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A SYSTEM AND METHOD FOR DETECTION OF MOTION

FIELD OF THE INVENTION

The present invention relates to the field of vibration detection. More
particularly, the present invention relates to a system and method for detecting
and monitoring of motion using an acoustic (e.g. ultrasound) based scanning

system having Doppler-shift detection capabilities.
BACKGROUND OF THE INVENTION

Detection and measurement of motion in the human body has been
conducted based on Doppler shift phenomenon using ultrasound techniques.
An ultrasonic Doppler detection apparatus operates by transmitting an
ultrasonic-wave pulse having a known frequency into the human body at
predetermined intervals. A reflected signal, such as an echo signal, from a
moving reflective object, such as a blood corpuscle is then received. The
phase shift i.e., Doppler shift, between the transmitted and received signal
indicates motion velocity.

Blood flow in the small blood vessels is an indication of the regulation
of the metabolic, hemodynamic and thermal states of an individual. Thus,
there are many situations in routine clinical medicine where measurements of
blood flow are useful. Ultrasound equipment used for blood flow detection
based on Doppler effect is disclosed in U.S. Patent Number 4,534,357, and
5,035,245.

The measurement of blood flow can generally be done only by health
professionals or those with substantial medical training. For example, it is

rather difficult to properly orient and position the ultrasound transducer on the
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patient corresponding to the desired location where blood flow is to be
monitored. This is because these devices typically employ ultrasonic waves
that are transmitted from and received by the device in a “straight line”
manner, meaning the transmitting and receiving waves are parallel to each
other. U.S Patent Number 5,680,865 discloses an ultrasound probe for use
in medical examinations to obtain information on in-vivo motion and
specifically on blood flow, capable of scanning a region of interest. The
scanning is achieved by employing an electric motor for driving the Doppler

ultrasound transducer into the target position.

SUMMARY OF THE INVENTION

According to some embodiments of the present invention, there is
provided a device and method for the detection of motion Based on the
Doppler effect. According to embodiments of the present invention, a
motion detector for detecting motion inside of a body may include a first
oscillator to produce an electrical scanning signal and a second oscillator
to produce an electrical Doppler signal. A vibrating element may vibrate
in response to the scanning and Doppler signals and a vibration
transducer may receive vibrations reflected from a structure inside the
body. The transducer may convert the reflected vibrations into an
electrical signal, and the velocity of the structure from which the
vibrations are reflected may be estimated by comparing the frequencies
of the transmitted and reflected vibrations.

According to some embodiments of the present invention, a vibrating

element may include piezo-ceramic material, and a vibration transducer may
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include piezo-ceramic material. According to some embodiments of the present
invention, the vibrating element and the vibration transducer may form a single
transducer.

As part of some embodiment of the present invention, an apparatus for
transmitting and receiving waves may include a processor, at least one piezo-
ceramic transceiver in communication with the processor, wherein the piezo-
ceramic transceiver may be configured to transmit and receive mechanical
waves to and from an object while vibrating. The processor may include a first
oscillator, a second oscillator, and a signal detector. A signal detector may be
configured to receive electrical waves from the transceiver and convert the
electrical waves to an output signal.

Some embodiments of the present invention may relate to a system for
detecting motion comprising' at least one piezo-ceramic transceiver and a
processor unit in communication with the piezo-ceramic transceiver. The
processor unit may comprise a first oscillator configured to enable the
transmission of mechanical waves from the piezo-ceramic transceiver to an
object, a second oscillator configured for vibrating the piezo-ceramic transceiver
and a signal detector for converting electrical waves received from the piezo-
ceramic fransceiver into an output signal.

Some embodiments of the present invention may also relate to a method
for detecting motion comprising the steps of providing at least one piezo-
ceramic transceiver for oscillating over a predetermined range of voltages and
frequencies and transceiving energy waves, energizing the piezo-ceramic

transceiver to create vibrations in the piezo-ceramic transceiver, scanning an
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object over a range provided by the vibrations and transceiving signals to and
from the object corresponding to motion.

In another embodiment of the invention, there may be provided an
apparatus for transmitting and receiving waves using a two-block piezo-ceramic
transceiver. The two-block piezo-ceramic transceiver may comprise at least one
piezo-ceramic transmitter, vibrating element, and at least one piezo-ceramic
receiver, vibration transducer. The piezo-ceramic transmitter may be
configured to transmit mechanical waves to an object and the piezo-ceramic
receiver may be configured to receive mechanical waves reflected from an
object. The transmitter and receiver may be in communication with a processor
which may include a first oscillator, a second oscillator and a signal detector.
The first oscillator may be configured for transmitting electric waves to the
piezo-ceramic transmitter so as to detect motion in the object. The second
oscillator may be configured for transmitting electric waves to the piezo-ceramic
transmitter and the piezo-ceramic receiver so as to v@brate the piezo-ceramic
transmitter and the piezo-ceramic receiver. The signal detector may be
configured to receive electric waves from the receiver and convert the electrical
waves into an output signal.

A system for detecting motion according an embodiment of the invention
may include at least one piezo-ceramic transmitter or vibrating element, at least
one piezo-ceramic receiver or ftransducer, and a processor unit in
communication with the piezo-ceramic transmitter and the piezo-ceramic
receiver. The processor unit include a first oscillator configured to enable the
transmission of mechanical waves from the piezo-ceramic transmitter to an

object, a second oscillator configured for vibrating the piezo-ceramic transmitter
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and piezo-ceramic receiver and a signal detector for converting the electrical
waves received from the piezo-ceramic receiver into an output signal.

