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DOPPLERMOTION SENSORAPPARATUS 
AND METHOD OF USING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to and is a 
continuation-in-part of Israel Patent Application No. 185609 
filed Aug. 30, 2007, titled “MULTIFUNCTIONSENSSOR, 
and International Patent Application No. PCT/IL2006/ 
001416 filed Dec. 10, 2006, titled “IMPLANTABLE BIO 
SENSING DEVICE AND HEALTH MONITORING SYS 
TEMAND METHOD INCLUDING SAME, which claims 
the benefit of U.S. Provisional Patent Application Ser. No. 
60/748,218 filed Dec. 8, 2005, titled “WIRELESS INTE 
GRATEDTRANSMITTER AND SENSOR, the disclosures 
of which are expressly incorporated by reference herein. 
0002 The present application is related to U.S. Utility 
Patent Application Serial No. (unknown) titled “OPTICAL 
SENSOR APPARATUS AND METHOD OF USING 
SAME filed on even date herewith, Attorney Docket No. 
CAT-P0001, U.S. Utility Patent Application Serial No. (un 
known) titled “INTEGRATED HEART MONITORING 
DEVICE AND METHOD OF USING SAME filed on even 
date herewith, Attorney Docket No. CAT-P0004, and U.S. 
Utility Patent Application Serial No. (unknown) titled 
METHOD AND SYSTEM FOR MONITORING A 
HEALTH CONDITION’ filed on even date herewith, Attor 
ney Docket No. CAT-P0005, the entire disclosure of each 
application being expressly incorporated by reference herein. 

FIELD OF THE INVENTION 

0003. The present invention relates to sensing devices and, 
more specifically, to sensing devices for sensing the Velocity 
of fluids. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0004 For medical reasons, in vivo parameters of a patient 
may need to be monitored over a period of time. Heart 
arrhythmias are changes in the normal sequence of electrical 
impulses that cause the heart to pump blood through the body. 
Continuous monitoring may be required to detect arrhyth 
mias because abnormal heart impulse changes might only 
occur sporadically. With continuous monitoring, medical per 
Sonnel can characterize cardiac conditions and establish a 
proper course of treatment. 
0005 One prior art device that measures heart rate is the 
“Reveal monitor by Medtronic (Minneapolis, Minn., USA). 
This device comprises an implantable heart monitor used, for 
example, in determining if syncope (fainting) in a patient is 
related to a heart rhythm problem. The Reveal monitor con 
tinuously monitors the rate and rhythm of the heart for up to 
14 months. After waking from a fainting episode, the patient 
places a recording device external to the skin over the 
implanted Reveal monitor and presses a button to transfer 
data from the monitor to the recording device. The recording 
device is provided to a physician who analyzes the informa 
tion stored therein to determine whether abnormal heart 
rhythm has been recorded. The use of the recording device is 
neither automatic nor autonomic, and therefore requires 
either the patient to be conscious or another person's inter 
vention to transfer the information from the monitor to the 
recording device. 
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0006 Another known type of implantable monitoring 
device is a transponder-type device, in which a transponder is 
implanted in a patient and is Subsequently accessed with a 
hand-held electromagnetic reader in a non-invasive manner. 
An example of the latter type of device is described in U.S. 
Pat. No. 5,833,603. 
0007. A sensing device for acquiring signals and comput 
ing measurements is disclosed herein. In one embodiment of 
the invention, the sensing device includes a sensor having one 
or more transducers for transmitting and receiving acoustic 
energy and converting the received acoustic energy into one 
or more signals. The sensor is positioned facing a side of a 
vessel. A computing device operates the sensor and processes 
the plurality of signals to obtain measurement values. The 
sensor and the computing device are enclosed in a housing. 
0008. A method for acquiring signals and computing mea 
surements is also disclosed herein. One embodiment of the 
method comprises the steps of providing a sensing device as 
disclosed in the paragraph above, transmitting acoustic 
energy from the one or more transducers, receiving acoustic 
energy from the one or more transducers to obtain one or 
more signals, processing the one or more signals to obtain 
measurement values, and analyzing the measurement values 
to obtain a parameter value indicative of a characteristic of the 
fluid. 
0009. In another embodiment according to the invention, a 
device for acoustically measuring a characteristic of at least 
one of a blood vessel and blood flowing through the blood 
vessel is provided. The device includes a housing having a 
first side and a second side, a sensor assembly, and a comput 
ing device. The sensor assembly is mounted to the housing 
and includes one or more transducers for transmitting acous 
tic energy through the first side of the housing, receiving 
acoustic energy though the first side of the housing, and 
converting the acoustic energy into signals. The computing 
device is configured to activate the one or more transducers 
and interpret the signals to determine the characteristic. The 
housing encloses the sensor and the computing device. 
