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antenna, path 32 is defined at either end of the antenna that
includes conductive edges of the top and bottom faces of the
antenna and the edge of the conductive face of the antenna
used to short the top and bottom faces as will be explained
further below.

System 60 also includes an interrogator 66 and a proces-
sor 68 located remotely with respect to ring-shaped elements
20/40 and antenna 30. Interrogator 66 transmits signal 100
that is received by antenna 30. As a result and as described
above with reference to FIGS. 1 and 2, electric current along
path 32 causes electromagnetic energy 102 to emanate from
antenna 30. Electromagnetic energy 102 coupled to one or
more of ring-shaped elements 20 causes the energized ones
thereof to transmit data via signal 200 that, in turn, is
coupled to interrogator 66 via antenna 30. For example, the
strongest signal 200 will result when current path 32 is
aligned with one of ring-shaped elements 20, while more
than one signal 200 will typically be generated when path 32
is between two of elements 20. The one or more received
signals 200 are received by interrogator 66 and processed by
processor 68. The one of ring-shaped elements 20 that is
closest to antenna 30 will yield the strongest signal 200.
Because each of RFID integrated circuits 24 has a unique
identity transmitted in its signal 200, the strongest signal 200
is indicative of the angular position of antenna 30 relative to
the array of ring-shaped clements 20. Alternatively, when
one or more signal 200 is received by interrogator 66,
processor 68 can estimate the angular position of antenna 30
by extrapolating or weighting the received signal strength/
magnitude and/or phase. In the illustrated embodiment of
system 60, support 62 is fixed and support 64 is moved
relative thereto. However, it is to be understood that support
62 could be moved and support 64 could be fixed in another
embodiment. System 60 can be used in a variety of appli-
cations. For example, rotating drive 65 could be a pinion
gear of a rack-and-pinion gear system in which system 60
could be used to accurately measure a rotational or angular
displacement that arises from a linear force as would be the
case in a bathroom scale.

FIG. 4 illustrates another angular position sensing system
embodiment described herein that is referenced generally by
numeral 70. System 70 includes a plurality of identical
ring-shaped elements 20 spaced-apart from one another in a
curvilinear arrangement (e.g., a circular arrangement) on a
three-dimensional surface such as a cylindrical surface 72A
of a cylindrical support 72. That is, all of ring-shaped
elements 20 are affixed to cylindrical surface 72A such that
all elements 20 lie in the cylindrical plane of support 72. In
general, the support surface for ring-shaped elements 20 can
be a two-dimensional planar surface, a three-dimensional
curved surface, or a collection of planar surfaces coupled
together to define a polyhedral structure. In the illustrated
embodiment, support 72 is a structure that is rotatable about
the cylinder’s longitudinal axis 72B as indicated by rota-
tional movement or arrow 300. For example, a rotating drive
or axle 73 can be coupled to support 72 to generate rotational
movement 300. As in the previous embodiment, each of
ring-shaped elements 20 includes an electrically-conductive
ring 22 and an RFID integrated circuit 24. Each RFID
integrated circuit 24 has a unique identity associated there-
with where the unique identity is transmitted therefrom
when circuit 24 is energized. Antenna 30 is mounted on a
fixed support 74 that is spaced apart from support 72 such
that antenna 30 tracks adjacent to the circular array of
ring-shaped elements 20 as support 72 is rotated. Antenna 30
is positioned and fixed on support 74 such that some or all
of the current path 32 will align with the closest one(s) of
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ring-shaped elements 20 as support 72/elements 20 rotate.
Supports 72/74, ring-shaped elements 20, and antenna 30
can be configured to maintain a parallel (or nearly parallel)
relationship between path 32 and at least a portion of the
adjacent one of ring-shaped elements 20 as it rotates past
antenna 30. A reference ring-shaped element 40 can also be
mounted on support 74 and used to facilitate calibration
and/or provide reference data as described above. The
orientation of reference ring-shaped element 40 relative to
antenna 30 can be different than that shown (e.g., can be
oriented for parallel alignment with path 32). Antenna 30
can be any antenna configured and oriented such that its
current path (i.e., some or all of path 32) is sized/shaped to
match a portion of a ring-shaped element 20 that is parallel
(or nearly parallel) to the path 32 as support 72 rotates.

System 70 also includes an interrogator 66 and a proces-
sor 68 located remotely with respect to ring-shaped elements
20/40 and antenna 30. Interrogator 66 transmits signal 100
that is received by antenna 30. As a result and as described
previously, electric current along path 32 causes electromag-
netic energy 102 to emanate from antenna 30. Electromag-
netic energy 102 coupled to one or more of ring-shaped
elements 20 causes the energized ones thereof to transmit
data via signal 200 that, in turn, is coupled to interrogator 66
through antenna 30. For example, the strongest signal 200
will result when current path 32 is most closely aligned with
one of ring-shaped elements 20, while more than one signal
200 will typically be generated when path 32 is between two
of elements 20. The one or more received signals 200 are
received by interrogator 66 and processed by processor 68.
The one of ring-shaped elements 20 that is closest to antenna
30 will yield the strongest signal 200. Because each of RFID
integrated circuits 24 has a unique identity transmitted in its
signal 200, the strongest signal 200 is indicative of the
angular position of support 72 relative to antenna 30. In the
illustrated embodiment of system 70, support 74 is fixed and
support 72 is moved relative thereto. However, it is to be
understood that in another embodiment support 74 could be
moved and support 72 could be fixed.

As mentioned above, the angular position sensing systems
described herein can use a variety of antennas for the
above-described antenna 30. In general, such antennas
include microstrip patch antennas, dipole antennas, slot
antennas, and planar inverted-F antennas (PIFA). Several
exemplary antennas are shown in FIGS. 5-9, wherein a
portion 32 of an electrically-conductive path defined by the
antenna is illustrated therewith. As described above, path
portion 32 (or simply “path” hereinafter) is commensurate in
size and shape to at least a portion of the ring-shaped
element that will be used in conjunction with the antenna. In
FIG. 5, a side view of a quarter wave microstrip patch
antenna 30 illustrates that the antenna has spaced-apart top
and bottom surface conductors 30A and 30B, respectively,
shorted together along one edge thereof by a shorting back
conductor 30C. Because current is strongest at the shorted
end of the antenna, the antenna can be positioned such that
path 32 (that is to align with a ring-shaped element 20) is at
the shorted end. Note that path 32 is created at either side of
the antenna thereby supporting the antenna’s interrogation
of a reference ring-shaped element 40 as described earlier
herein. In FIG. 6, a modified quarter wave microstrip patch
antenna 30 has spaced-apart top and bottom surface con-
ductors 30A and 30B, respectively, and a shorting back
conductor 30C. A chamfered face conductor 30D angles
downward from top surface 30A towards bottom surface
30B to thereby define a shorter-length shorting conductor
edge 30E as compared to a quarter wave microstrip patch
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