A method for detecting motion according to an embodiment of the
invention may include the steps of providing at least one piezo-ceramic
transmitter and at least one piezo-ceramic receiver for oscillating over a
predetermined range of voltages and frequencies and transceiving energy
waves, energizing the piezo-ceramic transmitter to create vibrations in the at
least one piezo-ceramic transmitter, energizing the piezo-ceramic receiver to
create vibrations in the at least one piezo-ceramic receiver, scanning an object
over a range provided by the vibrations, transmitting signals to the object and
receiving signals from the object corresponding to motion.

In another embodiment of the invention, an apparatus for transmitting may
include a housing unit, at least one piezo-ceramic transceiver for transmitting
and receiving signals located within the housing and a processor. The
processor may include a first oscillator, a second oscillator, and a signal
detector. The first oscillator may be configured to transmit waves to the object
so as to detect flow in the object, and the second oscillator may be configured
for vibrating the piezo-ceramic transceiver so as to scan a wide area of an
object. The signal detector is configured to convert the received waves into an
output signal.

In another embodiment of the invention, apparatus for detection of
blood flow may include a sticker, at least one piezo-ceramic transceiver for
transmitting and receiving signals attached to the sticker and a chip processor.
The chip processor may include a first oscillator, a second oscillator and a

signal detector. The first oscillator may be configured to transmit waves to the
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object so as to detect flow in the object and the second oscillator may be
configured for vibrating the piezo-ceramic transceiver so as to scan a wide area
of an object. The signal detector may be configured to convert the received
waves into an output signal.

In a further embodiment of the invention, a piezo-ceramic transceiver for
detecting motion is disclosed. The piezo-ceramic transceiver may be
configured to transmit and receive mechanical waves to and from an object
while vibrating, wherein the vibrations may be achieved due to mechanical

waves at the plane of the piezo-ceramic transceiver.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully
from the following detailed description taken in conjunction with the appended
drawings in which:

Fig. 1 is a general diagrammatic illustration of a motion monitoring
system according to some embodiments of the present invention;

Figs. 2A and 2B are schematic illustrations of a single-block piezo-
ceramic transceiver unit according to two configurations according to some
embodiments of the present invention;

Fig. 3 is a diagrammatic illustrations of a motibn monitoring system of
having a single-block piezo-ceramic transceiver according to some
embodiments of the present invention;

Figs. 4A-4B are schematic representations of a scanning and receiving
range for the single-block piezo-ceramic transceiver unit of Fig. 2, according to

some embodiments of the present invention;
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Figs. 5A and 5B are schematic illustrations of a two-block piezo-
ceramic transceiver unit according to two configurations according to some
embodiments of the present invention;

Fig. 6 is a diagrammatic illustration of the motion monitoring system of
Fig. 1 having the two-block piezo-ceramic transceiver of Fig. 5, according to
according to some embodiments of the present invention, wherein the
transmitter is configured to vibrate;

Figs. 7A-7D are schematic representations of scanning directions of the
two-block piezo-ceramic transceiver of Fig. 5, wherein the transmitter is
configured to vibrate, according to several modes of operation;

Fig. 8 is a diagrammatic illustration of the motion monitoring system of
Fig. 1 comprising the two-block piezo-ceramic transceiver of Fig. 5, according to
some embodiments of the present invention, wherein the receiver is configured
to vibrate;,

Figs. 9A-9C are schematic representations of scanning directions of the
two-block piezo-ceramic transceiver of Fig. 5, wherein the receiver is configured
to vibrate, according to several modes of operation;

Fig. 10 is a diagrammatic illustration of the motion monitoring system of
Fig. 1 comprising the two-block piezo-ceramic transceiver of Fig. 5, according to
another embodiment of the present invention, wherein both transmitter and
receiver are configured to vibrate;

Figs. 11A-11B are schematic representations of scanning directions of
the two-block piezo-ceramic transmitter of Fig. 5, wherein both transmitter and

receiver are configured to vibrate, according to several modes of operation;
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Figs. 12A-12C are schematic illustrations of a multi-block piezo-ceramic
transceiver unit according to three configurations.
Fig. 13 is an illustration of an apparatus accordiﬁg to one embodiment
of the present invention;
5 Figs. 14A -14C are illustrations of the operation of apparatus of Fig. 12
according to several embodiments of the present invention;
Figs. 15A-15B are illustrations of the operation of apparatus of Fig. 12
according to other embodiments of the present invention;
Figs. 16A-16D are illustrations of various possible shapes of a
10 transceiver according to some embodiments of the present invention.
Figs. 17A-17C are illustrations of an apparatus according to a further
embodiment of the present invention.
Figs. 18A-18B are illustrations of an apparatus according to a further
embodiment of the present invention.

15
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

In the following description, various aspects of the invention will be
described. For purposes of explanation, specific configurations and details are
set forth in order to provide a thorough understanding of the invention.
However, it will also be apparent to one skilled in the art that the invention may
be practiced without the specific details presented herein. Furthermore, well
known features may be omitted or simplified in order not to obscure the
invention.

According to some embodiments of the present invention there is an
acoustic or ultrasonic motion detection system which may allow detection of in-
vivo motions such as, for example, blood flow detection, heartbeat, fetal motion,
fetal heartbeat, etc. Some embodiments of the present invention may detect
motion in various sized blood vessels, including small arteries and veins such
as those of the face and digits.

