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(57) Abstract: An inductively powered sensor system includes a primary conductive path 100 capable of being energised to provide
& an electromagnetic field in a defined space 1. An inductive power pick-up 120 is associated with a sensor 124 and is capable of
receiving power from the field to supply the sensor 124. The system includes a first sensing means to sense the power available to
the pick-up 120 and control means to increase or decrease the power available to the sensor dependant on the sensed power available.
A method of inductively powering a sensor, an inductively powered sensor and an animal enclosure including one or more primary

conductive path of an inductive power supply are also disclosed.
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INDUCTIVELY POWERED MOBILE SENSOR SYSTEM

Field of the Invention

This invention relates to inductive supply of power to mobile sensors. The invention has
particular application to a wireless power supply for biosensors that are implanted in living
creatures (including humans) and transmit data representative of the physiological parameters

to a receiver through a wireless link.

Background
Physiological parameters in animals are measured using sensors which are placed

near, on or under the skin. Wires then carry the signal from the sensor to an external amplifier
and display unit.‘ This method has a number of undesirable limitations, some of which include:
the introduction of movement artefacts; restraints of movement exacerbating an unnatural
en\/ironment; a potential source of infection; and; reliability problems with wires becoming
tangled, breaking, or being bitten.

Some systems presently exist for the wireless monitoring of animals, however these
systems have power management problems. Typically, the wireless systems that are presently
available require a battery to be provided to power the sensor. This battery must be carried by
the animal. The battery is often bulky which can cause difficulties when providing the sensor
unit within the animal. Also, there is an inability to remotely undertake long term recordings of
physiological parameters because the batteries need to be removed so that they may be

replaced or recharged.

Wireless supply of power to biosensors has been attempted, but these systems either
require a tightly controlled coupling between the biosensor and power source, or can only
supply sufficient power for monitoring slowly changing parameters, such as temperature.
Controlling the power transferred to the sensor can be difficult because the power available
varies depending on location and orientation of the sensor with respect to the power source.
Excess power is dissipated as heat in the sensor. This is obviously highly undesirable causing
discomfort or harm to the animal in which the sensor has been implanted, and exacerbating an
unnatural environment for the animal.

Contactless power supplies that transfer power inductively have been extensively
developed. These have a primary conductive path (usually a cable arranged on an elongate
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track) which is energised by a power supply to produce an electromagnetic field about the
primary path. One or more power pick-ups are provided closely adjacent to the path. Each
pick-up has a tuned circuit which receives energy from the field and uses this to supply a load.
These power supply systems are typically adapted to supply power over a carefully controlled
relatively short air gap of approximately 1cm.

To power a biosensor, for example in an animal in a defined space such as an enclosure or a
cage, the power transfer system must deal with greater physical separation and arbitrary
orientation between the primary conductive path and pick-up. ‘

United States. patent specification 6345203 discloses magnetic vector steering for powering
multiple implant devices. It also refers to communication with an implanted device via the
electromagnetic filed which energises the implanted device. The energy status of an implanted
device can be monitored. However, this does not address problems with heat dissipation.
Furthermore, although the implants are referred to as “arbitrarily oriented”, the system relies on
a known configuration of implanted devices in relation to the primary coil. The implants are
disclosed as being provided in a fixed location with respect to the primary field generating coils.
Thus, the problems of variable distance and random orientation of implants in relation to the
primary coils are not addressed.

Summary of the Invention
It is an object of the present invention to provide an improved inductively powered

sensor apparatus and/or system.

Alternatively, it is an object of the invention to provide an improved method for supplying
power to a sensor.

Alternatively, it is an object of the invention to provide a method, apparatus or system
for providing an inductively powered sensor which will at least provide the public with a useful
choice.

In a first aspect the invention consists in an inductively powered sensor system, the system
including:
a primary conductive path capable of being energised to provide an

electromagnetic field in a defined space,
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an inductive power pick-up associated with a sensor, the pick-up being capable
of receiving power from the field to supply the sensor,

a first sensing means to sense the power available at the pickup from the field,

control means to increase or decrease the power received at the pick-up
dependant on the sensed power available at the pick-up.

Preferably a second sensing means is provided to sense the immediate power
requirement of the sensor and wherein the control means to increase or decrease the power
available to the sensor so that the power available to the sensor substantially matches the

immediate power required by the sensor.

Preferably the control means varies the field by altering the frequency of the field to tune
or de-tune the field toward or away from an optimal resonant frequency of the pick-up.

Alternatively the control means varies the field by increasing or decreasing the current

or voltage supplied to the primary conductive path.
Alternatively the control means varies the field by varying a vector of the field.
Alternatively the control means varies the optimal resonant frequency of the pick-up.

Alternatively the control means varies the power flow using a combination of the

techniques discussed above.

Preferably the first sensing means sense the power available to the pick-up by sensing

a voltage provided by the pick-up.

Preferably the second sensing means sense the immediate power requirement of the

sensor by sensing a current drawn by the sensor.

Preferably the first sensing means sense the power available to the pick-up by sensing
a location of the sensor within the defined space.

Preferably the system includes a transmission means to transmit the immediate power
requirement of the sensor to the control means.
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Preferably the system includes a transmission means to transmit the power available to
the pick-up to the control means.

Preferably the transmission means also transmit physiological data sensed by the sensor.
Preferably the sensor includes a charging means to charge an energy storage device
from power supplied by the pick-up, so that power is available to the sensor when power is not

supplied by the pick-up.

Preferably the control means provide the field only when the energy storage device

requires charging.

Preferably the pick-up includes a plurality of pick-up coils oriented in different directions.

Preferably the sensor includes vector sensing means to sense the orientation of the
pick-up relative to a vector of the field.

Preferably a plurality of primary conductive paths are provided to allow the control
means to vary the field vector.

