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An apparatus to determine the identification, position and/or orientation of multiple devices within an interrogation zone (6). The
apparatus equates the received signal to a point/region in the interrogation zone (6), based upon an attribute/component of the received signal.
A method to determine the location, position, orientation and/or identification of at least one device within an interrogation zone (6). The
method equates an attribute/component of the received signal to 2 point/region in the interrogation zone (6). Wherein the attribute/component
could be field strength or signal power ratio. A "C" shaped interrogator coil (1, 2, 3, 4) formed from 2+"L" shaped coils. A multiple
identification system that allocates a number of receiver channels for multiple identification and allocates 1+ other channels specifically for
communication with 1+ devices. An interrogator having receiver coils (1, 2, 3, 4) wherein 1+ coils (1, 2, 3, 4) have a particular angular
orientation to an axis. A specific application is multiple identification tag distinguishing in airline baggage handling/sorting.
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LOCATION APPARATUS AND METHOD
Field of Invention

The present specification describes a number of inventive aspects
related to an apparatus and/or method which provides positioning/location,
orientation, identification information for and/or communication with tags within
an interrogation area. The apparatus and/or method have an exemplary use in
the} sorting of airline baggage to which the tags are attached.

One aspect described relates to position and/or orientation determination
and identification of one or more tags within an interrogation zone. Another
aspect relates to the provision and design of an antenna or coils within the
interrogator. Yet another aspect relates to a particular coil shape. A still further
aspect deals with orientation determination.

The apparatus and method(s) have particular, but not exclusive,
application to the technology of multiple identification.

Background Art

Prior art devices which are currently used to interrogate and
communicate with tags are generally able to communicate with one tag at a
time. Therefore, the prior art devices, for example those applicable to the
sorting of baggage, are designed to pass one item of baggage (to which a tag is
attached) at a time, necessitating a relatively large spacing between each item.
This serves to further reduce the throughput, particularly for automated sorting
purposes, where the particular destination of each item must be known.

‘Exemplifying the prior art is US 5,072,222 which discloses an
electromagnetic identification and location system. The system utilises an
additional position sensitive antenna arrangement, which provides positioning
information based on a phase measurement of a pilot signal. It is not possible
in this system to make a position determination in the case of two tags
simultaneously emitting a pilot signal due to the interference of the two signals
with each other. '

US 4,663,625 also discloses an identification system. The system,
however, is not adapted to identify or locate more than one tag at a ti‘m‘e.- If two
of the tags enter the interrogating field together, each tag would emit its
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identification signal, and the emissions and readings from the two tags would
interfere with each other. The receiver would then receive the interfered
readings and individual tag location or identification would not be possible.

US 5,274,392 discloses an antenna system in which a frame antenna is
disposed at an angle relative to two axes in order to reduce “dead-zones” in the
interrogation area. This system is considered, however, to be relatively
complex.

In other prior art arrangements, in the case of bulk recognition, if a
number of tags are being communicated with, there is a need to gather
information which is unique to each device, such as the location and/or position
within a known space of a tag being communicated with, interrogated and/or
identified. The need is even more evident, where a number of tags, are being
identified at the one time. A correlation must be established between the
multiplicity of tags and their unique identification code or unique signal as
received by an interrogator.

Object of Invention

An object of the present invention is to provide a method and/or
apparatus adapted to determine information, such as the position, of one or
more tags within an interrogation area to be determined.

Summary of invention

The present invention is based on the realization that measurement,
comparison and/or analysis of attributes and/or components of a signal can
provide a means of determining position/location, orientation and/or
identification. Signal attributes or components of a signal such as field or signal
strength, ratio of field or signals, power levels or ratios, signal amplitude,
voltage, or code sequence may be used within the scope of the present
invention to provide a location, positioning, orientation and/or identification of
an article within a given interrogation volume.