Reference is now made to Fig. 1, which illustrates a motion detection
system 1 according to an embodiment of the present invention. System 1
includes a processor 10 and a transceiver 21. Processor 10 may include a first
oscillator 16, a second oscillator 14 and a signal detector 17. First oscillator 16
may transmit electrical waves in the Megahertz (“MHz") frequency range to
transceiver 21 where the electrical waves are may be transformed into
mechanical waves that are transmitted through the thickness of transceiver 21
and through the skin 31, to a target object 30 that may be, for example, an
organ, or a blood vessel, etc. The waves may be reflected from target object
30, again passed through transceiver 21, and transformed from mechanical to
electrical waves and detected by signal detector 17. Second oscillator 14 may
transmit electrical waves in the Kilohertz (‘KHz") frequency range to transceiver
21, and the electrical waves may be transformed in transceiver 21 into

longitudinal or bending vibration waves that cause planar vibrations (e.g.,
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vibrations in the plane of transceiver 21) within transceiver 21 itself. Processor
10 may include other sets of components.

The use of waves in MHz frequency range may be appropriate for
providing diagnosis of one or more parameters of the object. The use of waves
in KHz frequency range may increase the scanning area of the transceiver 21,
thereby increasing the sensitivity of the transceiver 21. The output signal from
the transceiver 21 may simultaneously include a frequency in the MHz
frequency range and a frequency in the KHz frequency range. The signal
detector may detect the signal in both MHz and KHz frequency ranges and may
filter out the KHz frequency component of the signal.

In an embodiment of the invention, object 30 may be a blood vessel,

and transmitted MHz vibrations may be reflected from the blood vessel, when a
shift in pitch of the acceleration of velocity in moving blood is encountered. The
reflected mechanical waves may be transformed back into electrical waves by
transceiver 21. Signal detector 17 may receive the transformed electrical
waves and the information on the blood flow may be transmitted as an audio or
optical signal to the user. Those of ordinary skill in the art may appreciate that
any one known conversion method for the conversion of electrical waves to
audio or optical signal may be used, for example the transformed electrical
waves may be converted to audio using Doppler effect conversion. Other
methods may also be used. In other embodiments of the present invention,
object 30 may be, for example, a heart of a human fetus, and transmitted MHz
vibrations may be reflected from the heart, where a shift in the pitch or
frequency of the reflected vibrations may correspond to a change it the velocity
of a heart beat or heart beats of a beating heart is encountered.

The use of Doppler shifts of a signal to determine the velocity of an

object from which the signal is reflected is well known.

10
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In one embodiment, first oscillator 16 operates alone to transmit waves
to object 30. In another embodiment, first oscillator 16 and second oscillator 14
operate together. First oscillator 16 may transmit waves through the thickness
of transceiver 21 where the waves are transformed into mechanical waves that
are directed to detect motion in object 30. Second oscillator 14 may transmit
waves so as to vibrate transceiver 21 in order to achieve a larger scanning
and/or receiving area, as will be described more fully hereinbelow.

Reference is now made to Figs. 2A and 2B, which are schematic
illustrations of two embodiments of a single-block piezo-ceramic transceiver 21.
The transceiver 21 may act as both a vibrating element and a vibration
transducer. Single-block piezo-ceramic transceiver 21 may be made from one
piece of piezo-ceramic material, which can act as a transceiver, meaning both a
transmitter and a receiver. It will be appreciated that transceiver 21 may be
made of any other material that is capable of converting electric waves to
mechanical waves and mechanical waves to electric waves. In one
embodiment, single-block piezo-ceramic transceiver 21 is circular in shape, as
shown in Fig. 2A in cross section and in a top view. In another embodiment,
single-block piezo-ceramic transceiver 21 is rectangular in shape, as shown in
Fig. 2B in cross section and in a top view. It will be appreciated that single-
block piezo-ceramic transceiver 21 may be of any shape suitable for
transmitting and receiving waves.

Reference is now made to Fig. 3, which is a block diagram illustration of
system 1 showing processor 10 in communication with transceiver 21.
Processor 10 may include a first and a second oscillator 16 and 14 respectively,

a switching gate 13, summator 15, amplifier 19, and a signal detector 17. First
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and second oscillators 16 and 14 may be configured to transmit electric waves
to transceiver 21, at the MHz and KHz frequencies, respectively. Switching
between KHz and MHz frequency waves may be accomplished by switching
gate 13. When transmitting both MHz and KHz frequency waves, summator 15
may group the KHz and MHz frequency waves before being amplified by
amplifier 19 and transmitted to transceiver 21. The transmission of both MHz
and KHz frequency waves may provide scanning capabilities in the KHz
frequency range. The use of a signal in the KHz frequency range may increase
the surface that may be examined by the transceiver 21.

The single-block piezo-ceramic transceiver 21 may fransform the
transmitted electrical waves to mechanical waves and reflected received
mechanical waves to electrical waves. In some embodiments it may be coated
by a, for example, plastic case 28, which may be put in contact with the skin 31.
A thin layer of gel 29, such as ultrasound gel may be placed between
transceiver 21 and the skin 31. In some embodiments, a transceiver may be
packaged with gel like coating already applied to its surface.

The mechanical waves reflected from object 30, may be transformed to
electrical waves by a vibration transducer, received and detected by signal
detector 17, and processed into an audio or video or optical output signal.