Preferably the sensor includes vector sensing means to sense the orientation of the
pick-up relative to a vector of the field and the control means varies the field vector dependent
on the sensed orientation.

Preferably the control means sweeps the frequency of the field to locate a resonant
frequency or near resonant frequency of a pick-up.

Preferably a plurality of primary conductive paths are provided and a plurality of sensors
are provided, each sensor having a separate pick-up associated therewith, and the control
means varies the field to selectively make power available to each sensor.

Preferably the sensor is a biosensor.

In a further aspect the invention consists in a method of inductively powering a sensor
provided in a defined space, the method including:
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generating an electromagnetic field in the defined space,
sensing the power available to a sensor provided in the defined space, and
confrolling the field to increase or decrease the power available to the sensor

dependant upon the sensed power available.

Preferably the method includes sensing the power requirement of the sensor and
controlling the field to increase or decrease the power available to the sensor so that the power
available to the sensor substantially matches the immediate power required by the sensor.

Preferably the step of varying the field includes the step of increasing or decreasing the
frequency of the field.

Preferably the control means varies the field by increasing or decreasing the current or
voltage supplied to the primary conductive path.

Preferably the control means varies the field by varying the field vector.

Preferably the sensor includes a charging means to charge an energy storage device
from power supplied by the pick-up so that power is available to the sensor when power is not
supplied by the pick-up, and the method includes controlling the field to provide power only
when the energy storage device requires charging.

Preferably the method includes the step of sensing the orientation of the pick-up relative
to a vector of the field.

Preferably the method includes the step of controliing the field vector dependent on the

sensed orientation.

Preferably the method includes the step of sweeping the frequency of the field to locate

a resonant frequency or near resonant frequency of the pick-up.
Preferably a plurality of primary conductive paths are provided and a plurality of sensors
are provided, each sensor having a separate pick-up associated therewith, and the method

includes varying the field to selectively make power available to each sensor.

Preferably the sensor is a biosensor.
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In a further aspect the invention consists in an inductively powered sensor including

first sensing means to sense the power available to the sensor from an inductive power
pickup, and

transmission means to transmit sensed information to a remote control device for
controlling the power available to the sensor.

Preferably the sensor includes second sensing means to sense the instantaneous

power requirement of the sensor for provision to the transmission means.

Preferably the sensor includes vector sensing means to sense the orientation of the
pick-up relative to a vector of a field supplying power to the pick-up and provide the sensed
information to the transmission means.

Preferably the sensor includes a charging means to charge an energy storage device
from power supplied by the pick-up, so that power is available to the sensor when power is not
supplied by the pick-up.’

Preferably the pick-up includes a plurality of pickQup coils oriented in different directions.

Preferably the sensor is a biosensor.

Preferably the transmission means transmit physiological data sensed by the biosensor.

in a further aspect the invention consists in an animal enclosure having a perimeter
defined by one or more walls, floor and/or ceiling and including one or more primary conductive
path of an inductive power supply in or about the or any part of the perimeter so that upon the
primary conductive path being energised an electromagnetic field is provided within the
enclosure.

Preferably the enclosure comprises a cage.

Preferably the enclosure comprises an animal rest area of a larger animal enclosure.

Preferably the enclosure comprises an animal feed station of a larger animal enclosure.
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Preferably a plurality of primary conductive paths are provided and are arranged to
provide electromagnetic fields having different field vectors.

Preferably the primary conductive path comprises a multi-turn coil.

Preferably the enclosure includes a power supply for energising or controlling
energisation of the primary conductive path.

Preferably the enclosure includes a radio frequency receiver for receiving information
transmitted by a sensing device.

In a further aspect the invention consists in an inductively powered sensor system, the
system including:

a primary conductive path capable of being energised to provide an
electromagnetic field in a defined space,

an inductive power pick-up associated with a sensor, the pick-up being capable
of receiving power from the field to sup‘ply tr;e sensor,

a sensing means to sense the power requirement of the sensor,

control means to vary the field to increase or decrease the power available to
the sensor dependant on the sensed power requirement of the sensor.

According to a further aspect the invention consists of an inductively powered sensor
system substantially as herein described with reference to any one of the embodiments shown

in the drawings.

According to a further aspect the invention consists of a method of powering a sensor
substantially as herein described with reference to any one of the embodiments shown in the

drawings.

According to a further aspect the invention consists of an inductively powered sensor
substantially as herein described with reference to any one of the embodiments shown in the

drawings.

According to a further aspect the invention consists of an animal enclosure substantially
as herein described with reference to any one of the embodiments shown in the drawings.
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Further aspects of the invention, which should be considered in all its novel aspects, will

become apparent to those skilled in the art upon reading the foliowing description which

provides at least one example of a practical application of the invention.

Brief Description of Drawings

One or more embodiments of the invention will be described below by way of example

only and without intending to be limiting with reference to the following drawings, in which;

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figures 6a — 6e

Figure 7a

Figure 7b

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

is a diagrammatic view of an enclosure such as a cage containing an
animal,

is a circuit diagram for a power pick-up circuit

is a circuit diagram for a power supply

is a diagrammatic perspective view of three pick-up coils

is a circuit diagram showing pick-up circuit for use with the pick-up coils of
Figure 4

show various configurations of conductors arranged about the enclosure of
Figure 1 to provide a magnetic field within the enclosure

is a plot of available electrical power in a cross section through the
enclosure of Figure 6¢ in the same plane as the primary conductor

is a plot of pick-up voltage distribution measured in plan view through the
enclosure of Figure 6c¢, in the same plane as the primary conductor

is a diagram of a control circuit for controlling the field provided in an
enclosure such as the enclosure of Figure 1

is a plot of power against distance showing the power received by a pick-up
in a quadrant of a space bordered by a primary conductor

is a perspective view of an animal enclosure provided with a further
enclosure being a feed station

is a perspective view of an animal enclosure provided with a further
enclosure being a rest area

is a schematic diagram illustrating the components of an inductively
powered biosensor.
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Detailed Description of Preferred Embodiments

Referring to Figure 1, an enclosure in the form of an animal cage is shown generally
referenced 1 containing an animal such as a mouse 2. Although the invention will be described
with reference to a cage suitable for containing a small animal such as a mouse, those skilled
in the art will appreciate that the invention is generally applicable to the wireless supply of
power to a very wide range of animals (including humans or other living creatures) within a
defined space. Furthermore, although the invention is described below in relation to
biosensors, those skilled in the art will realise that the invention is applicable to other sensors.

