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TITLE
AIR BUBBLE DETECTOR

THE FIELD OF THE INVENTION

The present invention relates to air bubble detectors. More specifically, the
present invention relates to an air bubble detector and related control circuitry with
improved sensing and reporting of air bubbles.

BACKGROUND

Bubble detectors have become an important safety feature in many applications
including industrial and medical applications. For example, in medical applications, if air
is introduced into the bloodstream via an infusion tube, an air embolism may occur. The
effects of an air embolism may range from little or no effect to death, typically depending
on the amount of air which is introduced. Industrially, it is often desirable to detect the
presence of air in a fluid stream to more accurately dose the fluid or to avoid introduction
of air into a system. Therefore, it is often useful to automatically detect bubbles.

In the medical field, air bubble detection is often important. Typical applications
include dialysis, enteral feeding, and intravenous introduction of fluids. In these
situations, the greater the volume of air, the greater could be the risk of harm.

Current bubble detectors send ultrasonic signals through a fluid to detectors and
measure amplitude changes on the received signal. The optimum ultrasonic frequency
for detection is often different for different situations, as the particular detector, tubing, or
fluid may affect the transmission of the signals. Thus, some bubble detectors sweep the
entire possible spectrum of ultrasonic frequencies on each pass to reduce the risk of
failure in bubble detection. Sweeping the entire spectrum typically results in time spent
scanning for bubbles using less than optimal frequencies. The optimum frequency for
bubble detection may be affected by piezoelectric crystal proportion, composition,
construction tolerances and dynamic factors such as temperature, tubing composition,

fluid composition, and the coupling between the sensor and the tube.
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False alarms have become a problem in bubble detection. These can be caused by
microbubbles that stick to a wall, bubbles that oscillate back and forth in front of a
sensor, the decoupling of tubing, etc. False alarms may decrease the trust in the system
and increase the workload of staff, and may cause problems or delays in dosing of
medication or the like.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved air bubble detector.

According to one aspect of the invention, an air bubble detector is provided which
sweeps a frequency range and identifies an optimum frequency which is used to obtain a
more accurate characterization of bubbles in the fluid or the volume of air which has
passed through the detector.

According to another aspect of the invention, an air bubble detector is provided
which measures the amount of time a sensor signal is above a threshold, and which uses
the threshold measurement to characterize the air bubble which caused the signal
response.

According to another aspect of the invention, a series of bubble detectors are
provided which may be used in combination to determine direction and speed of bubbles
in the fluid.

These and other aspects of the present invention are realized in an air bubble
detector as shown and described in the following figures and related description.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention are shown and described in
reference to the numbered drawings wherein:

FIG. 1 shows a functional diagram of an air bubble detector.

FIG. 2 shows a flow diagram of optimal frequency detection in an air bubble
detector.

FIG. 3 shows a flow diagram of optimal frequency detection with an increased
repetition rate in an air bubble detector.

FIG. 4 shows a flow diagram of optimal frequency detection with a battery saving

sleep state in an air bubble detector.
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FIG. 5 shows a flow diagram of recalibrating optimal frequency detection in an
air bubble detector.

FIG. 6 shows a flow diagram of bubble characterization through measurement of
time.

FIG. 7 shows the flow diagram of FIG. 6 broken down into more specific
processes.

FIG. 8 shows a comparison between an expected signal and a received signal.

It will be appreciated that the drawings are illustrative and not limiting of the
scope of the invention which is defined by the appended claims. The embodiments
shown accomplish various aspects and objects of the invention. It is appreciated that it is
not possible to clearly show each element and aspect of the invention in a single figure,
and as such, multiple figures are presented to separately illustrate the various details of
the invention in greater clarity. Similarly, not every embodiment need accomplish all
advantages of the present invention.

DETAILED DESCRIPTION

The invention and accompanying drawings will now be discussed in reference to
the numerals provided therein so as to enable one skilled in the art to practice the present
invention. The drawings and descriptions are exemplary of various aspects of the
invention and are not intended to narrow the scope of the appended claims.

