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(57) ABSTRACT 

Systems and methods are provided for a utility meter assem 
bly including a plurality of meter components configured for 
measuring and collecting data, and including a transceiver 
operative for signal communications over a network; a face 
plate, with meter reading information displayed on the front; 
an exterior cover, and an internal dipole antenna situated 
within the exterior cover. The internal dipole antenna is typi 
cally situated away from the meter components, so as to 
minimize interference by the meter components. The internal 
dipole antenna is typically tuned for optimal matching imped 
ance in an 850 MHz or 1900 MHz receiving band, so that the 
desired receiving band Standing Wave Ration (SWR) is 
achieved, and also a specified minimum radiated power 
threshold is maintained. 

  



Patent Application Publication Nov. 22, 2012 Sheet 1 of 26 US 2012/O293383 A1 

g 

s 

  

  



Patent Application Publication Nov. 22, 2012 Sheet 2 of 26 US 2012/O293383 A1 

3 

s 

O. 
Y 
(N 

S. 

  



US 2012/0293383 A1 

OLIWH BAWM ?ÑÍGNWIS ZH? 000 000 000 ZZHW 000 000’008 

Patent Application Publication 

:SHEMBWW • • ??ROEP 

00£ 

| || || ||\|_|_/ | \ / \ | 

  

  

  

  



Patent Application Publication Nov. 22, 2012 Sheet 4 of 26 US 2012/O293383 A1 

s 

C 
cy 
s 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 5 of 26 Patent Application Publication 

009 

-8 
| 006). 

  

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 6 of 26 

009 

Patent Application Publication 

  

    

  

  

  

  

  

  

  

  

      

  

  



Patent Application Publication Nov. 22, 2012 Sheet 7 of 26 US 2012/0293383 A1 

605 - y 

TIS a 2NM 

i=l j=0 D, g( p.) IS,(0.9) l. 

( A 



US 2012/O293383 A1 Nov. 22, 2012 Sheet 8 of 26 Patent Application Publication 

3-D TOROIDAL RECEIVERSENSITIVITY PATTERN 

FIG. 7 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 9 of 26 Patent Application Publication 

008_4 

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  
  

    

  

  

  

  

  

  

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 10 of 26 Patent Application Publication 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 11 of 26 Patent Application Publication 

555?TSO'LL 08'07 

  

  

  

  

  

  

    

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 12 of 26 Patent Application Publication 

SL 

  



Patent Application Publication Nov. 22, 2012 Sheet 13 of 26 US 2012/O293383 A1 

S. o 
s CD 
S - 

S 
-i. 
-T 

R - .b f 



US 2012/O293383 A1 Nov. 22, 2012 Sheet 14 of 26 Patent Application Publication 

3-D TOROIDALPATTERN 
RADIATED POWER 

FIG, 10 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 15 of 26 Patent Application Publication 

  

  

    

  

  

  

    

  

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 16 of 26 Patent Application Publication 

  



US 2012/0293383 A1 2012 Sheet 17 of 26 9 22 NOV. Patent Application Publication 

  

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 18 of 26 Patent Application Publication 

  

  

    

  

    

  

    

  

  

  

  

  

  



US 2012/0293383 A1 2012 Sheet 19 of 26 9 22 NOV. O licat Patent Application Pub 

  

  

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 20 of 26 Patent Application Publication 

Lºgi LOZI 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 21 of 26 Patent Application Publication 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 22 of 26 Patent Application Publication 

Z??£9.5 || LI 

87 || " 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 23 of 26 Patent Application Publication 

10°82 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 24 of 26 Patent Application Publication 

[3607) 

555?IOS 

gGL "SJI-J 

08 

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 25 of 26 tion Ca Patent Application Publ 

          

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2012/0293383 A1 Nov. 22, 2012 Sheet 26 of 26 Patent Application Publication 

  



US 2012/O293383 A1 

FORWARD THROWANTENNAUTILITY 
METER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application Ser. No. 
60/864,201, entitled “Improved Antenna Used in Electricity 
Metering Applications.” filed Nov. 3, 2006, which is incor 
porated herein by reference as if set forth herein in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates generally to electricity 
meters, and more particularly, to an improved antenna design 
that provides improved total radiated power and total isotro 
pic sensitivity in a communication system intended for use on 
a public wireless network. 

BACKGROUND OF THE INVENTION 

0003. In remote meter reading systems, such as wireless 
metering applications, wireless utility meters are read with 
out visual inspection or physical access to the meters. Wire 
less utility meters intended for use on wireless networks are 
required to undergo a certification process before they are 
granted carrier approval for network access. 
0004 Traditionally, wireless networks had certification 
requirements that included signaling behavior Verification, 
which is the control protocol between the network infrastruc 
ture and the end user device. Also, network interaction was 
Verified during both steady-state and transient conditions. 
However, these measurements did not characterize the over 
the air, radio frequency performance of communication sys 
tems. They did not convey the communication systems sen 
sitivity (its ability to receive low signals), that is, they did not 
determine how Small a signal the communication systems 
could “hear” or receive. Further, the certification measure 
ments did not characterize the total radiated power from the 
communication systems during transmission. Consequently, 
communication systems experienced connectivity and 
retransmission problems because of inadequately character 
ized radio frequency product performance. Unreliable con 
nectivity, dropped calls, and data retransmission problems 
adversely affected the quality of service. As a result, wireless 
carriers shifted their focus to improving system performance 
and ensuring that communication systems, operating on their 
networks, met new over-the-air, system level requirements. 
0005. In response to increasing demand to improve wire 
less device performance, the United States based Cellular 
Telecommunications & Internet Association (CTIA) adopted 
more stringent, system level certification requirements that 
included total isotropic sensitivity (TIS) and total radiated 
power (TRP). The total isotropic sensitivity and total radiated 
power measurements reflect a system's performance in an 
idealized anechoic and shielded radio frequency environ 
ment. 

0006 Further, the Cellular Telecommunications & Inter 
net Association (CTIA) require communication systems to 
meet specified values for TIS and TRP. expressed in dBm, for 
each frequency band that is supported by the product. More 
specifically, communication systems operating in the 850 
MHz band are required to meet an absolute, quantitative value 
of -99 dBm for the total isotropic sensitivity. Additionally, 
communication systems operating in the 1900 MHz band are 
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required to meet a quantitative value of -101.5 dBm for the 
total isotropic sensitivity. Similarly, the total radiated power 
value is 22 dBm for communication systems operating in the 
850 MHz band and is 24.5 dBm for communication systems 
operating in the 1900 MHz band. Communication systems 
which do not conform to these new performance require 
ments are not certified or granted access to the wireless car 
rier's network. 
0007 Utility meters, such as wireless electricity meters, 
that access public wireless networks are an example of this 
communication system. Wireless electricity meters that used 
previous antenna designs failed to pass these new and strin 
gent certification requirements. As a result, previous antenna 
designs failed the wireless product certification process that 
was, and still is, required by the Cellular Telecommunications 
& Internet Association. 
0008. One previous antenna design embedded the antenna 
inside the wireless electricity meter. The antenna was embed 
ded within the communications circuit board, located inside 
of a dielectric housing under the meter cover, wherein the 
antenna conformed to the internal surface of the dielectric 
housing. Such designs degraded the over-the-air, system per 
formance by introducing unintentional Sources of interfer 
ence Such as noise coupling and signal reflection. 
0009. Other designs positioned the antenna outside of the 
meter cover. This design often draws unwanted attention to 
the external antenna. An external antenna positioned outside 
of the meter cover introduces installation and maintenance 
problems for the customer. Other issues include destruction 
of the antenna by the weather, people, or other circumstances. 
In addition, gains (dBm) of an external antenna are reduced 
due to coax cable losses that exist between the external 
antenna and the wireless modem device located within the 
wireless electricity meter. Moreover, the antenna's system 
level performance is adversely impacted by the presence of 
radiated noise emitted from electronic components and metal 
structures within the meter. Consequently, the uniformity of 
the antenna's transmit and receive patterns, the values of the 
total radiated power, and the values of the total isotropic 
sensitivity are adversely impacted. 
0010 For these and other reasons, there is a need for a 
system that addresses over-the-air, system level performance 
of wireless utility meters. 

