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(57) ABSTRACT 

An automated meter reader module can be operably con 
nected to an existing utility meter to provide an endpoint for 
use in an automated meter reader system. The automated 
meter reader module can utilize an index attachment drive 
mechanism to electronically and mechanically monitor con 
sumption of a utility such as Water, gas, or electricity. The 
index attachment of the existing utility meter is attached so 
that it does not physically impede reception or transmission 
of radio frequency communications by a patch antenna inte 
grated into a printed circuit board located inside the auto 
mated meter reader module. A gasket around the edge of the 
housing sealingly interfaces With the existing utility meter 
and a multi-faced cover that alloWs the registered dials 
located on the index attached to be vieWed from a plurality of 
vantage points. 
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AUTOMATED METER READER DIRECT 
MOUNT ENDPOINT MODULE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to utility 
meters. More speci?cally, the present invention relates to data 
collection endpoint devices that operably connect to utility 
meters as part of an automated meter reader system. 

BACKGROUND OF THE INVENTION 

[0002] Utility companies typically measure consumption 
data by reading meters located at a service point, or endpoint, 
on customers’ properties. To determine monthly natural gas 
consumption, for example, the numerical difference betWeen 
a meter reader at the start of a month and at the end of the 
month reveals the amount of natural gas consumed. Utility 
companies can similarly measure customers’ consumption of 
Water and electricity. Using this information, utility compa 
nies are then able to bill customers based upon a price per unit 
of Water, gas, or electricity. Information derived from meter 
readers can also assist utility companies in mapping seasonal 
and daily consumption habits of their customers. 
[0003] Traditionally, utility companies have obtained con 
sumption information by individually visiting customers’ 
properties to physically read meters. Since the frequency of 
meter readers typically mirrors billing cycles, utility com 
pany commonly need to revisit the same meter on a monthly 
or semi-annual basis to obtain consumption information. In 
the United States alone, the annual cost to utility companies 
of reading Water, gas, and electric meters is approximately $3 
billion dollars. Much of this cost is the result of the cost of 
hiring individuals to visit customers’ properties to obtain 
meter readings. As the population groWs, individuals move to 
geographically remote locations, and the cost of Wages rises, 
the amount utilities companies spend on individual meter 
readers is expected to climb. 
[0004] Utility meter systems that require manual readings 
of consumption data represent a signi?cant contributor to 
these rising costs and are marked by a number of other dis 
advantages. These disadvantages include a high incidence of 
reader error, exposure of individuals Who read meters to 
safety haZards, the ease With Which consumer can tamper 
With a meter reader, an inability to detect meter tampering, 
dif?culty of obtaining consumption data at odd or inconve 
nient hours of the day, and an inaccessibility of meter readers 
due to dangerous dogs, locked gates, or angry customers. 
[0005] To avoid some or all of the problems associated With 
manually obtaining meter readers, utilities companies have 
begun implementing automated meter reader (AMR) sys 
tems, also referred to as remote meter reader systems. Gen 
erally, AMR systems reduce or eliminate the need to visually 
inspect individual utility meters to obtain consumption data. 
This gives utility companies an opportunity to realiZe long 
term cost savings, improve operational e?iciencies, provide 
estimated bills that are more accurate, and build a meter 
reading infrastructure adaptable to the companies’ evolving 
needs. 
[0006] In operation, AMR systems utiliZe an endpoint to 
communicate a signal representative of a utility meter reader 
to a remote reading device or netWork. Consumption data can 
then be incorporated into a data-collection system. Commu 
nication betWeen the AMR endpoint and remote reading 
device is normally accomplished by radio frequency (RF). 
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For example, mo st traditional meter endpoints employ a read 
ing module that uses the utility being consumed, such as ?uid 
?oW or Watt-hours, to poWer an internal drive system operably 
connected to a register dial on an index attachment. As a 
utility is consumed, rotations of an internal drive shaft change 
the readings of the register dials. In some AMR systems, a 
small module can be mounted on the face of the existing 
meter reader such that the rotations of the internal drive shaft 
cause an electronic signal to be produced. As described in 
US. Patent Application No. 2003/0151886 by Buhl, an 
AMR-compatible meter reader module may include inter 
faces on opposite sides of a meter reader module drive shaft 
for rotationally communicating With and betWeen the register 
index and the meter. The intercepted rotations may then be 
transmitted by a transmitter to various remote reading devices 
or netWorks by RF communication. 
[0007] One of the biggest challenges a utility company 
faces in implementing an AMR system is converting tradi 
tional mechanically read meter endpoints into AMR meter 
endpoints. In particular, the cost of implementing AMR tech 
nology can be great since a utility company must individually 
set up AMR-compatible meter endpoints for each customer. 
Since a total replacement of a traditional meter endpoint may 
be costly, dangerous, and unnecessarily interrupt a custom 
er’s utility service, AMR endpoints have been designed to 
substantially preserve and, in fact, utiliZe the structure and 
functionality of existing utility meters. 
[0008] Since several years are typically required for a util 
ity company’s reduced meter reading expenses to cover the 
costs of installing and implementing an AMR system, fre 
quent repair or replacement of endpoint can reduce or negate 
the cost-saving bene?t of anAMR system. Therefore, there is 
a need for loW-cost automated meter reader modules that can 
be installed quickly and easily, resist degradation due to envi 
ronmental conditions and use, and can be used in multiple 
methods of data collection. 