Turning now to FIG. 1, a functional diagram of an air bubble detector system 10
is shown. The detector 10 includes a microcontroller 20 and a sensor circuit 30. The
microcontroller 20 determines the optimum range of scanning frequencies for the
detector and operates the detector using this range of frequencies. When operating the
detector 10, the controller 20 determines optimal frequencies for scanning and performs
scans, recording the duration or width of a signal received which exceeds a
predetermined threshold. The controller 20 may periodically scan the entire frequency to
update the optimum frequency range used for scanning. The microcontroller 20 sends a
signal to the sensor circuit 30 indicating a broad set of test frequencies desired for
calibration. The sensor circuit 30 sends back a return signal to the microcontroller based
on the transmission of a test frequency range by a sensor through a fluid path 33. An

optimum set of operational frequencies is chosen from the test frequencies. Once an
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optimum range of frequencies is chosen, the microcontroller sends the optimum set of
frequencies to the sensor circuit 30 and monitors the return signal from the circuit. For
each return signal above an internal threshold value, one is added to a width counter.
Based on the width count during the optimum set of frequencies, the microcontroller 20
determines if bubbles are present and characterizes any bubbles in the fluid path 33.
Once the optimum set of frequencies have been sent, the width counter is reset and the
optimum set of frequencies are resent or the calibration repeated.

In one embodiment, the microcontroller 20 controls the frequencies used for
scanning by sending a pulse width modulated (PWM) voltage ramp 32 to the sensor
circuit 30. The PWM voltage ramp 32 may direct a voltage controlled oscillator (VCO)
34 to sweep a set spectrum of frequencies. The resulting waveform may be passed
through an output driver 35 to isolate the VCO and provide the necessary voltage and
current to the transmitter 36, while maintaining waveform fidelity. The transmitter 36,
typically a piezoelectric element, receives the electrical waveform signal, and converts it
to energy such as ultrasonic waves which are transmissible through the fluid path 33.
The receiver 37 detects the transmission of the energy from the transmitter 36 and
converts the transmission into a return signal acceptable by the microcontroller 20.
According to a preferred embodiment of the invention, the air bubble transmitter 36 and
receiver 37 are piezoelectric elements using ultrasonic signals to detect air bubbles.

Inside the microcontroller 20 a comparator 22 receives the signal from the sensor
circuit 30 and compares it with an internal reference threshold value. If the signal
exceeds the internal reference, one count is added to the width counter. After the sweep
of the set optimum spectrum of frequencies, the width counter may be compared to an
expected value. This comparison may be correlated with the results of known bubble
sizes. The result of the comparison may be output to other devices connected to a digital
output 23 or analog output 24. As such, the system 10 can output signal indicative of the
size and quantity of the bubble rather than simply outputting receiver pulses.

In one embodiment, the bubble detector is connected with a pump such as an
enteral feeding pump. The fluid path 33 consists of a silicone tube with a solution
therein. The tube is captured between the transmitter and receiver through friction or a

clamping mechanism that fits partially or wholly around the tube without damaging it.
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The transmitter / receiver pair typically operates on a frequency range from 1.7 MHz to 3
MHz, with a center (optimum) frequency dependent on a specific installation and
environment. The frequency range may vary depending on the design of the transducer.
For example, many transducers will use the above range, with a resonant frequency of 2
MHz. However, some transducers may have a different resonant frequency such as 3
MHz, such that the sweep range would be shifted up to accommodate the higher resonant
frequency. The air bubble detector may be connected to an alarm that may signal a
pump, or staff that a bubble has occurred and that action should be taken in response to
the bubble. The air bubble detector 10 may also be connected to an information
gathering device. In another embodiment, the bubble detector may be connected with an
industrial fluid carrying tubing or line and used to monitor bubbles in the fluid as
discussed.

