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(57) Abstract: The apparatus includes a hand-held RF transducer having a transmit section for providing an energizing signal to

& cause a RFID tag associated with an object retained in the body of the patient to transmit an RF signal and a receiver section for
receiving the signal transmitte the tag, as the patient’s body 1s scanned. An auxili antenna array for receivin

o iving the RF signal itted by the RFID tag he patient’s body i d. A iliary y fi iving

the transmitted RF signal transmitted by the RFID tag is situated in the mattress on the operating table under the patient. Signal
processing electronics are connected to the receiver section of the transducer and to the auxiliary antenna array for determining and
indicating when a RF signal from a tag has been received, representing that a tagged object remains in the body of the patient, and
for decoding the RF signal to identify the object.
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TITLE OF THE INVENTION

AUXILIARY ANTENNA ARRAY FOR SYSTEM FOR DETECTING FOREIGN
OBJECTS IN A SURGICAL PATIENT

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
The present invention relates to RFID (radio frequency identification) tagging
systems and more particularly, to a auxiliary antenna array for increasing the range of a
RFID system for detecting foreign objects in a surgical patient wherein the auxiliary
antenna array consists of pairs of antennae and associated electronics placed in a mattress

situated on top of an operating table.

2. DESCRIPTION OF PRIOR ART

The problem of leaving foreign objects, such as surgical instruments and sponges,
in patients after surgery has been of great concern ever since modern surgery began. A
foreign object present in a patient after surgery can lead to illness or death. Further, it
also raises serious medical malpractice issues.

Accordingly, various systems have been tried to prevent foreign objects from
being left off in patents after surgery. Such systems include manually or automatically
counting the surgical instruments and sponges used in a surgical procedure before and
after surgery and comparing the counts to insure that all instruments and sponges used in

the procedure are accounted for.. However, such systems do not produce completely
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satisfactory results as they are dependant upon human beings for accuracy and human
beings are prone to make errors, especially when functioning under pressure or adverse
conditions.

Metal objects, such as surgical instruments, can be detected by X-ray or other
scanning techniques. However, such detection systems require costly and expensive
equipment, pose a danger to unprotected personnel, and subject patients to potentially
harmful radiation. Further, some systems, such as x-ray scanners, are unable to detect
non-metallic objects.

RFID tagging has also been suggested for use in tracking and counting surgical
instrument and sponges. Radio frequency identification (RFID) tags emit a radio
frequency signal when excited by electromagnetic energy from a transmitting antenna.
The emitted signal can include a coded identification number that represents a particular
object, such as a surgical instrument or sponge. The emitted signal is received by a
receiving antenna and processed by a computer to decode the identification number. The
identification number is unique to a particular object and there permits automated
tracking of all objects utilized during surgery with great accuracy once the RF signal
from the excited tag is received.

One of the benefits of such a system is that it is non-evasive. The body of the
patient can be quickly and easily scanned at the end of the surgical procedure to ensure
all tagged instruments and sponges have been removed form the patient. The scanning
can be performed by a conventional hand-held device or wand that contains a
transmitting antenna, a receiving antenna, signal processing circuitry and a display or

other audible or visual indicating device.
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However, conventional systems of this type are not entirely reliable because they
do not always receive the RF signal from the tag. They therefore require repeated
scanning of the body at close range and in different orientations to provide reliable
results. Properties of RFID tags that effect instrument scanning are: (a) the maximum
distance between antenna and RFID tag is a function of the frequency of the signal; (b)
signal attenuation due to water and soft tissue in the body is inversely dependant upon the
frequency of the signal; (c) the received signal is strongest when the tag is perpendicular
to the movement of the receiving antenna; (d) the metal of surgical instruments tends to
block radio frequency waves; and (e) the size of the RFID tag is a function of the
fréquency of the emitted signal.

Those properties necessitate the use of small, low frequency RFID tags for
detecting objects such as surgical instruments or sponges in the body. However, even
when those types of RFID tags are utilized, successful scanning of the tag is limited by
patient size and instrument orientation. Finding a retained instrument or sponge in the
body requires scanning the patient multiple times and changing the antenna orientation
for each scan. Accordingly, conventional equipment utilizing RFID tags for detecting the
presence of foreign objects in a patient after surgery have not proved to be totally
satisfactory.