SUMMARY OF THE INVENTION 

[0009] The present invention meets the aforementioned 
needs of the industry, in particular by providing an automated 
meter reader (AMR) direct mount endpoint module. The 
AMR module can be mounted onto an existing utility meter 
so as to utiliZe the utility meter’s index and meter drive 
mechanisms to electronically and visually monitor consump 
tion of a utility such as Water, gas, or electricity. The AMR 
module may be compatible With the index attachment previ 
ously used to read the existing utility meter such that the AMR 
module is effectively mounted betWeen the meter drive 
mechanisms of the meter and the index attachment that dis 
plays readings associated With the meter. The AMR module in 
accordance With various embodiments of the present inven 
tion has a patch antenna that is arranged to provide better 
transmission and reception of RF signals and the components 
of the AMR module are protected Within an environmentally 
rugged enclosure that can be operably connected to the meter 
While the meter is in operation and can be removed from and 
remounted Without the need of a neW sealing member. 
[0010] The AMR module Will generally include a housing 
portion. The housing comprises several Walls that form at 
least one housing cavity. The number and location of theses 
Walls can be changed according to different embodiments to 
form various sub-cavities of different siZe and shape Within 
the main housing cavity. A housing main cavity may contain, 
for example, a battery, a printed circuit board, or other com 
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ponents associated With the automated meter reader systems. 
The housing portion also comprises a generally planar base 
adapted to be mounted onto the existing utility meter. 
[0011] The AMR module Will also generally include a 
cover or enclosure. The cover, Which can also be secured to 

the existing utility meter in some embodiment, is positioned 
relative to the housing so that it covers both the housing cavity 
and an index attachment secured to a pair of mounting posts 
on the meter. In one embodiment, the cover has several trans 
parent faces through Which register dials or displays on the 
index attachment can be vieWed. In one embodiment, a sub 
stantially planar front surface and a curved upper surface, for 
example, may permit a vieWer to read dials located on the 
index attach from various vantage points. 
[0012] Exposing an AMR module to Water and other envi 
ronmental stresses Will generally adversely affect the dura 
bility and long-term performance of the module and the auto 
mated meter reader system. To protect the electronic circuitry 
and other sensitive components housing in the AMR module, 
the module can be ?tted With a gasket substantially imperme 
able to Water. The gasket seals the interface of the base and the 
existing utility meter and the interface of the base and the 
cover. Normally, the gasket is attached to the main housing 
along the perimeter based. In one embodiment, the AMR 
module is provided With a sealing gasket that is releasable and 
resealable. In another embodiment, the cover of the AMR 
module is canted at a slightly outWardly doWnWard angle 
relative to the base and includes Water drain apertures proxi 
mate a bottom outWard-most portion of the cover. These 
Water drain apertures are dimensioned to permit effective 
drainage of any Water or condensation Within the cover, While 
generally precluding access to the interior of the cover by 
insects, for example. 
[0013] To operate as part of an automated meter reader 
system, an endpoint that is part of the AMR module Will 
generally include a printed circuit board. The printed circuit 
board may have or be in communication With an encoder, a 
receiver, and a transmitter. The printed circuit board is typi 
cally located Within the housing cavity. In one embodiment, 
the printed circuit board is stabiliZed by a pair of biasing 
members attached to the printed circuit board. The biasing 
members force the printed circuit board against portions of 
the Walls forming the housing cavity, thereby substantially 
securing the printed circuit board in place. Potting material 
can also be added to the main housing cavity to stabiliZe and 
further protect the printed circuit board. 
[0014] In one embodiment, the receiving and transmitting 
functions of the automated meter reader direct mount end 
point module are generally performed by a patch antenna. In 
an example embodiment, the automated meter read direct 
mount endpoint module comprises a patch antenna integrated 
into a printed circuit board. The patch antenna Will typically 
be located at or near one end of the printed circuit board. The 
printed circuit board is typically located Within a main hous 
ing cavity and secured at least partially betWeen the base and 
the index attachment. The patch antenna, hoWever, occupies a 
portion of the housing cavity extending beyond the perimeter 
of the area of the existing utility meter to Which the automated 
meter reader module is attached. In this manner, physical 
interference by the index attachment and/ or meter With radio 
frequency communications received by and transmitted from 
the patch antenna may be reduced. 