Turning now to FIG. 2, the process of calibrating an air bubble sensor 40 is
shown. Once the air bubble sensor detects an on state 42 or a start signal, a calibration
signal 43 is sent to the receiver. The calibration signal 43 includes a sweep of potential
ultrasonic frequencies which is used by the sensor 40 to detect air bubbles. The
controller circuit 20 creates a ramped signal using a pulse width modulated signal. The
ramp signal 32 is sent to a voltage controlled oscillator 34 which converts the voltage
ramp into an oscillation signal. The output driver 35 amplifies the signal and transmits
the signal to the piezoelectric transmitter 36. Thus, the transmitter 36 transmits a broad
range of ultrasonic signals which encompasses the potential operating range for the
transmitter 36, receiver 37 and physical system (such as the tube 33 and other physical
structures). The optimum frequency is detected 44 by measuring the amplitude of the
received signals at the different frequencies and detecting the peak amplitude or
amplitudes which correspond to the resonant frequencies for the system. The optimal
frequency or frequencies are stored 45 for later use in operating the bubble detector.

The system 10 selects a narrowed range of frequencies for use in scanning for
bubbles based on the optimal frequencies. Typically, a predetermined range of
frequencies centered around the optimal frequency is used as a set of scanning
frequencies. The narrowed range of frequencies is beneficial as it provides increased

efficiency and specificity for bubble size, since the scanning is performed using the
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frequencies which correspond to the resonant frequencies of the system. The use of the
narrowed range of frequencies in scanning also increases resolution in the time domain
because, for a given sweep rate through the frequency range, the time to scan is less for a
narrower range of frequencies. This allows the scan to be repeated quicker, providing a
faster scan rate. The measured width of a received signal above a threshold provides
information about the bubble size as well as information about the degree of coupling
between the tube and the sensor.

The calibration of the sensors during the use of the air bubble sensor may allow
for a narrower band of frequencies to be used. The calibration may allow for an optimum
frequency to be chosen based on the environmental effects upon the signal transmission.
Transmission frequency response may depend on variables that include temperature,
transmitter composition and geometry, receiver composition and geometry, fluid path
walls, fluid, bubble composition and output strength. Since various conditions such as
temperature or fluid composition may change during the use of the device 10, the
detector system 10 is often operated by selecting an optimal detection frequency,
scanning for a predetermined period of time using the optimum frequency, and then
updating the optimal frequency. The optimum frequency is updated by performing a full
sweep of the ultrasonic frequency range for the device and selecting new optimal
frequencies. The system 10 would not perform this update while a bubble is being
detected, as this could interfere with the ability to detect the optimal frequency.

Turning now to FIG. 3, the calibration and use of the air bubble sensor 10 is
shown. The air bubble sensor is calibrated as discussed before by measuring the response
to a full frequency signal sweep, and then using the optimum frequencies to narrow the
frequency sweep to send a shorter detection signal, as indicated by box 46. The signal is
received and interpreted in box 47 faster because the smaller frequency sweep requires
less time and allows the data collection and processing to complete faster. Because the
frequency sweep is narrowed, the sweep may take less time and the send detection signal
step in box 46 and interpret received signal step in box 47 may complete faster. As those
steps complete faster, the air bubble detector may detect bubble movement at a higher
response rate that allows for accurate readings at higher flow rates within the fluid path

than conventional sensors.
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The output signal from the receiver 37 is processed by comparison to a threshold
value in comparator 22. The threshold value used may be determined during the
calibration of the signal frequencies used for scanning. As discussed, a narrowed
scanning frequency range is determined by selecting the receiver signal frequencies with
the largest values (i.e. the sympathetic or resonant frequencies) and utilizing a
predetermined frequency range around these frequencies. When this test is being
performed, baseline values for the frequency range may be recorded and used as
threshold values. The signals from the receiver 37 are compared to the threshold values
to detect a bubble. A bubble has been discussed herein as creating a signal above the
threshold value. It will be appreciated that, depending on how the receiver element 37 is
referenced and how the signal is transmitted to the comparator 22, a bubble may cause a
signal which is either above or below the threshold value. Thus, the term ‘above a
reference value’ is used as a convenient way to refer to signals which deviate from the
reference value.