The present invention greatly improves the success rate for detecting a retained
instrument or sponge, utilizing small, low frequency RFID tags, by utilizing auxiliary
receiving antennae to increase the ability of the system to receive the signal transmitted
from the RFID tag. The antennae are situated in an array that is preferably mounted

within a standard size mattress pad adapted to be situated beneath the patient on the
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operating table. The pad may be a single unit or consist of one or more removable
sections to facilitate patient placement for various surgical procedures. The pad contains
multiple receiving antennae arranged in pairs and associated electronics.

The mattress pad with the auxiliary antenna array replaces the pad normally used
on an operating table. Before the surgical procedure begins, each of the instruments and
sponges in the room is provided with an encoded RFID tag. The patient lies on top of the
pad as in any surgical procedure. At the end of the procedure, before the incision is
closed, the patient is scanned with a hand-held transducer containing both a transmitting
antenna and receiving antenna, along with processing circuitry.

‘The transmitting antenna in the transducer generates a signal that excites any
RFID tag in the body, which then emits a radio frequency signal. The signal generated
by the RFID tag is received by the receiving antenna in the transducer and/or by one or
more of the receiving antennae of the auxiliary antenna array within the pad below the
patient. The auxiliary antenna array greatly increases the ability of the system to receive
the RFID signal from the tagged object, regardless of the orientation of the surgical
instrument or sponge within the body, or patient size, without the necessity for multiple
scans.

It is, therefore, a prime object of the present invention to provide an improved
system for detecting foreign objects in a patient after surgery.

It is another object of the present invention to provide an RFID tagging system for
detecting foreign objects in a patient utilizing an auxiliary antenna array to increase the

ability of the system to receive a signal from the RFID tagged object.
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It is another object of the present invention to provide a system for detecting
foreign objects in a patient on an operating table that utilizes small, low frequency RFID
tags.

It is another object of the present invention to provide a system for detecting
foreign objects in a patient on an operating table that reduces the necessity for scanning
the patient multiple times using different antenna orientations.

It is another object of the present invention to provide a system for detecting
foreign objects in a patient on an operating table that utilizes an auxiliary antenna array

situated in a mattress pad of the type normally used on an operating table.

BRIEF SUMMARY OF THE INVENTION

In accordance with one object of the present invention, apparatus is provided for
detecting an RFID tagged object in the body of a patient. The apparatus includes RF
transducer means including means for energizing the tag to transmit an RF signal. Means
located remotely from the RF transducer means are provided for receiving the transmitted
RF signal from the tag. Signal processing means are operably connected to the RF signal
receiving means for processing the output of the RF signal receiving means to determine
when an RF signal from the tag has been received.

The apparatus also includes RF signal receiving means associated with the RF
transducer means. The RF transducer means preferably takes the form of a hand-held

scanner.
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The RF signal receiving means associated with the transducer means and the
remote RF signal receiving means are located on opposite sides of the body for best
results.

Means operably connected to the signal processing means are provided for
indicating the receipt of a RF signal from the tag. The indicating means may generate an
audible or a visible signal.

The tag is a small, low frequency RFID tag.

The tag transmits a coded signal. The signal processing means includes means for
decoding the signal to identify the detected object.

The apparatus includes a mattress pad within which the remote RF signal
receiving means is located. The remote RF signal receiving means includes at least one
pair of RF signal receiving antennae. A decoder is operably connected to the RF signal
receiving antennae in the pair.

Preferably, the remote RF signal receiving means includes first and second pairs
of RF signal receiving antennae. First and second decoders are provided. Each of the first
and second decoders is respectively operably connected to a different pair of RF signal
receiving antennae.

The remote RF signal receiving means includes an antenna array. The array
includes a plurality of toroidal antennae. The antennae are situated in rows.  The
antennae rows are substantially parallel.

The antenna array is preferably located in the upper portion of a mattress pad.

In accordance with another aspect of the present invention, apparatus is provided

for detecting an RFID tagged object in the body of a patient. The apparatus includes RF
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transducer means comprising means for energizing the tag to transmit an RF signal and
first means for receiving said transmitted RF signal. Second means for receiving the
transmitted RF signal is provided. Signal processing means operably connected to the
first RF signal receiving means and said second RF signal receiving means are also
provided for determining when a RF signal from the tag has been received.