SUMMARY OF THE INVENTION 

0011. The present invention provides systems and meth 
ods for a forward throw antenna utility meter for use in 
wireless meter reading applications. One embodiment pro 
vides a utility meter assembly comprising: a plurality of 
meter components configured for measuring and collecting 
data, the meter components including a transceiver operative 
for signal communications over a wireless network; a face 
plate, configured such that meter reading information is dis 
played on the front of the faceplate; an exterior cover config 
ured to enclose meter components and the faceplate, wherein 
the faceplate is forward of the plurality of meter components: 
and an internal dipole antenna situated within the exterior 
cover, wherein the internal dipole antenna is beyond the front 
of the faceplate and toward the front of the utility meter 
assembly. The antenna is typically tuned for optimal match 
ing impedance in an 850 MHz or 1900 MHz receiving band, 
so that the desired receiving band Standing Wave Ratio 
(SWR) is achieved, and also a specified minimum radiated 
power threshold is maintained. 
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0012 Another embodiment provides a method for assem 
bling a utility meter comprising: selecting a plurality of meter 
components configured for measure and collection of data, 
the meter components including a transceiver operative for 
signal communications over a wireless network; securing a 
faceplate forward of the meter components; inserting an inter 
nal dipole antenna forward of the faceplate; and covering the 
internal dipole antenna with an exterior cover, wherein the 
internal dipole antenna is situated toward the front of the 
utility meter. 
0013. Other systems, methods, features and advantages of 
the present invention will be or become apparent to one with 
skill in the art upon examination of the following drawings 
and detailed description. It is intended that all such additional 
systems, methods, features and advantages be included 
within this description and be within the scope of the present 
disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. Many aspects of the invention can be better under 
stood with reference to the following drawings. The compo 
nents in the drawings are not necessarily to scale, emphasis 
instead being placed upon clearly illustrating the principles of 
the present invention. Moreover, in the drawings, like refer 
ence numerals designate corresponding parts throughout the 
several views. 
0015 FIG. 1 illustrates a system for a remote meter read 
ing system operating on a wireless communications network. 
0016 FIG. 2 illustrates a utility meter having an antenna 
for use in a remote reading system operating on the wireless 
network of FIG. 1. 
0017 FIG. 3 illustrates a standing wave ratio of the 
antenna in the 850 MHz band and the 1900 MHz band, for the 
antenna used in FIG. 2. 
0018 FIG. 4 illustrates a test environment for generating 
the total isotropic sensitivity and the total radiated power 
measurements, according to the utility meter of FIG. 2. 
0019 FIG. 5A is a table of sensitivity measurements, used 
in the calculation of total isotropic sensitivity value across the 
850 band for channel 128 for theta polarization at a test 
frequency of 869.2 MHz, for the antenna used in FIG. 2. 
0020 FIG. 5B is a table of sensitivity measurements, used 
in the calculation of total isotropic sensitivity value across the 
850 band for channel 128 for phi polarization at a test fre 
quency of 869.2 MHZ, for the antenna used in FIG. 2. 
0021 FIG. 6 is a mathematical equation for calculating the 

total isotropic sensitivity. 
0022 FIG. 7 illustrates a toroidal three dimensional, sys 
tem receive sensitivity pattern for the 850 MHz band, for the 
antenna used in FIG. 2. 
0023 FIG. 8A illustrates a table of radiated power mea 
Surements used in the calculation of total radiated power 
value across the 850 band for channel 128 for theta polariza 
tion and showing phi angle from 0 degrees to 180 degrees at 
a test frequency of 824.2 MHZ, for the antenna used in FIG. 2. 
0024 FIG. 8B illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 128 for theta polariza 
tion and showing phiangle from 195 degrees to 360 degrees 
at a test frequency of 824.2 MHz, for the antenna used in FIG. 
2. 

0025 FIG. 8C illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 128 for theta polariza 
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tion and showing phi angle from 0 degrees to 180 degrees at 
a test frequency of 824.2 MHZ, for the antenna used in FIG. 2. 
0026 FIG. 8D illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 128 for theta polariza 
tion and showing phiangle from 195 degrees to 360 degrees 
at a test frequency of 824.2 MHz, for the antenna used in FIG. 
2. 

0027 FIG. 9 illustrates a mathematical equation for cal 
culating the total radiated power, for the antenna used in FIG. 
2. 

0028 FIG. 10 illustrates a toroidal three dimensional, sys 
tem level radiation pattern for the 850 MHz band, for the 
antenna used in FIG. 2. 
0029 FIG. 11A illustrates a table of sensitivity measure 
ments, used in the calculation of total isotropic sensitivity 
value across the 850 band for channel 190 for theta polariza 
tion at a test frequency of 881.6 MHz, for the antenna used in 
FIG 2. 

0030 FIG. 11B illustrates a table of sensitivity measure 
ments, used in the calculation of total isotropic sensitivity 
value across the 850 band for channel 190 for phipolarization 
at a test frequency of 881.6 MHz, for the antenna used in FIG. 
2. 

0031 FIG. 12A illustrates a table of sensitivity measure 
ments, used in the calculation of total isotropic sensitivity 
value across the 850 band for channel 251 for theta polariza 
tion at a test frequency of 893.8 MHz, for the antenna used in 
FIG. 2. 
0032 FIG. 12B illustrates a table of sensitivity measure 
ments, used in the calculation of total isotropic sensitivity 
value across the 850 band for channel 251 for phipolarization 
at a test frequency of 893.8 MHz, for the antenna used in FIG. 
2 

0033 FIG. 13A illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 190 for theta polariza 
tion and showing phi angle from 0 degrees to 180 degrees at 
a test frequency of 838.6 MHz, for the antenna used in FIG. 2. 
0034 FIG. 13B illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 190 for theta polariza 
tion and showing phiangle from 195 degrees to 360 degrees 
at a test frequency of 838.6 MHz, for the antenna used in FIG. 
2 

