an arrange 
ment in which communication is carried out using the power 
transmission line of the electric utility. Communication is, 
therefore, carried out along the line and polls each remote 
reading unit in return. This device has encountered signifi 
cant technical difficulties. 

0006 Another alternative attempted to use the pre-exist 
ing telephone lines for communication. The telephone line 
proposal has a Significant disadvantage Since it must involve 
a number of other parties, in particular the telephone com 
pany, for implementing the System. The utility companies 
are reluctant to use a System which cannot be entirely 
controlled and managed by them. 
0007. A yet further system using radio communication 
has been developed by Data Beam, which was a subsidiary 
of Connecticut Natural Gas. This arrangement was devel 
oped approximately in 1986 and has Subsequently received 
little attention and it is believed that no installations are 
presently operative. The System includes a meter reading 
device mounted on the meter with a transmitting antenna 
which is separate from the meter reading device. The 
transmitting antenna is located on the building or other part 
of the installation Site which enables to the antenna to 
transmit over a relatively large distance. The System uses a 
number of receiving units with each arranged to receive data 
from a large number of transmitters, in the range of 10,000 
to 30,000. The transmitters, in order to achieve maximum 
range, are positioned to Some extent directionally or at least 
on a Suitable position of the building to transmit to the 
intended receiving Station. This arrangement leads to using 
a minimum number of receiving Stations for optimum cost 
efficiency. 

0008. The separate transmitter antenna, however, gener 
ated Significant installation problems due to wiring the 
antenna through the building to the transmitter and receiver. 
The anticipated high level of power used for transmitting 
involved very expensive battery Systems or very expensive 
wiring. The proposal to reduce the excessive cost was to 
share the transmission unit with Several utilities Serving the 
building So that the cost of the transmitter could be spread, 
for example, between three utilities Supplied to the building. 
Such installation requires Separate utility companies to 
cooperate in the installation. While this might be highly 
desirable, Such cooperation is difficult to achieve on a 
practical basis. 
0009. In order to avoid timing problems, the meter read 
ing units were arranged to communicate on a random time 
basis. However, the very large number, up to 30,000, of 
meter reading units reporting to a Single receiving Station, 
leads to a very high number of possible collisions between 
the randomly transmitted Signals. The System, therefore, as 
proposed, with daily or more often reporting Signals could 
lose as many as 20% to 50% of the signals transmitted due 
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to collisions or interference which leads to a very low 
efficiency data communication. The use of transmitters at the 
meter reading units which are of maximum power requires 
a larger interference protection radius between Systems 
using the same allocated frequency. 

0010. An alternative radio transmission network is 
known as ALOHA. ALOHA has a number of broadcasting 
Stations communicating with a Single receiving Station, with 
the broadcasting Stations transmitting at random intervals. In 
the ALOHA System, collisions occur So that messages are 
lost. The solution to this problem is to monitor the retrans 
mission of the information from the receiving Station So that 
each broadcasting Station is aware when its transmission has 
been lost. Each broadcasting Station is then programmed to 
retransmit the lost information after a predetermined gener 
ally pseudorandom period of time. The ALOHA system 
requires retransmission of the information from the receiv 
ing Station to take place Substantially immediately and 
requires each broadcasting Station to also have a receiving 
capability. 

0.011 Cellular telephone networks are implemented on a 
wide Scale. Cellular Systems, however, use and allocate 
different frequencies to different remote stations. While this 
is acceptable in a high margin use for voice communica 
tions, the costs and complications cannot be accepted in the 
relatively lower margin use for remote Station monitoring. 
The technology of cellular telephones leads to the perception 
in the art that devices of this type must use different 
frequency networks. 

0012 While theoretically automatic meter reading is 
highly desirable, it is, of course, highly price Sensitive and 
hence it is most important for any System to be adopted for 
the price per unit of particularly the large number of meter 
reading units to be kept to a minimum. The high cost of high 
power transmission devices, receiving devices, and battery 
Systems generally leads to a per unit cost which is unac 
ceptably high. 

OBJECTS OF THE INVENTION 

0013 A general object of the invention is a communica 
tions network for communicating data from a plurality of 
network Service modules to a central data terminal. 

0.014) Another object of the invention is a communica 
tions network which is Suitable for an automatic meter 
reading System. 

0.015 A further object of the invention is a communica 
tions network for collecting data from remote data generat 
ing Stations that is simple and economic to install and 
maintain. 

0016 A still further object of the invention is a commu 
nications network for collecting data from network Service 
modules that is spectrum efficient, and has inherent com 
munication redundancy to enhance reliability and reduce 
operating costs. 

0.017. An additional object of the invention is an open 
architecture communication network which accommodates 
new technology, and allows the network operator to Serve an 
arbitrarily large contiguous or non-contiguous geographic 
aca. 
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SUMMARY OF THE INVENTION 

0018. According to the present invention, as embodied 
and broadly described herein, a wide area communications 
network is provided for Sending data from a plurality of 
network Service modules to a central data terminal. The wide 
area communications network collects NSM data generated 
by a plurality of physical devices located within a geo 
graphical area. The physical devices may be, for example, a 
utility meter as used for electricity, gas or water. The wide 
area communications network comprises a plurality of net 
work Service modules, a plurality of remote cell nodes, a 
plurality of intermediate data terminals, and a central data 
terminal. Each network Service module is coupled to a 
respective physical device. 

0019. The network service module (NSM) includes 
NSM-receiver means, NSM-transmitter means, and NSM 
processor means, NSM-memory means and an antenna. The 
NSM-receiver means, which is optional, receives a com 
mand Signal at a first carrier frequency or a Second carrier 
frequency. In a preferred mode of operation, the NSM 
receiver means receives the command Signal on the first 
carrier frequency for Spectrum efficiency. The wide area 
communications network can operate using only a single 
carrier frequency, i.e., the first carrier frequency. The com 
mand signal allows the oscillator of the NSM-transmitting 
means to lock onto the frequency of the remote cell node, 
correcting for drift. Signaling data also may be sent from the 
remote cell node to the network Service module using the 
command Signal. 
0020. The NSM-processor means arranges data from the 
physical device into packets of data, transferS the data to the 
NSM-memory means, and uses the received command Sig 
nal for adjusting the first carrier frequency of the NSM 
transmitter. The NSM data may include meter readings, time 
of use and other information or Status from a plurality of 
sensors. The NSM-processor means, for all network service 
modules throughout a geographical area, can be pro 
grammed to read all the corresponding utility meters or other 
devices being serviced by the network service modules. The 
NSM-processor means also can be programmed to read peak 
consumption at predetermined intervals, Such as every 15 
minutes, throughout a time period, Such as a day. The 
NSM-memory means stores NSM data from the physical 
device. The NSM-processor means can be programmed to 
track and Store maximum and minimum Sensor readings or 
levels throughout the time period, Such as a day. 
0021. The NSM-transmitter means transmits at the first 
carrier frequency the respective NSM data from the physical 
device as an NSM-packet signal. The NSM-packet signal is 
transmitted at a time which is randomly or pseudorandomly 
Selected within a predetermined time period, i.e., using a 
one-way-random-acceSS protocol, by the NSM-processor 
means. The NSM-transmitter includes a synthesizer or 
equivalent circuitry for controlling its transmitter carrier 
frequency. The NSM-transmitter means is connected to the 
antenna for transmitting multi-directionally the NSM-packet 
Signals. 

0022. A plurality of remote cell nodes are located within 
the geographical area and are spaced approximately uni 
formly, Such that each network Service module is within a 
range of Several remote cell nodes, and So that each remote 
cell node can receive NSM-packet Signals from a plurality of 
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network service modules. The remote cell nodes preferably 
are spaced Such that each of the network Service modules 
can be received by at least two remote cell nodes. Each 
remote cell node (RCN) includes RCN-transmitter means, 
RCN-receiver means, RCN-memory means, RCN-processor 
means, and an antenna. The RCN-transmitter means trans 
mits at the first carrier frequency or the Second carrier 
frequency, the command Signal with Signaling data. Trans 
mitting a command Signal from the RCN-transmitter means 
is optional, and is used only if the NSM-receiver means is 
used at the network Service module as previously discussed. 

0023 The RCN-receiver means receives at the first car 
rier frequency a multiplicity of NSM-packet Signals trans 
mitted from a multiplicity of network service modules. Each 
of the NSM-packet signals typically are received at different 
points in time, Since they were transmitted at a time which 
was randomly or pseudorandomly Selected within the pre 
determined time period. The multiplicity of network service 
modules typically is a Subset of the plurality of network 
Service modules. The RCN-receiver means also receives 
polling Signals from the intermediate data terminal, and 
listens or eavesdrops on neighboring remote cell nodes when 
they are polled by the intermediate data terminal. 

0024. The RCN-memory means stores the received mul 
tiplicity of NSM-packet signals. The RCN-processor means 
collates the NSM-packet signals received from the network 
Service modules, identifies duplicates of NSM-packet Sig 
nals, and deletes the duplicate NSM-packet signals. When a 
polling Signal is Sent from an intermediate data terminal 
(IDT), the RCN-transmitter means transmits at the first 
carrier frequency the stored multiplicity of NSM-packet 
Signals as an RCN-packet Signal. 