System 1 may function to transmit mechanical waves to an object and
receive reflected waves corresponding, for example, to blood motion. This
allows the user to locate small blood vessels, determines vessel potency and
checks circulation in small blood vessels. One or more parameters of the object
may be examined using Doppler effect conversion or any other conversion

methods that may allow one to detect the acceleration of velocity of the moving
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object. The specific MHz frequency range of the acoustical waves transmitted
inside the body may be selected in accordance with one or more parameters of
the object to be examined. In general, the higher the frequency used, the
higher the resolution possible. The user may receive an audio and/or visual
signal representative of the object that is examined. The increased sensitivity of
the device may allow a more rapid detection and examination of an object to be
examined.

Reference is now made to Fig. 4A, which depicts a schematic
representation of scanning ranges 41 and 42 of single-block piezo-ceramic
transceiver 21 over object 30 when MHz frequency waves are supplied and
when MHz and KHz frequency waves are supplied, respectively.

In a first embodiment, for example the embodiment shown in Fig. 3, first
oscillator 16 supplies electrical waves in the MHz frequency alone. These
electrical waves are transmitted through the thickness of the single-block piezo-
ceramic transceiver 21. Thus, the mechanical waves fransmitted to object 30
are approximately perpendicular to single-block piezo-ceramic transceiver 21 as
depicted by al\’rows 44, and the scanning range of object 30 is as depicted by
line 41.

In another embodiment, for example the embodiment shown in Fig. 3,
first and second oscillators 16 and 14 supply electrical waves in the MHz and
KHz frequencies. The KHz frequency waves cause vibrations in single-block
piezo-ceramic transceiver 21. In one embodiment KHz frequency waves that
cause vibrations in the piezo-ceramic transceiver supplied to the transceiver at
the same time that MHz frequency waves are transmitted from single-block

piezo-ceramic transceiver 21 to target object 30. Thus, MHz mechanical waves
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are transmitted at various angles as depicted by arrows 46. When the waves
are transmitted at various angles, the scanned area of the object is typically
increased as depicted by line 42.

In another embodiment KHz frequency waves that cause vibrations in
piezo-ceramic transceiver 21 are supplied while the transceiver is receiving
mechanical waves from object 30. In another embodiment KHz frequency
waves that cause vibrations in piezo-ceramic transceiver 21 are supplied
continuously while transmitting MHz frequency waves and while receiving

v
mechanical waves from object 30.

Reference is now made to Fig. 4B, which depicts a schematic
representation of the effective receiving ranges 41 and 42 of single-block piezo-
ceramic transceiver 21 over object 30 when MHz frequency waves are supplied
and when MHz and KHz frequency waves are supplied, respectively. The
effective receiving range, e.g., the range where a readable electrical signal is
achieved, is obtained when the waves hit the piezo-ceramic transceiver at a
range of angles of approximately between 50-120 degrees. The most effective
signal is typically achieved when the wave hits perpendicularly to the piezo-
ceramic transceiver.

Waves depicted by arrows 47 are reflected from object 30 to single-
block piezo-ceramic fransceiver 21. When single-block piezo-ceramic
transceiver 21 is not vibrating, receiving waves, depicted by arrows 47, hit
single-block piezo-ceramic transceiver 21 at an angle A which is greater than
120-degrees. When single-block piezo-ceramic transceiver 21 is vibrating,
waves, depicted by arrows 47, hit single-block piezo-ceramic transceiver 21 at

an angle B, which is 50-120 degrees. In one embodiment, only waves hitting
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single-block piezo-ceramic transceiver 21 at angles approximately in the range
of 50-120 degrees are effectively detected by signal detector 17. In other
embodiments, other angles may be effective.

Typically, the scanned area of object 30 is broader when single-block
piezo-ceramic transceiver 21 is vibrating, as shown by lines 41 and 42. Further,
the intensity of the received signals is higher when single-block piezo-ceramic
transceiver 21 is vibrating, since a greater number of received waves are
effective, as compared to the number of effective waves received when single-
block piezo-ceramic transceiver 21 is not vibrating.

The frequency of the planar vibrations in single-block piezo-ceramic
transceiver 21 is typically in the range of 20-100 KHz (non-audible). In one
embodiment, the frequency is 85 KHz as supplied by second oscillator 14. First
oscillator 16 provides an alternating current at a frequency range of 1-10MHz. In
one embodiment, the frequency is 2.5MHz The waves applied may be of
running or standing types, and can be applied in bursts. Other frequencies and
types of waves may be used.

In another embodiment of the invention, a two-block piezo-ceramic
transceiver is introduced. Reference is now made to Figs. 5A-5B, which are
schematic illustrations of a two-block piezo-ceramic transceiver 22. It will be
appreciated that two-block piezo-ceramic transceiver 22 may be made of any
other material that is capable of converting electric waves to mechanical waves.
Two-block piezo-ceramic transceiver 22 is comprised of a piezo-ceramic
transmitter 23 and a piezo-ceramic receiver 24. In one embodiment, transmitter
23 and receiver 24 are half-circular in shape, as shown in Fig. 5A in cross

section and in a top view. In another embodiment, transmitter 23 and receiver
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24 are rectangular in shape, as shown in Fig. 5B in cross section and in a top
view. It will be appreciated that transmitter 23 and receiver 24 may be
configured in any shape for transmitting and receiving waves.