0035 FIG. 14A illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 190 for phipolarization 
and showing phiangle from 0 degrees to 180 degrees at a test 
frequency of 838.6 MHz, for the antenna used in FIG. 2. 
0036 FIG. 14B illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 190 for phipolarization 
and showing phi angle from 195 degrees to 360 degrees at a 
test frequency of 838.6 MHz, for the antenna used in FIG. 2. 
0037 FIG. 15A illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 251 for theta polariza 
tion and showing phi angle from 0 degrees to 180 degrees at 
a test frequency of 848.8 MHz, for the antenna used in FIG. 2. 
0038 FIG. 15B illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 251 for theta polariza 
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tion and showing phiangle from 195 degrees to 360 degrees 
at a test frequency of 848.8 MHz, for the antenna used in FIG. 
2. 
0039 FIG. 16A illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 251 for phipolarization 
and showing phiangle from 0 degrees to 180 degrees at a test 
frequency of 848.8 MHz, for the antenna used in FIG. 2. 
0040 FIG. 16B illustrates a table of radiated power mea 
Surements, used in the calculation of total radiated power 
value across the 850 band for channel 251 for phipolarization 
and showing phi angle from 195 degrees to 360 degrees at a 
test frequency of 848.8 MHz, for the antenna used in FIG. 2. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0041 Reference is now made in detail to the description of 
the embodiments of systems and methods for automatic con 
figuration of a generic digital device on a wireless network as 
illustrated in the drawings. The invention may, however, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein; rather, 
these embodiments are intended to convey the scope of the 
invention to those skilled in the art. Furthermore, all 
“examples’ given herein are intended to be non-limiting. 
0042 Turning attention to the drawings, FIG. 1 illustrates 
an exemplary embodiment of a remote meter reading system 
105 for reading utility meters using a wireless network. The 
remote meter reading system 105 comprises wireless utility 
meters 100a, 100b, 100m located at respective client sites 
120a, 120b, 120m. Of course the remote meter reading system 
105 may contain any number of client sites 120 and wireless 
utility meters 100. The wireless utility meter 100 communi 
cates bi-directionally through a network 140 with a remote 
monitoring station 150. The wireless utility meter 100 con 
nects to the network 140 through an access point 130. The 
network 140 may contain traditional wired networks, wire 
less networks, or some combination of both. For example, a 
communication network 140 may include terrestrial commu 
nications networks, such as, for example, the public Switch 
telephone network, as well as celestial communications net 
works. Other examples of networks include the Internet, local 
area networks (LAN), wide area networks (WAN), and WiFi. 
among others. 
0043. In one embodiment of the present invention, the 
remote meter reading system 105 includes an access point 
130 that is operative for receiving and transmitting radio 
frequency signals. The access point 130 provides bi-direc 
tional data communication between a wired network and a 
wireless network. The access point 130 is an integral com 
munications link that is part of the wireless carrier's commu 
nication network Such as, for example, AT&T, Sprint, and 
Verizon, among others. 
0044) The remote meter reading system 105 further com 
prises a remote monitoring station 150 that monitors wireless 
utility meters 100 at client sites 120. The remote monitoring 
station 150 is connected to computer equipment that enables 
a wireless data communications link at the remote monitoring 
Station 150. 
0045. Upon receipt of a meter request from the remote 
monitoring station 150, the wireless utility meter 100 pro 
cesses the meter request and transmits the requested meter 
information or other data to the access point 130. The meter 
information includes data Such as meter status, meter read 
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ings, measurements, and requests for information, for 
example. The meter information is wirelessly transmitted 
from the wireless utility meter 100 to the remote monitoring 
station 150 over the network 140. The incoming meter infor 
mation is received at the access point 130. Then, the metering 
information passes through the public network 140. Next, the 
meter information is transported to the remote monitoring 
station 150. The remote monitoring station 150 receives the 
requested meter information from the wireless utility meter 
100 and processes the requested meter information. 
0046. It will be understood and appreciated by those 
skilled in art that a remote meter reading system 105 can be 
adapted for alternative configurations having multiple wire 
less utility meters 100, multiple access points 130, and even 
multiple remote monitoring stations 150. 
0047 FIG. 2 illustrates a wireless utility meter 100 having 
an antenna 210 for use in the remote meter reading system 
105. The wireless utility meter 100 comprises a meter cover 
205, meter components (not shown), and an antenna 210 
tuned for use under the meter cover 205. In a preferred 
embodiment of the wireless utility meter 100, the antenna 210 
is typically a forward throw dipole antenna. It will be readily 
understood by those skilled in the art, that other antennas 
could be used in the wireless utility meter 100, such as a wipe 
antenna, among others. The antenna 210 is optimized in a 
forward throw position and compromised in the 850MHz and 
1900 MHz band transmit standing wave ratio 300 SWR to 
account for Subsequent over-the-air test for product certifica 
tion. In some embodiments, the wireless utility meter 100 
includes a secondary cover 220. 
0048. In one embodiment, the exterior meter cover 205 
protects the wireless utility meter 100 from potential damages 
that can be inflicted by external destructive forces, such as 
weather, for example. Other damages can be inflicted by 
meter tampering, destructive objects, or other acts of destruc 
tions. The secondary cover 220, situated within the exterior 
meter cover 205, encloses meter components (not shown). 
The meter components include, for example, a wireless trans 
ceiver, electrical circuitry, metal meter structure, and other 
electrical and metal components. The wireless transceiver, 
together with the other meter components, provide for signal 
transmission over a wireless communication network. 
0049. If a secondary cover 220 is present, the antenna 210 
can be adjoined to its exterior Surface. Optionally, the sec 
ondary cover 220 also serves as a Supporting member for a 
mechanical connection point 225. The antenna 210 is selec 
tively disposed on and mounted to the secondary cover 220 at 
the mechanical connection point 225. The antenna 210 is 
conformed to the curved shape of the secondary cover 220 
and is positioned forward of its mechanical connection point 
225, so that it is contiguously spaced at a position forward of 
the front of the meter components, yet under the meter cover 
205 for improved performance. 
0050. The connection point 225 is disposed on a portion of 
the surface of the secondary cover 220. The secondary cover 
220 encloses and protects the meter components and serves as 
a supporting member to mount the antenna 210. Further, the 
antenna 210 is positioned away from unwanted interference 
that originates from the electronic parts and the metal meter 
structure. Typically, the antenna 210 is located external to the 
secondary cover 220 in a manner that optimizes the antenna's 
system level performance. 
0051. In another embodiment, the wireless utility meter 
100 may comprise a simple faceplate component. The face 
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plate component provides a Surface for displaying meter read 
ing identifiers such as the serial number, bar code, brand, 
model number, and regulatory information, among others. 
The faceplate component may be a dedicated cover. The 
antenna 210 may be disposed on the faceplate component and 
mounted forward of the internal meter components. Typi 
cally, the faceplate component is located in front of the inter 
nal meter components. It will be readily understood by those 
of skill in the art that wireless utility meters 100 include a 
faceplate component for displaying metering identifiers such 
as serial numbers, bar code, brand, model number, and regu 
latory information, among others. The faceplate is typically 
implemented as the front of a dedicated cover for the meter 
internal components, an extension of a metering information 
component (i.e., an LCD board), or a plastic piece affixed by 
dedicated Supports, among others. It should be noted that 
many designs can be devised for implementing a faceplate. 
0052 Alternatively, the function of the faceplate compo 
nent may be carried out by an extension of the meter infor 
mation components such as the LCD board, among others. 
The antenna 210 may be configured to be supported by the 
LCD board and forward of the internal meter components and 
the LCD board/faceplate. 
0053. Further, in another embodiment of the wireless util 
ity meter 100, the faceplate component is a plastic piece, 
Suspended in front of the internal meter components and 
upheld by simple supports within the wireless utility meter 
100. The antenna 210 is typically supported by the faceplate 
component and configured forward of the faceplate and the 
internal meter components. 
0054. In another embodiment, the faceplate component 
encloses the internal meter components. The antenna 210 is 
attached to the faceplate component and configured forward 
of the internal meter components. 
0055. In another embodiment, the antenna 210 is held 
inside the wireless utility meter 100 by the meter cover 205 
and disposed forward of the internal meter components. 
0056. In another embodiment, the antenna 210 may be 
configured, so that it is free standing within the wireless 
utility meter 100. 
0057 Typically, the wireless utility meter 100 comprises 
an antenna 210 operative for transmitting and receiving meter 
information via the infrastructure of a wireless communica 
tion network system at the appropriate carrier frequencies. An 
antenna 210 enables a remote meter reading system 105, such 
as a wireless electricity metering system, to meet system level 
certification thresholds. The remote meter reading system 
105 should meet system level certification thresholds, so that 
the remote meter reading system 105 can utilize the network 
140 for bi-directional communication of metering informa 
tion. The system level certifications include measurements of 
total isotropic sensitivity and total radiated power. 
0058 For an electricity metering system, the wireless util 