The transmitted RF signal includes an identification code. The signal processing
means includes means for decoding the identification code.

The RF transducer means takes the form of a hand-held scanner.

The first RF signal receiving means and the second RF signal receiving means are
located on opposite sides of the body.

The apparatus also includes means operably connected to the signal processing
means for indicating receipt of a RF signal from the tag.

The tag is a small, low frequency RFID tag.

The apparatus further includes a mattress pad within which the second RF signal
receiving means is located.

The second RF signal receiving means includes a pair of RF signal receiving
antennae. The RF signal receiving means includes a decoder operably connected to the
RF signal receiving antennae in the pair.

The second RF signal receiving means preferably includes first and second pairs
of RF signal receiving antennae. The RF signal receiving means includes first and second
decoders. Each of the first and second decoders is respectively operably connected to a

different pair of RF signal receiving antennae.
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The second RF signal receiving means includes an anténna array. The array
includes a plurality of toroidal antennae. The antennae are situated in rows. The antennae
rows are substantially parallel.

The antenna array is located in the upper portion of a mattress pad.

Preferably, the first RF signal receiving means includes first and second

oppositely oriented substantially identical antennae connected in series.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWINGS

To these and such other objects that may hereinafter appears, the present
invention relates to an auxiliary antenna array for a system for detecting foreign objects
in a surgical patient as described in detail in the following specification and recited in the
annexed claims, taken together with the accompanying drawings, in which like numerals
refer to like parts and in which:

Figure 1 is a block diagram functionally depicting the components of the system
of the present invention;

Figure 2 is a schematic diagram of a conventional single coil antenna;

Figure 3 is a schematic diagram of the configuration of a conventional dual coil
transformer;

Figure 4 is a block diagram of the RF signal transducer, tagged object and
auxiliary antenna array of the present invention;

Figure 5 is a diagram illustrating one preferred layout of the antennae in the

auxiliary antenna array of the present invention;
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Figure 6 is an elevation view of a mattress with the auxiliary antenna array of the
present invention; and
Figure 7 is an environmental view showing the scanning process using the

auxiliary antenna array of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

There are several types of RFID systems, some working at high frequencies
(megahertz range) and others at low frequencies. Generally, inventory systems use the
high frequency RFID tags because of the long range and ability to store and send larger
chunks of data. For systems used to track animals or for use in humans, low frequency
tags (100-200 KHz) are used because high frequency signals are greatly attenuated by
animal or human tissue. Also, high frequency tags cannot be used directly on metal
instruments because the metal tends to absorb the high frequency RF signals. For those
reasons, the present invention uses low frequency RFID tags.

In the low frequency system used in the present system, the RF tag has both a
receiving coil and a transmitter coil. A pulsed transmitter in the RF transducer sends out
a short burst of low frequency RF energy (128 KHz), which is received by the tag. The
tag converts this energy to DC power, and in conjunction with the 128Khz signal sends
out a code by dividing the 128Khz by 2 (64Khz), which then uses PSK modulation to
transmit a unique identification number. A sensitive receiver, tuned to the 64 KHz

signal, filters out all other frequencies and amplifies the 64 KHz signal. In conjunction
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with a sync signal from the transmitter, the receiver detects and demodulates the received
signal and recovers the transmitted identification number data.

The basic system configuration is illustrated in Figure 1 which is a block diagram
of the system hardware. The system hardware consists of a transducer, generally
designated A, in the form of a hand-held scanner or wand. Transducer A includes a
transmitter 10 which preferably takes the form of a high power 128K oscillator. The
power output of transmitter 10 is preferably approximately 25 Watts. The output of
transmitter 10 is connected to a transmit antenna 12.

Transducer A is connected to a CPU, generally designated B containing the signal
processing circuitry. CPU B controls the transmitter on/off cycling. It also coverts the
decoded PSK signal into an RS-232 interface. Only a single CPU B is schematically
depicted in Figure 1 for interfacing with each of the signal decoders. However, each
decoder may be provided with a separate embedded signal processing circuitry.