0025. When a first remote cell node is polled with a first 
polling Signal by the intermediate data terminal, neighboring 
remote cell nodes receive the RCN-packet Signal transmitted 
by the first remote cell node. Upon receiving an acknowl 
edgment Signal from the intermediate data terminal, at the 
neighboring remote cell nodes, the respective RCN-proces 
Sor means deletes from the respective RCN-memory means 
messages, i.e., NSM-packet signals, received from the net 
work Service modules that have the same message identifi 
cation number as messages transmitted in the RCN-packet 
Signal from the first remote cell node to the intermediate data 
terminal. 

0026. The plurality of intermediate data terminals are 
located within the geographic area and are spaced to form a 
grid overlaying the geographic area. Each intermediate data 
terminal includes IDT-transmitter means, IDT-memory 
means, IDT processor means and IDT-receiver means. The 
IDT-transmitter means includes a Synthesizer or equivalent 
circuitry for controlling the carrier frequency, and allowing 
the IDT-transmitter means to change carrier frequency. The 
IDT-transmitter means transmits preferably at the first car 
rier frequency, or the Second carrier frequency, the first 
polling Signal using a first polling-access protocol to the 
plurality of remote cell nodes. When the first polling Signal 
is received by a remote cell node, that remote cell node 
responds by Sending the RCN-packet Signal to the interme 
diate data terminal which Sent the polling Signal. If the 
intermediate data terminal successfully receives the RCN 
packet-signal, then the IDT-transmitter means Sends an 
acknowledgment Signal to the remote cell node. 
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0027. The IDT-receiver means receives the RCN-packet 
Signal transmitted at the first carrier frequency from the 
remote cell node which was polled. Thus, after polling a 
plurality of remote cell nodes, the IDT-receiver means has 
received a plurality of RCN-packet Signals. 

0028. The IDT-memory means stores the received RCN 
packet signals. The IDT-processor means collates the NSM 
packet Signals embedded in the RCN-packet Signals 
received from the plurality of remote cell nodes, identifies 
duplicates of NSM-packet Signals and deletes the duplicate 
NSM-packet Signals, i.e., messages from network Service 
modules that have the same message identification number. 
In response to a Second polling Signal from a central data 
terminal, the IDT-transmitter means transmits a plurality of 
RCN-packet signals as an IDT-packet Signal to the central 
data terminal. 

0029. The central data terminal (CDT) includes CDT. 
transmitter means, CDT-receiver means, CDT-processor 
means and CDT-memory means. The CDT-transmitter 
means transmits Sequentially the Second polling Signal using 
a Second polling access protocol to each of the intermediate 
data terminals. The CDT-receiver means receives a plurality 
of IDT-packet Signals. The central data terminal, intermedi 
ate data terminals and the remote cell nodes may be coupled 
through radio channels, telephone channels, fiber optic chan 
nels, cable channels, or other communications medium. The 
CDT processor means decodes the plurality of IDT packet 
signals as a plurality of NSM data. The CDT processor 
means also identifies duplicates of NSM data and deletes the 
duplicate NSM data. The CDT-memory means stores the 
NSM data in a data base. 

0030 Additional objects and advantages of the invention 
will be set forth in part in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and advan 
tages of the invention also may be realized and attained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
preferred embodiments of the invention, and together with 
the description Serve to explain the principles of the inven 
tion. 

0032 FIG. 1 illustrates the hierarchial communications 
network topology; 

0033) 

0034) 

FIG. 2 is a network service module block diagram; 

FIG. 3 is a representative NSM-data packet; 

0035 FIG. 4 is a listing of representative applications 
Supported by the communications network, 

0036) 
module, 

FIG. 5 is a schematic diagram of a network service 

0037 FIG. 6 shows a front elevation view of an elec 
tricity utility meter with a detection unit; 

0038 FIG. 7 shows a bottom plan view of the electricity 
utility meter; 
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0039 FIG. 8 is an illustration of a typical printout of 
information obtained by the network service module of FIG. 
1; 
0040 FIG. 9 is a remote cell node block diagram; 
0041 FIG. 10 is an intermediate data terminal block 
diagram; 

0.042 FIG. 11 is a central data terminal block diagram; 
0.043 FIG. 12 shows the configuration of the communi 
cations network for Serving widely Separated geographic 
areas, and 
0044 FIG. 13 illustrates a typical communications net 
work with gradual growth in the number of areas Served. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.045 Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals indicate like elements throughout the 
Several views. 

0.046 A wide area communications network communi 
cates data from a plurality of network Service modules to a 
central data terminal. The wide area communications net 
work collects NSM data generated by a plurality of physical 
devices located within a geographical area. The wide area 
communications network, as illustratively shown in FIG. 1, 
is a layered network having a hierarchial communications 
topology comprising a plurality of network Service modules 
110, a plurality of remote cell nodes 112, a plurality of 
intermediate data terminals 114, and a central data terminal 
120. The physical devices may be, for example, a utility 
meter as used for electricity, gas or water. 
0047 The central data terminal controls network opera 
tion. Intelligence exists at all layers of the network, thereby 
easing the workload of the central data terminal. The intel 
ligence attributed to each module is a function of the 
application of that module. 

Network Service Module 

0.048 Information is acquired at the lowest level of the 
wide area communications network of FIG. 1, and the 
network service module 110 performs the data acquisition 
functions. Network Service modules 110 include meter Ser 
Vice modules for electricity, gas and water, a Service dis 
connect module, a load management module, an alarm 
monitoring module, or any other module that can be used 
with the wide area communications network. 

0049. The network service modules 110 are linked to the 
wide area communications network via high frequency radio 
channels, typically in the 928 MHZ-952 MHz band, as well 
as related frequencies in the 902 MHZ-912 MHZ, and 918 
MHz -928 MHz bands. Radio channels in these bands are 
the preferred communications medium because use of radio 
communications eliminates the need for physical connec 
tions to the Service modules which drastically reduces 
installation costs compared to other communication media 
Such as telephone, cable networks and power line carriers. 
Also, operation in the high frequency bands permits the use 
of Small antennas So that retrofitting Standard watt hour 
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meters is simplified. Radio communication channels in other 
bands may work equally as well, however. 
0050. In the exemplary arrangement shown in FIG. 2, the 
network service module (NSM) 110 includes NSM-receiver 
means, NSM-transmitter means, NSM-processor means, 
NSM-memory means, and an NSM antenna 322. The NSM 
transmitter means and the NSM-receiver means are coupled 
to the NSM antenna 322. The NSM-processor means is 
coupled to the NSM-transmitter means, NSM-receiver 
means, NSM-memory means, and the physical device. The 
physical device is shown as basic 320 and other sensors 322, 
and application control interface 324. The network Service 
module also includes an AC power Supply 310 and a back-up 
battery power supply 312. 

0051) The NSM-receiver means is embodied as an NSM 
receiver 316, and is optional. If an NSM receiver 316 is 
included with the network Service module, then the NSM 
receiver 316 can be used for receiving a command Signal, 
which includes signaling data. The command Signal can be 
transmitted at either a first carrier frequency or a Second 
carrier frequency. Normally, the first carrier frequency is 
used by the NSM-transmitter means for transmitting to a 
remote cell node. In a preferred embodiment, the NSM 
receiver 316 receives the command Signal on the first carrier 
frequency for Spectrum efficiency. Thus, the wide area 
communications network can operate using only a single 
carrier frequency, i.e., the first carrier frequency. The com 
mand Signal can provide a time reference for updating a 
local clock, and Serve as a frequency reference to the 
network Service module. Signaling data, Such as manage 
Service disconnect or control loads, also may be sent from 
the remote cell node to the network Service module using the 
command signal. While the network service modules could 
be polled by the command Signal, in general, Such polling is 
not required and preferably not used with the present inven 
tion. 

0052 The NSM-processor means, which is embodied as 
an NSM controller 314, arranges data from the physical 
device into packets of data, and transferS the data to the 
NSM-memory means which is embodied as an NSM 
memory 315. The NSM controller 314 may be a micropro 
ceSSor or equivalent circuit for performing the required 
functions. The NSM controller 314 uses the received com 
mand Signal for adjusting and Setting the first carrier fre 
quency of the NSM transmitter. The NSM data may include 
meter readings, time of use and other information or Status 
from a plurality of sensors. The NSM controllers 314, for 
each network Service module throughout a geographical 
area, can be programmed to read all the corresponding utility 
meters or other devices being Serviced by the network 
service module, respectively. The NSM controller 314 can 
be programmed to read peak consumption at predetermined 
intervals, Such as every 15 minutes, throughout a time 
period, such as a day. The NSM controller 314 also can be 
programmed to track and Store maximum and minimum 
Sensor readings or levels throughout the time period, Such as 
a day. 

0053) The NSM memory 315 stores NSM data from the 
physical device. NSM data may include meter reading data 
and time of use (TOU) and other information or status from 
a plurality of sensors. The NSM memory 315 may be 
random access memory (RAM) or any type of magnetic 
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media or other memory Storage devices known in the art. 
The NSM controller 314 uses the received command signal 
for adjusting the first carrier frequency of the NSM trans 
mitter 318. 