0010. The features of this invention, and the manner of 
attaining them, will become more apparent and the invention 
itself will be better understood by reference to the following 
description of embodiments of the invention taken in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIGS. 1A is a schematic side view of a sensing 
device according to one embodiment of the invention. 
0012 FIGS. 1B is an outwardly-facing view of the sensing 
device of FIG. 1. 

0013 FIGS. 1C is a perspective view of the sensing device 
of FIG. 1. 

0014 FIG. 2 and 3 are schematic side views of the sensing 
device of FIG. 1 and a vessel. 
0015 FIG. 4 is a schematic top-side view of a Doppler 
sensor according to one embodiment of the invention. 
0016 FIG. 5 is a conceptual vector representation of wave 
and fluid flow orientations. 

0017 FIGS. 6A-6D are schematic front, side, top, and 
perspective views, respectively, of a Doppler sensor accord 
ing to another embodiment of the invention. 
0018 FIG. 7 is a schematic top view of a Doppler sensor 
according to another embodiment of the invention. 
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0019 FIG. 8 is a conceptual view of a system adapted to 
transmit and receive communication signals from the sensing 
device of FIG. 1. 
0020 FIG. 9 is a flow-chart of a method according to the 
invention. 
0021 FIG. 10 is a schematic representation of a cardiac 
cycle. 
0022 Corresponding reference characters indicate corre 
sponding parts throughout the several views. Although the 
drawings represent embodiments of the present invention, the 
drawings are not necessarily to scale and certain features may 
be exaggerated in order to better illustrate and explain the 
present invention. The exemplifications set out herein illus 
trate embodiments of the invention in several forms and such 
exemplification is not to be construed as limiting the scope of 
the invention in any manner. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0023 The embodiments discussed below are not intended 
to be exhaustive or limit the invention to the precise forms 
disclosed in the following detailed description. Rather, the 
embodiments are chosen and described so that others skilled 
in the art may utilize their teachings. 
0024 FIG. 1A illustrates a sensing device 1 according to 
one embodiment of the invention. Sensing device 1 generally 
includes a plurality of components including a Doppler sen 
sor 60, a computing device 20, a communication device 30, 
and an energy storage device 40, each of the components 
mounted on a board 80 and being in electronic communica 
tion with computing device 20. The components are enclosed 
in a housing 90. In one embodiment, energy storage device 40 
is adapted to receive electromagnetic energy waves 44 from 
an external energy source 46. 
0025. In one embodiment according to the invention, sens 
ing device 1 is adapted to determine a physiological condition 
of a patient. By "patient it is meant a person or animal whose 
physiological condition is measured by sensing device 1. 
Although the invention disclosed herein is described in the 
medical context, the teachings disclosed herein are equally 
applicable in other contexts where compact data acquisition 
assemblies are desirable to perform measurements overtime. 
For example, sensor assemblies according to the invention 
may be desirable in submersed or difficult to reach applica 
tions, in dangerous environments, in applications having 
weight and size restrictions, in field research activities, and so 
O. 

0026. In one embodiment according to the invention, sens 
ing device 1 is implanted Subcutaneously in the patient's 
body. It should be understood, however, that sensing device 1 
may be implanted at different locations using various implan 
tation techniques. For example, sensing device 1 may be 
implanted within the chest cavity beneath the rib cage. Hous 
ing 90 may be formed in the shape of a circular or oval disc, 
with dimensions roughly the same as two stacked quarter 
dollar coins. Of course, housing 90 may be configured in a 
variety of other shapes, depending upon the application. It 
may include four outwardly projecting loops 92, shown in 
FIGS. 1B and 1C, for receiving sutures in order to fix the 
assembly subcutaneously within the patient's body. More or 
fewer loops 92 may be provided depending upon the shape of 
housing 90. When so fixed, Doppler sensor 60 is positioned 
facing inwardly while an energy coupler, which is described 
with particularity below, faces outwardly. 