A signal received or reflected from the interrogated article or tag has
been found to provide a useful mechanism for obtaining signal attributes or
components, such as field strength(s) at a particular point within a the
interrogated area. Reference data known about the interrogation area, such as
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a “field map”, may be used to assist in determining the location, positioning,
orientation, communication and/or identification of the article or tag. The
determination can then be equated to a point or region in that interrogation
volume that represents those signal attributes. The signal can also be used to
associate data received by an interrogator with a particular point in the
interrogated volume. Determination of each point or region in one, two or three
dimensional space serves to reflect position or orientation of each respective
article being interrogated.

In particular, one aspect of the present invention is predicated on
association of data and/or the obtaining of information relating to location,
position, orientation and/or identification of a signal source and its associated
object(s) within a given volume based on determining signal attributes or
components in one or more planes. In the case of two or more planes, the
intersection of planes at a particular point can be determined from power ratio or
signal strength information.

The present invention provides a method and apparatus adapted to
determine location, position, orientation and/or identify an article within a given
volume, the apparatus or method having:

means for providing an irradiated field in at least one plane within the
given volume;

means for analysing a signal returned from the article;

the analysing means determining a predetermined attribute or
component of the signal; and

means for equating the attribute or component to a location, position or
identification with the volume.

The present invention also provides an apparatus or method adapted to
enable the association of data or information with a particular device being
interrogated, the association being determined by a signal received from the
device.

In one form, the present invention may provide a determination of
position, location, and/or orientation of a tag within an interrogation volume
based on a comparison of signals received from the tag against a “field-map”
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corresponding to the interrogation volume.

Preferably, the measuring means measures field strength of the returned
field in at least the two planes.:

It is also preferable to measure, analyse or determine signal attributes or
components at each individual frequency, simultaneously or sequentially. In
this embodiment, the present invention provides an enhancement or additional
features to the present Applicant's “multiple identification’ technology (for
example US5302954) where a signal is transmitted at each transmission at a
newly selected or set of newly selected frequencies. As each signal is received
at a selected frequency(s), its attributes or components can be measured or
analysed.

In another inventive aspect, there is provided an apparatus and/or
method in which a portion of the total number of receiving channels are used for
multiple device identification, and/or where another portion of the total number
of channels are allocated to communicate with particular device(s) being
interrogated. This has been found to reduce coincident tag signalling and
interference, thus enhancing the determination of the tag position, orientation
and/or identification within a given interrogation volume.

Another inventive aspect relates to the provision of coils formed from two
“L” shaped coils. This aspect is predicated on the realisation that the provision
of two “L” shaped coils enhance current balance and thus enhance field
uniformity in the interrogator.

The two “L” shaped coils are preferably juxtaposed in the interrogator to
emulate a “C” shaped coil.

A still further inventive aspect is directed to the problem of enhancing
communication from the tag to the interrogator. Where the article or tag
transmits a signal perpendicular to one of the interrogator coil pairs, no signal
can be established and thus the article or tag cannot be positively located or
have data associated with it. This is particularly so with airline baggage, where
the baggage (and its associated tag) can be randomly placed on a moving
conveyor in any orientation in any of x, y and z directions.
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This aspect of the present invention is predicated on the realisation that
by placing at least one of the coil pairs on an angle relative to the direction of
movement of the tag through the interrogator, signal reception is less
susceptible to article or tag orientation. This can apply to 1, 2 and/or 3 plane or
dimension structures.

A still further aspect relates to enhancement of the determination of tag
position in the interrogation volume.

It has also been found that the provision of the angled receiver coils
proximate the volume of interest enables signals from tag(s) to be received by
the interrogator where the tag(s) are positioned in any orientation.

In another aspect, the receiver coils are provided in relative close
proximity to each other in order to reduce or eliminate dead zones within the
volume of interest. Where the receiver coils are relatively closely spaced, they
can be provided relatively closely to the volume of interest.

Preferably, the measuring means measures field strength of the returned
field in at least the two planes.

The present invention also provides data association with at least one
article whilst the article is within the interrogation area.

Preferred embodiments will now be described with reference to the
accompanying drawings, where 1, 2 and 3 dimension plane apparatus and
methods will be disclosed, some with reference to the sorting of airline
baggage. However, the present inventive aspects and principles have
application in many areas, such as postal services, vehicle identification, and
other areas in which there is a flow or analysis of article or object movement.
Generally the present invention can have application where particular and
individual information relating to a device being communicated with is of use.