In use, the deviation from the reference signal is monitored and when the
deviation exceeds a predetermined value, it is determined that a bubble is present. The
comparator determines when a bubble is present by detecting the signals which exceed an
allowed deviation from the reference value. The timer 21 shown in FIG. 1 may both
control the scanning and operation of the ramp and signal generation circuits as well as
the functioning of the comparator. The timer 21 also may perform the function of the
counter which counts the time width of the bubble signal. That is to say that, for each
time unit where the receiver signal exceeds the reference value and indicates a bubble,
the counter adds a count to the count total. The count total indicates the total size of the
bubble, and is thus used to characterize the bubble. When the bubble passes and the
receiver signal returns to the threshold value, the counter is reset.

Turning now to FIG. 4, a method of using the air bubble detector system 10 is
shown that may result in decreased power usage. The air bubble sensor is calibrated as
discussed above. The optimum frequencies are used to narrow the frequency sweep used
for detection of bubbles, resulting in a detection signal with a shorter time duration as
seen in box 46. The signal is received and processed as indicated in box 47. Instead of

immediately sending the next detection signal 46, the air bubble detector may enter a
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powered down state or sleep state as seen in box 48. Because the detector 10 operates
using a narrow band of optimum scanning frequencies, the time to complete a single scan
may be microseconds. The time duration where a bubble may be between the transmitter
36 and receiver 37, however, may be fractions of a second. Thus, the detector may
complete a scanning cycle in a few milliseconds or less, power down for a hundred
milliseconds, and then perform the next scan cycle. The powered down state may require
less power for the inactive cycle time, resulting in a more efficient use of power and even
decreased power requirements.

The decreased power usage is useful in situations that require battery power or
sensitivity to the transmitted energy. As the optimum set of frequencies is merely a
selection of frequencies of the total possible frequencies, the air bubble detector may only
cause periodic transmissions as required by the flow rate within the fluid path. Thus the
battery drain is reduced.

Communication may exist between the air bubble detector and a pump which is
driving the flow within the fluid path. The repetition rate of the air bubble detector is
influenced or controlled by the pump. Thus, the pump may operate the detector system
10 such that, as the flow rate increases, the scan repetition rate may increase as well. As
the flow decreases, the air bubble detector may operate at a slower scan repetition rate.

Turning now to FIG. 5, it is shown how the system 10 may operate to periodically
calibrate the air bubble sensor. The initial calibration and detection proceed as before.
After interpreting the received signal in box 47, the air bubble detector determines if a
recalibration is required in box 49. This recalibration is determined by a pre-specified
time period, changes noted in the environment, degradation of the received signal or
external request from a user. The recalibration may allow the air bubble detector to adapt
to changing environmental conditions while maintaining its enhanced performance.

Turning now to FIG. 6, the process of detection of an air bubble 50 by the air
bubble detector is shown. The air bubble detector begins by resetting its state in box 51
to prepare for a new set of measurements. As a measurement is taken in box 52, the
measurement is compared against an internal reference in box 53. The air bubble
detector stores this information about whether each comparison exceeds the internal

reference. When enough measurements have been taken, the air bubble detector will use
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the measurements to characterize any bubble detected in box 55 and output the results in
box 56. The system can track long term changes in the received signal and thus adjust for
the signal threshold used to detect bubbles or recalibrate the frequency range used to
detect bubbles. The short term changes in the received signal are used to detect bubbles.

One advantage of storing information related to whether a set of measurements
exceeds an internal reference is a decreased sensitivity to environmental effects causing
changes in amplitude. Instead of measuring a potentially noisy signal amplitude, the
number of times the signal passes a preset standard is recorded. This duration
measurement, or width measurement is correlated to bubble size. Using the volume
calculation, the volume of a series of bubbles is added together for a total volume
measurement. The microcontroller may then set a limit on bubble size, total air volume,
volume within a time period, or a combination depending on the application.

The output of the air bubble detector is digital, analog, data or any combination of
these. The microcontroller may use a PWM driver or digital to analog converter to
generate an analog voltage or current output signal. The analog output could convey to
the host system the various bubble sizes that are detectable by the sensor. The digital
output may transmit similar or more complete data to a host system using any number of
protocols including SPI, I2C or others.