ity meter 100 may include a variety of manufacturers and 
models such as Itron's CENTRON, SENTINEL, Elster's A3 
ALPHA, and General Electric's KV2C among others. Nev 
ertheless, it will be appreciated by those skilled in the art that 
the present invention is not limited to any particular meter 
manufacturer or model. It should also be understood that the 
wireless utility meter 100 may be used for water, natural gas, 
or other services that require metering. The wireless utility 
meter 100 is not limited to electrical meter reading. 
0059. The antenna substantially reduces un-intentional 
interferences that are introduced by the meter components 
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and other metal structures that normally affect the reception 
and the transmission capability of existing antenna designs. 
Another principal advantage of the present invention is that 
the antenna 210 provides a reliable level of improved perfor 
mance, so that the wireless utility meter 100 is operative to 
meet system level, certification requirements including total 
isotropic sensitivity and total radiated power thresholds. 
0060. In one embodiment of the present invention, the 
antenna 210 is 5.2 inches long and 0.9 inches wide. The 
center-fed driven element has a width of 0.725 inches and a 
length of 0.5 inches. Further, the antenna 210 is concealed by 
a DuPontTM Pyralux(R) FR coversheet material with a total 
finish thickness of 0.0178+/-10% for providing environmen 
tal protection and electrical insulation. It should be noted that 
other conductor shapes and materials are well within the 
Scope of the present invention. 
0061. A synopsis of the total isotropic sensitivity (TIS) 
and the total radiated power (TRP) is provided for clarity and 
further understanding of the present invention. Total radiated 
power is measured by capturing data about the radiated trans 
mit power of the wireless utility meter 100 at various loca 
tions Surrounding the device. Total radiated power data pro 
vides key measurements that demonstrate whether the 
wireless utility meter 100 is performing according to the 
wireless carriers’ performance criteria. Further, the total radi 
ated power measurements characterize the amount of power 
radiated from the wireless utility meter 100. Similarly, the 
total isotropic sensitivity indicates the lowest signal strength 
the wireless utility meter 100 can receive (Bit Error Rate is 
approximately 2.44%). More particularly, the total isotropic 
sensitivity demonstrates the wireless utility meter's 100 abil 
ity to detect a low power signal. TIS and TRP measurements 
are described in further detail below by examining three 
dimensional patterns that characterize TIS and TRP and by 
examining the quantitative values revealed during a plurality 
of test. 

0062. The Cellular Telecommunications & Internet Asso 
ciation (CTIA) requires communication systems to meet 
specified values for TIS and TRP, expressed in dBm, for each 
frequency band that is supported by the product. For use in 
communication systems under CTIA guidelines, the wireless 
utility meter 100 is required to meet system level, certification 
requirements for TIS and TRP thresholds. More specifically, 
communication systems operating in the 850 MHz band are 
required to meet an absolute, quantitative value of -99 dBm 
for the total isotropic sensitivity. Similarly, the total radiated 
power value requirement is 22 dBm for communication sys 
tems operating in the 850 MHz band. Communication sys 
tems, which do not conform to these performance require 
ments, are not certified or granted access to the wireless 
carrier's network. The present invention provides a total iso 
tropic sensitivity absolute, quantitative value approximately 
equal to -99.52963 dBm and a total radiated power value 
approximately equal to 25.73156 in the 850 MHz frequency 
band. 