Furthermore, although the ensuing description is made with reference to
an embodiment utilizing power ratios, an analysis of signal field, strength, power
level, voltage, amplitude, and/or code sequence can equally be useful in
determining location, positioning, orientation and/or identification of the source
of that signal.
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In essence, the present invention seeks to determine location,
positioning, orientation and/or identification of a signal source by analysing an
attribute or component of a signal from the source which will vary within the
interrogation area, depending on where in that area the signal is sourced.

1 Plane _

Sortation is a mechanical handling issue that may be dealt with using
conventional sortation equipment, however this equipment does lend itself to
full automation. At Sydney airport for example, four (4) streams of baggage on
conveyors are merged onto one conveyor for transportation at high density.
These bags are subsequently separated and directed to their appropriate pier
destination.

Discrimination of bags in such a relatively high throughput environment
requires an electronic method and apparatus of identifying and locating a tag on
the conveyor.

A tag can be located by monitoring the RF power emissions received
from a tag on a receiver coil (interrogator) and comparing the power ratio for
pairs of coils. Figure 1 illustrates the principle. For example, the location and/or
any data received having a field strength from coil 1 of 2 power units and a field
strength of coil 2 of 1 power unit can be associated with point A and thus tag 1.

Figure 2 shows a plot of equipower lines. These lines (planes) represent
a relatively uniform field strength of a particular value between two coils.

By having knowledge of a particular signal attributes, such as field
strength, within an interrogation (communication) volume, it is possible to
associate that strength with that position in the volume.

This is based on the assumption that the articles being interrogated are
relatively constant in, for example, the x and y directions and their location in the
z direction is required. This may be useful in the sorting of envelopes, parcels
or packages, where a substantially single flow path of packages is passed
through the interrogation volume.

Furthermore, if the location of power "lines" B of 2 power units and 1
power unit are known within an interrogation (communication) volume, by use of
the equipower line plot of Figure 2, when a signal is received from tag 1 having



WO 95/14938 PCT/AU94/00731

10

15

20

25

30

7

coil 2 strength of 1 unit and coil 1 signal strength of 2 units, it can be deduced
that tag 1 is at a particular point within the interrogation volume, represented by
the power ratio as plotted in Figure 2. Thus tag 1 has been located.
Accordingly, tags that are side-by-side within an interrogation volume and which
are communicated with at relatively the same time can be differentiated, as each
tag will have a particular power ratio associated with its own unique location in
the interrogation volume.

A set of paired RF receiver antenna loops preferably, but not necessarily,
separate form those used for receiving and decoding tag data would be
required to receive the tag emissions. Each loop would require a power
detector that can be scanned across all possible tag channels to ensure that all
tags are detected. The details of the RF receiver antenna is described later.

2 Plane

Figure 3 shows an exemplary 2 plane interrogation area. In a 2 plane
area, a grid, plot or map of equipower lines or planes as shown in Figure 4.
Equipower lines B represent field strengths from coils 3 and 4, and lines C
represent field strengths from coils 1 and 2. This provides the ability to locate an
article within the interrogation volume more precisely by the intersection of two
power "planes” being accorded to receive tag power ratios. In this example, two
power ratios (one from each coil pair) are used to accord received data to a tag
or its location. In one plane there is provided coils 1 and 2, and in the other
plane are coils 3 and 4. The direction of tag or article movement is shown by
arrow 5. The interrogation volume is given by “box” 6.

3 Plane

A three plane system has another coil pair also in the Z plane, referring to
Figure 2. This would enable three power ratios to be plotted with reference to
equipower lines within the interrogation volume. The three ratios would provide
the ability to substantially pin-point an article (x, y and z planes) within the
interrogation volume or at least within a region of the volume.