Turning now to FIG. 7, the process of FIG. 6 as broken down into more specific
processes is shown. The same process of resetting state in box 51, taking a measurement
in box 52, comparing the measurement in box 53, determining if the measurements are
complete in box 54, and characterizing the bubble in box 55 are shown with more
incremental steps.

By resetting its state in box 51 the air bubble detector may prepare to take new
measurements. In one embodiment, the reset state in box 51 is performed along with
determining the internal threshold in box 62 that may result in a return signal being
counted as a bubble in the width measurement. The frequencies to be swept setting is
reset to start at the low frequency in box 63. The width counter may also be reset in box
64.

Small bubbles are detected based on the width of a received signal at a threshold

signal level. Long term changes in the width of the signal at the threshold level is used to
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adjust the bubble size estimate. To begin accumulating for large bubbles which would
result in several received signals with a signal level above the threshold, the initial signal
width could serve as a trigger to start accumulating multiple received signals together to
determine the size of a large bubble.

The internal threshold may act as a barrier to noise. If the internal threshold is too
low, noise may cause a small signal amplitude to be counted as a bubble, producing a
false width. Similarly, if the internal threshold is too high, the return signal may not have
enough amplitude to exceed the internal threshold and bubbles may not be counted.
Therefore an internal threshold is selected above the noise but less than the return signal
amplitude to avoid these problems.

After resetting state in box 51, the air bubble detector may take measurements in
box 52. In one embodiment, the air bubble detector may transmit a wave through the
fluid path in box 65. The wave is detected in box 66 and sent to be compared with an
internal threshold in box 67.

The transmitter / receiver pair may differ somewhat depending on the fluid path,
and typically is an ultrasonic transmitter and receiver, such as a pair of piezoelectric
elements. The specific choice of technology may depend on the ability of the chosen
sensor pair to penetrate different parts of the fluid path. Such considerations may include
the fluid path walls, the fluid itself and the bubbles within.

After taking measurements as seen in box 52, the air bubble detector may
compare the measurements in box 53. In one embodiment, the measurements is
compared with an internal threshold in box 67. The air bubble detector may compute
whether the return signal exceeds the internal threshold in box 68. If the return signal
does exceed the threshold, one is added to the width counter in box 69 and then
processing may continue in box 70. If the return signal does not exceed the threshold,
processing may move to box 70.

After comparing the measurements in box 53, the air bubble detector may decide
whether the measurements are complete in box 54. If, in box 70, it is decided that the
measurements are not complete, the air bubble detector may move to the next frequency

in box 71 and then return to box 65 to send the next wave. If the test cycle is complete,
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the air bubble detector will move to box 55 to use the information collected from the
measurements.

The decision on whether to complete the test cycle in box 70 may include the end
of a frequency sweep, detected failure in the system or enough data to characterize the
bubble. In one embodiment, the air bubble detector may repeatedly sweep a frequency
spectrum. The test cycle is complete when the frequency spectrum has been swept. In
another embodiment, a detected failure in the system may cause the test cycle to
complete and then reset. In some systems this wait to reset is required because an output
is expected at certain intervals. An immediate reset may not be possible because a
watchdog timer may cause an undesirable full system reset due to a missed output timing.
In another embodiment, sufficient data may exist to characterize a bubble, such as a total
occlusion of the fluid path by the bubble, and a full sweep is not required.

After the decision in box 54 results in the cycle being complete, the air bubble
detector may characterize the bubble in box 55. The received signal is proportional to the
width counter. Thus, the width measurement may contain information related to signal
strength. In one embodiment, the stronger the received signal, the greater the width is. As
a bubble moves through the sensor the signal strength may decrease that may also be
manifested in the width decreasing. A bubble size is correlated with a width much like an
existing sensor correlates amplitude to bubble size.

In one embodiment, the air bubble detector is connected in line with an
intravenous infusion line. The tube is captured between the transmitter and receiver
through friction or a clamping mechanism that fits partially or wholly around the tube
without damaging it. The transmitter / receiver pair may operate on an acoustical
frequency from 1.7 MHz to 3 MHz. As a bubble moves through the sensor the signal
strength may decrease, which causes the measured width to decrease. Should the
measured width decrease enough, an alarm is alerted to the problem.