An electromagnetic field may be established in the space defined by the enclosure by
providing an alternating current in a primary conductor adjacent to the cage 1. Electrical
energy may be transferred from the field to a tuned inductive pick-up circuit implanted in the
animal 2. The pick-up circuit can thus provide the power supply required by a biosensor
implanted in the animal.

We have found that a circuit such as that shown in Figure 2 may be used in the pick-up
to provide a power supply to a biosensor B. The operation of this circuit has been described in
our pending international application no. WO2004/105208 the disclosure of which is
incorporated herein by reference. In brief, operation of this circuit is as follows. A pick-up coil
10 has a voltage (represented by Vso) induced therein when it is in the presence of an
appropriate electromagnetic field. A tuning capacitor 12 (Cs) has a value chosen to provide a
desired resonant frequency so as to optimise the transfer of energy from the electromagnetic
field to the pick-up. A rectifier circuit 22 rectifies the current from the resonant circuit and filters
it through a DC inductor 24 (Lss) and a filter capacitor 26 (Cr) to supply the desired output
voltage Vo. A voltage and phase detection circuit 28 and a gate control circuit 30 control the
switches 18 and 20. Modules 28 and 30 may alternatively be implemented in software.

Heat generation in an implanted sensor is highly undesirable. The circuit shown in Figure 2
includes an optional controlled reactive element 14. This element forms one example of a
system capable of preventing heat generation when the power available from the tuned circuit
of the pickup system exceeds the power requirements of the load. Element 14 may comprise
an inductor or capacitor 16 which is selectively switched into or out of the resonant circuit of the
pick-up by control of switches 18 and 20 (S1 and S2). In this way, the resonant frequency of
the pick-up can be varied to allow the power received by the pick-up to vary dependant upon

10
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the requirements of the load (i.e. the requirements of biosensor B) and the strength of the
magnetic field flux experienced by the pickup coil. The circuit shown and described with
reference to Figure 2 effectively eliminates generation of unnecessary heat.

in order to generate a required electromagnetic field in the primary conductor to supply the
pick-ups which power the biosensors, a primary power supply is required. We have found that
an appropriate supply may be one such as that shown in Figure 3, the operation of which is
described in detail in our pending international patent application no. W0O2004/105226 the
disclosure of which is incorporated herein by reference. In brief, a DC supply 32 provides a
current Ip to a DC inductor 34 and then to inductors 36 and 38 which split the supply. Switches
40 and 42 are switched on alternately to allow the supply to be switched through a resonant
circuit comprising a load 44 represented by variable resistance R that has a corresponding
inductance represented by inductor 46. A tuning capacitor 48 provides the desired resonant
frequency. However, a further reactive element which may comprise an inductor or capacitor
(or combinations of these elements) 50 is provided. This element provides a second example of
how power flow can be adjusted to match power availability at the pickup to biosensor load
requirements to avoid generating heat within the biosensor assembly. For ease of illustration
the reactive element 50 is shown as a simple variable inductor or capacitor, but is implemented
in practice using semiconductor switches between each terminal of a selected capacitance or
inductance and the terminals of tuning capacitor 48. The variable capacitance or inductance is
controlled by voltage and phase detection circuitry 52 and gate drive control circuitry 54 (which
may alternatively be implemented using software). In this way the resonance of the resonant
circuit can be varied to tune the electromagnetic field to the desired frequency.

The inductor 46 and the load R represent the primary conductor (and its load) which is
provided as a coil (either a partial turn, a single turn or most preferably multiple turns). The
primary conductor is located about or adjacent to the enclosure 1, and we have found that an
electromagnetic field of sufficient strength may be generated within the space to allow the pick-
up shown in Figure 2 to provide a required power supply for a biosensor. For example, the field
may be generated at 200kHz, and the biosensor may require a DC voltage of approximately 3
volts and a continuous current of approximately 10 miliamps. The relétively high field
frequency allows physically small components to be used. Also, the detuning control allows

some variation in component values, so tolerances are not critical.

The pick-up circuit of Figure 2 can be provided in relatively small physical form, for

example an encased unit small enough to be implanted in relatively small animals such as

11



10

15

20

25

30

35

WO 2006/031133 PCT/NZ2005/000245
11

mice, to allow continuous operation of a biosensor.

The pick-up coil can comprise a partial turn coil, or a single or multiple turn coil and can
be formed in a variety of different ways. In one example, the coil may simply comprise a partial
turn of conductive material provided on a printed circuit board. In another embodiment, the
pick-up may comprise a multi-turn coil mounted on a circuit board, or mounted within a cut out
space on a circuit board in order to keep space to a minimum. The coil may also include a
material having magnetic properties, for example a ferrite core, to enhance field strength and
thus power transfer capacity. In one embodiment the ferrite core may provide a battery
housing (if a battery is provided) or facilitate location of the battery or a similar device such as a

supercapacitor.