0.054 The NSM-transmitter means is embodied as an 
NSM transmitter 318. The NSM transmitter 318 transmits at 
a first carrier frequency the respective NSM data from the 
physical device in brief message packets called an NSM 
packet Signal. The NSM-packet Signal might have a time 
duration of 100 milliseconds, although any time duration 
can be used to meet particular System requirements. The 
NSM-packet signal transmitted by the NSM transmitter 318 
follows a generic or fixed format, and a representative 
message packet is illustrated in FIG. 3. Included in the 
message is: preamble, opening frame, message type; mes 
Sage identification; Service module type; message number; 
Service module address, data field; error detection; and 
closing frame. 
0055. The NSM transmitter 318 is connected to an NSM 
antenna 322 for transmitting multi-directionally the NSM 
packet signals. The NSM transmitter 318 includes a synthe 
sizer or equivalent circuitry for controlling its transmitter 
carrier frequency and Schedule. 
0056. The NSM-packet signal is transmitted at a time 
which is randomly or pseudorandomly Selected within a 
predetermined time period, i.e., using a one-way-random 
access protocol, by the NSM-processor means. In order to 
Simplify network operation and reduce costs, the wide area 
communications network does not poll individual network 
Service modules. Rather, each network Service module 
reports autonomously at a rate appropriate for the applica 
tion being Supported. Routine reports are therefore trans 
mitted randomly or pseudorandomly at fixed average inter 
vals, while alarm Signals are transmitted immediately 
following detection of alarm conditions. Alarm Signals may 
be transmitted several times with random delays. This 
avoids interference among alarm messages if many alarms 
occur Simultaneously, as in an area-wide power outage. 
0057. As an alternative arrangement, the network service 
module may be programmed to transmit three different types 
of messages at different intervals. The first type of message 
can relate to the accumulated usage information. The Second 
type of message can relate to an alarm condition which is 
basically transmitted immediately. The alarm conditions that 
occur might relate to a tamper action or to the absence of 
electrical voltage indicative of a power failure. The third 
type of information which may be transmitted less fre 
quently can relate to the housekeeping information. 
0.058 After preparing the packet of data for transmission, 
the controller 314 is arranged to hold the data packet for a 
random period of time. This random period can be calcu 
lated using various randomizing techniques including, for 
example, a pSuedo-random Sequence followed, for example, 
by an actual random calculation based upon the rotation of 
the metering disk at any particular instant. In this way each 
of the network Service modules is arranged to transmit at a 
random time. The controller 314 is arranged so that the 
transmission does not occur within a particular predeter 
mined quiet time So that none of the network Service 
modules is allowed to transmit during this quiet time. This 
quiet time could be set as one hour in every eight hour 
period. In this way after an eight hour period has elapsed, 
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each of the network Service modules would transmit at a 
random time during the Subsequent Seven hours followed by 
a quiet one hour. 
0059 Network capacity or throughput is limited by the 
probability of message collisions at each remote cell node 
112. Because all network service modules 110 share a single 
carrier channel and transmit at random times, it is possible 
for several network service modules 110 within a range of a 
particular remote cell node 112 to transmit Simultaneously 
and to collide at the remote cell node. If the received signal 
levels are comparable, the overlapping messages will mutu 
ally interfere, causing receive errors and both messages will 
be lost. However, if one Signal is Substantially stronger than 
the other, the Stronger Signal will be Successfully received. 
Moreover, Since both Signals are received by at least two and 
preferably four of the remote cell nodes, the probability of 
both messages being received is fairly high unless the 
network Service modules are in close Spatial proximity. 
During an interval T, each transmitter within a cell Surround 
ing a single remote cell node Sends a Single randomly timed 
message of duration M to Several potential receive Stations. 

0060 N=no. of transmitters/cell 
0061 M=message duration (seconds) 
0062 T=message interval 

0063 P=probability of collision 

0064) P=probability of no collision 

0065. Once any Transmitter, T, starts transmitting the 
probability that another particular transmitter, T, will com 
plete or Start another transmission is 

2 

0066. The probability that there will be no collision is 1 

0067. If there are N-1 other transmitters the probability 
of no collision, P., is given by 

0068 For large N. 

0069. For a given Transmitter, T, the probability of a 
collision occurring during the interval T is 
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P =1--1-(i- 
0070 The probability of collisions occurring on succes 
Sive tries is 

P=(P)^n 
0.071) For M=0.3 Sec T=8 hrs.-28.8x10 secs. 

2M)) P = ( - 2 1 - 2.08x10 = (.999979) 

N Ps Pc1 Pc2 PC3 

1OO 9979 OO21 4 x 10 8 x 10 
2OO 9958 OO42 1.6 x 10 6.4 x 10 
500 9896 O104 10-4 1O-6 

1,000 97.94 O2O6 4 x 10 8 x 10 
2,000 95.91 O41 1.6 x 10 6.8 x 10 
5,000 9010 O99 9.8 x 10 9.7 x 10 

10,000 811 189 3.5 x 102 6.7 x 10 

0.072 From the viewpoint of a remote cell node, the 
number of transmitters, N, whose signal level exceeds the 
receiver noise level and can, therefore, be received reliably 
depends on: 

0073 (a) the density of transmitters; 
0.074 (b) transmit power level; 
0075 (c) propagation pathloss; 
0076 (d) background noise. 

0.077 Propagation pathloss is highly variable due to 
attenuation, reflection, refraction and Scattering phenomena 
which are a function of terrain, building Structures, and 
antenna location. Some of these parameters can even vary on 
a diurnal and Seasonal basis. 

0078. In estimating network performance however, the 
Simple message collision model is not completely accurate 
because: 

0079 1. random noise bursts from various sources 
can obscure messages which do not collide, 

0080 2. Some colliding message signals will be of 
Sufficiently different amplitude that the Stronger Sig 
nal will still be received correctly. 

0081. A statistical model can be developed to provide 
data by which determination can be made of the best 
location and number of remote cell nodes for a particular 
geographical location. Thus, the model can include data 
relating to house density the N- value defmed above relating 
to the attenuation of the Signal, the location and presence of 
treeS. 

0082 FIG. 4 is an illustrative listing of applications 
supported by the network service module within the wide 
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area communications network. The following is a detailed 
discussion of the electricity meter application. 

Network Service Module with an Electricity Meter 
0083) A network service module 110 schematically is 
shown in FIG. 5 and is mounted in a suitable housing 211 
illustrated in FIGS. 6 and 7 with the housing including 
Suitable mounting arrangement for attachment of the hous 
ing into the interior of a conventional electricity meter 212. 
Each network Service module is coupled to a respective 
physical device. In FIG. 6, the physical device is an elec 
tricity meter 212. 
0084) Referring to FIGS.5, 6, and 7, the electricity meter 
212 includes an Outer casing 213 which is generally trans 
parent. Within the casing is provided the meter System which 
includes a disk 214 which rotates about a vertical axis and 
is driven at a rate dependent upon the current drawn to the 
facility. The numbers of turns of the disk 214 are counted by 
a counting System including mechanical dials 215. The 
meter is of conventional construction and various different 
designs are well known in the art. 
0085. An antenna 217 is mounted on a bracket 216 
carried on the housing inside the cover 213. The antenna 
217, as shown, is arc-shaped extending around the periphery 
of the front face. Other antenna configurations are possible. 
0086). As illustrated in FIG. 6, the antenna 217 is 
mounted within the cover 213 of the meter. Thus the NSM 
antenna 217 is mounted on the Support structure itself of the 
network service module 110. This enables the network 
service module 110 to be manufactured relatively cheaply as 
an integral device which can be installed Simply in one 
action. However, this provides an NSM antenna 217 which 
can transmit only relatively short distances. In addition, the 
power level is maintained in relatively low value of the order 
of 10-100 milliwatts, the energy for which can be provided 
by a Smaller battery System which is relatively inexpensive. 
An NSM antenna 217 of this type transmitting at the above 
power level would have a range of the order of one to two 
kilometers. 

0087. The network service module 110 is in a sealed 
housing which prevents tampering with the Sensors, micro 
processor 220, and memory 221 located within the housing 
211. 

0088 Turning now to FIG. 5, the network service mod 
ule optionally may include a detection device which uses the 
microprocessor 220 which has associated therewith a Stor 
age memory 221. An essential Sensor is for meter reading, 
for measuring the amount of electricity, amount of water, or 
amount of gas consumed. Such a Sensor alleviates having a 
meter reader perSon by allowing the System to automatically 
report the amount of usage of the physical device. 
0089 Any number of sensors may be provided for detec 
tion of tampering events with the network Service module of 
the present invention, and the Sensors may be adapted for 
electricity, gas, water, or other applications. For the most 
part, information reported by the various Sensors would be 
considered low data rate. The wide area communications 
network Supports distributed automation functions including 
basic meter reading, time of use meter reading, Service 
connect, and disconnect operations, alarm reporting, theft of 
Service reporting, load research, residential load control, 



US 2003/0001754 A1 

commercial and industrial load curtailment, and distributed 
Supervisory control and data acquisition (SCADA). Further 
more, the wide area communications network is readily 
expandable to Support new applications as they are devel 
oped. 
0090 While the emphasis, by way of example, is auto 
matic meter reading and on measuring time of use of an 
electricity meter, other functions Such as 15-minute peak 
consumption recording, line power monitoring, i.e., Outage 
and restoration, tamper Sensing and timekeeping are Sup 
ported. 
0.091 The following is a representative listing of possible 
Sensors that may be used with the network Service module 
of the present invention. Each Sensor is optional, and to a 
perSon Skilled in the art, variants may be added to the 
network service module of the present invention. For 
example, FIG. 6 illustratively shows a temperature sensor 
227 and a battery sensor 228; however, each sensor 227, 228 
may be substituted by or may be in addition to other possible 
Sensors from the following representative listing of Sensors. 
0092 (a) A tilt sensor 222 detects movement of the 
housing through an angle greater than a predetermined angle 
So that once the device is installed indication can be made if 
the device is removed or if the meter is removed from its 
normal orientation. 