The transmitter PCB can be configured to drive a transmit antenna which may
take the form of a conventional signal coil antenna (Figure 2) or the dual coil (primary
and auxiliary) transformer configuration (Figure 3). In both ‘cases, the transmit antenna
will be wound using up to 30 turns of 550/44 (550 strands of AWG 44) Teflon of PVC
coated litz wire, wound on a non-conductive, rigid, lightweight frame. Because litz wire
is made up of many stands of fine copper wire, it has much lower resistance to RF
currents, and therefore low resistance. Low resistance means a HI-Q circuit can be
achieved. It is desired to generate as high a voltage as possible across the antenna.

The preferred embodiment of the present invention uses the dual coil

configuration. As shown in Figure 3, the primary 14 has 1 turn and the auxiliary 16

10
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preferably has 30 turns of litz wire. Voltages as high as 3600V P-P have been recorded
in the dual coil antenna.

However, the single coil antenna of figure 2 could also be utilized. The
transmitter circuit for a single coil antenna 14 is arranged as a modified collpits oscillator,
i.e. the junction of two series capacitors is the feed (Tap) point in the parallel LC tuned
circuit. The voltage boost in the tuned circuit is proportional to the ratio of the value of
the capacitors. The FET is turned on for 1 ps and draws current thru the cap and antenna
coil.

The value of capacitor C1 is much greater than that of capacitor C2. Therefore
the value of the two capacitors in series is essentially equal to C2. The tuned circuit then
rings at the resonant frequency which is given by the equation:

F=_1 |
20 VLC

where C is in farads, and L is in Henries and F is in hertz.

In the transmitter for dual coil antenna of Figure 3, the multi-turn auxiliary 16
is wound with litz wire; a single turn of copper tape is the primary 14. A one-
microsecond pulse of high current goes through the primary turn. The magnetic flux
generated induces current in the auxiliary 16, which rings according to the resonant
frequency of the auxiliary 16 and the capacitor 18 across it. Because all the current is
forced to go though the primary of the transformer, this arrangement will deliver power
to the antenna at a much better efficiency then the single coil antenna.

It is known that the range along the axis of a loop antenna is proportional to the

diameter of the antenna. Therefore, the transmit antenna 12 in the transmitter portion of

11
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the transducer should be as large as practical. An 18" to 20" diameter antenna is a good
compromise between range and usability. A transmit antenna 12 with a diameter of 18"
is used in the preferred embodiment.

Transducer A also includes a receiver 20. Receiver 20 detects the signal coming
from the RFID tag transmit coil excited by the signal from transmit antenna 12 of the
transducer. This signal is a 64 KHz PSK modulated signal, which carries the coded
RFID tag data. The receiver includes a 128 kHz notch filter to reject 128 kHz excitation
signals. The 64 kHz signal is allowed through, scaled, and then passed to the decoder 22.

Because the receiver antenna in the transducer is in close proximity to the high
power transmit antenna 12, a way of avoiding generating high currents in the receiver
antenna at the transmit frequency must be provided. This is accomplished by forming the
receiver antenna in the transducer of two substantially identical receiver antennae 26, 28
connected in series, with one of the antennae flipped over so that the received signal in
the second antenna is 180 degrees out of phase with the first antenna. This arrangement
effectively nulls out any signal from the transmit antenna 12.

Each receive antennae 26, 28 in transducer A consists of 200 runs of AWG 41
magnet wire on an 8" x 1/8" disk. A shielded coax connects the antenna output to
receiver circuit 20.

The system has nine decoder circuits in all. One decoder circuit 22 interfaces
with the transmitter antenna 12 and the receive antennae 26, 28 that are packaged
together in the transducer. The other eight decoder circuits 30 respectively interface with
different ones of each of the eight auxiliary receiving antennae pairs that form the

auxiliary antenna array, generally designated C.

12
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The decoder 22, which is connected to the transmit antenna 12, controls the
_transmitter on/off by means of a 0-12vdc, 5hz, 50% duty cycle control signal. During the
on time, transmitter 10 generates a 128 kHz signal. A 128 kHz pulse train, synchronous
to the 128 kHz transmit signal, is provided to decoder 22 to synchronize the received
signal.