In another embodiment multiple pick-up coils may be provided. Turning to Figure 4, a
multiple coil pick-up arrangement is shown diagrammatically on a piece of circuit board 60.
Pick-up coil 10x is arranged in a vertical direction as shown in Figure 4. Pick- up coil 10y is
arranged in a horizontal direction directed across the page as shown in Figure 4, and pick-up
coil 10z is arranged in a horizontal direction arranged along an axis which runs “in to or out of’
the page as shown in Figure 4. Therefore, the configuration shown provides coils which are
mounted perpendicularly to each other so that they have axes corresponding to x, y and z axes
of three dimensional space.

Turning to Figure 5, a pick-up circuit which may be used with the coils shown in Figure 4
is illustrated. Referring to that figure, each of the pick-up coils has a tuning capacitance
represented by capacitor 62. A further capacitor 66 can be controllably switched in parallel with
capacitor 62 by a control transistor 68. The output of the pick-up circuit is rectified by Shottky
Diode 70. The output from each of the Shoitky Diodes 70 is then provided to a control stage
where it is initially filtered by a filter capacitor 72 for provision to the biosensor load B. A
comparator 74 and associated resistive network (resistors 76 to 80) controls the natural
resonant frequency of each of the pick-up coils by activating or deactivating transistor 68. This
allows the power transferred to the pick-ups to be controlled to match the power requirements
of the biosensor load B. A single controller is used to control three pick-ups at the same time,
so the pick-up size and power losses are smaller than using three separate circuits. The
controller may over tune or under tune the pick-up to control the power flow.

Those skilled in the art to which the invention relates will see that the multiple pick-up
coil arrangement described above (or even a single pick-up coil arrangement) may be provided

12
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using a pick-up circuit that does not include a variable reactive element i.e. a pick-up having a
fixed resonant frequency pick-up circuit may be used. Furthermore, coil directional

arrangements other than those described above may be used.

Tuming to Figures 6a to 6e, various arrangements of the primary conductor for
providing an electromagnetic field within the enclosure space are shown. The conductors
shown in Figures 6a to 6e are discussed below with reference to a coil of conductive material.
However, those skilled in the art will realise that a partial, single or full furn of conductive
material may be provided rather than multiple turns. Referring to Figure 6a, a coil 100 is shown

~ provided on or within a wall of the enclosure, such as being located externally at the base of the

container. In Figure 6b multiple coils are provided. This allows fields to be provided in
localised locations throughout the enclosure. Another arrangement shown in Figure 6c
illustrates a coil mounted externally of the container horizontally about a mid section of the
container. In Figure 6d, the arrangement of Figure 6¢ can further include another coil mounted
about the mid section of the container but in a vertical plane. In Figure 6e, coils are shown
mounted about the periphery of the base of the container and about the ends of the container.
Therefore, coils may be located in a variety of different locations in or about any part of the one
or more walls, floor and/or ceiling that define the perimeter of the enclosure. Primary coils may
also be located at various locations inside the enclosure. The available electrical power and
voltage distribution inside the enclosure and in the same plane as the coil shown in Figure 6c is
shown in Figures 7a and 7b respectively.

The primary circuit, such as that shown in Figure 3, may be controlled to controllably
vary the field based on the instantaneous power requirements of each pick-up. These power
requirements may be derived from information retrieved from each pick-up, or based on other
information such as location of a pick-up, what the power requirements of the pick-up should be
at a gi\}en location or at a given time for example, or a combination of these sources of
information. Referring to Figure 8, a feed back contro! system is diagrammatically illustrated.

Turning to Figure 8, in this example a control system can be provided which has an
input reference signal 110 corresponding to the power required by the biosensor and
associated circuitry that the pick-up supplies. The pick-up 112 includes a transmitter (for
example a device which transmits RF signals representative of desired information) to transmit
a signal representative of the current output voltage of the pick-up to a receiver 114. The
received signals are compared with the reference to provide an error signal which is used by
controller 115 to control the power supply 116. The power supply may be controlled in a

13
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number of different ways. For example, the magnitude of the voltage that the power supply
provides to the primary conductor may be increased or decreased to thereby change the field
strength within the enclosure and thus vary the output of the pick-up. Therefore power received
by the pick-up circuit can be fed back to the primary circuit controller to facilitate adjustment of
the electromagnetic field generated to maintain adequate power levels at the pick-up or to
reduce the power level at the pick-up to prevent generation of unnecessary heat. Feed back is
currently available through the use of a radio transceiver module (based on an integrated circuit
part number nRF24E1 from Nordic Semiconductor) with a data bandwidth of 1 Megabit per
second and transmitting in the 2.4 GHz frequency spectrum band. This transceiver module is
primarily used to digitise and transmit physiological data sensed by the biosensor, but the pick-
up power requirement data can also be transmitted using this module, for example by adding
more digital data representing power status to the packets being transmitted with digital
physiological data. Capacitor buffering of the power supply to the biosensors smoothes out
short duration fluctuations such that adequate feedback response time is easily achieved. The
actual position or orientation of the pick-ups can also be detected to facilitate the required

power flow control.

Alternatively, a feed forward control system may be implemented. For example, the
primary circuit controller can monitor the power being delivered to its own primary coil and use
this to estimate the power being drawn from the pick-up coil. When the pick-up coil is drawing
less power than the level required by the biosensor, a primary control algorithm will attempt to

increase power transfer by adjusting the generated field.

Independent pick-up systems (for example multiple animals within the enclosure) can
be powered through the primary circuit controller using a time division multiplexing scheme to
produce electromagnetic fields appropriate for each pick-up (for example at different
frequencies or vectors) at different time slots.