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0027. In another embodiment of a sensing device 1 
according to the invention, Doppler sensor 60 and other fea 
tures of the sensing device 1 are integrated with an implanted 
cardiac device Such as a pacemaker, a Cardiac Resynchroni 
zation Therapy (CRT) device, an implantable cardioverter 
defibrillator (ICD), etc. In one embodiment, integration may 
be achieved by combining the components of the sensing 
device and the cardiac device. If the cardiac device includes a 
computing device, for example, the algorithms that carry out 
the methods according to the invention may be incorporated 
with the computing device of the cardiac device instead of 
adding a second computing device. In a similar manner, 
energy storage and communication devices may be combined 
to avoid duplication. In one embodiment, Some components 
of the sensing device are included within the housing and 
Some components are included with the cardiac device. The 
cardiac device and the components in the housing are oper 
ably connected. 
0028. In another embodiment, sensing device 1 is posi 
tioned externally to the patient's body. A support member is 
provided to Support sensing device 1 externally to the body. 
The Support member may be permanently or temporarily 
coupled to sensing device 1. In one embodiment, the Support 
member comprises an adhesive layer for adhesively coupling 
the support member to the patient's body. In another embodi 
ment, the Support member comprises a belt, which may be 
elastic, for holding sensing device 1 against the patient's 
body. 
0029 Sensing device 1 may be implanted subcutaneously 
or positioned on the patient with the aid of an external map 
ping system Such as an ultrasound machine. Proper placement 
ensures that a vessel of interest is located within the sensing 
range of sensing device 1. Where the vessel of interest is the 
aorta, sensing device 1 may be positioned on the chest or back 
of the patientina location that reduces interference by the ribs 
of the measurements acquired in the manner described herein. 
0030) 1. Doppler Sensor 
0031 A Doppler sensor comprises one or more transduc 
ers for insonating an object and receiving reflected ultrasonic 
waves. The velocity of a fluid of interest may be determined 
by directing an insonifying wave of ultrasonic energy towards 
the fluid at a known angle, measuring the frequency shift of 
the reflected ultrasound energy, and then calculating the 
velocity of the fluid. The Doppler frequency shift is propor 
tional to the component of the velocity vector that is parallel 
to the insonifying wave. The velocity V of the fluid is deter 
mined by the following equation: 

v-fict (2.fcos 0) 

where c is the velocity of sound in blood, f is the frequency of 
the insonifying wave, 0 is the angle between the wave and the 
Velocity vector, and f4 is Doppler frequency shift. 
0032. A transducer is a device which converts acoustic 
energy into electrical signals and Vice-versa. Frequency shifts 
may be calculated by a variety of methods depending on the 
method of operation of the transducer(s). In one method of 
operation, the Doppler sensor may be a continuous wave 
sensor. A continuous wave Doppler sensor includes a trans 
ducer for transmitting ultrasonic waves and a transducer for 
receiving ultrasonic waves. The frequency shift in this 
method is measured directly by comparing the two waves. In 
another method, a pulsed wave Doppler sensor may be used. 
A pulsed wave Doppler sensor has a single transducer for 
transmitting and for receiving ultrasonic waves. After trans 
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mitting a wave, the Doppler sensor Switches from a transmit 
ting to a receiving mode of operation. The frequency shift is 
measured by comparing phase shifts between Subsequently 
received waves. A plurality of waves transmitted and received 
in sequence are necessary to calculate the phase shifts. Well 
known algorithms, such as the Kasai or the cross-correlation 
algorithms, may be used to obtain the phase shift between the 
received and transmitted pulses. 
0033 Transducers may comprise coils, piezo-electric 
materials, and other Suitable transducers. Transducers may be 
focused so as to transmit a narrow wave, or beam, of acoustic 
energy. Transducers may also transmit broad, or unfocused, 
waves of acoustic energy. Two or more transducers may be 
combined in a linear array to transmit an acoustic wave 
capable of insonating a large area with a desirable amount of 
energy. By large it is meant an area larger than what may be 
insonated with a single transducer. Linear arrays may be 
connected Such that they may be driven as if they comprised 
a single transducer. Linear arrays may also be connected Such 
that each transducer segment operates as an independent 
transducer. 
0034 FIG. 2 illustrates the relationship between a vessel 3 
conveying blood 4 having haemoglobin in red blood cells 5 
and Doppler sensor 60 according to one embodiment of the 
invention. Doppler sensor 60 has transducer 61 positioned 
facing towards a fluid 4 conveyed by vessel 3. A wave 62 
transmitted by transducer 61 is shown propagating along a 
direction indicated by centerline 63 which is perpendicular to 
the surface of transducer 61. Arrow 6 indicates the direction 
of fluid 4 flow in vessel 3. While Doppler sensor 60 is 
described herein to describe its function in sensing assembly 
1, other Doppler sensors described herein perform the same 
function and, in general, references to Doppler sensor 60 in 
this and related patent applications are equally applicable to 
other Doppler sensors described herein. 