0063 Communication systems operating in the 1900 
MHz band are required to meet an absolute, quantitative value 
of-101.5 dBm for the total isotropic sensitivity. In another 
embodiment, the present invention provides a total isotropic 
sensitivity absolute, quantitative value approximately equal 
to -104.290928934911 in the 1900 MHz frequency band, 
wherein the TIS absolute, quantitative value is 
-105.026507727191 dBm in channel 512 at a frequency of 
1930.2 MHZ, -103.7167923 18205 in channel 661 at a fre 
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quency of 1960 MHz, and -104.129486759337 dBm in chan 
nel 810 at a frequency of 1989.8 MHz. 
0064. Further, the TRP requirement is 24.5 dBm for com 
munication systems operating in the 1900 MHz band. The 
present invention provides a TRP of approximately 
27.082033 dBm in 1900 MHz frequency band, wherein the 
TRP value is approximately equal to 26.6719 dBm in channel 
512 at a frequency of 1850.2 MHz, 27.3266 dBm in channel 
661 at a frequency of 1880 MHz, and 27.2476 dBm in channel 
810 at a frequency of 1909.8 MHz. 
0065. These TRP and TIS thresholds are affected by meter 
components and other factors, such as power losses due to 
impedance mismatch. Impedance mismatches adversely 
reflect power back into the source and, in turn, diminish the 
amount of power that is forwarded to the antenna 210 from the 
transmitter. Further, this mismatch diminishes the amount of 
energy that should be transferred to the receiver from the 
antenna 210. To mitigate these losses, the antenna 210 is 
tuned for improved performance by optimizing for the 
receive band sensitivity by adjusting the impedance of the 
antenna 210 to more closely match the impedance of the 
transmission line, while compromising the transmit effi 
ciency. Such mitigation is illustrated in FIG. 3. 
0066 Turning now to FIG.3, illustrated is a standing wave 
ratio (SWR) 300, also referred to as voltage standing wave 
ratio (VSWR), of the antenna 210 in the 850 MHz band and 
the 1900 MHz band. The present invention is tuned and opti 
mized by more closely matching the impedance in the receive 
bands to increase receiversensitivity in order to meet the total 
sensitivity threshold requirements. Increased sensitivity is 
achieved by compromising the standing wave ratio 300 in the 
transmit bands, and more particularly, the 850 MHz and 1900 
MHz frequency bands. Essentially, the antenna's system per 
formance is penalized in the transmit band and thus, reducing 
the total power radiated by the antenna 210. While there is a 
reduction in radiated power, the antenna 210 is selectively 
tuned to allow sufficient energy transfer to the transmitter. 
Hence, the wireless utility meter 100 still meets the TRP 
thresholds. Accordingly, the antenna 210 location and orien 
tation, combined with a Voltage standing wave characteristic 
300 that optimizes the 850 MHz and 1900 MHz band receive 
sensitivity while comprising the 850 MHz and 1900 MHz 
band transmit efficiency, yields over-the-air test results that 
meet or exceed certification requirements. 
0067. The standing wave ratio 300 characterizes the 
amount of power reflected back by the antenna 210 at a 
specific frequency across the receive bands and the transmit 
bands. Also, the standing wave ratio 300 conveys the imped 
ance of the tuned antenna 210, as shown in FIG. 4. A thorough 
coverage of the standing wave ratio 300, necessitates a dis 
cussion of the relationship between the standing wave ratio 
300, reflected power, and impedance matching. 
0068. The standing wave ratio 300 is a mathematical 
expression indicating the non-uniformity of an electromag 
netic field on a transmission line, such as coaxial cable, for 
example. It is a stationary sinusoidal wave that measures the 
Voltage and inherently varies sinusoidally along the length of 
the transmission line from the transceiver to the antenna 210. 
In theory, the Voltage measured along the transmission should 
be the same in an antenna system, in which case, the imped 
ance of the antenna 210 is matched to the impedance of the 
transmission line. Hence, the sinusoidal standing waveform is 
non-existent in the transmission line, and a maximum power 
transfer takes place between the antenna 210 and the trans 
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mitter and between the antenna 210 and the receiver. When 
the impedance of the antenna 210 and the transmission line 
are matched, the Voltage along the transmission line is the 
same. Thus, the reflected power is nominal, and the standing 
wave ratio 300 is equal to one. 
0069. However, if the impedance of the antenna 210 is not 
matched to the impedance of the transmission line, then some 
of the forward power is reflected by the antenna 210, and 
power is transferred back toward the transceiver. Simply put, 
energy is reflected back to the receiver from the antenna 210, 
and similarly, energy is reflected back to the transmitter from 
the antenna 210. Hence, if the impedance of the antenna 210 
and the impedance of the transmission line are not perfectly 
matched, then a percentage of the forward power is reflected 
by the antenna system. As a result, the SWR is some number 
greater than one. 
0070. In one embodiment of the present invention, the 
SWR is adjusted to optimize the antenna 210 for the receiver 
sensitivity. FIG. 3 is a graph illustrating the standing wave 
ratio 300 characteristics of the antenna 210. The antenna 210 
is optimized for the 850 MHz and 1900 MHz band receive 
sensitivity by compromising transmit efficiency across the 
850 MHz and 1900 MHz bands to account for subsequent 
over-the-air value, necessary for certification. In FIG. 3, the 
standing wave ratio 300 comprises eight (8) markers, one (1) 
through eight (8), that correspond to a specific SWR value for 
a particular frequency across the receive bands and the trans 
mit bands. Such data is represented in a tabular format in a 
table, identified as Table one (1), in FIG.3 and is explained in 
Subsequent details. 
0071 Referring now to Table 1, the markers one (1) 
through four (4) represent the 850 MHz frequency band. The 
markers, one (1) and two (2), correspond to frequencies, 824 
MHz and 848 MHz, respectively, and represent the modems 
transmit band or uplink from 824 MHz to 848 MHz. The 
markers, three (3) and four (4), correspond to frequencies, 
869 MHz and 893 MHz, respectively, and represent the 
modems receive band or downlink from 86.9 MHZ to 893 
MHz. Likewise, in the 1900 band, the markers, five (5) and six 
(6), correspond to frequencies, 1850 MHz and 1910 MHz, 
respectively, and represent the transmit band or uplink from 
1850MHz to 1910 MHz. The markers, eight (7) and eight (8), 
correspond to frequencies 1931 MHz and 1991 MHz, respec 
tively, and represent the downlink or receive band from 1931 
MHZ to 1991 MHZ. The SWR value across the 850 MHZ 
transmit band at markers one (1) and two (2) are 4.759 and 
2.819, respectively. The SWR value across the 850 MHz 
receive band at markers three (3) and four (4) are 1.193 and 
1.951, respectively. Likewise, the SWR value across the 1900 
MHZ transmit band at markers five (5) and six (6) are 4.145 
and 2.325, respectively. The SWR value across the 1900 MHz 
receive band at markers seven and eight are 2.118 and 2.589, 
respectively. The following details further describe the 
aspects of the standing wave ratio 300 in both transmit and 
receive bands. 

0072 According the present invention, the antenna 210 is 
optimized by more closely matching the impedance in the 
receive bands to increase receiver sensitivity in order to meet 
the TIS threshold requirements. As recited above, SWR val 
ues in the 850 MHz receive band at markers three (3) and four 
(4) are 1.193, and 1.951, respectively. Hence, the antenna 210 
is optimized by more closely matching the impedance in the 
receive band to increase receiver sensitivity in order to meet 
the total sensitivity threshold requirements. The antenna 
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standing wave ratio values for the receive band are achieved 
by compromising the standing wave ratio 300 in the transmit 
band. Consequently, the standing wave ratio 300 across the 
850 MHZ transmit band at markers one (1) and two (2) are 
4.759 and 2.819, respectively. Essentially, the antenna system 
is penalized on the transmit band and thus, reducing the total 
power radiated by the antenna 210. While there is a reduction 
in radiated power, the antenna 210 is intentionally tuned to 
allow sufficient energy transfer between the antenna 210 and 
the transmitter. Hence, the antenna 210 provides a reliable 
level of performance, so that the wireless utility meter 100 
meets the total radiated power and total sensitivity thresholds. 
Similarly, in the 1900 MHz band, the antenna 210 is opti 
mized by more closely matching the impedance in the receive 
band to increase receiver sensitivity in order to meet the total 
isotropic sensitivity and total radiated power thresholds, and 
likewise, the antenna 210 provides a reliable level of perfor 
mance in the wireless utility meter 100. 
0073. The details above describe how the antenna 210 is 
tuned for use under the meter cover 205, so that the antenna 
system meets the total radiated power and total isotropic 
sensitivity thresholds. Turning now to FIG.4, an overall sum 
mary of a test environment 400 for performing over-the-air 
test, total isotropic sensitivity and total radiated power, is 
shown. The test environment 400 comprises a RF chamber 
405, a wireless utility meter 100 that is overlaid on a polar and 
Cartesian coordinate system, a Supporting member 420, a 
measurement antenna 430, an antenna 210, and a RF wave 
absorbing material 445. The antenna 210 is tuned and opti 
mized as noted above in reference to FIG. 3. 
0074 The improved, internal antenna configuration is 
confirmed by employing a RF test environment 400 to mea 
sure the total isotropic sensitivity and total radiated power 
during the operation of the wireless utility meter 100 in an 
anechoic RF chamber 405. Additionally, the test results and 
toroidal patterns demonstrate that the present invention meets 
or exceeds the total radiated power and the total isotropic 
sensitivity thresholds. 
0075. The improved, internal antenna 210 provides an 
optimal level of performance, when distinctly disposed on a 
portion of the outer surface of the secondary cover, yet under 
the meter cover and more particularly, configured forward of 
the meter components. The configuration is operative for 
providing a reliable level of performance in the communica 
tion system or the wireless utility meter 100 that undergoes 
the quantitative certification test for total isotropic sensitivity 
and total radiated power. 
0076 Further, the antenna system provides an acceptable 
level of performance for use in a public wireless communi 
cation network, and quantitatively, the level of performance 
delivered by this invention is comparable to the performance 
of the newest cell phones available on the market today. The 
location and orientation of the present invention corresponds 
to the Successful total isotropic sensitivity and to the Success 
ful total radiated power measurements and is confirmed by 
employing the test environment, described in the following 
details. 

0077. In the test environment shown in FIG.4, the antenna 
210 is electrically connected to the wireless utility meter 100 
and is adapted to operate across the 850 MHz band and the 
1900 MHz band. As described above by reference to FIG. 2, 
the antenna 210 is conformed to the curved shape of the 
secondary cover 220 and is positioned forward of its 
mechanical connection point 225. So that it is contiguously 
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spaced at a position forward of the front of the meter compo 
nents, yet under the meter cover 205 for improved perfor 
aCC. 