As the location of the tag relies on tag emissions, the tag can only be
located in a plane in which it is transmitting sufficiently (above a predetermined
criteria or level).
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Angled Coils

In a very preferred form, the receiving coils in one, two or three planes
are each angled with reference to the direction of tag movement at preferably
45°, 90° and 135° and are arranged symmetrically (see Figures 5a, 5b, 6a, 6b
and 7). Each receiving coils are angled only relative to one axis or direction.

Figures 5b and 6 b are a pictorial representation showing coil formation
on inner tunner (only 3 coils shown). For each of figures 5a, 5b, 6a, 6b the Z-X
axis RF coils and powering coils have not been shown for clarity.

Between a pair of symmetrical coils, the ratio of received powers can
define the tag location to a plane with relatively high accuracy. |

By placing pairs of coils diagonally across the direction of tag movement
at any angle, and preferably 45° 90° and 135°, the location of tag can be
determined by triangulation from the received powers.

An amalgamation of coils as shown in Figures 5 and 6 provides the
effective interrogation volume 7 as shown in Figure 7. Where the Z-position is
the only position of interest, then the necessary redundancy in location planes is
provided by the 45°, 90° and 135° orientation.

Referring now to Figure 8, power from a tag will couple into coils that are
oriented such that they can receive power. If an article or tag was oriented to
give no Z signal, the ZY and ZX coil pairs will enable power ratios to be
established and thus locate and/or associate data, such as identification, with
the article or tag.

The intersection of the equipower curves would give the position of a tag
transmitter provided energy from a tag couples to at least two pairs of coils (see
Figure 8). To ensure that for all tag orientations this will occur three coil pairs
are required. (See Figure 7).

The diagonal coils shown in Figure 7 are suitable for looking at tag
transmissions in one place (say vertical-Y). Another set of diagonals lying on
their side are required to look at the horizontal plane that is the X-plane.

The intersection volume between these coils is the only useable volume
where unique positional information is available. To extend the size of this
volume several coil pairs in the X and Y planes are necessary (see Figure 8). A

RECTIFIED SHEET (RULE 91)
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single pair in the Z direction may be adequate for airline sortation, but the
configuration, angle and provision of coils is application specific.
The interrogator volume is lengthened due to the provision of diagonal

 RECTIFIED SHEET (RULE'9Y)
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coils on the conveyor. The position can be located to the accufacy of the
intersection of the relative positions as determined from the relative power
measurements (See Figure 10a and 10b) of a tag transmission. '

In another form of the invention, it may be useful, particularly where a

5 relatively large number of tags are being communicated with, to have a channel
clear of co-interference from other tags during its transmission. Thus, once a tag
is identified or positioned, the interrogator may acknowledge this and thus turn
the particular tag "off", or put the tag into an “idle” mode, permanently or
temporarily. This will facilitate speedier or clearer communication with other

10 tags.

For example with reference to the six coils shown in Figure 10a, there
may be relatively significant received power on coils C and D with negligible
powers on the other coils pairs locating the tag between C and D.

The resolution required of the discrimination is preferably in the case of

15 airline baggage 15cm maximum. Experimental measurements of the relative
powers between a pair of coils show relatively good resolution (see Figure 2).

With 12 channels scanned per 1 millisec, frequency hop rate is 12 kHz
using the multiple identification patented by the present applicants; Australian
patent No. 614795

20 Ims = 83us = 1
12 . 12 kHz

Settling time of power detector <83us.

For 20 kHz, LPF the transient response is :
25 20.1032n= 1 __ t = RC for single pole system

t

tr=2.2t

Therefore t, = 17.5us

With additional poles we can still expect the settling time to be less than
30 83us.

Hence power detector readings will accurately scan all 12 channels

every ims.
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It has already been shown that the muitiple ID technology can exceed the
limits proposed above and that any correctly identified tag can be located on the
conveyor from its relative RF power strengths. Thus limit on performance is set
by the ability for a tag to correctly identify itself.

A typical minimum Iength message is approximately 1ms being the time
to transmit a 16 bit CRC at 16,500 bit/sec. Hence all 12 channels must be
scanned every millisecond for power to locate a tag while a good message is
being transmitted. A frequency synthesiser frequency converting to an IF with a
power detector will provide a suitable system. The output from each power
detector is digitised and stored in a FIFO. (See Figure 11).