Reference is now made to Fig. 6, which is a block diagram illustration of
system 2 for continuous scanning. System 2 includes a processor 10 in
communication with two-block piezo-ceramic transceiver 22. Two-block piezo-
ceramic transceiver 22 includes transmitter 23 and receiver 24 situated next to
each other in plastic case 28. In one embodiment, transmitter 23 may vibrate
while receiver 24 is not vibrating. Processor 10 may include first and second
oscillators 16 and 14, a switching gate 13, summator 15, amplifier 19, and a
signal detector 17. First and second oscillators 16 and 14 are configured to
transmit electric waves to transmitter 23, at the MHz and KHz frequencies,
respectively. Switching between KHz and MHz frequency waves is
accomplished by switching gate 13. When transmitting both MHz and KHz
frequency waves, summator 15 groups the KHz and MHz frequency waves
before amplified by amplifier 19 and transmitted to transmitter 23. Processor 10
may include other sets of components.

System 2 locates and monitors motion by the placement of transmitter
23 and receiver 24 over object 30 and scanning the area with Doppler
ultrasound using transmitter 23. First oscillator 16 provides MHz electrical
waves that cause scanning to occur, in combination with second oscillator 14,
which provides KHz electrical waves that cause vibrations in transmitter 23.

The electrical waves are transformed by transmitter 23 into scanning
and vibrating mechanical waves. The vibrating mechanical waves are designed

to vibrate transmitter 23 in a specific mode of planar vibrations. Thus, the
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scanning waves as depicted by arrows 46 can be transmitted in various
directions, achieving a wide angle of scanning as described above in Fig. 4A.

The transmitted scanning mechanical waves 46 are reflected from
object 30 when a shift in pitch from, for example, moving blood, heartbeat, etc.
is encountered. They are reflected as mechanical waves, and are transformed
into electrical waves by receiver 24. In an embodiment where receiver 24 is not
configured to vibrate in the described embodiment, only waves within the angle
range of approximately 50-120 degrees, as depicted by arrow 47, can be
effectively received by receiver 24 where they are transformed into electrical
waves. Signal detector 17 receives the electrical waves and they are then
processed into an audio and/or optical output. Other angles may be used.

Reference is now made to Figs. 7A-7D, which depict schematic
representations of scanning ranges of transmitter 23 in different modes of
planar vibration. Waves in the MHz range are transmitted in various directions
as transmitter 23 vibrates, as shown by arrows 44 and 46. Reflected waves are
received at receiver 24, at angles depicted by arrows 45 and 47. Other modes
of scanning ranges may be used.

Fig. 7A shows transmitter 23 transmitting waves without vibrating.
Thus, the wave transmission is essentially unidirectional in a direction typically
approximately perpendicular to the transmitter 23 as depicted by arrow 44.
Figs. 7B and 7C shows transmitter 23 vibrating in a first mode of vibration and
Fig. 7D shows transmitter 23 vibrating in a second mode of vibr;tion. Thus the
waves are transmitted in various directions as depicted by arrow 46, allowing for

a wider range of scanning.
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Other modes of vibration may be used. Second mode of vibration was
described hereinabove in order to clarify some embodiments of the present
invention. However, it should be noted that the present invention is not limited
to such modes of vibration and that other suitable modes of vibration may be
used. For example, according to further embodiments of the present invention,
the transceiver 21 may be capable of vibrating in any mode that is physically
possible. Those of ordinary skill in the art, may appreciate that the shape of the
piezo-ceramic element and the connection points of the piezo-ceramic element
and/or other parameters associated with the piezo-ceramic element may affect
the mode of vibration. The various modes of vibration may allow the creation of
a wide range of angular orientations of transmitted mechanical waves from
transmitter 23.

Reference is now made to Fig. 8, which is a block diagram illustration of
system 3 for continuous scanning. System 3 includes processor 10 in
communication with two block piezo-ceramic transceiver 22, according to one
embodiment of the present invention wherein two-block piezo-ceramic
transceiver 22 includes transmitter 23 and receiver 24, typically situated next to
each other in plastic case 28. Processor 10 may include first and second
oscillators 16 and 14, a switching gate 13, summator 15, amplifier 19, and a
signal detector 17. First and second oscillators 16 and 14 are configured to
transmit electric waves to transmitter 23, at the MHz and KHz frequencies,
respectively and second oscillator 14 is configured to transmit electric waves to
receiver 24 at the KHz frequency.

The receiver 24 may receives an electrical signal in the KHz range. In

response, the receiver may oscillate. The oscillation of the receiver may
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produce planar vibrations. The planar vibrations of the receiver 24 may allow
the receiver 24 to receive a signal from multiple directions.

Switching between KHz and MHz frequency waves may be
accomplished by, for example, switching gate 13. When transmitting both MHz
and KHz frequency waves to transmitter 23, summator 15 groups the KHz and
MHz frequency waves before amplified by amplifier 19 and transmitted to
transmitter 23. Oscillator 14 may transmit KHz frequency waves alone to
receiver 24. Processor 10 may include other sets of components.

In one embodiment, transmitter 23 is not configured to vibrate, while
receiver 24 may vibrate, thus MHz frequency waves are transmitted from
oscillator 16 to transmitter 23 and KHz frequency waves are transmitted from
oscillator 14 to receiver 24.

System 3 locates and monitors motion for example, vascular flow, by
the placement of transmitter 23 and receiver 24 over object 30 and scanning the
area with Doppler ultrasound using transmitter 23. First oscillator 16 provides
MHz electrical waves that cause scanning to occur to transmitter 23, and
second oscillator 14, provides KHz electrical waves that cause vibrations, to
receiver 24.