(0078. The wireless utility meter 100 is adjoined to the 
Supporting member 420 that is mounted on the rear panel of 
the RF chamber 405. The supporting member 420 serves as a 
platform for concurrently rotating the antenna 210 and the 
wireless utility meter 100 about they and Z axis in both theta 
and phi angles. The process for generating the TIS and TRP 
measurements is described in the Subsequent details. 
0079 First, a general synopsis is provided to illustrate the 
total isotropic sensitivity measurements using the antenna 
210. The total isotropic sensitivity, also referred to as receiver 
sensitivity, is measured using a calibrated power measure 
ment device in a controlled environment. It is calculated for 3 
channels (low, middle and high) across each frequency band 
supported by the wireless utility meter 100 and is captured in 
both theta (horizontal) polarizations and phi (vertical) in 
angles, theta and phi (0. (p). 
0080 Generally, the supporting member is rotated to an 
angle, specified by phi and theta. Then the power level of the 
transmitting signal that is received by the antenna 210 is 
varied by raising or lowering the level. The iteration of vary 
ing the power level of the transmitting signal is repeated until 
the bite-error-rate equals the target bit-error-rate. In particu 
lar, the bit-error-rate is used to evaluate the effective receiver 
sensitivity at each spatial measurement location specified by 
the theta angle and the phi angle. When the target bit-error 
rate is achieved, the power level at the meter is recorded as a 
receiver sensitivity data point. This is repeated at an angle 
every 30 degrees for both polarizations. 
I0081. Still referring to FIG.4, the supporting member 420 
is horizontally rotated around the azimuth axis Z at 30 degree 
angular intervals from 0 to 360 phi, while the theta angle is 
held constant. At each 30 degree angular interval, a sensitivity 
measurement is captured in the theta(0) and phi (cp) axes in 
both theta polarization and phipolarization, thereby generat 
ing a total of 72 measurements for each polarization to char 
acterize the receiversensitivity. While capturing the measure 
ments, the measurement antenna 430 accounts for variations 
in measurements and allows for measuring the horizontally 
and vertically polarized signals for the effective receiversen 
sitivity. These measurements are captured for three (3) fre 
quency channels (low, middle, high) across the Supporting 
frequency bands and are illustrated as data points in the table 
shown in FIG. 5. 
I0082 Turning now to FIG. 5, a table displays system, 
effective receive sensitivity data points 500 for channel 128 
and for theta and phipolarizations across the 850 MHz band 
at a test frequency of 869.2 MHz. The table illustrates the 
effective receiver sensitivity data points 500 derived from the 
test environment provided in FIG. 4. Though only channel is 
represented, the total isotropic sensitivity is represented as a 
composite of receiver sensitivity data points 500 for each 30 
degree angular interval and for channels 128, 190, and 251 
(low, middle, and high) across the 850 MHz band for theta and 
phi polarizations. FIG. 11 and FIG. 12 provide additional 
effective isotropic sensitivity measurements captured at each 
angular interval (0, (p) across the 850 MHz operating fre 
quency band for channels 128, 190, and 251 for theta and phi 
polarizations. Such data points for each channel are utilized 
for calculating the total isotropic sensitivity. 
I0083 Turning now to FIG. 6, illustrated is a mathematical 
equation 605 that is used to calculate the total isotropic sen 
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sitivity for each channel wherein EIS is the effective isotropic 
sensitivity captured in the theta and phi axis. The mathemati 
cal equation 605 is 

2N. 
TIS a 

N-I - 
1 1 

"XIX |Est. * EISO, sin() 

Further, N and Mare the number of angular intervals in theta 
and phi, respectively. I and Jare theta and phi indices, respec 
tively, that correspond to the measurement angles. The total 
isotropic sensitivity in the 850 MHz band is equal to the 
average of the total isotropic sensitivity in channels 128, 190 
and 251. Thus, the total isotropic value for the 850 MHz band 
is equal to (Ch 128 TIS+Ch 190 TIS+Ch 251)/3. The total 
isotropic sensitivity value for channels 128, 190, and 251 are 
-98.8557 (dBm), -102.039 (dBm), and -97.6942 (dBm), 
respectively. With reference to equation 605, the total isotro 
pic sensitivity data becomes a single value equal to -99. 
52963 dBm, which meets the certification requirement. 
0084. The total radiated power and the total isotropic sen 
sitivity measurements are represented as a three dimensional 
toroidal radiation pattern and a three dimensional toroidal 
sensitivity pattern. The patterns represent the performance of 
the system and echo the transmission and reception charac 
teristics of the system. 
I0085. Referring now to FIG. 7, a toroidal three dimen 
sional sensitivity pattern characterizes the receiver's system 
performance for the 850 MHz band. The pattern displays a 
null 710 and a hot 700 spot and represents the data points that 
are derived from the spatially distributed power measure 
ments, captured every 30 degrees (0, (p), as described above. 
The null 710 conveys that the system is not sensitive to signals 
that fall in that particular shaded region. However, the null 
710 is behind the meter and thus, does not affect system 
performance. More significantly, the pattern displays strong 
sensitivity in the hot spot 700. The antenna 210 receives or 
“hears' low signals which correspond to the total isotropic 
sensitivity requirements. The shaded region in the hot spot 
700 corresponds to a power level of approximately -99.5 
dBm or better. In simplistic terms, the shaded region in the 
Hot Spot 700 indicates that the antenna 210 provides a reli 
able level of performance, so that the wireless utility meter 
100 meets or exceeds the total isotropic sensitivity threshold 
requirements. It will be understood in the art, that the wireless 
utility meter 100 would be overlaid on the X y Z coordinate 
system of FIG. 7, as shown in FIG. 4. 
I0086. Likewise, the total radiated power also characterizes 
the overall system performance. Referring now to FIGS. 8A 
and 8B, a table displays system, effective radiated isotropic 
power data points 800 for channel 128 and for the theta 
polarization across the 850 MHz band at a test frequency of 
824.2 MHz. These data points 800 in FIGS. 8A and 8B are 
captured in the theta (0) and phi (cp) axes by sampling the 
radiated transmit power in free space around the meter in the 
test environment, as described in FIG.4, with the following 
exception: the angular dependence is 15 degrees. Though 
only one channel and polarization is discussed, the total radi 
ated power is calculated as a composite of data points 800 for 
theta and phipolarizations and for channels 128, 190, and 251 
across the 850 MHz band. Refer to FIGS. 13A and 18B for 
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additional effected isotropic radiated power data points. Such 
data points for each channel are used for calculating the total 
radiated power. 
I0087. Referring now to FIG. 9, illustrated is a mathemati 
cal equation 900 that is used to calculate the total radiated 
power for each channel wherein EIRP is the effective isotro 
pic radiated power captured in the phi and theta axes. The 
mathematical equation 900 is 

N-1- 

TRP a Ny), O EiRP, (0, b) + EiRP, (0, b)sin(0)). 