[0015] In one embodiment, the encoding function of the 
endpoint of the AMR module is generally performed by a 
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Wriggler in communication With a sWitch located on the 
printed circuit board. The Wriggler has a meter interface 
mechanism adapted to matingly engage a rotating meter inter 
face of the existing utility meter and an index interface 
mechanism adapted to matingly engage an index interface of 
the index attachment. In one embodiment, the Wriggler and 
interfaces are arranged to permit installation of the AMR 
module While the meter is operating by the design of the 
mating interface on the Wriggler to permit mating While the 
Wriggler is in an initial an oblique orientation Which can then 
be transitioned to an axially aligned orientation for ?nal 
mounting. 
[0016] Although the present invention is generally 
described in relation to an automate meter reading system 
used to monitor gas consumption, the automated meter reader 
module can also be used in monitoring consumption of other 
utilities, such as gas and electricity, Without departing from 
the spirit and scope of the present invention. 
[0017] The above summary of the present invention is not 
intended to describe each embodiment or every implementa 
tion of the present invention. The ?gures and the detailed 
description that folloW more particularly exemplify these 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is an exploded perspective vieW of an auto 
mated meter reader module as the automated meter reader 
module Would be attached to and a utility meter. 
[0019] FIG. 2 is an exploded perspective vieW of an auto 
mated meter reader module according to an embodiment of 
the present invention. 
[0020] FIG. 3 is an exploded perspective vieW of an auto 
mated meter reader module according to an embodiment of 
the present invention. 
[0021] FIG. 4 is a side vieW of an automated meter reader 
endpoint having an automated meter reader module accord 
ing to an embodiment of the present invention. 
[0022] FIG. 5 is a front vieW of an automated meter reader 
endpoint having an automated meter reader module accord 
ing to an embodiment of the present invention. 
[0023] FIG. 6 is a top vieW of an automated meter reader 
endpoint having an automated meter reader module accord 
ing to an embodiment of the present invention. 
[0024] FIG. 7 is an illustration of an index attachment hav 
ing register dials. 
[0025] FIG. 8 is an illustration of an index attachment hav 
ing register dials. 
[0026] FIG. 9 is an illustration of the inter-connnected gear 
mechanisms of an index attachment and a utility meter. 
[0027] FIG. 10 is a perspective vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0028] FIG. 11 is a perspective vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0029] FIG. 12 is a cross-sectional side vieW of a cross 
section of a meter interface mechanism according to an 
embodiment of the present invention. 
[0030] FIG. 13 is an elevational vieW of a side of a meter 
interface mechanism according to an embodiment of the 
present invention. 
[0031] FIG. 14 is a side vieW ofa meter interface mecha 
nism according to an embodiment of the present invention. 
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[0032] FIG. 15 is an elevational vieW ofa side of a meter 
interface mechanism according to an embodiment of the 
present invention. 
[0033] FIG. 16 is a perspective vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0034] FIG. 17 is a perspective vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0035] FIG. 18 is a side vieW of a meter interface mecha 
nism according to an embodiment of the present invention. 
[0036] FIG. 19 is an elevational vieW ofa side of a meter 
interface mechanism according to an embodiment of the 
present invention. 
[0037] FIG. 20 is a cross-sectional side vieW of a meter 
interface mechanism according to an embodiment of the 
present invention. 
[0038] FIG. 21 is an elevational vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0039] FIG. 22 is a side vieW of a meter interface mecha 
nism according to an embodiment of the present invention. 
[0040] FIG. 23 is an elevational vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0041] FIG. 24 is a cross-sectional side vieW of a meter 
interface mechanism according to an embodiment of the 
present invention. 
[0042] FIG. 25 is an elevational vieW of a meter interface 
mechanism according to an embodiment of the present inven 
tion. 
[0043] FIG. 26 is a perspective vieW of an automated meter 
reader module according to an embodiment of the present 
invention. 
[0044] FIG. 27 is a perspective vieW of an automated meter 
reader module according to an embodiment of the present 
invention. 
[0045] FIG. 28 is a read vieW of an automated meter reader 
module according to an embodiment of the present invention. 
[0046] FIG. 29 is a front vieW of a utility meter reader. 

DETAILED DESCRIPTION 

[0047] The invention can be more readily understood by 
reference to FIGS. 1-29 and the folloWing description. While 
the invention is not necessarily limited to such an application, 
the invention Will be better appreciated using a discussion of 
example embodiments in such a speci?c context. 
[0048] Referring to FIGS. 1-6, automated meter reader 
module 40 comprises a housing 42, a cover 44, and a patch 
antenna 46, in an example embodiment. Referring to FIGS. 1, 
and 4-6, automated meter reader module 40 is attached to 
utility meter 48 on mounting structure 50 at attachment area 
52 to form automated meter reader endpoint 54. 
[0049] Housing 42 has a substantially planar base 56. On 
the front side ofbase 56, as depicted in FIGS. 1-3, base 56 has 
a plurality of Walls 58. Walls 56 de?ne housing cavity 60. 
Depending upon hoW Walls 58 are con?gured, Walls 58 may 
de?ne a plurality of housing cavities 60. In an example 
embodiment, Walls 58 de?ne at least tWo housing sub-cavities 
60a, 60b. As depicted in FIG. 1, base 56 and Walls 58 can be 
con?gured so housing sub-cavities 60a, 60b receive printed 
circuit board 62 and battery 64. Printed circuit board 62 
generally comprises patch antenna 46 and electronic circuitry 
66. In an example embodiment, patch antenna 46 is integrated 
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into printed circuit board 62. In other embodiments, an 
antenna may be separate from electronic circuitry 66. In one 
embodiment, patch antenna 46 generally comprises a printed 
circuit foil pattern With several standard impedance matching 
components. Electronic circuitry 66 generally comprises 
sWitch 68 that generates and/or receives an electronic signal 
corresponding to radio frequency communications transmit 
ted or received by the antenna. 

[0050] Printed circuit board 62 can be positioned in hous 
ing sub-cavity 60a in any number of Ways. In one embodi 
ment, relative to automated meter reader module 40 that is 
installed on utility meter 48, printed circuit board 62 is posi 
tioned vertically in housing 42 betWeen left-hand mounting 
post 70 and right-hand mounting post 72, as depicted in FIGS. 
1-3. In an example embodiment, printed circuit board 62 is 
vertically oriented such that patch antenna 46 is above elec 
tronic circuitry 66 in an installed automated reader meter 
module 40. In this embodiment, patch antenna 46 occupies a 
portion of sub-cavity 6011 that extends beyond the perimeter 
of attachment area 52 of utility meter 48, as depicted in FIG. 
1 

[0051] In general, printed circuit board 62 and battery 64 
should be ?xedly secured Within housing cavity 60. Although 
in some instances maintenance may require printed circuit 
board 62 and battery 64 to be removed, it is anticipated that 
printed circuit board 62 and battery 64 Will remain in place for 
approximately the life of battery 64, such as, for example, 
around tWenty years. This is typically accomplished by pot 
ting or ?lling one or more housing cavities With a potting 
material. 