While the processes described above may appear linear in this description for ease
of understanding, the actual steps are performed in parallel. For example, in one
embodiment, the characterization of the bubble may work in parallel with the next

detection of bubbles as seen in boxes 51-54. This will allow for a further gain in
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repetition rate. Thus, the tasks described may run in parallel with the tasks described or
with other tasks not included in this disclosure.

While the specific embodiments described may use a single sweep of frequencies
to determine bubble presence, multiple sweeps of the frequencies are used to characterize
a bubble or set of bubbles. The width is stored in multiple counters that are used to
perform a final determination of bubble volume. In one embodiment, the width counters
are used on a rolling basis to average out the effects of noise.

In another embodiment, multiple sensors are attached to the fluid path allowing
the air bubble detector to detect bubble flow direction, speed and flow rate. The different
sensors are placed upstream/downstream from each other, and may thus detect the bubble
as it flows through the tubing. The information gathered from multiple sensors may also
prevent alarms from microbubbles that stick to a wall, sticky bubbles, and bubbles that
oscillate back and forth in front of a sensor. Since, in these cases, only one sensor would
detect the bubble (at least for a period of time before the bubble eventually moves), the
system would identify this as a single bubble and not many different bubbles, preventing
false alarms due to an incorrectly high bubble count. The alarm is triggered by a bubble
that has been characterized by one sensor and then sensed by another. Often, bubbles or
the like which are not moving towards the patient through the tube should not trigger the
alarm or stop the fluid flow. In the event that the bubble does begin to move towards the
patient, the bubble would be counted.

In another embodiment, the air bubble sensor may communicate with an external
device that measures or knows the flow rate of the liquid. The air bubble sensor may
adjust its repetition rate in accordance with the information given by the external device.
Such external devices may include a pump, flow sensor or manual input. This
communication may also prevent alarms from the decoupling of tubing as sensed by the
external device.

Turning now to FIG. 8, a reference signal 82 compared with a received signal 83
is shown. The air bubble detector may measure the received signal by the number of
counts crossing the voltage reference threshold 84 which it reads during a frequency
sweep. The measurement may result in the width 85 of the received signal with respect to

the internal voltage reference setting 84 and reference signal 82 for a known bubble size,
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tubing set, and loading conditions. The received signal envelope 86 may then be
proportional to the reference signal 82. This proportionality may result in the width
measurement containing information related to signal strength or bubble size.

It may also be appreciated that the initial selection of optimum frequencies may
provide advantages to characterizing the bubble. As a result of the frequency selection
and repetition rate, bubbles are more accurately measured by the width counter. In fact,
one advantage may include a more granular volume result due to an increased speed of
the measurements.

The signal shown and discussed with respect to Figure 8 can also be used to
determine if a tube is properly loaded in the sensor, and thus in the pump or device. The
receive signal amplitude is at low level if no tubing is loaded in the sensor, at a high level
if fluid-filled tubing is loaded in the sensor, and at an intermediate level (typically close
to but distinguishable from the low signal level) for tubing which is loaded in the sensor
but which has a bubble present within it.

There is thus disclosed an improved air bubble detector. It will be appreciated
that numerous changes is made to the present invention without departing from the scope