Further, N and Mare the number of angular intervals in Theta 
and Phi, respectively. I and Jare theta and phi indices, respec 
tively, that correspond to the measurement angles. The total 
radiated power in the 850 MHz band is equal to the average of 
the total radiated power in channels 128, 190, and 251. Thus, 
the total radiated power is equal to (Ch 128 TRP+Ch 190 
TRP+Ch 251 TRP)/3. With respect to the equation, the total 
radiated power values for channels 128, 190, and 251 are 
24.0264 dBm, 25.4058 dBm, and 27.7625 dBm, respectively. 
Thus, the total radiated power data points become a single 
value equal to 25.73156, which meets the CTIA certification 
threshold. These measurements result in a toroidal radiation 
pattern that characterizes the total radiated power. 
I0088 Referring now to FIG. 10, a toroidal three dimen 
sional radiated pattern characterizes the radiate power perfor 
mance for the 850 MHz band. The pattern displays a hot spot 
1010 and a null 1005 and represents the data points that are 
derived from the spatially distributed power measurements as 
described above. The null 1005 indicates that the wireless 
utility meter 100 does not radiate effectively in this region, 
however, the meter is behind the null. For this reason, the 
system performance is not affected. More importantly, the 
shaded region in the hotspot 1010 displays the effective level 
of radiated power that is radiated while in transmit mode. 
Further, the shaded region in the hot spot 1010 is equal to a 
power level of approximately 22 dBm or better. For this 
reason, antenna 210 provides a reliable level of performance, 
so that the wireless utility meter 100 meets or exceeds the 
CTIA total radiated power threshold. It will be understood in 
the art, that the wireless utility meter 100 would be overlaid 
on the xy Z coordinate system of FIG. 10, as shown in FIG. 4. 
I0089 Another embodiment of the invention optimizes the 
antenna 210 for the 1900 MHz band. By optimizing the 
antenna 210, as noted above, the wireless utility meter 100 
meets the total radiated power and the total isotropic sensi 
tivity thresholds for the 1900 MHz frequency band. 
0090 The total isotropic sensitivity is measured using a 
calibrated power measurement device in a controlled envi 
ronment. It is calculated for 3 channels (low, middle and high) 
across each frequency band Supported by the wireless utility 
meter 100 and is captured in both theta (horizontal) and phi 
(vertical) polarizations in angles, theta and phi (0. (p). FIG. 5 
shows the data points for channel 128 for phi and theta polar 
izations across the 850 MHz band. FIGS. 11 and 12 are tables 
showing additional effective isotropic sensitivity measure 
ments captured at each angular interval (0, (p) across the 850 
MHz operating frequency band, for channels 128, 190, and 
251 for theta and phipolarizations. Such data points, in addi 
tion to the data points 500 in FIG. 5, are utilized for calculat 
ing the total isotropic sensitivity. 
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0091 Likewise, the total radiated power is measured using 
a calibrated power measurement device in a controlled envi 
ronment. It is calculated for 3 channels (low, middle and high) 
across each frequency band Supported by the wireless utility 
meter 100 and is captured in both theta (horizontal) and phi 
(vertical) polarizations in angles, theta and phi. FIGS. 8A 
through 8D show effective isotropic radiated power data 
points for channel 128 for theta and phi polarizations across 
the 850 MHz band. FIGS. 13A and 16B are tables showing 
additional effective isotropic radiated power data points, cap 
tured at each angular interval (0, (p) across the 850 MHz 
operating frequency band, for channels 190 and 251 for theta 
and phipolarizations. Such data points, in addition to the data 
points 800 in FIG. 8A-D, are used for calculating the total 
radiated power. 
0092. While the invention has been described in terms of it 
embodiments, those skilled in the art will recognize that the 
invention can be practiced and implemented with modifica 
tions within the spirit and scope of the appended claims. This 
particular innovation may be implemented in other wireless 
applications. The present invention may also employ more 
than one antenna 210. For example, Wi-Fi applications may 
use two antennas. Variations using multiple antennas are well 
within the scope of the current invention. 
0093. Accordingly, it will be understood that various 
embodiments of the present invention described herein are 
preferably implemented as a special purpose or general-pur 
pose computer including various computer hardware as dis 
cussed in greater detail below. Embodiments within the scope 
of the present invention also include computer-readable 
media for carrying or having computer-executable instruc 
tions or data structures stored thereon. Such computer-read 
able media can be any available media which can be accessed 
by a general purpose or special purpose computer, or down 
loadable to through wireless communication networks. By 
way of example, and not limitation, Such computer-readable 
media can comprise physical storage media Such as RAM, 
ROM, flash memory, EEPROM, CD-ROM, DVD, or other 
optical disk storage, magnetic disk storage or other magnetic 
storage devices, any type of removable non-volatile memo 
ries such as secure digital (SD), flash memory, memory stick 
etc., or any other medium which can be used to carry or store 
computer program code in the form of computer-executable 
instructions or data structures and which can be accessed by 
a general purpose or special purpose computer, or a mobile 
device. 

0094. When information is transferred or provided over a 
network or another communications connection (eitherhard 
wired, wireless, or a combination of hardwired or wireless) to 
a computer, the computer properly views the connection as a 
computer-readable medium. Thus, any Such a connection is 
properly termed and considered a computer-readable 
medium. Combinations of the above should also be included 
within the scope of computer-readable media. Computer 
executable instructions comprise, for example, instructions 
and data which cause a general purpose computer, special 
purpose computer, or special purpose processing device Such 
as a mobile device processor to perform one specific function 
or a group of functions. 
0095 Those skilled in the art will understand the features 
and aspects of a Suitable computing environment in which 
aspects of the invention may be implemented. Although not 
required, the inventions will be described in the general con 
text of computer-executable instructions, such as program 
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modules, being executed by computers in networked environ 
ments. Such program modules are often reflected and illus 
trated by flow charts, sequence diagrams, exemplary Screen 
displays, and other techniques used by those skilled in the art 
to communicate how to make and use Such computer program 
modules. Generally, program modules include routines, pro 
grams, objects, components, data structures, etc. that perform 
particular tasks or implement particular abstract data types, 
within the computer. Computer-executable instructions, 
associated data structures, and program modules represent 
examples of the program code for executing steps of the 
methods disclosed herein. The particular sequence of Such 
executable instructions or associated data structures represent 
examples of corresponding acts for implementing the func 
tions described in Such steps. 
0096. Those skilled in the art will also appreciate that the 
invention may be practiced in network computing environ 
ments with many types of computer system configurations, 
including personal computers, hand-held devices, multi-pro 
cessor Systems, microprocessor-based or programmable con 
Sumer electronics, networked PCs, minicomputers, main 
frame computers, and the like. The invention may also be 
practiced in distributed computing environments where tasks 
are performed by local and remote processing devices that are 
linked (either by hardwired links, wireless links, or by a 
combination of hardwired or wireless links) through a com 
munications network. In a distributed computing environ 
ment, program modules may be located in both local and 
remote memory storage devices. 
0097. An exemplary system for implementing the inven 
tions, which is not illustrated, includes a general purpose 
computing device in the form of a conventional computer, 
including a processing unit, a system memory, and a system 
bus that couples various system components including the 
system memory to the processing unit. The computer will 
typically include one or more magnetic hard disk drives (also 
called “data stores' or “data storage' or other names) for 
reading from and writing to. The drives and their associated 
computer-readable media provide nonvolatile storage of 
computer-executable instructions, data structures, program 
modules, and other data for the computer. Although the exem 
plary environment described herein employs a magnetic hard 
disk, a removable magnetic disk, removable optical disks, 
other types of computer readable media for storing data can 
be used, including magnetic cassettes, flash memory cards, 
digital video disks (DVDs), Bernoulli cartridges, RAMs. 
ROMs, and the like. 
0.098 Computer program code that implements most of 
the functionality described herein typically comprises one or 
more program modules may be stored on the hard disk or 
other storage medium. This program code, as is known to 
those skilled in the art, usually includes an operating system, 
one or more application programs, other program modules, 
and program data. A user may enter commands and informa 
tion into the computer through keyboard, pointing device, or 
other input devices (not shown), such as a microphone, game 
pad, satellite dish, Scanner, or the like. These and other input 
devices are often connected to the processing unit through 
known electrical, optical, or wireless connections. 
0099. The main computer that effects many aspects of the 
inventions will typically operate in a networked environment 
using logical connections to one or more remote computers or 
data sources, which are described further below. Remote 
computers may be another personal computer, a server, a 
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router, a network PC, a peer device or other common network 
node, and typically include many or all of the elements 
described above relative to the main computer system in 
which the inventions are embodied. The logical connections 
between computers include a local area network (LAN), a 
wide area network (WAN), and wireless LANs (WLAN) that 
are presented hereby way of example and not limitation. Such 
networking environments are commonplace in office-wide or 
enterprise-wide computer networks, intranets and the Inter 
net. 