Typically, the transmitted scanning mechanical waves 44 are
transmitted only in a direction approximately perpendicular to transmitter 23.
Mechanical waves are reflected from object 30 when they encounter a shift in
pitch corresponding to a change it the velocity of the moving blood, and are
then transformed into electrical waves by the receiver 24. Second oscillator 14
supplies KHz frequency electrical waves in a specific mode of planar vibration,

which causes receiver 24 to vibrate. Thus, the reflected waves as depicted by
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arrow 47, are received from a larger scanning area of object 30 and at a higher
intensity as described above with reference to Fig. 4.

Reference is now made to Figs. 9A-9C, which depict schematic
representations of scanning ranges of receiver 24 in different modes of
vibration. In the embodiment shown in Figs. 9A-9C, transmitter 23 is not
vibrating, and receiver 24 vibrates and receives reflected waves, as shown by
arrows 47. Receiver 24 can receive waves while vibrating in the second mode
of vibration, as shown in Figs. 9A, 9B and 9C. Thus, in one embodiment,
receiver 24 is configured to receive waves without vibrating. In another
embodiment, receiver 24 is configured to receive waves while vibrating in a first
mode of vibration. Further embodiments of the present invention, may include
the possibility of vibrating in any mode of planar vibration, up to what is
physically possible.

Since, typically, the clearest sighals are received‘perpendicular to
receiver 24, by vibrating receiver 24, thus increasing the scanning range, the
number of clear signals is increased since more signals have a chance of hitting
receiver 24 perpendicular to the plane of reception.

Reference is now made to Fig. 10, which is a block diagram illustration
of system 4 for continuous scanning. System 4 includes processor 10 in
communication with two block piezo-ceramic transceiver 22, according to one
embodiment of the present invention. Two-block piezo-ceramic transceiver 22
includes transmitter 23 and receiver 24 situated next to each other as two
separate piezo-ceramic pieces. In the embodiment illustrated in Fig. 10, both
transmitter 23 and receiver 24 may vibrate. Processor 10 may include other

sets of components.
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Processor 10 may include first and second oscillators 16 and 14, a
switching gate 13, summator 15, amplifier 19, and a signal detector 17. First
and second oscillators 16 and 14 are configured to transmit electric waves to
transmitter 23, at the MHz and KHz frequencies, respectively and second
oscillator 14 is configured to transmit electric waves to receiver 24 at the KHz
frequency. Switching between KHz and MHz frequency waves is accomplished
by switching gate 13. When transmitting both MHz and KHz frequency waves to
transmitter 23, summator 15 groups the KHz and MHz frequency waves before
amplified by amplifier 19 and transmitted to transmitter 23. Oscillator 14 may
transmit KHz frequency waves alone to receiver 24.

System 4 locates and monitors, for example, vascular flow by the
placement of transmitter 23 and receiver 24 over object 30 and scanning the
area with Doppler ultrasound using transmitter 23. First oscillator 16 provides
MHz electrical waves that cause detecting to occur, to transmitter 23, in
combination with second oscillator 14, which provides KHz electrical waves that
cause vibrations and scanning to transmitier 23. The electric waves are
transformed by the transmitter into scanning mechanical waves and vibrating
mechanical waves substantially simultaneously. Second oscillator 14 further
supplies KHz electric waves to receiver 24, these eleciric waves transformed by
receiver 24 to mechanical waves that cause vibrations in receiver 24.

The vibrating mechanical waves are designed to vibrate transmitter 23
and receiver 24 in a specific mode of vibrations, causing scanning waves to be
transmitted in various directions, as depicted by arrow 46. Thus, a wide

scanning angle is achieved, as described above for Fig. 4A.

21



10

15

20

25

WO 03/061478 PCT/IL03/00056

Waves 46 are reflected from the object 30 as mechanical waves when
they encounter a shift in pitch from moving blood, and are transformed by
receiver 24 into electrical waves. Receiver 24 also vibrates, as a result of the
KHz frequency electrical waves supplied by oscillator 14, in a specific mode of
vibrations. Thus the reflecting waves as depicted by arrow 47 are received from
a larger scanning area of object 30 and at a higher intensity as described above
for Fig. 4B.

Reference is now made to Figs. 11A-11B, which depict schematic
representations of scanning ranges of transmitter 23 and receiver 24 in different
modes of vibration.

Figs. 11A and 11B show transmitter 23 and receiver 24 vibrating in a
second mode of vibration. lllustration of the difference between phase of
vibration of transmitter 23 and receiver 24. Thus the waves are may be
transmitted and may be received in various directions as depicted by arrows 46
and 47 respectively. Further embodiments include the ;;ossibility of vibrating
together or separately in any mode, up to what is physically possible. For
example, transmitter 23 vibrating in first mode and receiver 24 vibrating in
second mode, other modes may be applied.