The apparatus and systems described above may be implemented in a variety of
different ways. As a first example, a single primary conductor coil may be provided about the
enclosure, such as for example is shown in Figure 6¢c. The coil is powered by a conventional
power supply, although a power supply such as that described with reference to Figure 3 could
be used if desired. The power supply is chosen so that it is sufficient to provide a field
throughout the enclosure of sufficient strength to power a pick-up. One or more animals is then
provided in the enclosure, each animal having a biosensor device which is powered by a pick-

up such as the pick-up described with reference to Figure 2. The pick-up may also include an

14
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energy storage dévice such as a re-chargeable battery or a supercapacitor to augment the
wireless power supply if required. Therefore, if the load cannot be met by the power supply, the
battery can assist until such time as the wireless supply is sufficient at which time the battery
may begin to be recharged by the wireless supply. For example, the electromagnetic field may
be provided in a certain area of the enclosure that is visited frequently, such as a feeding
station, and the battery may be recharged while the animal is in that area. Alternatively, normal
physiological data acquisition may occur under battery power in the animal’s home cage, and
the animal relocated to the area containing the magnetic field for battery recharging. As
another alternative, the biosensor may operate primarily from the battery, so that the
electromagnetic field is only generated when the battery requires charging.

In another example, the primary power supply and primary conductor as described
immediately above are provided, but the pick-up device includes the apparatus shown and
described in Figures 4 and 5. This allows the field to be fully utilised independently of the
orientation of the pick-up. The biosensor receives power continuously from the pick-up.

In another example, a pick-up which is tuned to a non-adjustable resonant frequency is
used. Such a pick-up can be implemented by taking the circuit of Figure 2 and omitting the
variable reactance 14 (and the associated control modules). The power supply of the primary
conductor coil adjacent to the enclosure is adjusted to alter the power available to the pick-up
using one or more of the control strategies discussed below to allow the power requirements of
the biosensor to be met. The enclosure may be provided with a number of different primary
conductor coils, such as the enclosure shown in Figures 6b, 6d or 6e for exampie. For any
independent pick-up with a single pick-up coil, best power transfer is achieved when the
magnetic field vector is oriented correctly with the pick-up coil. This may be achieved by
energising a plurality of primary coils (usually by different amounts) at the same time. This is
equivalent to steering the orientation of the vector to best match the pick-up coil orientation.
Therefore, the vector may be steered dependent on pick-up location or orientation. When
multiple, independent pick-ups are to be energised, a time division multiplexing scheme can be
used in the primary controller to first generate a magnetic field vector steered to match the first
pick-up, then next generate a magnetic field vector steered to match the next pick-up in the
next time slot. Furthermore, if the feedback control discussed above is implemented, then the
orientation of the field vector, magnitude of the field vector, or frequency of oscillation of the
magnetic field can be adjusted to control the power flow to the biosensor. As another
alternative, multiple coils may be energised (for example using a time division multiplexing

scheme) to provide a predictable or randomly changing field within the cage to supply one or
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more pick-ups with a single pick-up coil or a plurality of coils.

In yet another example, a number of different primary conductive paths may be
provided, for example such as those shown in Figure 6b and these may be energised using
one or more power supplies such that each coil is provided at a different frequency and
therefore directed to different pick-ups so that selective pick-ups within animals may be
selectively powered.

in another example, the configuration in 6b may be used in such a way that a position
detecting system is provided. This may be achieved by energisation of various coils to
determine where the load exists for example, and once the load has been located, energising
the coil nearest to which the load is present so that a localised field in the required position is
provided. Position detection may also be achieved by information returned from the pick-up.
Therefore, if the information on the power requirement is compared with the field being
generated, then an estimate of the absolute position of the pick-up may be made for a given
pick-up orientation.

in a preferred embodiment of the invention, the pick-up that supplies power to the
biosensor is mounted on a printed circuit board with a single pick-up coil. The pick-up coil in
this embodiment comprises a single turn (or near turn), or multiple turns of conductive material
such as copper track on or within the printed circuit board substrate. The board includes a
transceiver module, and may include the biosensor itself, but is typically separately connected
to the biosensor. In this embodiment, a battery may also be provided, and the battery may be
mounted on the printed circuit board. A primary conductor coil system is provided about the
cage or other defined space within which the biosensor is to be operable. In Figure 10 for
example the primary coil 100 is provided about an enclosure which defines a feeding station
102 which in the embodiment shown comprises a holiow cylinder with an entry 104 at one end
and a water bottle 106 or similar dispensing device providing food or water through closed end
108. Similarly, as shown in Figure 11, a primary coil 100 may be provided about an enclosure
defining a rest area 110 comprising a compartment having an entry 112. Figures 10 and 11
illustrate that the primary coil 100 can be provided in a selected region of a larger enclosure so
that the field is confined to prevent EMR problems. The pick-up does not include the de-tuning
arrangement shown in Figure 2, but the voltage supplied to the load (i.e the biosensor) is
detected, and provided to the transceiver module which transmits the information to a control
unit associated with the power supply for the primary coil. The control strategy illustrated with
reference to Figure 8 is then used to ensure that the pick-up is not supplying power in excess of
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the needs of the biosensor and associated circuits, and therefore ensure that there is no
unnecessary heat being dissipated by the pick-up. The control strategy may also be used to
ensure that the biosensor is receiving sufficient power.

The field is controlled to limit the power supplied to the biosensor (or to increase it if
necessary) by controlling one of three different parameters, being:
a) magnetic field flux density;
b) magnetic field frequency of oscillation.;
¢) magnetic field vector (provided an appropriate coil configuration is
provided).

Each of these parameters is discussed briefly below.

The magnetic flux density may be controlied by controlling the magnitude of the voltage
applied to the primary coil. Therefore flux density can be decreased by decreasing the voltage
applied to the primary coil and therefore reducing the power transferred to the pick-up.