of the claims.
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CLAIMS
1. A bubble detection system comprising:
a fluid path;
a piezoelectric transmitter and a piezoelectric receiver disposed adjacent the fluid
path for detecting bubbles therein;
control circuitry for operating the transmitter and receiver comprising:
a circuit for generating a wide range frequency sweep in the transmitter;
a circuit for analyzing the receiver output and determining a resonant
frequency for the piezoelectric transmitter and receiver and fluid path;
memory for storing the resonant frequency; and
a circuit for operating the transmitter at a reduced frequency range at the
resonant frequency in order to thereby detect bubbles in the fluid path.
2. The system of claim 1, further comprising:
a comparator circuit for comparing the receiver signal while detecting
bubbles to a signal threshold to determine if bubbles are present.
3. The system of claim 2, wherein the comparator circuit determines the time period for
which a signal exceeds the signal threshold and determines bubble size based on the time
period.
4. The system of claim 1, wherein the circuit for generating a wide range frequency
sweep in the transmitter comprises a voltage ramp generating circuit and a voltage driven
frequency generation circuit.
5. The system of claim 1, wherein the fluid path comprises a tube for delivering a liquid.
6. The system of claim 1, wherein the circuit for analyzing the receiver out and
determining a resonant frequency for the piezoelectric transmitter and receiver and fluid
path comprises a comparator circuit.
7. A bubble detection system comprising:
a fluid path;
a piezoelectric sensor coupled with the fluid path and configured for detection of
bubbles in the fluid path;

an internal receiver signal reference; and
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a comparator circuit configured to detect bubbles and determine bubble size
within the fluid path by determining the length of time an output signal of the sensor
exceeds the internal reference.

8. The system of claim 7, further comprising:

an input signal source configured for sweeping a broad range ultrasonic signal
through the sensor;

a circuit for analyzing the received signal from the broad range ultrasonic signal
to thereby determine a sympathetic frequency for operation of the sensor;

a circuit for storing the sympathetic frequency;

a circuit for operating the sensor at a narrow range ultrasonic frequency
surrounding the sympathetic frequencys;

9. The system of claim 7 wherein the output signal is comprised of pulses and the
comparator circuit is configured to determine bubble size by counting the number of
pulses of the output signal of the sensor that exceed the internal reference.

10. A method of detecting bubbles comprising:

sending an ultrasonic signal through a fluid path by an ultrasonic transmitter;

reporting a detected signal by an ultrasonic receiver;

selecting an internal receiver signal reference;

determining the amount of time the detected signal exceeds the internal reference;
and

calculating bubble size based on the amount of time the detected signal exceeds
the internal reference.

11. A method of detecting bubbles in a fluid path comprising:

transmitting a broad frequency range of ultrasonic signals through a fluid path;

receiving the broad range ultrasonic signals after transmission through the fluid
path;

determining a sympathetic frequency for the fluid path based on the strength of
the received broad range signals;

storing the sympathetic frequency;

transmitting a narrow frequency range of ultrasonic signals surrounding the

sympathetic frequency through the fluid path to detect bubbles; and
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receiving the narrow range ultrasonic signals to detect bubbles.
12. The method of claim 11, further comprising:

for a period of time, repeatedly transmitting the narrow range ultrasonic signals
through the fluid path to detect bubbles; and

transmitting a broad frequency range of ultrasonic signals through a fluid path;

receiving the broad range ultrasonic signals after transmission through the fluid
path;

determining a new sympathetic frequency for the fluid path based on the strength
of the received broad range signals;

storing the new sympathetic frequency.
13. The method of claim 11, wherein the method comprises;

storing an internal threshold received signal level;

comparing the received narrow range ultrasonic signals to the threshold to
determine when the received signals exceed the threshold to thereby determine the
presence of a bubble.
14. The method of claim 13, wherein the method comprises:

determining the time duration when the received signals exceed the threshold and
calculating the bubble size based on the time duration.
15. The method of claim 14, wherein the received signals are separate signal pulses, and
wherein the method comprises counting the number of times the signal pulses exceed the
threshold to thereby determine the bubble size.
16. The method of claim 11, wherein the method comprises:

for a period of time, repeatedly transmitting the narrow frequency range of
ultrasonic signals surrounding the sympathetic frequency through the fluid path;

receiving the narrow range ultrasonic signals to detect bubbles;

after a predetermined event, transmitting a broad frequency range of ultrasonic
signals through a fluid path;

receiving the broad range ultrasonic signals after transmission through the fluid
path;

determining a new sympathetic frequency for the fluid path based on the strength

of the received broad range signals; and
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storing the new sympathetic frequency.

17. The method of claim 16, wherein the predetermined event is a change in physical

conditions in the fluid path.
18. The method of claim 16, wherein the predetermined event is the passage of a set time

period.
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