0093 (b) A field sensor 223 detects the presence of an 
electric field. Unless there is power failure, the electric field 
Sensor should continue to detect the presence of an electric 
field unless the meter is removed from the system. 
0094) (c) An acoustic sensor 224 detects sound. The 
sounds detected are transmitted through a filter 225 which is 
arranged to filter by analog or digital techniques the Sound 
Signal So as to allow to pass through only those Sounds 
which have been determined by previous experimentation to 
relate to cutting or drilling action particularly on the cover. 
0.095 (d) A magnetic sensor 226 detects the presence of 
a magnetic field. A magnetic field is generated by the coils 
driving the disk 214 so that magnetic fields should always be 
present unless the meter has been by-passed or removed. AS 
is well known, the rate of rotation of the disk is dependent 
upon the magnetic field and, therefore, this rate of rotation 
can be varied by changing the magnetic field by applying a 
permanent or electromagnet in the area of the meter to vary 
the magnetic field. The Sensor 226 is, therefore, responsive 
to variations in the magnetic field greater than a predeter 
mined amount So as to indicate that an attempt has been 
made to vary the magnetic field adjacent the disk to slow 
down the rotation of the disk. 

0096 (e) A heat sensor 227 detects temperature so that 
the temperature associated with a particular time period can 
be recorded. A battery level sensor is indicated at 228. The 
sensors 226, 227, and 228 communicate information 
through analog digital converter 328 to the microprocessor 
220. The information from sensors 227 and 228 can be 
communicated to provide “housekeeping Status of the 
operation of the unit. The temperature sensor 227 can be 
omitted, if required, and this information replaced by infor 
mation gained from a public weather information Source. In 
Some cases the meter is located inside the building and hence 
the temperature will remain Substantially constant whereas 
the outside temperature is well known to vary consumption 
quite dramatically. 
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0097 (f) A consumption sensor comprises a direct con 
Sumption monitor 229 which can be of a very simple 
construction Since it is not intended to act as an accurate 
measure of the consumption of the electricity used. The 
direct consumption monitor 229 can, therefore, Simply be a 
device which detects the value of the magnetic field gener 
ated on the assumption this is proportional to the current 
drawn. The direct consumption value obtained can then be 
competed with a measurement of the consumption as 
recorded by the rotation of the disk 214. In the event that the 
direct consumption monitor 229 provides a sum of the 
consumption over a time period which is different from the 
consumption measured by rotation of the disk 214 by an 
amount greater than a predetermined proportion then the 
direct consumption monitor can be used to provide a tamper 
Signal. This would be indicative, for example, of a mechani 
cal tag applied to the disk to reduce recorded consumption. 

0098 (g) A reverse sensor 230, discussed in more detail 
hereinafter, detects reverse rotation of the disk 214 and 
provides an input to the microprocessor on detection of Such 
an eVent. 

0099 (h) A cover sensor 231 is used to detect the con 
tinual presence of the cover 213. The cover Sensor comprises 
a light emitting diode (LED) 232 which generates a light 
beam which is then reflected to a photo diode 233. The 
absence of the reflected beam at the photo diode 233 is 
detected and transmitted as a tamper Signal to the micro 
processor. The reflected beam is generated by a reflective 
Strip 234 applied on the inside Surface of the cover adjacent 
the diode 232 as shown in FIG. 6. 

0100. The above sensors thus act to detect various tam 
pering events So that the presence of Such tampering events 
can be recorded in the Storage memory 221 under the control 
of the microprocessor 220. 

0101 The microprocessor 220 also includes a clock 
signal generator 335 so that the microprocessor 220 can 
create a plurality of time periods arranged Sequentially and 
each of a predetermined length. In the example of the 
present invention shown, the time periods are eight hours in 
length and the microprocessor 220 is arranged to record in 
each eight hour period the presence of a tamper event from 
one or more of the tamper Signals. 
0102) As shown in FIG. 8 the series of the predetermined 
time periods is recorded with the Series allocated against 
Specific dates and each eight hour period within the day 
concerned having a separate recording location within the 
storage memory 221. One such series is shown in FIG. 8 
where a number of tampering events 236 are indicated. The 
print-out thus indicates when any tampering event 236 has 
occurred and in addition then identifies which type of 
tampering event has taken place. 

0103) The rotation of the disk 214 also is detected to 
accurately record the number of rotations of the disk both in 
a forward and in a reverse direction. In FIG. 8, a table 237 
shows in graphical form the amount of rotation of a disk 
recorded in eight hour periods as previously described. For 
one period of time the disk is shown to rotate in a reverse 
direction 238. Whenever the disk rotates in a reverse direc 
tion, the reverse rotation Subtracts from the number of turns 
counted on the conventional recording System 215 shown in 
F.G. 6. 
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0104. As shown in FIGS. 6 and 7, detection of the 
rotation of the disk is carried out by the provision of a dark 
segment 239 formed on the undersurface of the disk leaving 
the remainder of the disk as a reflective or white material. 
The detection System thus provides a pair of light emitting 
diodes 240, 241 which are positioned on the housing so as 
to direct light onto the underside of the disk. The light 
emitting diodes 240, 241 are angularly Spaced around the 
disk. The diodes are associated with the photo diodes 242, 
243 which receive light when the disk is positioned so that 
the light from the associated light emitting diode 240, 241 
falls upon the reflective part of the disk and that light is cut 
off when the dark part of the disk 214 reaches the requisite 
location. Basically, therefore, one of the pairs of light 
emitting diodes 240, 241 and photo diodes 242, 243 is used 
to detect the passage of the dark Segment, that is of course, 
one rotation of the disk. The direction of rotation is then 
detected by checking with the other of the pairs as the dark 
Segment reaches the first of the pairs as to whether the 
Second pair is also Seeing the dark Segment or whether it is 
Seeing the reflective part. Provided the Sensors are properly 
Spaced in relation to the dimension of the Segment, there 
fore, this indicates the direction which the disk rotated to 
reach the position which is detected by the first pair of 
diodes. 

0105. In order to conserve energy, the sensors are prima 
rily in a Sampling mode using an adaptive Sensing rate 
algorithm. In one example, the dark or non-reflective Seg 
ment is 108 of arc and there is provided a 50 displacement 
between the Sensors. In a practical example of a conven 
tional meter, the maximum rotation rate is of the order of 2 
rps. A basic Sample interval can be Selected at 125 m/sec, 
Short enough to ensure at least one dark Sample is obtained 
from the dark Segment. In operation, only the first pair of 
Sensors is Sampled continuously. When a dark response is 
observed, a Second confirming Sample is obtained and the 
Sample rate increased to 16 pps. AS Soon as a light Segment 
of the disk is Sensed, the Second Sensor is Sampled. The 
Second Sensor Still Sees the dark Segment then cw rotation is 
confirmed while if a light Segment is observed then ccw 
rotation is indicated. 

0106. At slower speeds, the algorithm results in a sample 
rate of 8 pps for 70% of a rotation and 16 pps for 30% of a 
rotation for the first pair of Sensors plus two Samples for 
direction Sensing for the Second pair. For an annual average 
consumption of 12,000 kWh, the disk rotates approximately 
1.6 million times. 

0107. In order to sense the presence of stray light which 
could interfere with measurements, the photo diode output is 
sampled immediately before and immediately after the LED 
is activated. If light is sensed with the LED off, and stray 
light is indicated an alarm may be initiated after confirming 
test. The latter may include a test of other Sensors Such as the 
optical communication port Sensor discussed hereinafter. 

0108) As shown in FIG. 5, communication from the 
meter reading unit is carried out by radio transmission from 
the microprocessor 220 through a modulation device 250 
which connects to the antenna 322. The transmission of the 
Signal is carried under control of the microprocessor 220. 
Modulation carried out by the modulation device 250 can be 
of a Suitable type including, for example, phase modulation 
using phase shift keying (PSK) such as binary PSK (BPSK), 
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frequency modulation using frequency shift keying (FSK), 
Such as, for example, binary FSK, or Spread spectrum 
modulation in which the Signals are modulated onto a 
number of Separate frequencies at timed intervals So that no 
Single frequency channel is used. This allows the System to 
be used without the allocation of a dedicated frequency So 
that the Signal appears merely as noise to receivers which do 
not have access to the decoding algorithm by which the 
Signal can be recovered from the different frequencies on 
which it is transmitted. 