Each decoder 30 connected to an auxiliary receive antennae pair in array C
receives the RF signal from the transmit coil of the RFID tag, generally designated D.
That signal is PSK modulated. The decoder circuitry filters, amplifies, and demodulates
the PSK signal. The result is passed to the signal processing circuitry of CPU B. The
quality of the decoding process is one of the factors that determine the range of the
system. The accuracy of the decode process is assured in the present invention because
transducer A transmits the code twice and the signal processing circuitry will only
indicate the presence of a RFID tagged object in the body when both received code
transmissions match.

A power supply 32 is provided for the auxiliary antenna array C and the
associated electronics, including CPU B. The power supply 32 must supply 48VDC to
achieve high power in the antennae. Power supply 32 may be connected to receive either
120VAC line current or to batteries with a boost voltage DC-DC converter.

CPU B is optionally connected to a USB port 34 that allows the system to be
controlled by a USB master, such as a standard PC (not shown). The system will have
the standard USB type slave connector on it. Since the data rate is low, the USB port

can be designed around a USB to RS-232 chip, which make for easy integration.

13
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A RS-232 to wireless interface chip 36 can be used. Similarly, a RS-232 to
Bluetooth interface chip 38 can be used.

Figure 4 illustrates the positioning of auxiliary receive antenna array C relative to
transducer A and RFID tag D. As shown in that figure, the body of the patient that is
being scanned to detect a retained object with a RFID tag D is situated between
transducer A and auxiliary RF receive antenna array C. For best results, transducer A is
moved in a plane approximately 19 inches from the plane of the antennae of array C.
Figure 7 depicts the scanning procedure using the auxiliary antenna array.

As depicted in Figures 5, 6 and 7, array C consists of a plurality of antenna pairs
40, 42 and associated decoders 30. The array is situated at a distance from the transmit
antenna 12 in transducer A so as to extend the range of the system.

The antenna pairs 40, 42 and decoders 30 of array C are preferably embedded in
the upper half a mattress 44 made of insulating material such as foam rubber. Mattress 44
is designed to be placed on top of the operating table so as to align the array with the
torso of the patient. Each pair of antennae 40, 42 in the array is connected to a different
decoder 30. This arrangement greatly increases the overall range of the system.

The individual receiving antennae 40, 42 in the array are preferably toroidal. The
coils are 3 to 10 inches in diameter, with a thickness of less than 1 inch. The coils are
wound on custom coil forms constructed of insulating material. The insulating material
may be made by laminating multiple pieces of plastic such as glass filled epoxy board
used in the fabrication of printed circuit boards. The coils can also be constructed as
multilayer printed circuit boards. The form material may also be semi-rigid so that the

coil assemblies can flex.

14
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Preferably, the antennae in array C are arranged in rows extending along the
length of upper portion of mattress 44, as illustrated in Figure 6.

It will now be appreciated that the present invention relates to a system for
detecting foreign objects in a patient on an operating table that includes a hand-held
transducer capable of reading RFID tags through a human body at a distance of up to 14
inches from the body. The design of the auxiliary antenna array provides reliable
reception of the signal from the RFID tag no matter what the orientation of the object is.
One pass of the hand-held transducer with the receive antennae from head to toe of the
patient should detect any RFID tagged objects that are in the patient’s body. A visual and
audible signal indicating a detection of the RFID tagged object is provided. Optionally,
the signal processing circuitry may connect the read RFID tag data to a PC through USB,
wireless Bluetooth or 802. 11b connection.

While only a single preferred embodiment of the present invention has been
disclosed for purposes of illustration, it is obvious that many modifications and variations
could be made thereto. It is intended to cover all of those modifications and variations

which fall within the scope of the present invention, as defined by the following claims.
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CLAIMS:

1. Apparatus for detecting an RFID tagged object in the body of a patient, the
apparatus comprising: RF transducer means comprising means for energizing a RFID tag
to transmit an RF signal; means located remotely from said RF transducer means for
receiving said transmitted RF signal; and signal processing means operably connected to
said RF signal receiving means for processing the output of said RF signal receiving
means to determine when an RF signal from a RFID tag has been received.