The magnetic field frequency of oscillation is controlled by the frequency of the current
provided in the primary coil. By moving the frequency of oscillation of the field toward or away
from a natural resonant frequency of the pick-up (i.e. an optimal frequency of the pick-up for
power transfer), more or less power will be transferred to the pick-up. It is desirable to have
pick-ups with a high Q factor to improve the quality of the resonant response in the pick-up and
thus maximize power transfer. A problem with using high Q circuits at a practical level is that
component tolerances mean that it is difficult to provide pick-ups having the same resonant
frequency. Also, component values can vary over time. Variation of field fréquency also
allows power to be provided to pick-ups having resonant circuits of a high Q factor. This is
because the primary supply can perform a frequency sweep from a low frequency to a higher
frequency, or vice versa, until feedback shows that the pick-up has been energized, and from
the feedback provided by the biosensor the primary can lock onto a resonant, or near resonant,
frequency of the pick-up and control the power available to it. Variation of field frequency also
allows control of multiple pick-ups by providing pick-ups with distinct different resonant
frequencies so that the field selectively makes power available to each pick-up.

Magnetic field vector orientation can be controlled if there is more than one primary coil

by controlling the relative flux density generated by each coil to provide a resultant field vector
orientation. In a preferred embodiment the vector has six degrees of freedom to characterize
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(using location, magnitude and orientation) the magnetic field at any instant in time.

In this preferred embodiment the primary coil is provided about only a selected portion
of the enclosure. Therefore, a battery may be used to provide power to the sensor when the
pick-up is out of range of the electromagnetic field. When the pick-up is within range of the
electromagnetic field, the flow of power to the pick-up is controlled to meet biosensor needs
and battery charging needs. When the battery is fully charged, the power flow is controlled to a
reduced level which is sufficient to power the biosensor only. This strategy ensures that no
excess energy is dissipated as heat.

A diagram of the functional components of the biosensor unit of this embodiment is
shown in Figure 12 where the pick-up system 120 supplies power to a power flow controller
122 which controls the supply of power to the biosensor 124 itself, a battery 126 (if provided)
and the communications module 128. Although the pick-up system is shown as having a single
rectifying diode, a full bridge rectifier may be provided to increase power extraction from the
pick-up resonant circuit. The power flow controller includes a sense resistor 130 which senses
an indication of the power required by the biosensor (based on current drawn) and the
communications module (which are supplied via voltage regulator 132). The indication of
power required is provided to the communications module 128 along with the power required
by the battery charger 134 which is sensed via sense resistor 136, which again allows an
indication of current to be obtained. The communications module includes a microprocessor
operable to provide an indication of total power demand and provide that information to a
transceiver (not shown in this figure) which is part of the communications module. Line 140
senses the output voltage of the pick-up system so it can be used fo provide an indication of
available power to the pick-up. This information is provided to the communications module for
transmission by the transceiver. Switch 142 is operable by the power flow controller to allow
the battery to be charged, or connected to supply power to the unit via switch 144. The
biosensor unit as a whole, as shown in Figure 12 may be provided as a single unit or one or

more components may be provided separately.

Also, there is the option of providing the pick-up with additional magnetic field coils in
different orientations (as discussed with reference to figure 4), and it is also possible to select

- one of the coils 10x, 10y or 10z as the coil from which power is derived, and use the other two

coils to provide feedback on the orientation of the pick-up relative to the field. Coils not used
for deriving power may be specially designed for field detection. This information may be used
to assist determination of the location of the pick-up, or to select the field vector required for
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providing the desired power flow to the pick-up.

implementation of the control strategy described above is now discussed with reference
to Figure 9 and Table 1. Figure 9 shows available power to a pick-up device located on an
enclosure base within a total area size of 500mm by 400mm. The primary coil comprises of
three turns enclosing the base area and is located 50mm above the enclosure base similar to
the concept shown in Figure 6¢c. The power level is normalized at the coil centre, which is
located at point x=0, y=0 where the power level received was equal to the power need of a
biosensor with a steady power need of 13 mW. The field is symmetrical in both x and y
directions, so only one quarter of the area is shown in Figure 9. The power available to the
pick-up increases as the pick-up moves from the coil centre toward the coil perimeter. There is
a decrease in power available at x=250mm caused by close proximity of the biosensor to the
primary coil and changes in direction of the magnetic flux vector compared to the center point.
The pick-up used consists of a single coil formed using tracks on a printed circuit board of
dimension 20mm by 40mm. The pick-up, and the energisation of the primary coil are set to
deliver 13 mW of power at x=0, y=0 to match the power requirement of the biosensor. Those
skilled in the art will appreciate that the power supplied to the biosensor system in excess of 13
mW is power that will be dissipated as heat within the pick-up unless the power level of the
pick-up is controlled so that the power supplied to the pick-up is reduced as the pick-up moves
away from point x=0, y=0 toward the coil at the perimeter.

Referring now to Table 1, the first pair of columns define the location of the pick-up and
the remaining three columns show the frequency, voltage or vector orientation required to
supply the pick-up with power to match the biosensor requirements at the defined location. .
Therefore, for example, if the pick-up is located at point x=0, y=0, then the frequency of the field
is 200 kHz to supply the required 13 mW, the voltage applied to the primary 60.4 V, and the
angle of the primary magnetic field vector with respect to the normal of the pick-up coil is 0°.
The reference (dno) refers to “data not obtained”.

Location | Location | Frequency | Voltage Control | Vector Control
X(mm) . | y(mm) [ (KHz) (Volts DC) (degrees)
0 0 200 60.4 0
100 0 171 57.1 27.5
200 0 153 48.4 45
0 100 160 51.6 35
100 100 dno 49.4 34
200 100 dno 44 dno
Table 1
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If the location of the pick-up is changed to x=100mm, y=0mm, then with the voltage
control being 60.4 V and the vector control being 0°, then the frequency of 171 kHz will reduce
the power supplied to the pick-up back to the normalized level i.e back to the 13 mW. Similarly,
if at location x=100mm, y=0mm, the frequency may be maintained at 200 kHz and the voltage
in the primary coil reduced to 57.1 V while retaining the vector control 0° to reduce the power
supply to the pick-up to the normalized level. Again, at X=100mm, Y=0mm, the frequency may
be maintained at 200 kHz, and the voltage on a primary coil maintained at 60.4 V, but if the
vector can be changed to 27.5° relative to the normal of the pick-up, then the power supplied to
the pick-up will be controlled to the required level.