Remote Cell Node 

0109) A plurality of remote cell nodes 112 are located 
within the geographical area and are spaced approximately 
uniformly and such that each network service module 110 is 
within a range of Several remote cell nodes 112 to provide 
overlapping coverage. The remote cell nodes 112 typically 
might be spaced at 0.5 mile intervals on utility poles or light 
Standards. Each remote cell node 112 provides coverage 
over a limited area much like the cell in a cellular telephone 
network. Remote cell nodes 112 preferably are spaced to 
provide Overlapping coverage So that, on an average, each 
NSM-packet signal transmitted by a network service module 
110 is received by three or four remote cell nodes 112, even 
in the presence of temporary fading. As a consequence, 
erection of a tall building near a network service module 110 
has little or no effect on message reception, nor does the 
failure of a remote cell node 112 result in loss of NSM 
packet signals or NSM data. 

0110. As illustratively shown in FIG.9, each remote cell 
node (RCN) 112 of FIG. 1 includes RCN-transmitter means, 
RCN-receiver means, RCN-memory means, RCN-processor 
means and an RCN antenna 422. The RCN-transmitter 
means, RCN-receiver means, RCN-memory means and 
RCN-processor means may be embodied as an RCN trans 
mitter 418, RCN receiver 416, RCN memory 415 and RCN 
processor 414, respectively. The RCN transmitter 418 and 
the RCN receiver 416 are coupled to the RCN antenna 422. 
The RCN processor 414 is coupled to the RCN transmitter 
418, RCN receiver 416, and RCN memory 415. 

0111. The RCN transmitter 418, under the control of the 
RCN processor 414, transmits at the first carrier frequency 
or the Second carrier frequency a command Signal. The 
choice of frequency depends on which frequency is being 
used for the NSM receiver 316 at each of the plurality of 
network service modules 110. Transmitting a command 
signal from the RCN transmitter is optional, and is used if 
the NSM receiver 316 is used at the network Service module 
110. The command Signal can include Signaling data being 
Sent to network Service modules 110. The Signaling data may 
require the network service module 110 to transmit status or 
other data; Set reporting time period, e.g., from an eight hour 
period to a four hour period; and any other command, 
control or “housekeeping jobs as required. 

0112 The RCN receiver 416 receives at the first carrier 
frequency a multiplicity of NSM-packet Signals transmitted 
from a multiplicity of network service modules 110. Each of 
the multiplicity of NSM-packet signals typically are 
received at different points in time, Since they are transmit 
ted at a time which is randomly or pseudorandomly Selected 
within the predetermined time period. The multiplicity of 
network service modules 110 usually is a subset of the 
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plurality of network service modules 110. Received NSM 
packet Signals are time Stamped by the RCN processor 414 
and temporarily stored in the RCN memory 415 before 
being transmitted to the next higher network level. The RCN 
receiver 416 also receives polling Signals from the interme 
diate data terminal, and listens or eavesdrops on neighboring 
remote cell nodes when they are polled by the intermediate 
data terminal. 

0113. The RCN processor 414 collates the NSM-packet 
Signals received from the network Service modules, identi 
fies duplicates of NSM-packet signals and deletes the dupli 
cate NSM-packet signals. The RCN processor 414 controls 
the RCN transmitter 418 and RCN receiver 416. The RCN 
memory 415 stores the received multiplicity of NSM-packet 
Signals. Thus each remote cell node 112 receives, decodes 
and stores in RCN memory 415 each of these NSM-packet 
signals as received from the network service modules 110. 
0114. The remote cell node comprises simply a suitable 
resistant casing which can be mounted upon a building, lamp 
Standard, or utility pole at a Suitable location in the district 
concerned. The remote cell node can be battery powered 
with a simple omni-directional antenna as an integral part of 
the housing or Supported thereon. 
0115) Information accumulated at remote cell nodes 112 
periodically is forwarded via a polled radio communications 
link to a higher level network node, as illustrated in FIG. 1, 
termed an intermediate data terminal 114. The intermediate 
data terminals 114 are spaced typically at 4 mile intervals 
and can be conveniently sited at Substations, providing 
coverage for up to 100 cells. Remote cell nodes also receive 
timing information and command Signals from intermediate 
data terminals. 

0116. When a polling signal is sent from an intermediate 
data terminal 114, the RCN transmitter 418 transmits at the 
first carrier frequency the stored multiplicity of NSM-packet 
Signals as an RCN-packet Signal to the intermediate data 
terminal 114. 

0117. When a first remote cell node is polled with a first 
polling Signal by the intermediate data terminal, neighboring 
remote cell nodes 112 receive the RCN-packet signal trans 
mitted by the first remote cell node. Upon receiving an 
acknowledgment Signal from the intermediate data terminal 
that polled the first remote cell node, at the neighboring 
remote cell nodes 112, the respective RCN processor deletes 
from the respective RCN memory messages from the net 
work Service modules that have the same message identifi 
cation number as messages transmitted in the RCN-packet 
Signal from the first remote cell node to the intermediate data 
terminal. The message identification number is illustrated in 
a typical NSM-data packet in FIG. 3. 
0118 FIG. 1 illustrates a plurality of the network service 
modules 110. The network Service modules 110 are set out 
in a pattern acroSS the ground which is dependent upon the 
positions of the utility usage which generally does not have 
any particular pattern and the density will vary Significantly 
for different locations. 

0119) The remote cell nodes 112 are arranged in an array 
with the spacing between the remote cell nodes 112 relative 
to the network service modules 110 So that each remote cell 
node 112 can transmit to at least two and preferably four of 
the remote cell nodes 112. Thus, the remote cell TO nodes 
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112 are provided in Significantly larger numbers than is 
absolutely necessary for each network service module 110 to 
be received by a respective one of the remote cell nodes 112. 
The remote cell nodes 112 theoretically receive high levels 
of duplicate information. In a normal residential situation, 
the location of the remote cell nodes 112, so that each 
network service module 110 can be received by four such 
remote cell nodes 112, would lead to an array in which each 
remote cell node 112 would be responsive to approximately 
1,000 of the network Service modules 110. 
0120 Each of the network service modules 110 is 
arranged to calculate an accumulated value of utility usage 
for a Set period of time which in the example shown is eight 
hours. Subsequent to the eight hour period, the NSM con 
troller 314 prepares to transmit the information in a packet 
of data as an NSM-packet Signal. The packet of data 
includes: 

0121 (a) The total of usage during the set period, 
i.e., eight hours. 

0122 (b) The accumulated total usage stored in the 
NSM memory 315 to date. The transmission of this 
information ensures that even if a message is lost So 
that the total for one of the time periods is not 
communicated to the central data terminal, the cen 
tral data terminal 120 can recalculate the amount in 
the missing time periods from the updated accumu 
lated total. 

0123 (c) Some or all of the tamper signals defined 
above. 

0124 (d) The time of transmission. 
0.125 (e) A message number So that the messages 
are numbered Sequentially. In this way, again the 
remote cell node 112 can determine whether a mes 
Sage has been lost or whether the information 
received is merely a duplicate message from a dupli 
cate one of the receiving Stations. 

0126 (f) “Housekeeping information” concerning 
the status of the network Service module 110, for 
example, the temperature and the battery level indi 
cator Sensor values. 

0127. When information is received at the remote cell 
node 112, the RCN controller 414 acts to store the infor 
mation received in the RCN memory 415 and then to 
analyze the information. The first Step in the analysis is to 
extract from the received messages the identification code 
relating to the respective network service module 110. The 
information relating to that network service module 110 is 
introduced into a RCN memory register relating to that 
network service module 110 to update the information 
already Stored. 
0128. One technique for avoiding transmission of dupli 
cate information from the remote cell nodes 112 to the 
intermediate data terminal 114 can be used in which each 
remote cell node 112 monitors the transmissions of the other 
remote cell nodes 112. When the signals are monitored, the 
information transmitted is compared with information Stored 
in any other remote cell node 112 doing the monitoring, and 
if any information is found in the memory of the remote cell 
node 112 which is redundant, that information is then 
canceled. In this way when very high levels of redundancy 
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are used, the time for transmission from the remote cell node 
112 to the intermediate data terminal is not significantly 
increased. 