Reference is now made to Figs. 12A-12C, which are schematic
illustrations of a multi-block piezo-ceramic transceiver unit 22 according to three
different configurations. Configurations other than those shown are possible.
Figure 12A illustrates a configuration of the multi-block piezo-ceramic
transceiver unit 22 including one circular transmitter 23 and several circular
receivers 24 situated around transmitter 23. Figure 12B illustrates a

configuration of the multi-block piezo-ceramic transceiver unit 22 including one
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circular receiver 24 and several circular transmitters 23 situated around receiver
24. Figure 12C illustrates a configuration of the multi-block piezo-ceramic
transceiver unit 22 including one circular two-block D-shaped piezo-ceramic
transceiver 22 wherein half circle may be the transmitter and half may be the
receiver surrounded by circular transmitters 23 and circular receivers 24. It will
be appreciated that any configuration of the multi-block piezo-ceramic
transceiver compatible for transmitting and receiving waves can be applied.
Transmitters 23 and receivers 24 may be adapted to vibrate in the KHz and in
the MHz frequency ranges. Thus, the scanning area and the sensitivity of
device may be increased. Scanning may be achieved by switching between
transmitters 23 alternately or between transmitters 23 and receivers 24
alternately. Transmitters 23 and receivers 24 may be of any suitable shape, for
example, as was illustrated in Figs. 2A, 2B, 5A and 5B. According to one
embodiments of the present invention, in case a desired signal quality is
obtained the transmitter may be instructed to operate in closed loop mode, such
that the scanning may be discontinued.

Reference is now made to Fig. 13, which is an illustration of apparatus
50 for vascular flow detection, according to one embodiment of the invention.
Apparatus 50 includes a handle 51 with processor 10 inside and housing 60.
Housing 60 may include single-block, two-block or multi block piezo-ceramic
(for example, as illustrated in Figs. 2, 5 or 12) transceiver within it. Transceiver
21 is connected to processor 10, located within handle 51 by a wire connection
52. The portion of housing 60 with transceiver unit 21 may be placed against
the skin 31 over scanned object 30, which, in one embodiment, is a blood

vessel. Waves 43 from apparatus 50 penetrate the skin and reach at least one
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portion of a blood vessel so that blood flow can be detected. According to one
embodiment, housing 60 is transparent, allowing the user to see the area of
skin on which it is placed, as illustrated with an eye 70 viewing apparatus 30.
Those of ordinary skill in the art may appreciate the applicability of sensitivity
increment to apparatus 50. Sensitivity increment was discussed in greater
detail hereinabove and may be applied to the discussion of the present
embodiment.

Reference is now made to Figs. 14A-14C, which are side and bottom
view illustrations of apparatus 50 in use, according to one embodiment of the
present invention wherein apparatus 50 includes two transceivers 22 and 22",
The presence of two transceivers allows for wave penetration into both shallow,
small vascular elements and large, deep ones. As shown in Fig. 14A,
transceiver 22' located on the tip of housing 60, is configured to transmit waves
in a range of 1-10MHz. In one efnbodiment, waves of 8MHz are transmitted.
This frequency allows for penetration into small, shallow blood vessels 30. As
shown in Fig. 14B, transceiver 22, located on the bottom portion of housing 60,
is configured to transmit waves 43 in a range 1-10MHz. In one embodiment,
waves of 5 MHz are transmitted. This frequency allows for penetration into
large, deep blood vessels 30. According to this configuration, a user may
choose to evaluate different types of blood vessels using one apparatus, by
choosing to use a higher frequency scanning unit or a lower frequency scanning
unit. Fig. 14C is an illustration of a bottom view of apparatus 50. As shown in
the illustration, transmitter 23 and receiver 24 are semi-circular in shape.
However, it should be readily apparent that any shape suitable for vibrating,

transmitting and receiving waves may be used. The area 61 between and
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around the transmitter and receiver is typically transparent, thereby possibly
increasing the precision of the diagnosis of the area that is tested.

Reference is now made to Figs. 15A-15B, which is an illustration of
apparatus 50, according to one embodiment of the present invention in which
two transceivers 21 and 21' of apparatus 50 have openings 25 and 25’. The
openings 25 and 25' enable a view of specific marked spot on the skin as
illustrated by eye 70 looking through the opening in transceiver 21, 21', 22 or
22’

Fig. 15B is an illustration of a bottom view of apparatus 50. As shown in
Fig. 15B, transmitter 23 and receiver 24 are semi-circular in shape and have a
circular opening 25. The openings may be any suitable shape.

Reference is now made to Figs. 16A-16D, which illustrate an
embodiment of a piezo-ceramic transceiver 21 and 22 having openings. Figs.
16A -16B illustrate two shapes of the two-block piezo-ceramic transceiver 22,
having a circular and a rectangular opening 25. Figs. 16C and 16D illustrate
two shapes of the single-block piezo-ceramic transceiver 21, having a circular
and a rectangular opening 25.

However, it should be readily apparent that multi block piezo-ceramic
transceiver may be used. Furthermore, any shape suitable for vibrating,
transmitting and receiving waves may be used. The area 61 between and
around the transmitter and receiver may be transparent, as was shown in Figs.
13, 14 and 15. Transmitters and receivers may be adapted to vibrate in the
KHz and in the MHz frequency ranges. Thus, the scanning area and the

sensitivity of device may be increased.
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Reference is now made to Figs. 17A and 17B, which are illustrations of
a disposable sticker 80, according to another embodiment of the invention for
vascular flow detection. As shown in figure 17A, a typically disposable sticker 80
includes a sticker 54 that includes two-block piezo-ceramic transceiver 22. Two-
block piezo-ceramic transceiver 22, one block transceiver 21 or two block
transceiver 22 include transmitter 23 and receiver 24 on a acoustic matching
layer 53, for example silicone pad, connected by wires 52 to a chip processor
10 including an audio or optical monitoring system. The disposable sticker 80
may be stuck to the skin 31 to enable the transmitting of waves 46 or receiving
of waves 47 for the detection of blood flow.