[0052] To maintain the position of patch antenna 46, as Well 
as electronic circuitry 66, in appropriate position prior to and 
during the potting of the printed circuit board 62, in one 
embodiment, printed circuit board 62 comprises at least one 
biasing member as depicted in FIGS. 2-3. Biasing member 74 
may be any resiliently compressible component attachable to 
a side of printed circuit board 62. In an example embodiment, 
printed circuit board comprises tWo biasing members 74 hav 
ing an elongated body and a resiliently compressible annular 
end distal to the elongated body. The biasing members 74 are 
typically located near opposite ends of one side of printed 
circuit board 62. 

[0053] In operation, biasing members 74 exert a force 
against a portion of Walls 58 and thereby push printed circuit 
board 62 against an opposite portion of Walls 58. Referring to 
FIGS. 2-3, base 42 and Walls 58 are generally con?gured so 
that biasing members 74 extending from a surface of printed 
circuit board 62 contact a portion of Walls 58a, 58b. Opposite 
surface of printed circuit board 62 contacts an opposite por 
tion of walls 58c, 58d. As depicted in FIGS. 2-3, the opposite 
portion of walls 58c, 58d may comprises an edge or edges that 
partially extend beyond a plane formed by Walls 58. When 
printed circuit board 62 is placed in housing cavity 60, the 
resiliently compressible ends of biasing member 74 exert a 
force against a portion of Walls 60a, 60b. In response this 
portion of Walls 60a, 60b exerts an opposing force against 
printed circuit board 62 that causes printed circuit board 62 to 
forcibly contact an opposite portion of walls 60c, 60d. Printed 
circuit board 62 is thereby releasably secured betWeen Walls 
60 of housing 42 de?ning housing cavity 60. In this embodi 
ment, the biasing members 74 provide a mechanism for 
releasably securing printed circuit board 62 in position during 
the manufacturing process such that printed circuit board 62 
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can be conveniently installed and also, if needed, removed 
and reinstalled, prior to potting the AMR module. 
[0054] In one embodiment, index attachment can be 
secured to left-hand and right-hand mounting posts 70, 72. As 
depicted in FIG. 1, left-hand and right-hand mounting posts 
70, 72, extending from base 42 are interfaced With index 
attachment 76. In an example embodiment, left-hand and 
right-hand mounting posts 70, 72 are speci?cally adapted to 
interface With index attachment 76 originally mounted to and 
subsequently removed from utility meter 48. Referring to 
FIG. 1, index fastening members 78 are inserted through 
index attachment 76 and secured to left-hand and right-hand 
mounting posts 70, 72. Typically, left-hand and right-hand 
mounting posts 70, 72 are adapted to receive index fasteners 
members 78 originally used to secure index attachment 76 to 
mounting structure 50 of utility meter 48. Although auto 
mated reader module 49 typically utiliZes index attachment 
76 and index fastening members 78 originally installed on 
existing utility meter 48, neW index attachment 76 and neW 
index fastening members 78 could easily be attached to left 
hand and right-hand mounting posts 70, 72 during the process 
of manufacturing and assembling automated meter reader 
module 40. 

[0055] The arrangement of left-hand and right-hand 
mounting posts 70, 72 can be arranged in any number of Ways 
to determine the placement of index attachment 76 in auto 
mated reader meter module 40. An attachment 76 having 
register dials 79, is depicted in FIGS. 7-8. Generally, left 
hand and right-hand mounting posts 70, 72 are aligned hori 
Zontally on base 56 in relation to an automated meter reader 
module 40 attached to utility meter 48, as depicted in FIGS. 
1-3. In an example embodiment, left-hand and right-hand 
mounting posts 70, 72 are horiZontally aligned near bottom of 
base 56 such that index attachment 76 is situated beloW a 
portion of sub-cavity 6011 that extends beyond the perimeter 
of attachment area 52 of utility meter 48. As previously noted, 
in one embodiment patch antenna 46 occupies the portion of 
sub-cavity 6011 that extends beyond the perimeter of attach 
ment area 52. In this Way, patch antenna 46 extends above 
index attachment 76 relative to automated meter reader mod 
ule 40 mounted to mounting structure 50 at attachment area 
52 of utility meter 48. By utiliZing patch antenna 46 that 
extends above index attachment 76, automated reader module 
40 can provide an improved radio frequency transmission 
pattern and improved reception of radio frequency transmis 
510115. 

[0056] In one embodiment, the AMR module includes a 
Wriggler 80 is located Within Wriggler housing 82. Wriggler 
housing 82 may be separate from or integrated into Walls 58. 
Generally, Wriggler housing 82 is integrated into Walls 58, as 
depicted in FIGS. 1-3. When Wriggler housing 82 is inte 
grated into Walls 58, Wriggler 80 can be brought into closer 
proximity to sWitch 68 in electronic circuitry 66. Close prox 
imity betWeen Wriggler 80 and printed circuit board 62 is 
advantageous because Wriggler 80 typically Wirelessly com 
municates With sWitch 68 that translates rotations of a rela 
tively small magnet 84 into electronic signals. The function 
ality of Wriggler 80 is further described in US. Publication 
No. 2003/0151886A1 Buhl, the disclosure ofWhich is hereby 
incorporated by reference in its entirety. 
[0057] The rate at Which Wriggler 80 rotates is representa 
tive of the rate at Which a utility such as gas, Water, or elec 
tricity is consumed. Referring to FIG. 9, consumption of a 
utility by a consumer causes a gear mechanism in meter drive 
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86 of utility meter 48 to rotationally engage index gear system 
88 in index attachment 76. Meter drive 86 in utility meter 48 
has meter interface 90 that rotationally engages index inter 
face 92 of index drive 94 in index attachment 76. As con 
sumption of a utility causes meter interface 90 to rotate index 
interface 92, index gear system 88 in index interface 76 pro 
duce corresponding rotation of visible register dials 79 
located on the outWard-facing surface 92 of index attachment 
76. When index attachment 76 is removed from utility meter 
48 and attached to automated meter reader module 40, hoW 
ever, meter drive 86 is no longer able to act upon index drive 
94 to produce visible rotations of register dials 79. Therefore, 
an important additional function of Wriggler 80 is to provide 
an operable interface betWeen meter drive 86 and index drive 
94. 