0035. In one embodiment according to the invention, a 
driver device, e.g., a pulse generator, provides an output cor 
responding to a desired frequency. The output may be ampli 
fied by an amplifier, such as a transistor, integrated with 
computing device 20 or provided externally of computing 
device 20. The output may comprise a waveform. Computing 
device 20 may provide the frequency generation function. In 
an alternative embodiment, a voltage is provided by the driver 
device to the transducer corresponding to a desired ultrasonic 
frequency and the transducer converts the electrical energy 
into acoustic energy in the form of an ultrasonic wave. 
0036. In one embodiment according to the invention, sens 
ing device 1 has a communication port for connecting to, and 
exchanging information with, other devices. Connector 85 is 
shown. The operation of connector 85, which is connected to 
other components of sensing device 1, is described in more 
detail further below with reference to FIG. 8. 

0037 FIG. 3 illustrates a reflected ultrasonic wave 64. 
Wave 64 is shown propagating along a direction indicated by 
centerline 63. Wave 64 propagates in a direction opposite that 
of wave 62. Wave 64 also has a frequency that is different 
from the frequency of wave 62. The difference is determined 
by the selection of transducers. In one embodiment, wave 62 
is a continuous wave and wave 64 is reflected contemporane 
ously with wave 62. In another embodiment, wave 62 is a 
pulsed wave transmitted by transducer A before reflected 
wave 64 reaches transducer A. Computing device 20 may 
direct transducer A to transmit wave 62 and measure the time 
required for wave 64 to reach transmitter A. The waves travel 
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through soft tissue at a known constant Velocity. The distance 
from transducer A along centerline 63 to vessel 3 may be 
calculated from the travel time between the transmission of 
wave 62 and reception of wave 64. 
0038 FIG. 4 illustrates Doppler sensor 70 including linear 
array transducers A, B and C according to one embodiment of 
the invention. Doppler sensor 70 may be coupled or inte 
grated with other components of sensing device 1. Each of 
transducers A, B and C is operably connected with a driver 
device (not shown) that powers each transducer causing each 
transducer to transmit an ultrasonic wave capable of travel 
ling a certain distance to the fluid of interestand, upon reach 
ing the fluid, reflecting a phase-shifted wave. Each of trans 
ducers A, B and C may be driven at a different frequency to 
distinguish the source of the reflected waves received by 
Doppler sensor 70. For convenience, each transducer in a 
linear array is referred to herein as a transducer segment. In 
the embodiment shown, each linear array transducer com 
prises five transducer segments. Transducer segments may be 
operably connected to be activated separately or concur 
rently. Separate activation of one or more transducer seg 
ments is desirable to limit power consumption. More than one 
transducer segment may be activated concurrently to broaden 
the reach of the transmitted wave. Of course, if all segments in 
a linear array are activated, the linear array operates as a single 
transducer. Doppler sensor 70 may comprise three such trans 
ducers. 

0039 Transducers A, B and C are disposed at an angle 
relative to each other. In one embodiment show in FIG. 4, 
transducers Band C are disposed at a 45 degree angle relative 
to transducer A and at 90 degrees relative to each other. 
Transducers may be positioned at different angles relative to 
other transducers. The positions, and angles, are selected to 
orient acoustic energy in directions which optimally reflect 
acoustic energy from a vessel. Selection is based, at least in 
part, on the anatomy of the patient. The anatomy of the patient 
may determine where to position sensing device 1, e.g., exter 
nally or implanted, positioned in front or back, and the posi 
tion of sensing device 1 will determine the distance from a 
Doppler sensor to the vessel of interest. In one embodiment, 
transducers Band C are disposed at a 30 degree angle relative 
to transducer A and at 120 degrees relative to each other. 
0040 Transducer A includes segments A1-A5, transducer 
B includes segments B1-B5, and transducer C includes seg 
ments C1-C5. Each segment may transmit and receive ultra 
Sonic energy in the form of waves. The arrows originating at 
each segment and projecting perpendicularly to the segment 
represent the direction of waves transmitted by each segment. 