Those skilled in the art will realize that control of the electromagnetic field as discussed above
means that power flow to the pick-up can be effectively regulated even when the field is
disrupted by addition of objects into the enclosure. For example the addition of a metal object
into the enclosure will shift resonant frequencies, but the feedback discussed above will allow
the frequency of the field to be adjusted to compensate. Therefore, the invention is robust to
environmental changes independent of the biosensor configuration and/or the primary

configuration.

Whilst the invention has been described with particular reference to biosensors, it will be
appreciated that the system and sensors of the invention, which enable the control of power
flow to sensors powered inductively, may equally have application outside the field of biology.
For example, in other circumstances where there are arbitrary and variable relationships
between the sensor(s) and the primary power supply and where it is necessary to avoid heat

generation in the sensors, such as in small or miniaturised industrial sensors.

Those skilled in the art will realize that the sensor may sense muiltiple parameters and may also
be associated with an actuator. Examples of actuator function include mechanical output (e.g
pumps and release mechanisms), ulfrasonic transducers and electrical stimulation. With such
sensor/actuator systems power may be supplied through the same primary induction power
system. '

The invention advantageously allows frequency, voltage and vectoring of the field to be varied
on the primary side and detuning to be used on the pick-up side to allow effective control of the
power available to, or supplied by, the pick-up. Those skilled in the art will appreciate that

these control parameters may be used in any desired combination. For example, primary
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frequency tuning may be used to find the resonant frequency of the pick-up, after which primary
voltage variation (or pick-up detuning) may be used to match power flow to immediate power

need.

It should be noted that various changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and
modifications may be made without departing from the spirit and scope of the present invention
and without diminishing its attendant advantages. It is, therefore, intended that such changes
and modifications be included within the present invention.

Throughout this document the word “comprise” and variations such as “comprises” and
comprising” is intended to be interpreted in an inclusive sense.
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Claims

1. An inductively powered sensor system, the system including:
a primary conductive path capable of being energised to provide an
electromagnetic field in a defined space,

an inductive power pick-up associated with a sensor, the pick-up being capable

of receiving power from the field to supply the sensor,
a first sensing means to sense the power available to the pick-up,
control means to increase or decrease the power available to the sensor
dependant on the sensed power available to the pick-up.

2. An inductively powered sensor system as claimed in claim 1 including a second sensing
means to sense the immediate power requirement of the sensor and wherein the control

means increase or decrease the power available to the sensor so that the power
supplied to the sensor substantially matches the immediate power required by the

sensor.

3. An inductively powered sensor system as claimed in claim 1 or claim 2 wherein the

control means varies the field by altering the frequency of the field to tune or de-tune the

field toward or away from an opt"imal resonant frequency of the pick-up.

4. An inductively powered sensor system as claimed in claim 1 or claim 2 wherein the
control means varies the field by increasing or decreasing the current or voltage
supplied to the primary conductive path.

5. An inductively powered sensor system as claimed in claim 1 or claim 2 wherein the

control means varies the field by varying a vector of the field.

6. An inductively powered sensor system as claimed in any one of the preceding claims

wherein the control means varies the optimal resonant frequency of the pick-up.

7. An inductively powered sensor system as claimed in any one of the preceding claims
wherein the first sensing means senses the power available to the pick-up by sensing a

voltage provided by the pick-up.
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An inductively powered sensor system as claimed in any one of the preceding claims
wherein the second sensing means sense the immediate power requirement of the

sensor by sensing a current drawn by the sensor.

An inductively powered sensor system as claimed in any one of claims 1 to 7 wherein
the first sensing means sense the power available to the pick-up by sensing a location
of the pick-up within the defined space.

An inductively powered sensor system as claimed in any one of the preceding claims
further including transmission means to transmit the available power at the pick-up to

the control means.

An inductively powered sensor system as claimed in any one of the preceding claims
further including transmission means to transmit the immediate power requirement of

the sensor to the control means.

An inductively powered sensor system as claimed in any one of the preceding claims
wherein the sensor includes a charging means to charge an energy storage device from
power supplied by the pick-up, so that power is available to the sensor when power is
not supplied by the pick-up.

An inductively powered sensor system as claimed in claim 12 wherein the control
means provide the field only when the energy storage device requires charging.

An inductively powered sensor system as claimed in any one of the preceding claims
wherein the pick-up includes a plurality of pick-up coils oriented in different directions.

An inductively powered sensor system as claimed in any one of the preceding claims
wherein the sensor includes vector sensing means to sense the orientation of the pick-
up relative to a vector of the field.

An inductively powered sensor system as claimed in claim 5 wherein a plurality of
primary conductive paths are provided to allow the control means to vary the field

vector.

An inductively powered sensor system as claimed in claim 16 wherein the sensor
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includes vector sensing means to sense the orientation of the pick-up relative to a
vector of the field and the control means varies the field vector dependent on the
sensed orientation.

An inductively powered sensor system as claimed in any one of the preceding claims
wherein the control means sweeps the frequency of the field to locate a resonant

frequency or near resonant frequency of a pick-up.

An inductively powered sensor system as claimed in any one of the preceding claims
wherein a plurality of primary conductive paths are provided and a plurality of sensors
are provided, each sensor having a separate pick-up associated therewith, and the
control means varies the field to selectively make power available to each sensor.

An inductively powered sensor system as claimed in any one of the preceding claims

wherein the sensor is a biosensor.