0129. In addition to the transmission periodically of the 
usage data, each network Service module 110 can be 
arranged to transmit an alarm Signal upon detection of the 
removal of the electric Voltage. The transmission of the 
alarm Signal can be delayed by a short random period of time 
So that if the loss of the Voltage is due to a power outage 
covering a number of locations all signals are not received 
at the same time. The remote cell nodes 112 and intermediate 
data terminals 114 also can be programmed to retransmit 
Such alarm Signals immediately. In this way, the central data 
terminal 120 has immediate information concerning any 
power outages including the area concerned. This can, of 
course, enable more rapid repair functions to be initiated. 
0130. Furthermore, the remote cell nodes 112 can be 
arranged to transmit control Signals for operating equipment 
within the premises in which the network service module 
110 is located. The remote cell nodes 112 are necessarily 
arranged in a Suitable array to transmit Such information So 
that it is received in each of the premises concerned using 
again relatively low transmission power and using the 
equipment provided for the meter reading System. This 
transmission capability can be used to control, for example, 
radio controlled Switches within the premises of relatively 
high power equipment for load Shedding at peak periods. In 
Similar arrangements the network Service module 110 may 
include a receiving facility to enable detection of Signals 
transmitted by the remote cell nodes 112. In one example, 
these signals may relate to Synchronizing Signals So that 
each of the network service modules 110 is exactly synchro 
nized in time with the remote cell node 112 and/or interme 
diate data terminal 114 and central data terminal 120. This 
exact Synchronization can be used for accurately detecting 
usage during Specific time periods So that the utility may 
charge different rates for usage during different time periods 
for the purpose of particularly encouraging use at non-peak 
times again for load Shedding purposes. 
0131 The attenuation of a radio signal is proportional to 
the inverse of the distance from the source to the power N. 
In free Space, N is equal to 2. In more practical examples 
where buildings, trees, and other geographical obstructions 
interfere with the signal, N generally lies between 4.0 and 
5.0. This effect, therefore, significantly reduces the distance 
over which the Signal from the network Service module can 
be monitored. Thus, the number of network Service modules 
is significantly reduced which can be monitored by a single 
remote cell node. 

0132) Furthermore, the large N rapidly reduces the signal 
Strength after a predetermined distance So that while a 
network Service module can be effectively monitored at a 
certain distance, the Signal Strength rapidly falls off beyond 
that distance. This enables the cells defined by each remote 
cell node 112 to be relatively specific in size and for the 
degree of overlap of the cells to be controlled to practical 
levels without wide statistical variations. 

0.133 An advantage of the present system is that network 
service modules 110, which are located at a position which 
is geographically very disadvantageous for transmission to 
the closest remote cell node 112, may be monitored by a 
different one of the remote cell nodes 112. Thus, in conven 
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tional systems some of the network service modules 110 
may not be monitored at all in View of Some particular 
geographical problem. In the present invention, this possi 
bility is significantly reduced by the fact that the network 
service module 110 concerned is likely to be in a position to 
be monitored by a larger number of the remote cell nodes 
112 So that the geographical problem most probably will not 
apply to all of the remote cell nodes. 
0134) The increased density of remote cell nodes 112 
permits the network service modules 110 to operate with an 
integral NSM antenna 322 which can be formed as part of 
the meter reading unit housed within the conventional 
electric utility meter. In this way, the network Service 
module 110 can be totally self-contained within the meter 
housing thus allowing installation within a very short period 
of time, avoiding customer dissatisfaction caused by wiring 
problems, and reducing the possibility of damage to a 
separately mounted NSM antenna 322. In addition, this 
arrangement significantly reduces the cost of the network 
service module 110 to a level which is economically viable 
to allow installation of the System. 
0.135 The present invention can employ a system in 
which the network service modules 110 are permitted to 
transmit only during a predetermined time period So that an 
open time period is available for communication on the 
Same frequency between the intermediate data terminal 114 
and the remote cell node 112 without any interference from 
the remote cell nodes 112. This level of communication can 
be carried out using a polling System from the intermediate 
data terminals 114 to each of the remote cell nodes 112, in 
turn, preferably including a directional transmission System 
at the intermediate data terminal 114. This system allows 
optimization of the remote cell node 112 density to meet 
cost/performance criteria in different deployment Scenarios. 
0.136 The present invention, by recognizing the non 
Volatile nature of the information Source and the acceptabil 
ity of missing an occasional update through transmission 
errors or collisions enables the implementation of data 
collection networks of greater Simplicity and at lower cost 
than is possible with established communication network 
approaches involving two-way communication. The present 
invention, therefore, provides a radio communication net 
work which can be employed to acquire data from a large 
number of remote meter monitoring devices disposed over a 
wide area using very low power transmitters in conjunction 
with an array of remote cell nodes all operating on a single 
radio communication channel or frequency. 

Intermediate Data Terminal 

0.137 The plurality of intermediate data terminals 114 are 
located within the geographic area and are spaced to form a 
grid overlaying the geographic area. The intermediate data 
terminals 114 typically are spaced to cover large geographic 
areas. Intermediate data terminals 114 preferably are Spaced 
to provide overlapping coverage, So that on an average, an 
RCN-packet signal transmitted from a remote cell node 112 
is received by two or more intermediate data terminals. 
0138. As illustratively shown in FIG. 10, each interme 
diate data terminal 114 includes first IDT-transmitter means, 
second IDT-transmitter means, IDT-memory means, IDT. 
processor means, first IDT-receiver means, Second IDT. 
receiver means and an IDT antenna. The first IDT-transmit 
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ter means, second IDT-transmitter means, IDT-memory 
means, IDT processor means, first IDT receiver means and 
second IDT-receiver means may be embodied as a first IDT 
transmitter 518, second IDT transmitter 519, IDT memory 
515, EDT processor 514, first IDT receiver 521 and second 
IDT receiver 522, respectively. The first IDT transmitter 518 
and the first IDT receiver 521 are coupled to the IDT antenna 
522. The IDT processor 514 is coupled to the first and 
second IDT transmitters 518, 519, the first and second IDT 
receivers 521,522, and IDT memory 515. The second IDT 
transmitter 519 and second IDT receiver 522 may be embod 
ied as a device Such as a modem 523. 

013:9) The first IDT transmitter 518 under the control of 
the IDT processor 514, includes a synthesizer or equivalent 
circuitry for controlling the carrier frequency, and allowing 
the first IDT transmitter 518 to change carrier frequency. The 
first IDT transmitter 518 transmits preferably at the first 
carrier frequency, or the Second carrier frequency, the first 
polling Signal using a first polling-access protocol to the 
plurality of remote cell nodes 112. When the first polling 
Signal is received by a remote cell node, that remote cell 
node responds by Sending the RCN-packet Signal to the 
intermediate data terminal 114 which sent the first polling 
Signal. If the intermediate data terminal 114 Successfully 
receives the RCN-packet-signal, then the first IDT transmit 
ter 518 Sends an acknowledgment Signal to the remote cell 
node. Upon receiving the acknowledgment Signal, the RCN 
processor 414 at that remote cell node deletes, from the RCN 
memory 415, the data sent in the RCN-packet signal to the 
intermediate data terminal. 

0140 Intermediate data terminals 114 also communicate 
timing information and command Signals to remote cell 
nodes 112. Remote cell nodes 112 serving important 
SCADA functions can be polled more frequently by an 
intermediate data terminal 114 to reduce network response 
time. 

0141. The first IDT receiver 521 receives the RCN 
packet Signal transmitted at the first carrier frequency from 
the remote cell node which was polled. Thus, after Sequen 
tially polling a plurality of remote cell nodes 112, the first 
IDT receiver 521 has received sequentially in time a plu 
rality of RCN-packet signals. 

0142. The IDT memory 515 stores the received RCN 
packet signals. The IDT processor 514 collates the NSM 
packet Signals embedded in the RCN-packet Signals 
received from the plurality of remote cell notes, identifies 
duplicates of NSM-packet Signals and deletes the duplicate 
NSM-packet Signals, i.e., messages from network Service 
modules that have the same message identification number. 
0143. In response to a second polling signal from a 
central data terminal 120, the second IDT transmitter 519 
transmits a plurality of RCN-packet Signals as an IDT-packet 
signal to the central data terminal 120. The second IDT 
transmitter 519 and second IDT receiver 522 may be embod 
ied as a modem 523 or other device for communicating 
information over a communications medium 525 linking the 
intermediate data terminal with the central data terminal. 

0144. The intermediate data terminals 114 may include 
one or more directional antennas 522. During the quiet time, 
the intermediate data terminal 114 is arranged to direct the 
antenna 522 or antennas to each of the remote cell nodes 
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112, in turn, and to transmit to the respective remote cell 
node 112 the first polling Signal calling for the remote cell 
node 112 to transmit the stored information from the RCN 
memory 415. Use of more than one antenna can allow 
communication with more than one remote cell node 112 at 
a time. The remote cell node 112 is required, therefore, 
merely to transmit the information upon request in a collated 
package of the information which is transmitted to the 
intermediate data terminal 114 and collected for analysis. 

Central Data Terminal 

0145 At the upper level of the hierarchy is a central data 
terminal 120 which acts as a network control center and data 
consolidation point. The central data terminal 120 controls 
basic network operation, allowing it to make global deci 
Sions regarding network organization. The central data ter 
minals purpose is to integrate information from a variety of 
network nodes into a coherent form which may be for 
warded to different utility operating groups for Specific 
applications. In addition to linking regional data terminals, 
the central data terminal 120 is connected to critical SCADA 
Sites Some of which may be co-located with intermediate 
data terminals 114 at Sub-stations. At this level, there are 
relatively few communication links, So those required can be 
Selected to optimize cost, Speed, and reliability. The trans 
mission between the central data terminal 120 and the 
plurality of intermediate data terminals 114 is carried out 
using a communications medium 525 Such as telephone 
lines, Ti carriers, fiber optic channels, coaxial cable chan 
nels, microwave channels, or Satellite linkS. 
0146). As illustratively shown in FIG. 11, the central data 
terminal (CDT) 120 includes CDT-transmitter means, CDT. 
receiver means, CDT processor means and CDT memory 
means. The CDT-transmitter means, CDT-receiver means, 
CDT processor means and CDT memory means may be 
embodied as a CDT transmitter 618, CDT receiver 616, 
CDT processor 614 and CDT memory 615, respectively. The 
CDT transmitter 618 and CDT receiver 616 are coupled to 
the communications medium 525. The CDT processor 614 
is coupled to the CDT transmitter 618, CDT receiver 616 
and CDT memory 615. The CDT transmitter 618 and CDT 
receiver 616 may be a modem 625 or other device suitable 
for communicating information over the communications 
medium 525 between the central data terminal 120 and each 
intermediate data terminal 114. 

