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(57) ABSTRACT
An angular position sensing system includes a first support
with ring -shaped elements disposed thereon and spaced
apart from one another in a curvilinear arrangement. Each
ring -shaped element includes an electrically -conductive ring
and an RFID integrated circuit electrically coupled to its
electrically -conductive ring. A second support has an
antenna coupled thereto that defines an electrically -conduc-
tive path commensurate in size and shape to at least a portion
of the electrically -conductive ring. An interrogator transmits
a signal to the antenna wherein electric current is generated
along the antenna’s electrically -conductive path and elec-
tromagnetic energy emanates from the antenna. Any ring -
shaped element and its RFID integrated circuit energized by
the electromagnetic energy generates in response a data
transmission for receipt by the interrogator. A processor
coupled to the interrogator derives information related to an
angular position of one of the first support and second
support using the data transmission.

20 Claims, 5 Drawing Sheets
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antenna without a chamfered face conductor. Path 32 is at
the shorted end as in the previous example of FIG. 5.
Chamfered face conductor 30D allows a greater spacing
between surface conductors 30A and 30B for impedance
matching and bandwidth purposes, while also providing for
the use of a shorter conductor edge 30E for closer ring
spacing and hence improved spatial resolution. In FIG. 7, a
meandering half wave dipole antenna 30 has a straight
center portion 30F where current is stronger than at the ends
of the dipole. Accordingly, this type of antenna would be
positioned such that center portion 30F defines path 32 for
purposes of the embodiments described herein. FIG. 8
illustrates a slot antenna 30 defined by a conductive portion
30G surrounding a non-conductive slot 30H. Currents are
typically strongest at either end of slot 30H such that either
end of slot 30H defines a path 32. FIG. 9 illustrates a PIFA
30 having spaced -apart top and bottom surface conductors
30A and 3013, respectively, and a shorting section 301 along
a portion of one edge of surface conductors 30A and 30B.
Currents are strongest along both sides of section 301 such
that two paths 32 are defined.

While some embodiments have been herein illustrated,
shown and described, it is to be appreciated that various
changes, rearrangements and modifications may be made,
without departing from the scope of the invention as defined
by the appended claims. It is intended that the specific
embodiments and configurations are disclosed for describ-
ing the manner and process of making and using the inven-
tion, and should not be interpreted as limitations on the
scope of the invention as defined by the appended claims.

Although only a few exemplary embodiments have been
described in detail above, those skilled in the art having now
the benefit of this description will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the novel teachings
described herein. Accordingly, all such modifications are
intended to be included within the scope of this invention as
defined in the following claims. In the claims, means-plus -
function and step -plus -function clauses are intended to cover
the structures or acts described herein as performing the
recited function and not only structural equivalents, but also
equivalent structures. Thus, although a nail and a screw may
not be structural equivalents in that a nail employs a cylin-
drical surface to secure wooden parts together, whereas a
screw employs a helical surface, in the environment of
fastening wooden parts, a nail and a screw may be equiva-
lent structures.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A system for sensing angular position, comprising:
a first support;
a plurality of ring -shaped elements disposed on said first

support and spaced apart from one another in a curvi-
linear arrangement, each of said ring -shaped elements
including an electrically -conductive ring and an RFID
integrated circuit electrically coupled to said electri-
cally -conductive ring;

a second support;
an antenna coupled to said second support, said antenna

defining an electrically -conductive path commensurate
in size and shape to at least a portion of said electri-
cally -conductive ring; and

an interrogator for transmitting a signal to said antenna
wherein an electric current is generated along said
electrically -conductive path and electromagnetic
energy emanates from said antenna, wherein at least
one of said ring -shaped elements and said RFID inte-

8
grated circuit associated therewith is energized by said
electromagnetic energy, and wherein each said RFID
integrated circuit so -energized generates a data trans-
mission for receipt by said interrogator and for further

5 processing of an angular position of one of said first
support and said second support using said data trans-
mission.

2. The system of claim 1, wherein said electrically -
conductive path is parallel to said first support.

10 3. The system of claim 1, wherein each of said ring -
shaped elements is rectangular.

4. The system of claim 1, wherein said data transmission
includes a unique identity for each said RFID integrated
circuit.

15 5. The system of claim 1, wherein said antenna is selected
from the group consisting of a microstrip patch antenna, a
slot antenna, a dipole antenna, and a planar inverted -F
antenna.

6. The system of claim 1, wherein said first support
20 comprises a two-dimensional surface.

7. The system of claim 1, wherein said first support
comprises a three-dimensional surface.

8. The system of claim 1, wherein said first support and
said second support are adapted for relative movement

25 therebetween.
9. The system of claim 1, further comprising a reference

ring -shaped element coupled to at least one of said antenna
and said second support, said reference ring -shaped element
maintained in a fixed relationship with respect to said

so antenna, said reference ring -shaped element including an
electrically -conductive reference ring and a reference RFID
integrated circuit electrically coupled to said electrically -
conductive reference ring, said reference ring element being
positioned to be energized by said electromagnetic energy

35 emanating from said antenna.
10. The system of claim 1, wherein said data transmission

includes magnitude and phase information associated there-
with.