[0058] To provide an operable interface betWeen meter 
drive 86 and index drive 94, Wriggler 80 comprises label drive 
shaft 95, index interface mechanism 96, and meter interface 
mechanism 98. Meter interface mechanism 98 is designed to 
matingly engage meter interface 98. Similarly, index inter 
face mechanism 98 is designed to matingly engage index 
interface 98. Generally, shaft 94 and index interface mecha 
nism 96 integrally form a separate component from meter 
interface mechanism 98. Lockable tip 100 on an end of drive 
shaft 95 distal to index interface mechanism 96 lockably 
secures meter interface mechanism 98 to drive shaft 94. 

[0059] Wriggler 80 can be operably connected to meter 
interface 90 and index interface 92 in any order. Since con 
sumption of a utility by a consumer can continue to rotation 
ally drive meter interface 90 during installation, it may be 
preferable to operably connect Wriggler 80 to index attach 
ment 76 before operably connecting Wriggler 80 to utility 
meter 48. By ?rst attaching Wriggler 80 to index attachment 
76, meter drive 86 Will not cause index interface 92 to rotate, 
Which can interfere or complicate the installation procedure. 

[0060] Although Wriggler 80 can be attached to index 
attachment 76 in any manner that avoids the mating of a 
rotationally moving component to a rotationally stationary 
component, attaching Wriggler 80 to utility meter 48 often 
requires index attachment mechanism 98 to matingly engage 
meter interface 90 While meter interface 90 is rotating. As 
previously noted, meter drive 86 Will cause meter interface 90 
to rotate if a consumer continues to use a utility. Since it can 
be inappropriate, impractical, or uneconomic to temporarily 
suspend service of a utility during installation, Wriggler 80 
must be operably connectable to utility meter 48 While meter 
interface is rotating 90. Speci?cally, a meter interface mecha 
nism 98 must be adapted to matingly engage rotating meter 
interface 90. Depending upon the type of utility meter 48 
receiving automated meter reader module 40, meter interface 
mechanism 98 may comprise different shapes and con?gures, 
as seen by a comparison of meter interface mechanism 98, 
depicted in FIG. 2 and FIG. 3. 

[0061] Currently, an installer must carefully align meter 
interface mechanism 98 With meter interface 90 as meter 
interface 90 is rotating. Typically, this requires considerable 
guessWork and trial-and-error. In addition to requiring addi 
tional time for installation, current designs of meter interface 
mechanisms 98 often contribute to permanent binding of 
meter interface mechanism 98 to meter interface 90. Binding 
can cause inaccurate meter readers, damage automated meter 
reader module 40 and utility meter 48, cause utility leaks, 
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result in irrevocable damage to meter drive 86 if and When 
automated meter reader module is removed or replaced, or a 
combination thereof. 
[0062] In one embodiment of the present invention, auto 
mated meter reader module 40 has Wriggler 80 With meter 
interface mechanism 98 that facilitates mating engagement 
With rotating meter interface 90 and reduces the likelihood of 
binding. In an example embodiment, meter interface mecha 
nism 98 has tWo spaced-apart interface members 102 extend 
ing beyond locking tip 100 along an axis parallel to the axis of 
drive shaft 94. In another example embodiment, meter inter 
face mechanism has elongated neck 104, toothed gear 106 
With teeth extending along axes perpendicular the axis of 
drive shaft 94. 
[0063] Referring to FIGS. 10-11, an example embodiment 
is depicted of meter interface mechanism 98 having tWo inter 
face members 102. Interface members 102 are spaced 
approximately one-hundred eighty degrees apart. Interface 
members 102 can matingly engage meter interface 90 While 
meter interface 90 is rotating. Exemplary dimensions of 
meter interface mechanism 98 With interface members 102 
are listed in FIGS. 12-15. One skilled in the art Will recogniZe 
that changes may be made to the dimensions listed in FIGS. 
12-15, as Well as ratios of these dimensions, Without depart 
ing from the spirit and scope of the present invention. 
[0064] Referring to FIGS. 16-17, an example embodiment 
is depicted of meter interface mechanism 98 having toothed 
gear 106 With beveled teeth 108. Beveled teeth 108 can mat 
ingly engage meter interface 90 While meter interface 90 is 
rotating. Beveled teeth 108 alloW meter interface mechanism 
98 to self-centering into and matingly engage meter interface 
90. Meter interface mechanism 98 also has elongated neck 
104. Elongated neck 104 can also facilitate operable connec 
tion of Wriggler 80 to utility meter 48 by permitting an 
installer to observe Whether toothed gear 106 has properly 
engaged meter interface 90. Exemplary dimensions of meter 
interface mechanism 98 With beveled teeth 108 and elongated 
neck 104 are listed in FIGS. 18-25. One skilled in the art Will 
recogniZe that changes may be made to the dimensions listed 
in FIGS. 18-25, as Well as ratios of these dimensions, Without 
departing from the spirit and scope of the present invention. 
[0065] When properly installed in accordance With one 
embodiment, Wriggler 80 interfaces utility meter 48 and 
index attachment 76 such that consumption of a utility such as 
gas, electricity, or Water causes meter drive 86 to rotate reg 
ister dials 79 in the folloWing manner: (i) meter drive 86 
causes meter interface 90 to rotate; (ii) meter interface 90 
causes meter interface mechanism 98 to rotate; (iii) meter 
interface mechanism 98 causes drive shaft 95 to rotate; (iv) 
drive shaft 95 causes index interface mechanism 96 to rotate; 
(v) index interface mechanism 96 causes index interface 92 to 
rotate; (vi) index interface 92 causes gears of index gear 
system 88 to rotate; and (vi) index gear system 88 causes 
register dials 79 to rotate. 