Further, arrows 72, 74, and 76 represent the directions of 
waves produced by transducers A, B and C, in aggregate, 
respectively. The frequency of the acoustic energy is selected 
as a function of the distance between the transducer and the 
target fluid. Transducers may be energized, generally, at fre 
quencies ranging between 2-10 MHz to reach blood convey 
ing vessels at distances ranging, generally, between 3-20 cm, 
after passing through the soft tissues of the patient. In one 
embodiment, each of transducers A, B and C is energized at a 
frequency ranging between 2-10 MHz. In another embodi 
ment, one or more segments of transducer A are energized at 
a frequency of 5 MHz, one or more segments of transducer B 
are energized at a frequency of 4.5 MHz, and one or more 
segments of transducer C are energized at a frequency of 5.5 
MHz. A reflected wave may be measured at each segment of 
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a linear array transducer. Each segment may be energized 
sequentially and may be energized a plurality of times. 
0041. The Doppler shift, or frequency shift, is propor 
tional to the component of the velocity vector parallel to the 
impinging wave. Since the Doppler shift depends from the 
cosine of the angle 0 between the wave and the velocity 
vector, and the cosine function ranges between 0 and 1, Sig 
nals produced by waves oriented parallel to the velocity vec 
torproduce optimal signals. In one embodiment according to 
the invention, computing device 20 produces signals only 
from waves where the angle 0=0 is less than or equal to 20 
degrees. FIG. 5 shows conceptually the relationship between 
velocity vector 6 and waves having directions 72, 74 and 76 
presented previously in FIG. 4. FIG. 5 also shows four arrows 
disposed at angle 0 relative to velocity vector 6. Arrow 74 is 
shown forming an angle with respect to Velocity vector 6 
which is smaller than 0. Consequently, waves oriented in the 
direction represented by arrow 74, in this case waves pro 
duced by linear array transducer B may generate usable sig 
nals. In contrast, waves oriented in the directions represented 
by arrows 72 and 76, corresponding to transducers A and C, 
will not produce usable signals. 
0042. In one embodiment of the invention, sensing device 
1 includes an optical sensor assembly configured to detect the 
position and diameter of a vessel. Sensing device 1 may 
determine, based upon the position of the vessel, which trans 
ducers will not produce usable signals and, to save energy, 
will only transmit ultrasonic waves from transducers that may 
produce usable signals. 
0043. To increase the range of the Dopper sensor, addi 
tional transducers may be provided disposed different angles 
so that one or more of the transducers may be positioned at 
angles which produce waves oriented at angles that are less 
than or equal to 20 degrees relative to the velocity vector. In 
one embodiment, three transducers are arranged in the shape 
of a K to enable Doppler sensor 70 to obtain a sufficient 
number of signals even when the relative position of Doppler 
sensor 70 and vessel 3 change slightly with time or other 
factors such as a patient’s activity level and posture. Reflected 
waves produced by one transducer may be received by more 
than one transducer transducer. However, since waves have 
frequencies corresponding to each transmitting transducer, 
Doppler sensor 70 is able to selectively filter signals based on 
the relative position of the corresponding transmitting trans 
ducer and its transmission frequency so that the Doppler 
shifts may be properly identified. The frequency shift corre 
sponds to Velocity as well as to direction of flow. 
0044. In one embodiment, signals from waves received by 
segments of linear array transducers A, B and C are filtered 
out when waves impinge on vessels other than the vessel of 
interest. The location of vessels other than the vessel of inter 
est may be obtained in the same manner as relative position 
data is obtained which will be explained below. In another 
embodiment, computing device 20 first determines the angle 
0 for each segment and selectively energizes segments of 
transducers A, B and C only when the angle 0 of a segment 
may generate usable signals, thereby saving energy. Further 
more, if all segments of a transducer may produce a usable 
signal, computing device 20 may limit the number of signals 
produced to save energy. For example, if all five segments are 
positioned to produce a usable signal, computing device 20 
may select three signals to conserve 40% of the energy nec 
essary to generate five signals. 
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0045. When multiple transducers comprising coils are 
positioned in close proximity, each transducer may interfere 
with the operation of the other transducers. Interference may 
be neutralized by an appropriate filter algorithm. However, 
filtering in this manner requires additional memory and 
energy to process the algorithm. FIGS. 6A-6D illustrate a 
Doppler sensor according to another embodiment of the 
invention. Doppler sensor 170 includes transducers 171, 172 
and 173 having coils 176, 177 and 178, respectively. FIGS. 