11. An apparatus for sensing angular position, compris-
40 ing:

a first support;
a plurality of ring -shaped elements disposed on said first

support and spaced apart from one another in a curvi-
linear arrangement, each of said ring -shaped elements

45 defining a series circuit to include an electrically -
conductive ring and an RFID integrated circuit electri-
cally coupled to said electrically -conductive ring;

a second support;
an antenna coupled to said second support, said antenna

50 defining an electrically -conductive path commensurate
in size and shape to at least a portion of said electri-
cally -conductive ring; and

a rotating drive coupled to one of said first support and
said second support wherein relative positioning

55 between said antenna and said ring -shaped elements
changes with rotation of said rotating drive;

said antenna being configured, when in receipt of a radio
frequency signal for which said antenna is tuned, for
supporting an electric current generated along said

60 electrically -conductive path and for emanating electro-
magnetic energy from said antenna,

wherein at least one of said ring -shaped elements and said
RFID integrated circuit associated therewith is ener-
gized by said electromagnetic energy, and

65 wherein each said RFID integrated circuit so -energized
generates in response a data transmission including
information related to an angular position of one of said
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first support and said second support for receipt by a
RFID interrogator via said antenna.

12. The system of claim 11, wherein said electrically -
conductive path is parallel to said plane.

13. The system of claim 11, wherein each of said ring -
shaped elements is rectangular.

14. The system of claim 11, wherein said data transmis-
sion includes a unique identity for each said RFID integrated
circuit.

15. The system of claim 11, wherein said antenna is
selected from the group consisting of a microstrip patch
antenna, a slot antenna, a dipole antenna, and a planar
inverted -F antenna.

16. The system of claim 11, wherein said first support
comprises a two-dimensional surface.

17. The system of claim 11, wherein said first support
comprises a three-dimensional surface.

18. The system of claim 11, further comprising a reference
ring -shaped element coupled to at least one of said antenna
and said second support, said reference ring -shaped element
maintained in a fixed relationship with respect to said
antenna, said reference ring -shaped element including an
electrically -conductive reference ring and a reference RFID
integrated circuit electrically coupled to said electrically -
conductive reference ring, said reference ring element being
positioned to be energized by said electromagnetic energy
emanating from said antenna.

19. The system of claim 11, wherein said data transmis-
sion includes magnitude and phase information associated
therewith.

10
20. A system for sensing angular position, comprising:
a first support;
a plurality of identical ring -shaped elements disposed on

said first support and spaced apart from one another in
5 a circular array, each of said ring -shaped elements

defining a series circuit to include an electrically -
conductive ring and an RFID integrated circuit electri-
cally coupled to said electrically -conductive ring;

a second support;

10 
an antenna coupled to said second support, said antenna

defining an electrically -conductive path commensurate
in size and shape to at least a portion of said electri-
cally -conductive ring;

said first support and said second support adapted for
relative rotational movement wherein relative position -

15 ing between said antenna and said ring -shaped ele-
ments changes;

an interrogator for transmitting a signal to said antenna
wherein an electric current is generated along said
electrically -conductive path and electromagnetic

20 energy emanates from said antenna, wherein at least
one of said ring -shaped elements and said RFID inte-
grated circuit associated therewith is energized by said
electromagnetic energy, and wherein each said RFID
integrated circuit so -energized generates in response a

25 data transmission for receipt by said interrogator; and
a processor coupled to said interrogator for deriving

information related to an angular position of one of said
first support and said second support using said data
transmission.
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first support and said second support for receipt by a
RFID interrogator via said antenna.

12. The system of claim 11, wherein said electrically -
conductive path is parallel to said plane.

13. The system of claim 11, wherein each of said ring -
shaped elements is rectangular.

14. The system of claim 11, wherein said data transmis-
sion includes a unique identity for each said RFID integrated
circuit.

15. The system of claim 11, wherein said antenna is
selected from the group consisting of a microstrip patch
antenna, a slot antenna, a dipole antenna, and a planar
inverted -F antenna.

16. The system of claim 11, wherein said first support
comprises a two-dimensional surface.

17. The system of claim 11, wherein said first support
comprises a three-dimensional surface.

18. The system of claim 11, further comprising a reference
ring -shaped element coupled to at least one of said antenna
and said second support, said reference ring -shaped element
maintained in a fixed relationship with respect to said
antenna, said reference ring -shaped element including an
electrically -conductive reference ring and a reference RFID
integrated circuit electrically coupled to said electrically -
conductive reference ring, said reference ring element being
positioned to be energized by said electromagnetic energy
emanating from said antenna.

19. The system of claim 11, wherein said data transmis-
sion includes magnitude and phase information associated
therewith.

10
20. A system for sensing angular position, comprising:
a first support;
a plurality of identical ring -shaped elements disposed on

said first support and spaced apart from one another in
5 a circular array, each of said ring -shaped elements

defining a series circuit to include an electrically -
conductive ring and an RFID integrated circuit electri-
cally coupled to said electrically -conductive ring;

a second support;

10 
an antenna coupled to said second support, said antenna

defining an electrically -conductive path commensurate
in size and shape to at least a portion of said electri-
cally -conductive ring;

said first support and said second support adapted for
relative rotational movement wherein relative position -

15 ing between said antenna and said ring -shaped ele-
ments changes;

an interrogator for transmitting a signal to said antenna
wherein an electric current is generated along said
electrically -conductive path and electromagnetic

20 energy emanates from said antenna, wherein at least
one of said ring -shaped elements and said RFID inte-
grated circuit associated therewith is energized by said
electromagnetic energy, and wherein each said RFID
integrated circuit so -energized generates in response a

25 data transmission for receipt by said interrogator; and
a processor coupled to said interrogator for deriving

information related to an angular position of one of said
first support and said second support using said data
transmission.
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