Fig. 17B is a top view of apparatus 80 illustrating the sticker 54 over the
blood vessel 30 and the connectors 52.

Disposable apparatus 80 may enable a fast and convenient detection of
vascular flow in case of emergency. Also the apparatus may enable collection
of information on vascular flow during movement of the patient and at one or at
several spots. The in\formation may be obtained using various conversion
methods, for example comparing the received against the transmitted electrical
waves. The information may include various parameters and other information
regarding the blood vessel, such as rate of flow of blood through the vessel, etc.
The information may be displayed to a user in audio and/or visual form
according to any format known in the present or yet to be devised in the future.

Reference is now made to Figs. 18A-18B, which are a side and top
view illustrates the use of disposable sticker 80 for monitoring the vascular flow
at three spots. The vascular flow output of each apparatus is transferred to a

monitoring system 90 that includes a chip processor 10, by electric wires 52.
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The system and apparatus described hereinabove is, of course, not
limited to the use of blood flow monitoring but has many other applications
where a lightweight, mechanically uncomplicated scanning system is required
for miniature [applications don't oscillate — what exactly do you want to say
here?] applications which is oscillating in its characteristic frequency. For
example, the system can be used for monitoring hearth beats of a human or a
fetus. The frequency of the piezoelement’s vibrations depends on a number of
factors which include geometrical parameters and shape as described herein,
the number of electrodes on the piezoelement and the attachment points of the
piezoelement to the fixed structure.

While some embodiments of the present invention have been
described, so as to enable one of skill in the art to practice the present
invention, the preceding description is intended to be exemplary only. It should
not be used to limit the scope of the invention, which should be determined by

reference to the following claims.
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CLAIMS
1. A method of detecting motion inside of a body comprising:
producing an electrical scanning signal;
producing an electrical Doppler signal;
5 applying both the scanning and Doppler signals to a vibrating
element in proximity with the body; and
receiving vibrations reflected from a structure inside the body

and converting the reflected vibrations to an electric signal.

10 2. The method of claim 1, further comprising determining a
frequency difference between the Doppler signal and the electric

signal associated with the reflected vibrations.

3. The method of claim 2, further comprising calculating a velocity of
15 an structure from which the Doppler signal was reflected based
on the frequency difference between the Doppler signal and the

electric signal associated with the reflected vibrations.

4. The method of claim 3, further comprising altering the pattern of

20 vibrations emitted by the vibrating element.

5. The method of claim 4, further comprising altering the pattern of
vibrations emitted by the vibrating element by causing the
vibrating element to alter its shape.

25
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6. The claim according to claim 1, wherein the vibrating element is a

piezo-ceramic element.

7. The claim according to claim 1, wherein the step of producing an
5 electrical scanning signal produces an electrical signal in the

Kilohertz range.

8. The claim according to claim 1, wherein the step of producing a
Doppler signal produces an electrical signal in the Megahertz

10 range.

9. A motion detector for detecting motion inside of a body, said
detector comprising;
" a first oscillator to produce an electrical scanning signal;
15 a second oscillator to produce an electrical Doppler signal;
a vibrating element to vibrate in response to the scanning and
Doppler signals; and
a vibration transducer to receive vibrations reflected from a
structure inside the body and to convert the reflected vibrations into an

20 electrical signal.

10. The motion detector according to claim 9, further comprising a
signal detector to detect the electrical signal produced by said
vibration transducer.

25
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11. The motion detector according to claim 10, wherein said signal
detector compares the frequency of the electrical signal from said

vibration transducer and the electrical Doppler signal.

5 12. The motion detector according to claim 9, further comprising a
switching gate to switch the signal applied to said vibrating
element between the electrical scanning signal and the electrical

Doppler signal.

10 13. The motion detector according to claim 9, wherein said vibrating

element is comprised of a piezo-ceramic material.

14. The motion detector according to claim 13, wherein said piezo-
ceramic material has an opening.
15
15. The motion detector according to claim 9, wherein said vibration

transducer is comprised of a piezo-ceramic material.

16. The motion detector according to claim 15, wherein said piezo-

20 ceramic material has an opening.

17.The motion detector according to claims 16, wherein said
vibrating element and said vibration transducer are combined into
a single transceiver.

25
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18. The motion detector according to claim 9, further comprising at

least a second vibrating element.

19. The motion detector according to claim 9, further comprising at

5 least a second vibration transducer.

20. The motion detector according to claim 18, wherein electrical
signals from said first and second oscillators are applied to all said
vibrating elements.

10

21.The motion detector according to claim 20, further comprising at
least a second vibration transducer and wherein said signal
detector detects signals produced by each of said vibration
transducers.

15

22. The motion detector according to claim 9, wherein said first
oscillator produces an electric signal in the Kilohertz range and
said second oscillator produces an electric signal in the
Megahertz range.

20

23. A system for motion detection within a body, said system
comprising;

a first oscillator to produce an electrical scanning signal;

a second oscillator to produce an electrical Doppler signal;

31
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a vibrating element to vibrate in response to the scanning and
Doppler signals;

a vibration transducer to receive vibrations reflected from an
object inside the body and to convert the reflected vibrations into an

5 electrical signal,

a signal detector to compare the frequency of an electrical signal
associated with reflected vibrations against the electrical Doppler signal;
and

a cathode ray tube display to display results of said signal

10 detector.

24. The system for motion detection according to claim 23, further
comprising a housing which is at least partially clear for said
vibrating element and said vibration transducer.

15
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