Alternatively, or in addition, identification positioning and/or association
of data with articles or tags can be accomplished by (not necessarily in order):

1. receiving the tag signal

2. record the tag signal(s)

3. record the power readings (ratios), for example for a fraction
of 1 msec.

4. review the recorded signals, in order to establish at least
one complete and uncorrupted signal

5. review power ratios to ensure they are within equipower
"plot" limits.

In a further form, the power ratios gained from x, y and/or z directions can
be used as address data for addressing a memory (look-up table) providing
location details. The memory may be a record of “field” stored in ROM.

In respect of the coils in an interrogator, coils heretobefore utilize "C"
shaped coils. These “C” coils are, however, difficult to embody in an
interrogator where the coils are set on an angle. "C" shaped coils are useful in
providing the equipower lines of Figure 2.

Another aspect of the invention has therefore been realised by the use of
2 "C" shaped coils in order to radiate the power in the interrogator (Figure 2).
"L" shaped coils can be set on the angle, with relatively less coil extending
beyond the interrogation area, as compared to "C" shaped coils.
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The use of "L" shaped coils has also alleviated another problem
associated with "C" coils. It has been found difficult to accurately balance
current provided to each coil, particularly where equipower lines and relatively
uniform powering is required for identification and/or communication with tags.
The "C" coils also exhibited relatively non-uniform fields proximate the corners.

These problems have been alleviated with 2 "L" coils sets as shown as
8,9 in Figure 12. The currents are balanced as the "L" coils are of substantially
equal size. Fields are also more uniform, due to the relative similar shape of the
"L" coils.

Yet a further invention has been realized by the allocation of particular
transmission channels to particular tags. Where there are a relatively large
number of tags to be identified within a given volume, if for example 12
channels in total were available for identification, position, orientation and/or
communication, the (say) channels 1 to 6 can be used f_or positioning and/or
multiple identification as patented by the present applicants, and (say) channels
7 to 12 could each be assigned to particular tag(s) to enhance communication
and/or positioning.

“Multiple identification” technology is patented by the present applicants,
for example US5302954 and AU614795. This subject matter is incorporated by

reference. “Multiple identification” generally relates to, inter alia, the
simultaneous identification and/or communication of at least two devices
(tag(s)).

Thus channels 110 6 multiple identification

channel 7 tag 1

channel 8 tag 2

channel 9 tag 3

channel 10 tag 4

channel 11 tag 5

channel 12 tag 6

channel 7 tag 7

channel 8 tag 8

etc. etc.
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This type of channel allocation would provide a set channel for a
particular tag's communication, thereby reducing the incidence of corruption of
communication, and in addition to the multiple identification feature.

A further exemplary use of the present invention is in baggage sortation.
Given that the present invention is able to associate data with a particular
article, it may be possible to interrogate a number of tags attached to a
respective number of articles of baggage. Each tag may communicate to the
interrogator, for example, the articles' particular weight and destination. The
destination information is useful in directing the articles to their appropriate
aircraft for transport. Information regarding orientation may also be used to
determine whether the article is suitably oriented for sorting or handling. This is
a sortation issue. '

The other information can be utilized to achieve other benefits. For
example, the weight of each article will be useful in packing and loading aircraft
containers or indirect loading of baggage into the aircraft. Heretobefore,
baggage is packed by guesstimation of weight in an attempt to evenly distribute
loading of the aircraft. However, the previous guesstimation has not often been
accurate, thus necessitating extra use of flaps and thus fuel during flight. This is
particularly costly in international or 'long haul' flights.

The present invention enables a relatively high volume throughput
sortation and/or multiple identification system to associate particular information
with each article being identified. Thus, with the present apparatus and method,
an aircraft can be loaded more accurately as the weight of each article will be
known and thus loaded accordingly in the aircraft for relatively even weight
distribution.