0147 The CDT transmitter 618 transmits sequentially in 
time the Second polling Signal using a Second polling access 
protocol to the plurality of intermediate data terminals 114. 
The CDT receiver 616 receives a plurality of IDT-packet 
signals. The CDT processor 614 decodes the plurality of 
IDT-packet signals as a plurality of NSM data. The CDT 
processor 614 also identifies duplicates of NSM data and 
deletes the duplicate NSM data. The CDT memory 615 
stores the NSM data in a data base. The NSM data is 
outputted, analyzed, or processed as desired. 

Utility Overview 

0.148. The performance of the network is in large part 
determined by the network service module 110 to remote 
cell node 112 link performance, which is defined by the 
network Service module message loSS rate. The network 
architecture is designed to minimize the network Service 
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module message loSS rate, which is defined as the fraction of 
transmitted network Service module messages which are not 
received by the remote cell nodes. The two issues that affect 
the message loSS rate are: 

0149 1. relatively large and varying pathloss which 
is caused by the nature of the urban propagation 
environment; and 

0150 2. Simultaneous message transmissions, or 
collisions, which are a problem for any multiple 
access System. 

0151. The issue of large and varying pathloss is resolved 
through the use of: 

0152 1. transmit power adjustment; 
01:53 2. path redundancy, controlled by the remote 
cell node grid Spacing, and 

0154) 3. multiple transmissions per day. 
O155 The collision issue is resolved using: 

0156 1. path redundancy, controlled by the remote 
cell node grid Spacing; 

O157 2. multiple transmission per day; 
0158. 3. partitioning of traffic according to priority; 
and 

0159) 4 capture effect. 
0160 Remote cell node spacing can be selected to control 
the path redundancy, thus leading to an adjustable level of 
performance. Notice that path redundancy and multiple 
transmission per day are used to resolve both issues, and 
thus are principle features of the wide area communications 
network. The effect of collisions is minimal, so the prob 
ability of receiving a packet any time during the day is 
maintained at exceptionally high levels. 
0.161 The link budget contains all of the gains and losses 
between the network Service module power amplifier and 
the remote cell node receiver, and is used to calculate the 
maximum pathloSS which can be allowed on any link. The 
minimum receivable signal at the remote cell node is esti 
mated as -115 dBm, which is equal to the sum of the noise 
floor and the carrier to noise level which is required in order 
to receive the message (10 dB). 
0162 Every network service module has many remote 
cell nodes within receiving range, which increases the 
reliability of packet reception. When a network service 
module transmits it has the potential to be received by many 
remote cell nodules. Some of the remote cell nodules are in 
Shadow fading Zones and do not receive the Signal whereas 
others have an increased signal due to Shadowing. 
01.63 Even though some of the remote cell nodes 112 are 
quite far from the network service module 110, and thus the 
average pathloSS is below the maximum allowed limit, it is 
still possible to receive the network service module if the 
Signal level fluctuations, Shadowing, multipathing, etc., con 
tribute enough to the Signal level. Similarly, Some remote 
cell nodes which are close to the network Service module do 
not hear the network Service module because the Signal 
variations decrease the Signal network level by a significant 
amount. 
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0164. During the life of the system, the urban landscape 
changes due to building construction and demolition and 
foliage growth. These changes in landscape affect the net 
work Service module-remote cell node links, causing Some 
remote cell nodes to no longer receive the network Service 
module while new remote cell nodes do receive the network 
Service module. For each link that is no longer available it 
is expected that a new link becomes operational. 
0.165. The wide area communications network can 
readily and cost effectively expand to Support new hardware 
and application Software growth Scenarios. The wide area 
communications network can be implemented in those 
regions of the user's Service territory and for those Services 
which are most needed on an implementation plan which is 
not affected by geographic distribution. FIG. 12 illustrates 
the configuration of the wide area communications network 
for Serving widely Separated geographic areas. This includes 
the provision of wide area communications network Services 
to isolated Smaller communities via Satellite, fiber optic, 
microwave, or other back bone network. Due to the unique 
nature of wide area communications network's Single chan 
nel, micro cellular Scattering propagation concept, it is 
immune to traditional radio problems. Such as fading, nulls, 
multi-path, lack of line of Sight typical of mountainous, hilly, 
Valley, or high density urban Setting. 
0166 The wide area communications network Supports a 
broad range of monitoring, verifiable control and fast 
response transaction applications. A number of these appli 
cation needs are and continue to be identified by utilities. 
Due to the standardized network interface protocol and 
message packet configuration, the wide area communica 
tions network is able to readily augment its Service offerings 
in either new hardware or Software. The wide area commu 
nications network offers not only specialized network Ser 
Vice modules for electric, gas, and water meters but also 
provides a Series of generic modules with industry Standard 
in/output interfaces for contact closure, Voltage or current 
Sensing. This allows a variety of Vendors to incorporate a 
wide area communications network communication inter 
face into their own products be they fuses, alarms, tempera 
ture Sensors, etc. 
0.167 The wide area communications network can pro 
vide a Single integrated data channel for other utility opera 
tional applications. Some of these applications are hardware 
oriented but many are application Software oriented. They 
involve the generation of new value-added information 
reports or Services. Although Some are primarily for use by 
the utility, many of them could be offered for sale to the 
customer thus resulting in a new revenue Stream for the 
utility. 
0.168. The wide area communications network can Sup 
port the expansion of SCADA due to its highly reliable 
wireleSS communication capabilities. Many utilities would 
like to add instrumental monitoring points to their SCADA, 
however, the wiring costs or difficulties often associated 
with these prohibits SCADA growth at a sub-station or other 
Site. Generic network Service modules could be used to Solve 
these problems. 
0169. The hierarchical design of wide area communica 
tions network allows the customer to Service an arbitrarily 
large contiguous or non-contiguous geographic area, as 
shown in FIG. 12, containing many applications and a large 
number of end points. 
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0170 The key issues related to expansion are: 
0171 1. The size and arrangement of the geographic 
area, 

0172 2. The number of end points which can be 
Serviced; and 

0173 3. The ease with which the number of appli 
cations can be increased. 

0.174. The hierarchical design of the network allows 
non-contiguous areas to be Serviced over a wide geographic 
area. Separate areas have their own intermediate data ter 
minal communicating with the central data terminal. Data 
from non-contiguous areas would be transferred at the 
central data terminal level. 

0.175. As the number of end points increases, either due 
to an increase in the number of applications in a geographic 
area or due to an increase in the Size of the geographic area 
being Serviced, the network traffic increases. The amount of 
additional traffic created depends on the type of application 
being added. Traffic increases in the wide area communica 
tions network are dealt with by hardware expansion at the 
central data terminal and by installation of additional inter 
mediate data terminals in the new area. FIG. 13 illustrates 
a typical communications network with gradual growth in 
the number of areas Served. 

0176). As the number of end points increases, another 
issue of concern is the identification of the message Source. 
Wide area communications network provides over one tril 
lion Serial numbers for each type of Service module, which 
allows unique module identification over the life of the 
System. 

0177 As the number of applications increases, the 
amount of traffic from a given Square mile is assumed to also 
increase. Simulations to the present time have indicated that 
more than 20,000 end points can be Serviced per Square mile, 
with this maximum number depending on the details of 
remote cell node deployment, house density and message 
reporting frequency. A dense urban area with 35 ft. by 100 
ft. lots contains approximately 5,000 homes per Square mile. 
0.178 Centralized control of wide area communications 
network is achieved by allowing the central data terminal to 
have access to network Status data, which it uses to make 
decisions regarding network optimization. These decisions 
are downloaded to the intermediate data terminals and 
remote cell nodes as required. 
0179 Centralized traffic control is achieved at the remote 
cell node and intermediate data terminal levels by using 
priority tables, message Storage instructions and alarm Stor 
age instructions. The Structure of the priority tables is 
described as follows. 