An inductively powered sensor system according to claim 20 wherein the transmission

means -also transmit physiological data sensed by the biosensor.

A method of inductively powering a sensor provided in a defined space, the method
including: '
generating an electromagnetic field in the defined space,
sensing the power available to a sensor provided in the defined space, and
controlling the field to increase or decrease the power available to the sensor

dependant upon the sensed power available.

A method of inductively powering a sensor as daimed in claim 22 including sensing the
immediate power requirement of the sensor and controlling the field to increase or
decrease the power available to the sensor so that the power available to the sensor
substantially matches the immediate power required by the sensor.

A method as claimed in claim 22 or claim 23 wherein the step of varying the field
includes the step of increasing or decreasing the frequency of the field.

A method as claimed in claim 22 or claim 23 wherein the control means varies the field

by increasing or decreasing the current or voltage supplied to the primary conductive
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path.

A method as claimed in claim 22 or claim 23 wherein the control means varies the field

by varying the field vector.

A method as claimed in any one of claims 22 to 26 wherein the sensor includes a
charging means to charge an energy storage device from power supplied by the pick-up
so that power is available to the sensor when power is not supplied by the pick-up, and
the method includes controlling the field to provide power only when the energy storage

device requires charging.

A method as claimed in any one of claims 22 to 27 including the step of sensing the
orientation of the pick-up relative to a vector of the field.

A method as claimed in claim 28 including the step of controlling the field vector
dependent on the sensed orientation.

A method as claimed in any one of claims 22 to 29 including the step of sweeping the
frequency of the field to locate a resonant frequency or near resonant frequency of the
pick-up.

A method as claimed in any one of claims 22 to 30 wherein a plurality of primary
conductive paths are provided and a plurality of sensors are provided, each sensor
having a separate pick-up associated therewith, and the method includes varying the
field to selectively make power available to each sensor.

A method as claimed in any one of claims 22 to 31 wherein the sensor is a biosensor.

An inductively powered sensor including

first sensing means to sense the power available to the sensor from an inductive power
pick-up , and

transmission means to transmit sensed information to a remote control device for

controlling the power available to the sensor.

An inductively powered sensor as claimed in claim 33 further including second sensing
means to sense the instantaneous power requirement of the sensor for provision to the
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fransmission means.

An inductively powered sensor as claimed in claim 33 or claim 34 including vector
sensing means to sense the orientation of the pick-up relative to a vector of a field
supplying power to the pick-up and provide the sensed information fo the transmission

means.

An inductively powered sensor as claimed in any one of claims 33 to 35 wherein the
sensor includes a charging means to charge an energy storage device from power
supplied by the pick-up, so that power is available to the sensor when power is not

supplied by the pick-up.

An inductively powered sensor as claimed in any one of claims 33 to 36 wherein the
pick-up includes a plurality of pick-up coils oriented in different directions.

An inductively powered senor as claimed in any one of claims 33 to 37 wherein the
sensor is a biosensor.

An inductively powered biosensor as claimed in claim 38 wherein the transmission
means also transmit physiological data sensed by the biosensor.

An animal enclosure having a perimeter defined by one“or more walls, floor and/or
ceiling and including one or more primary conductive path of an inductive power supply
in or about the or any part of the perimeter so that upon the primary conductive path
being energised an electromagnetic field is provided within the enclosure.

An animal enclosure as claimed in claim 40 wherein the enclosure comprises a cage.

An animal enclosure as claimed in claim 40 or claim 41 wherein the enclosure

comprises an animal rest area of a larger animal enclosure.

An animal enclosure as claimed in claim 40 or claim 41 wherein the enclosure

comprises an animal feed station of a larger animal enclosure.

An animal enclosure as claimed in any one of claims 40 to 43 wherein a plurality of
primary conductive paths are provided and are arranged to provide electromagnetic
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fields having different field vectors.

An animal enclosure as claimed in any one of claims 40 to 44 wherein the or each

primary conductive path comprises a multi-turn coil.

An animal enclosure as claimed in any one of claims 40 to 45 wherein the enclosure
inciudes a power supply for energising or controlling energisation of the or each primary
conductive path.

An animal enclosure as claimed in any one of claims 40 to 46 wherein the enclosure
includes a radio frequency receiver for receiving information transmitted by a sensing

device in the enclosure.

An inductively powered sensor system, the system including:
_ aprimary conductive path capable of being energised to provide an
electromagnetic field in a defined space,
an inductive power pick-up associated with a sensor, the pick-up being capable
of receiving power from the field to supply the sensor,
a sensing means to sense the power requirement of the sensor,
control means to vary the field to increase or decrease the power available to

the pick-up dependant on the sensed power requirement of the sensor.

An inductively powered sensor system substantially as herein described with reference
to any one of the embodiments shown in the drawings.

A method of inductively powering a sensor substantially as herein described with
reference to any one of the embodiments shown in the drawings.

An inductively powered sensor substantially as herein described with reference to any
one of the embodiments shown in the drawings.

An animal enclosure substantially as herein described with reference to any one of the

embodiments shown in the drawings.
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Date of the actual completion of the international search Date of mailing of the international search report
18 November 2005 ’ 2 7 NOV 200

Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA ;
E-mail address: pet@ipaustralia.gov.au MAKI MARYANOVICH

Facsimile No. (02) 6285 3929 Telephone No : (02) 6283 2798
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/NZ2005/000245
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
US 5111189 A (YEH) 5 May 1992
A Abstract, Figs 1-3
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.
PCT/NZ2005/000245

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report
US  2003/0114769 NONE
US 6307468 US 6943680 US 2002053973 US 2005024198
WO  2000/056210 AU  39123/00 AU CA 2364869
EP 1162914 US WO 0112092
US 5517194 NONE |
US 5111189 NONE

Due to data infegration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

37