Qrientation

The apparatus and/or method disclosed above enables information to be
gained about tag signal attributes or components. For example, it is possible to
obtain a reading of a signal strength or amplitude in any one of coils used in the
interrogator, such as X, Y, Z coils.

By analysis of the signal strength in any one or all of these coils, it is
possible to determine tag orientation. That is, the tag would transmit or reflect a
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great signal strength in the direction of the coil that it was most closely oriented
towards. Thus, if a relatively large signal was received in the X coil, and
substantially no or little signal was received in the Y and Z coils, it can be
determined that the tag is oriented toward the X coil. Where a signal was
received substantially equally in the X and Y coils, then the tag wduld be
oriented at substantially 45° to each of the X and Y coils. The above is only
exemplary, but is used to demonstrate that orientation information can be
determined from analysis of signals received by the interrogator coils. This
orientation method is applicable to one, two or three dimension interrogators.
The means used for analysis may be software, computer or hardware.

Other Aspects

In determining the signal attribute or component to be analysed,
amplitude or strength of signal may be used. The amplitude or strength may be
used where it is above a predetermined level.

Where multiple identification by way of the present Applicant's
modulation invention is used, an interrogator may demodulate the signal
received from the tag and analyse aspects, attributes and/or components of the
code, information or contents of the demodulated signal. For example,
amplitude, power levels may be analysed, the results of which may be equated
to a location, positioning and/or identification of the signal modulation source.
Receiver Coil

It is also possible to provide receiving antennas such that a tag could be
received in any orientation and in any position within the volume of interest.

The embodiment described allows the receiving coils to be located
relatively close to the volume of interest whilst minimizing dead zones.

Box il

The box coils in figure 13 are arranged in the Z axis. If they are placed
close to the volume of interest, dead zones (areas of poor tag reception) occur
in the tunnel.

Figures 14 and 16 show three Z axis coils which allow the coils to be
placed close to the interrogator substantially without a dead zone in the volume

of interest.

FECTIFIED SHEET (RULE 91)
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Angled coils
Boxed coils in the Z axis do not prevent the passage of baggage through
the volume of interest. X and Y boxed coils however would cause problems,
especially the centre coils. ’

5 Figure 15 shows orientation of the angled receiver antenna coils which
provides a relatively dead zone free volume of interest, and orientation
insensitivity while still allowing the free passage of tag(s) or associated articles.

The individual sets of coils are summed thus providing two outputs.

RECTIFIED SHEET (RULE 91)
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus adapted to determine identification, position and/or
orientation of a plurality of devices within an interrogation zone, the apparatus
comprising:

means to receive a signal from each device; and

means to equate the received signal to a point or region in the
interrogation zone based on an attribute or component of the signal.

2. An apparatus as claimed in claim 1, where the attribute is a signal power

ratio.

3. A method of determining location, position, orientation and/or
identification of at least one device within an interrogation area, the method
comprising:

receiving a signal from the at least one device;

analysing the received signal to determine an attribute or component;
equating the attribute or the component to a region or point in the
interrogation area.

4. A method as claimed in claim 3, wherein the step of equating is done with
reference to a plot of signal attributes within the interrogation area.

5. A method as claimed in claim 4, wherein the plot comprises a plot of field

strength.

6. An apparatus adapted to carry out the method as claimed in claim 3, 4 or

7. In an identification system comprising an interrogator for interrogating
tags, a “C” shaped coil formed from at least two “L” shaped coils.



WO 95/14938 PCT/AU94/00731

16

8. In a system adapted for multiple identification, a method for enhancing
the simultaneous communication with at least one device, the method
comprising:
allocating a number of receiver channels to multiple identification; and
allocating at least one other channel specifically for communication with
at least one of the devices.

9. The method of claim 8, as applied to two or more devices simultaneously.
10.  Apparatus adapted to perform the method of claim 8.
11. An identification interrogator for interrogating a device, the interrogator
comprising:

receiving coil(s) for receiving signals emanating from the device, at least

one receiving coil being oriented at an angle relative to only one axis.

12. An interrogator as claimed in claim 10, wherein the angle is 45°, 90° or
135°. '
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