[0066] To protect the functionality of automated reader 
meter module 40, cover 44 encloses housing 42, index attach 
ment 76, printed circuit board 62, battery 64, Wriggler 80, and 
other components. In an example embodiment, cover 44 is 
secured to mounting structure 50 of utility meter 98 With 
mounting fastening members 110. When attached to mount 
ing structure 50, housing 42 is positioned betWeen utility 
meter 48 and cover 44. Typically, cover 44 is adapted to 
receive mounting fastening members 110 originally used to 
previous endpoint cover to attachment area 52 of utility meter 
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48. Although automated reader module 40 typically utiliZes 
mounting fastening members 110 originally installed on 
existing utility meter 48, neW mounting fastening members 
110 could easily be used as Well. 
[0067] Cover 44 may be made from any number of mate 
rials. Generally, cover 44 is made of a transparent polymer. 
By making cover 44 from a transparent polymer, register dials 
79 of index attachment 76 can be read Without having to 
remove cover 44. Referring to FIGS. 26-27, cover 44 may 
have multiple vieWing surfaces. Multiple vieWing surfaces 
permit register dials 79 of index attachment 76 to be read from 
several vantage points. In an example embodiment, register 
dials 79 can be vieWed through at least substantially planar 
front vieWing surface 112 and substantially concave top vieW 
ing surface 114. 
[0068] In conjunction With one embodiment of cover 44 
and housing 42, gasket 116 also protects the internal compo 
nents of automated meter reader module 40 from contamina 
tion or interference due to moisture, dust, insects, or other 
environmental debris. As depicted in FIG. 28, gasket 116 
forms a seal around the perimeter of housing 42. When auto 
mated meter reader module 40 is mounted, gasket 116 sub 
stantially seals the interface of mounting structure 56 and 
housing 42 and the interface of cover 44 and housing 42. 
[0069] As depicted in FIGS. 1-3 and 28, cover 44 has 
mounting apertures 118 through Which mounting fastening 
members 110 can be inserted and fastened to mounting struc 
ture 50. In one embodiment, as depicted in FIGS. 1-2 and 28, 
mounting apertures 118 are located in outward-extending 
Wings of cover 44. In accordance With this embodiment, 
mounting fastening members 11 0 do not penetrate housing 56 
or gasket 116. In another embodiment, as depicted in FIG. 3, 
mounting apertures 118 are located in the corners of housing 
56. In accordance With this embodiment, mounting fastening 
members 110 are also inserted through gasket 116. By tight 
ening mounting fasteners 78, gasket 116 provides a compres 
sion ?t that enhances the effectiveness of the enclosure 
formed by cover 44 and housing 42 in both of these embodi 
ments. In other embodiments, gasket 116 may have a raised 
?ange extending beyond the outer-most surface of cover 44. 
The extended ?ange can increase the effectiveness the seal 
betWeen cover 44 to mounting structure 50. 

[0070] Design features in automated meter reader module 
40 can also provide a compression ?t betWeen housing 42 and 
cover 44. In an example embodiment, outer surfaces of Walls 
58 contact inner surface of cover 44. The inherent resiliency 
of the materials from Which Walls 58 and cover 44 are made 
causes housing 42 and cover 44 to come into forcible contact, 
thereby creating a compression ?t. 
[0071] In an example embodiment, gasket 116 is made of a 
Thermoplastic Elastomer (TPE) material, such as, for 
example, Thermoplastic VulcanZite (TPV) such as Santo 
preneTM 21 1-55. As depicted in FIG. 28, a cork gasket 120 as 
utiliZed in the prior art can adhere to the surface of mounting 
structure 50, Which requires additional time and effort to 
remove. Cork is also susceptible to deterioration, such as 
cracking, that can destroy the seal in the interface of mounting 
structure 50 and housing 42 and the interface of cover 44 and 
housing 42. Use of polymeric material for gasket 116 
improves the durability of automated meter reader module 40 
With respect to the use other materials, such as cork, previ 
ously used for gasket 116. In one embodiment utiliZing the 
compression ?t as described, the use of such a polymeric 
material for gasket 116 permits a releasable and resealable 
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arrangement that facilitates maintenance of the AMR module 
and the meter itself Without necessitating installation of a neW 
sealing member. The use of a polymeric material for gasket 
116 can also enhance the compression ?t of cover 44 to 
housing 42 by frictionally securing cover 42 in place. 
[0072] Automated meter reader module 40 may comprise 
several additional features that improve reliability, function 
ality, and durability of electronic components. In an example 
embodiment, housing cavity 60 is ?lled With a potting mate 
rial. Potting material provides a substantially moisture-im 
permeable physical barrier betWeen electronic components 
and environmental contaminants While not substantially 
adversely affect the performance of electronic components 
such as electronic circuitry 66 and battery 64. 
[0073] Referring to FIG. 4, surface of cover 44 may be 
con?gured such bottom face 122 having loWer outWard-fac 
ing edges 124 of automated meter reader module does not 
form a right angle With respect to the plane of attachment area 
52. Generally, loWer-outWard-facing edges 122 are oriented 
outWardly doWnWard such that bottom face 122 is substan 
tially planar and forms an angle With respect to the place of 
attachment area 52 in a range of about ninety-?ve degrees to 
slightly more than ninety degrees. In an example embodi 
ment, bottom face 122 is substantially planar and forms an 
angle With respect to the place of attachment area 52 in a 
range of about ninety-one degrees to about ninety-tWo 
degrees. 
[0074] Referring to FIG. 29, in one embodiment cover 44 
may also be provided With structure de?ning drainage hole 
126. If Water enters automated meter reader module 40, such 
as through a crack in gasket 116, or condensation due to 
humidity builds up, Water or accumulated condensation can 
exit automated meter reader module 40 into the outside envi 
ronment by passing through drainage hole 126. The out 
Wardly doWnWard orientation of bottom face 122 of cover 44 
of one embodiment can facilitate the formation of an exit path 
for Water through drainage holes 126. Drainage holes 126 can 
be con?gured in any number of Ways. In an example embodi 
ment, drainage holes 126 are con?gured to form a small leak 
path at or near the edge Where front surface 112 and bottom 
surface 122 are joined, such as depicted in FIGS. 2-3. 