2. The apparatus of claim 1 further comprising RF signal receiving means
associated with said RF transducer means.

3. The apparatus of claim 1 wherein said RF transducer means comprises a
hand-held scanner.

4. The apparatus of claim 1 wherein the body of the patient is situated
between said RF transducer means and said remotely located RF signal receiving means.

5. The apparatus of claim 1 further comprising means operably connected to

said signal processing means for indicating the receipt of a RF signal from a RFID tag.

6. The apparatus of claim 5 wherein said indicating means generates an
audible signal.

7. The apparatus of claim 5 wherein said indicating means generates a visible
signal.

8. The apparatus of claim 1 wherein the RFID tag is a small, low frequency
RFID tag.

16
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9. The apparatus of claim 1 wherein the RFID tag comprises means for
transmitting a coded signal and wherein said signal processing means comprising means
for decoding the signal transmitted from the RFID tag to identify a detected object.

10.  The apparatus of claim 1 further comprising a mattress pad within which
said remote RF signal receiving means is located.

11.  The apparatus of claim 1 wherein said remote RF signal receiving means
comprises a pair of RF signal receiving antennae.

12.  The apparatus of claim 1 wherein said remote RF signal receiving means
comprises first and second pairs of RF signal receiving antennae.

13. The apparatus of claim 11 wherein said RF signal receiving means
comprises a decoder operably connected to said RF signal receiving antennae pair.

14.  The apparatus of claim 12 wherein said RF signal receiving means
comprises first and second decoders, each of said first and second decoders being
respectively operably connected to a different pair of RF signal receiving antennae.

15. The apparatus of claim 1 wherein said remote RF signal receiving means
comprises an antenna array.

16. The apparatus of claim 15 wherein said array comprises a plurality of

toroidal antennae.

17.  The apparatus of claim 16 wherein said antennae are situated in rows.

18.  The apparatus of claim 17 wherein said antennae rows are substantially
parallel.

19.  The apparatus of claim 15 wherein said antenna array is located in the

upper portion of a mattress pad.

17
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20.  Apparatus for detecting an RFID tagged object in the body of a patient, the
apparatus comprising: RF transducer means comprising means for energizing a RFID tag
to transmit an RF signal and first means for receiving said transmitted RF signal; second
means for receiving said transmitted RF signal; and signal processing means operably
connected to said first RF signal receiving means and said second RF signal receiving
means for determining when an RF signal from a RFID tag has been received.

21.  The apparatus of claim 20 wherein said transmitted RF signal comprises
an identification code and wherein said signal processing means comprises means for
decoding said identification code.

22. The apparatus of claim 20 wherein said RF transducer means comprises a
hand-held scanner.

23.  The apparatus of claim 20 wherein the body of the patient is situaied
between said first RF signal receiving means and said second RF signal receiving means.

24.  The apparatus of claim 20 further comprising means operably connected
to said signal processing means for indicating receipt of a RF signal from a RFID tag.

25.  The apparatus of claim 20 wherein the RFID tag is a small, low frequency
RFID tag.

26. The apparatus of claim 20 further comprising a mattress pad within which
said second RF signal receiving means is located.

27 The apparatus of claim 20 wherein said second RF signal receiving means
comprises a pair of RF signal receiving antennae.

28.  The apparatus of claim 20 wherein said second RF signal receiving means

comprises first and second pairs of RF signal receiving antennae.

18
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29.  The apparatus of claim 20 wherein said second RF signal receiving means
comprises a decoder operably connected to said RF signal receiving antennae pair.

30.  The apparatus of claim 20 wherein said second RF signal receiving means
comprises first and second decoders, each of said first and second decoders being
respectively operably connected to a different pair of RF signal receiving antennae.

31 The apparatus of claim 20 wherein said second RF signal receiving means
comprises an antenna array.

32.  The apparatus of claim 31 wherein said array comprises a plurality of

toroidal antennae.

33.  The apparatus of claim 32 wherein said antennae are situated in rows.

34.  The apparatus of claim 33 wherein said antennae rows are substantially
parallel.

35.  The apparatus of claim 31 wherein said antenna array is located in the

upper portion of a mattress pad.
36. The apparatus of claim 20 wherein said first RF signal receiving means
comprises first and second oppositely oriented substantially identical antennae connected

in series.
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