0180. In each message that is transferred through the 
System, there is a set of identification tags Stating the 
message type and the Source. The priority tables in the 
remote cell nodes 112 and intermediate data terminals 114 
contain a listing of all identification tags in the System and 
the priority tables are first installed at the time of deploy 
ment, but can be updated from the central data terminal 120 
as required. During the network operational period there 
may be a need to change message priorities, which can then 
be performed with minimal impact on the network traffic. 
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0181 Control of the alarm traffic within the network 
requires another table because alarm reporting generates 
higher traffic levels for a short period of time. This bursty 
traffic generation can lead to congestion problems, and So an 
alarm instruction table allows the central data terminal to 
clear alarm messages out of remote cell node and interme 
diate data terminal buffers at the end of the alarm. This 
priority table also allows the utility to tailor the alarm traffic 
delay to Suit its particular needs. 
0182 Both the priority tables and the alarm instructions 
are used by the message Storage instruction module to 
properly manage traffic on the network. The message Storage 
instructions maintain the message queue, ensure that 
response times are within Specification, and transmit perfor 
mance data to the central data terminal to be used for 
network control. 

0183 The network service modules transmit messages to 
the remote cell nodes, which then use the tables discussed 
above to organize the message queue. All messages reach 
the application Switch with the Specified delay. The central 
data terminal downloads data to the three control modules 
and tables as required. 
0184. It will be apparent to those skilled in the art that 
various modifications can be made to the communications 
network for collecting data from remote data generating 
Stations of the instant invention without departing from the 
Scope or Spirit of the invention, and it is intended that the 
present invention cover modifications and variations of the 
communications network provided they come within the 
Scope of the appended claims and their equivalents. 

What is claimed: 
20. A data collection System comprising: 
a) a plurality of telemetry devices, each including 

i) a Sensor configured to generate a series of Successive 
measurements by measuring a parameter at a Series 
of measurement times, 

ii) a memory configured to Store a plurality of mea 
Surements from Said Series of Successive measure 
ments, and 

iii) a transmitter configured to transmit measurements 
Stored in memory to a collection device at a Series of 
transmission times, each of Said transmitted mea 
Surements being transmitted at a plurality of different 
transmission times, and 

b) a collection device having 
i) a receiver configured to receive transmissions from 

Said telemetry devices, 
ii) a processor configured to extract said Series of 

Successive measurements from a Series of received 
transmissions and further configured to generate a 
metered function of Said parameter by analyzing Said 
Series of Successive measurements, and 

iii) a transmitter configured to transmit said metered 
function to a monitoring Station. 

21. The data collection system of claim 20 wherein the 
transmitter of each telemetry device is configured to gener 
ate wireleSS transmissions. 
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22. The data collection system of claim 20 wherein the 
Sensor of each telemetry device includes: 

a counter for Storing a value, 

means for incrementing Said counter upon receipt of a 
trigger Signal, and 

means for Storing Said value from Said counter in Said first 
memory and resetting Said counter at Said measurement 
times. 

23. The data collection system of claim 20 wherein each 
of Said telemetry devices discards the oldest measurement 
Stored in memory and Stores in memory a new measurement 
from Said Sensor. 

24. The data collection system of claim 20 wherein each 
of Said telemetry devices further includes a timer having a 
predetermined time interval, wherein the expiration of Said 
predetermined time interval causes Said Sensor to generate a 
measurement. 

25. The data collection system of claim 20 wherein said 
collection device further includes a memory configured to 
Store a data object representing a given telemetry device 
from which the collection device receives transmissions. 

26. The data collection system of claim 25 wherein 
the memory of each telemetry device is configured to 

Store a number, 

the given telemetry device increments Said number each 
time a measurement is generated, 

said stored number is transmitted by the transmitter of the 
given telemetry device in a current transmission, 

the data object representing the given telemetry device 
includes a number transmitted in a previous transmis 
Sion received from the given telemetry device, and 

the processor of the collection device is configured to 
compare the number transmitted in the current trans 
mission to the number transmitted in the previous 
transmission. 

27. The data collection system of claim 25 wherein 

each of Said telemetry devices includes means for detect 
ing a power failure, 

the memory of each telemetry device is configured to 
Store power failure information indicating whether 
each Stored measurement was generated following a 
power failure, 

Said power failure information is transmitted by the 
transmitter of the given telemetry device at Said trans 
mission times, and 

the data object representing the given telemetry device 
includes Said transmitted power failure information 
received by the collection device from the given telem 
etry device. 

28. The data collection system of claim 25 wherein 

Said metered function is a load profile, and 

the data object includes the duration of a load profile 
period. 
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29. The data collection system of claim 25 wherein 
Said metered function is a demand profile, and 
the data object includes a duration of a demand profile 

period. 
30. The data collection system of claim 20 wherein said 

parameter is Selected from the group consisting of electrical 
power, fluid flow, Voltage, current, temperature, pressure, 
and humidity. 

31. The data collection system of claim 30 wherein said 
parameter is electrical power. 

32. The data collection system of claim 30 wherein said 
parameter is fluid flow. 

33. The data collection system of claim 30 wherein said 
fluid is natural gas. 

34. The data collection system of claim 30 wherein said 
fluid is water. 

35. A method of collecting data comprising the Steps of: 
a) generating a Series of Successive measurements by 

measuring a parameter with a telemetry device at a 
Series of measurement times, 

b) storing a plurality of Said measurements in said telem 
etry device; 

c) transmitting Said Stored measurements to a collection 
device at a Series of transmission times, 

d) extracting said Series of Successive measurements from 
a Series of Said transmissions with Said collection 
device; 

e) generating a metered function of Said parameter with 
Said collection device by analyzing Said Series of Suc 
cessive measurements, and 

f) transmitting said metered function to a monitoring 
Station. 

36. The method of claim 35 further comprising the steps 
of: 

Storing an old number in Said collection device, 
generating a new number in Said telemetry device each 

time a measurement is generated, 
transmitting Said new number with Stored measurements, 

and 

comparing Said old number to Said new number at Said 
collection device to determine which measurements are 
new measurements which were not previously received 
by Said collection device and whether there are missing 
measurementS. 

37. The method of claim 35 wherein said transmissions 
are wireless transmissions. 

38. The method of claim 36 further comprising the step of 
Storing Said old number in Said telemetry device, and 
wherein the Step of generating Said new number includes 
incrementing Said old number. 

39. The method of claim 38 further comprising the step of 
determining the measurement times for new measurements 
received by Said collection device. 

40. The method of claim 39 further comprising the steps 
of: 

Storing information in Said telemetry device indicating 
whether a power failure occurred between Successive 
measurements, 



US 2003/0001754 A1 

transmitting Said information to Said collection device, 
and 

using Said information to determine whether there are new 
measurements for which the measurement time cannot 
be determined. 

41. The method of claim 40 further comprising the step of 
performing a recovery operation for missing measurements 
or new measurements for which the measurement time 
cannot be determined. 

42. The method of claim 35 further comprising the step of 
waiting an alignment time following a measurement to 
transmit said Stored measurements. 

43. The method of claim 42 wherein said alignment time 
is Selected randomly. 

44. The method of claim 42 wherein said transmission 
occurs following an integer number of measurements. 

45. The method of claim 35 wherein said parameter is 
Selected from the group consisting of electrical power, fluid 
flow, Voltage, current, temperature, pressure, and humidity. 

46. The method of claim 45 wherein said parameter is 
electrical power. 

47. The method of claim 45 wherein said parameter is 
fluid flow. 

48. The method of claim 45 wherein said fluid is natural 
gaS. 

49. The method of claim 45 wherein said fluid is water. 
50. A network for collecting data generated by a plurality 

of Sensors, comprising: 
a) a plurality of data generating devices, each including 

i) a Sensor configured to generate measurements by 
measuring a parameter, 

ii) a memory configured to store said measurements, 
and 

iii) a transmitter configured to transmit at a plurality of 
transmission times measurements Stored in memory 
to an intermediate device; and 

b) a plurality of intermediate devices, there being fewer 
intermediate devices than data generating devices, each 
of Said intermediate devices including 
i) a receiver configured to receive transmissions from a 

Subset of Said plurality of data generating devices, 
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ii) a processor configured to extract said measurements 
from Said transmissions and further configured to 
generate a metered function of Said parameter by 
analyzing Said measurements, and 

iii) a transmitter to transmit said metered function; and 
c) a central station configured to receive said transmitted 

metered functions from Said plurality of intermediate 
devices. 

51. A method of collecting data comprising the Steps of: 
a) generating measurements by measuring a parameter 

with a Sensor; 
b) storing a plurality of Said measurements in a memory; 
c) transmitting said stored measurements to an interme 

diate device; 
d) extracting said measurements from Said transmissions 

with Said intermediate device; 
e) generating a metered function of Said parameter with 

Said intermediate device by analyzing Said measure 
ments, and 

f) transmitting said metered function to a central station. 
52. A data collection System, comprising: 
a plurality of Sensors each of which has a meter config 

ured to Sample a parameter value at discrete measure 
ment times and a transmitter configured to transmit data 
measured by the meter; and 

a collector having a receiver configured to receive data 
transmitted by the plurality of Sensors, a processor 
configured to generate a Summary profile of data 
received by the receiver from the plurality of Sensors, 
and a transmitter configured to transmit the Summary 
profile to a monitoring Station, wherein each Sensor 
periodically transmits a plurality of data measurements 
during a current data collection period and, with each 
transmission, each Sensor transmits redundant data 
measurements corresponding to a prior transmission, 
and the collector is configured to reduce the occurrence 
of usage profile errors based upon the redundant data 
measurements contained in a received transmission. 