[0075] Generally, drainage holes 126 are large enough to 
prevent Water tension from impeding the drainage of Water or 
accumulated moister, but small enough to block or substan 
tially deter invasion of automated meter reader module 40 by 
insects. Drainage holes 126 may be located in any portion of 
cover 44. In an example embodiment, drainage holes 126 are 
embedded in the portion of cover 44 in Which bottom surface 
122 transitions into front surface 112. In this embodiment, 
drainage holes 126 are also spaced apart such that each drain 
age hole 126 occupies a location at or near a side edge of front 
surface 112. In this manner, drainage holes minimiZe the 
amount of Water or condensation that can build up Within 
automated meter reader module in the event that bottom sur 
face 122 of cover 44 is not level subsequent to installation. 

[0076] Drainage hole 126 can be of any siZe and shape that 
permits the escape of Water or accumulated condensation 
from automated meter reader module 40. In one embodiment, 
the dimensions and shapes of drainage hole 126 are con?g 
ured such that insects, such as ?re ants, are discouraged from 
attempting to access the interior of the AMR module 40. 
Referring to FIGS. 2-3, drainage hole 126 is substantially 
slit-like Wherein a dimension of drainage hole 126 in one 
direction is substantially greater than a dimension in another 
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direction. This tends con?guration permits ?uid substances, 
such as Water, to exit through drainage hole 126 by conform 
ing to the siZe and shape of the opening While limiting entry 
of rigid bodies to those conforming to the smallest dimension 
of drainage hole 126. 
[0077] The location of drainage holes 126 in a portion of 
cover transitioning from bottom surface 122 into front surface 
112 can minimiZe the siZe drainage holes 126 While maxi 
miZing proximity to bottom surface 122. The effectiveness of 
drainage holes 126 in discouraging the unintended entry of 
Water and insects can also be enhanced through the addition 
of various structures on the inside surface of cover 44. Such 
structures are de?ned proximate drainage holes 126 to pre 
vent a direct line of access into automated meter reader mod 
ule 40 through drainage hole 126. These structures may com 
prise any number of con?gurations that inhibit access through 
drainage holes 126. In an example embodiment, the inside 
surface of front surface 112 has a ledge, approximately 1.2 
mm><10.2 mm, located about 2.2 mm above drainage hole, 
approximately 0.5 mm><5 mm in siZe, to limit a direct pen 
etration into the housing. 
[0078] Gasket 116 may also have Weeping holes 122 in the 
portion of gasket 116 interfacing With the side of housing 42 
and mounting structure 50 of utility meter 48. Weeping holes 
122 can channel Water that may enter the space betWeen 
automated meter reader module 40 and mounting structure 
58, such as accumulated condensation or Water that has 
entered this space through a crack in gasket 116. 

1-9. (canceled) 
10. An enclosure of an automated meter reader module 

adapted to be installed on an existing utility meter having an 
index attachment that displays readings from the utility meter, 
the utility meter presenting an attachment area Where the 
index attachment is selectively attachable to the utility meter, 
the enclosure comprising: 

a housing With a generally planarbase having on a ?rst side 
a plurality of Walls de?ning an at least one housing 
cavity adapted to receive a printed circuit board having 
circuitry for the automated reader meter module and 
de?ning a base area having an aperture, the housing 
including a structure on the ?rst side adapted to interface 
With the index attachment and a portion of the base on a 
second side opposite the ?rst side that is adapted to 
interface With the attachment area, the at least one hous 
ing cavity including a cavity portion that extends beyond 
a perimeter of the attachment area of the utility meter 
and the aperture; 

a cover locatable relative to the housing to cover both the 
housing cavity, the index attachment, and the base area 
When the index attachment is mounted on the structure 
adapted to interface With the index attachment; and 

a ?exible gasket having a ?rst side adapted to sealingly 
interface With the cover and the ?rst side of the base and 
a second side adapted to sealingly interface With the 
attachment area and second side of the base, the gasket 
being coextensively releasably attachable to a circum 
ferential edge of the base. 

11. The automated meter reader module of claim 10, 
Wherein the structure on the ?rst side of the housing further 
comprises a ?rst mounting post and a second mounting post 
designed to interface With the index attachment, the ?rst 
mounting post and the second mounting post being located 
outside the at least one housing cavity. 
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12. The automated meter reader module of claim 10, 
Wherein the cover comprises a substantially planar ?rst face 
and a substantially concave second face sharing an edge of the 
cover, the cover interfacing With the structure such that a 
plurality of register dials are vieWable through the planar face 
and the concave face. 