0100. When used in a LAN or WLAN networking envi 
ronment, the main computer system implementing aspects of 
the invention is connected to the local network through a 
network interface or adapter. When used in a WAN or WLAN 
networking environment, the computer may include a 
modem, a wireless link, or other means for establishing com 
munications over the wide area network, such as the Internet. 
In a networked environment, program modules depicted rela 
tive to the computer, or portions thereof, may be stored in a 
remote memory storage device. It will be appreciated that the 
network connections described or shown are exemplary and 
other means of establishing communications over wide area 
networks or the Internet may be used. 
0101. In view of the foregoing detailed description of pre 
ferred embodiments of the present invention, it readily will be 
understood by those persons skilled in the art that the present 
invention is Susceptible to broad utility and application. 
While various aspects have been described in the context of a 
preferred embodiment, additional aspects, features, and 
methodologies of the present invention will be readily dis 
cernable therefrom. Many embodiments and adaptations of 
the present invention other than those herein described, as 
well as many variations, modifications, and equivalent 
arrangements and methodologies, will be apparent from or 
reasonably suggested by the present invention and the fore 
going description thereof, without departing from the Sub 
stance or scope of the present invention. Furthermore, any 
sequence(s) and/or temporal order of steps of various pro 
cesses described and claimed herein are those considered to 
be the best mode contemplated for carrying out the present 
invention. It should also be understood that, although steps of 
various processes may be shown and described as being in a 
preferred sequence or temporal order, the steps of any Such 
processes are not limited to being carried out in any particular 
sequence or order, absent a specific indication of Such to 
achieve a particular intended result. In most cases, the steps of 
such processes may be carried out in a variety of different 
sequences and orders, while still falling within the scope of 
the present inventions. In addition, some steps may be carried 
out simultaneously. Accordingly, while the present invention 
has been described herein in detail in relation to preferred 
embodiments, it is to be understood that this disclosure is only 
illustrative and exemplary of the present invention and is 
made merely for purposes of providing a full and enabling 
disclosure of the invention. The foregoing disclosure is not 
intended nor is to be construed to limit the present invention 
or otherwise to exclude any such other embodiments, adap 
tations, variations, modifications and equivalent arrange 
ments, the present invention being limited only by the claims 
appended hereto and the equivalents thereof. 
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1. A utility meter assembly comprising: 
a plurality of meter components configured for measuring 

and collecting data, the plurality of meter components 
including a transceiver operative for signal communica 
tions over a network; 

a faceplate, configured Such that meter reading information 
is displayed on the front of the faceplate: 

an exterior cover configured to enclose the plurality of 
meter components and the faceplate, wherein the face 
plate is forward of the plurality of meter components: 
and 

an internal dipole antenna situated within the exterior 
cover, wherein the internal dipole antenna is beyond the 
front of the faceplate and toward the front of the utility 
meter assembly. 

2. The utility meter assembly of claim 1, wherein the net 
work is a wireless network. 

3. The utility meter assembly of claim 1, wherein the inter 
nal dipole antenna is further situated away from the plurality 
of meter components, so as to minimize interference by the 
plurality of meter components. 

4. The utility meter assembly of claim 1, wherein the face 
plate is the front of an inner cover, the inner cover configured 
to enclose the plurality of meter components. 

5. The utility meter assembly of claim 1, wherein the face 
plate is extended from a metering information component. 

6. The utility meter assembly of claim 5, wherein the 
metering information component is an LCD board. 

7. The utility meter assembly of claim 1, further compris 
ing a connection point on the faceplate for securing the inter 
nal dipole antenna to the faceplate. 

8. The utility meter assembly of claim 7, wherein the inter 
nal dipole antenna is selectively configured on a portion of the 
faceplate to optimize performance of the internal dipole 
antenna. 

9. The utility meter assembly of claim 1, wherein the inter 
nal dipole antenna is conformed to a curved shape of the 
exterior cover. 

10. The utility meter assembly of claim 1, wherein the 
internal dipole antenna is 5.2 inches in length and 0.9 inches 
in width. 

11. The utility meter assembly of claim 10, further com 
prising a center-fed driven element 0.5 inches in length and 
0.725 inches in width. 

12. The utility meter assembly of claim 1, wherein the 
internal dipole antenna is concealed by a coversheet material, 
the coversheet material configured for providing environ 
mental protection and electrical insulation. 

13. The utility meter assembly of claim 12, wherein the 
coversheet material has a total finish thickness of 0.0178 
inches. 

14. The utility meter assembly of claim 1, wherein the 
utility meter assembly is configured for measuring and col 
lecting data related to at least one of electrical power, natural 
gas, Water. 

15. The utility meter assembly of claim 1, wherein the 
internal dipole antenna is tuned for optimal matching imped 
ance in an 850 MHz receive band, wherein a desired receive 
band Standing Wave Ratio (SWR) is achieved, and wherein a 
specified minimum radiated power threshold is maintained. 

16. The utility meter assembly of claim 1, wherein the 
internal dipole antenna is tuned for optimal matching imped 
ance in a 1900 MHz receive band, wherein a desired receive 
band Standing Wave Ratio (SWR) is achieved, and wherein a 
specified minimum radiated power threshold is maintained. 
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17. A utility meter assembly comprising: 
a plurality of meter components configured for measuring 

and collecting data, the plurality of meter components 
including a transceiver operative for signal communica 
tions over a wireless network; 

a faceplate, configured Such that meter reading information 
is displayed on a front of the faceplate: 

an exterior cover configured to enclose the plurality of 
meter components and the faceplate, wherein the face 
plate is forward of the plurality of meter components: 
and 

an internal dipole antenna situated within the exterior 
cover, wherein the internal dipole antenna is beyond the 
front of the faceplate and toward the front of the utility 
meter assembly. 

18. A method for assembling a utility meter comprising 
steps of: 

Selecting a plurality of meter components configured for 
measure and collection of data, the plurality of meter 
components including a transceiver operative for signal 
communications over a wireless network; 
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securing a faceplate forward of the plurality of meter com 
ponents; 

inserting an internal dipole antenna forward of the face 
plate; and 

covering the internal dipole antenna with an exterior cover, 
wherein the internal dipole antenna is situated toward 
the front of the utility meter. 

19. The method of claim 18, further comprising: 
tuning the internal dipole antenna for optimal matching 

impedance in an 850 MHz receive band, to achieve a 
desired receive band Standing Wave Ratio (SWR), and 
to maintain a specified minimum radiated power thresh 
old. 

20. The method of claim 18, further comprising: 
tuning the internal dipole antenna for optimal matching 

impedance in an 1900 MHz receive band, to achieve a 
desired receive band Standing Wave Ratio (SWR), and 
to maintain a specified minimum radiated power 
threshold. 