13. An automated meter reader module adapted to be 
installed on an existing utility meter having an index attach 
ment that displays readings from the utility meter, and is 
selectively attachable to the utility meter, the automated 
meter reader module comprising: 

a housing With a generally planarbase having on a ?rst side 
a plurality of Walls de?ning an at least one housing 
cavity adapted to receive a printed circuit board having 
circuitry for the automated reader meter module, the 
housing including a structure on the ?rst side adapted to 
interface With the index attachment and a portion of the 
base on a second side opposite the ?rst side that is 
adapted to interface With the utility meter; 

a cover locatable relative to the housing to cover both the 
housing cavity and the index attachment When the index 
attachment is mounted on the structure adapted to inter 
face With the index attachment; and 

a Wriggler having an index interface mechanism operably 
connectable to an index drive of the index attachment 
and a meter interface mechanism operably connectable 
to a rotating meter interface of the utility meter, the 
Wriggler communicating With a sWitch in the circuit of 
the printed circuit board, the Wiggler including means 
for operably coupling the interface mechanism While the 
rotating meter interface is in operation. 

14. The automated meter reader module of claim 13, 
Wherein the structure on the ?rst side of the housing further 
comprises a ?rst mounting post and a second mounting post 
designed to interface With the index attachment, the ?rst 
mounting post and the second mounting post being located 
outside the at least one housing cavity. 

15. The automated meter reader module of claim 13, 
Wherein the plurality of Walls further de?nes a Wriggler hous 
ing, the Wriggler housing being adapted to receive the Wrig 
gler proximal to the sWitch in the printed circuit board. 

16. The automated meter reader module of claim 15, 
Wherein the meter interface mechanism comprises a pair of 
interface members rotationally positioned approximately 
one-hundred eighty degrees apart. 

17. The automated meter reader module of claim 15, 
Wherein the meter interface mechanism comprises a gear 
having a plurality of beveled teeth. 

18. An automated meter reader module adapted to be 
installed on an existing utility meter having an index attach 
ment that displays readings from the utility meter, the utility 
meter presenting an attachment area Where the index attach 
ment is selectively attachable to the utility meter, the auto 
mated meter reader module comprising: 

a housing With a generally planarbase having on a ?rst side 
a plurality of Walls de?ning an at least one housing 
cavity adapted to receive a printed circuit board having 
circuitry for the automated reader meter module, the 
housing including a structure on the ?rst side adapted to 
interface With the index attachment and a portion of the 
base on a second side opposite the ?rst side that is 
adapted to interface With the attachment area; 

at least one biasing member attached to a ?rst side of the 
printed circuit board, the biasing member having an 
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elongated body and a resiliently compressible end distal 
to the elongated body, the resiliently compressible end 
exerting a force against a ?rst Wall de?ning the housing 
cavity, the ?rst Wall exerting an opposing force against 
the printed circuit board that causes a second side of the 
printed circuit board to contact a second Wall de?ning 
the housing cavity such that the printed circuit board is 
removably securable in the housing cavity prior to pot 
ting of the housing cavity; and 

a cover locatable relative to the housing to cover both the 
housing cavity and the index attachment When the index 
attachment is mounted on the structure adapted to inter 
face With the index attachment. 

19. The automated meter reader module of claim 18, 
Wherein the structure on the ?rst side of the housing further 
comprises a ?rst mounting post and a second mounting post 
designed to interface With the index attachment, the ?rst 
mounting post and the second mounting post being located 
outside the at least one housing cavity. 

20. The automated meter reader module of claim 18, 
Wherein the cover comprises a substantially planar ?rst face 
and a substantially concave second face sharing an edge of the 
cover, the cover interfacing With the structure such that a 
plurality of register dials are vieWable through the planar face 
and the concave face. 

21. The automated meter reader module of claim 18, fur 
ther comprising a ?exible gasket having a ?rst side adapted to 
sealingly interface With the cover and the ?rst side of the base 
and a second side adapted to sealingly interface With the 
attachment area and the second side of the base, the ?exible 
gasket being coextensively attached to a circumferential edge 
of the base. 

22. An enclosure of an automated meter reader module 
adapted to be installed on an existing utility meter having an 
index attachment that displays readings from the utility meter 
on a plurality of dials, the utility meter presenting an attach 
ment area Where the index attachment is selectively attach 
able to the utility meter, the enclosure comprising: 

a housing With a generally planarbase having on a ?rst side 
a plurality of Walls de?ning an at least one housing 
cavity adapted to receive a printed circuit board having 
circuitry for the automated reader meter module, the 
housing including a structure on the ?rst side adapted to 
interface With the index attachment and a portion of the 
base on a second side opposite the ?rst side that is 
adapted to interface With the attachment area, the at least 
one housing cavity including a cavity portion that 
extends beyond a perimeter of the attachment area of the 
utility meter; 

a cover locatable relative to the housing to cover both the 
housing cavity and the index attachment When the cover 
is mounted on the structure adapted to interface With the 
index attachment, the cover having a plurality of inte 
grally joined faces With at least tWo faces permitting 
vieWing of the dials. 

23. The automated meter reader module of claim 22, 
Wherein the structure on the ?rst side of the housing further 
comprises a ?rst mounting post and a second mounting post 
designed to interface With the index attachment, the ?rst 
mounting post and the second mounting post being located 
outside the at least one housing cavity. 

24. The automated meter reader module of claim 22, 
Wherein the plurality of Walls further de?nes a Wriggler hous 
ing, the Wriggler housing being adapted to receive a Wriggler 