6A, 6B, 6C and 6D are front, side, top, and perspective views, 
respectively, of Doppler sensor 171. Transducers 171, 172 
and 173 enclose coils 176, 177 and 178 on three sides desig 
nated by symbol X with material configured to block electro 
magnetic waves, and on a fourth side designated by symbol Y 
with material configured to allow electromagnetic waves to 
pass through. Side Y is referred to herein as an electromag 
netic window. Blocking material may be any suitable material 
including a metal, and non-blocking material may be any 
Suitable material Such as plastic. The blocking material physi 
cally eliminates interference between coils 176, 177 and 178 
thereby saving energy and enabling further miniaturization of 
sensing device 1 by reducing memory requirements. Trans 
ducers 171, 172 and 173 are stacked rather than being laid on 
a commonplane. Computational requirements to compensate 
for stacking, e.g., introducing a third-dimension to the geo 
metric distance calculations, consume negligible resources. 
In many cases, stacking effects may be ignored altogether due 
to their negligible effect. 
0046 FIG. 7 illustrates a Doppler sensor according to yet 
another embodiment of the invention. Doppler sensor 270 
includes transducers 271-279 which may be single or linear 
array transducers. Transducers 271-279 are positioned in the 
shape of three K’s to provide a broader sensing reach without 
increasing the profile of sensing device 1 and, thus, without 
introducing stacking variables to the calculations. More or 
fewertransducers may be used to Suit the shape of the housing 
and the location where sensing device 1 is placed. In the 
embodiment shown, transducers 271, 274, and 277 comprise 
the base of the three K-shaped arrays. Transducers 271 and 
277 are disposed at 30 degree angles with respect to trans 
ducer 274, and each is disposed at 45 degree angles with 
respect to the remaining two legs of each K-shape array. 
0047. As discussed previously, the calculation of blood 
velocity requires knowledge of the incident angle 0 between 
waves and vessel 3. Incident angle and other data character 
izing the relative position of vessel 3 and a Doppler sensor 
may be obtained in various ways. Once obtained, it may be 
stored in memory as reference values. In one embodiment, the 
relative position data may be provided to computing device 
20 through communication device 30 by an external device. 
The external device may transmit wirelessly communication 
signals to communication device 30 containing relative posi 
tion data. In another embodiment, the relative position data 
may be provided to computing device 20 through communi 
cation device 30 by another implanted device. Other 
implanted devices include, without limitation, a pacemaker, a 
Cardiac Resynchronization Therapy (CRT) device, an 
implantable cardioverter defibrillator (ICD), etc. In yet 
another embodiment, the relative position data may be pro 
vided to computing device 20 by another sensor or sensor 
assembly included in sensing device 1. A sensor assembly for 
detecting the relative position of a vessel is provided in the 
above-referenced related U.S. Utility Patent Application 
titled “OPTICAL SENSORAPPARATUS AND METHOD 
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OF USING SAME. Once the selected signals have been 
determined, computing device 20 computes a blood Velocity 
value by comparing the frequency of transmitted and received 
waves according to well known frequency-shift and angle 
algorithms or tables. 
0048. In another embodiment of a sensing device 1 
according to the invention, a Doppler sensor and other fea 
tures of the sensing device 1 are integrated with an implanted 
cardiac device Such as a pacemaker, a Cardiac Resynchroni 
zation Therapy (CRT) device, an implantable cardioverter 
defibrillator (ICD), etc. 
0049. While sensing device 1 may be programmed to per 
form a measurement of blood velocity relatively infrequently 
to conserve power (e.g., once or twice per day), it should be 
understood that as battery technology improves, power con 
servation will be less of an issue, and measurements may be 
made more frequently. Moreover, when sensing device 1 is 
not implanted (i.e., is worn by the patient externally), power 
may be provided to sensing device 1 through connector 85, 
thereby eliminating the need to conserve power and permit 
ting frequent or even continuous measurements. 
0050 2. Computing Device 
0051 Computing device 20 comprises a plurality of com 
ponents. While components are described herein as if they 
were independent components, the components may be com 
bined in a single device Such as an application specific inte 
grated circuit. Computing device 20 includes a processor, a 
memory, a program, inputs and outputs. The memory may 
include, but is not limited to, RAM, ROM, EEPROM, flash 
memory or other memory technology. The processor and 
memory may be constructed in an integrated circuit. The 
integrated circuit may include one or more of Doppler sensors 
60, 70, 170 and 270, and communication device 30. Further, 
computing device 20 may include A/D and/or D/A converters 
on an integrated circuit. Alternatively, A/D and/or D/A con 
Verters may be provided separately. 
0052. The program represents computer instructions 
directing the processor to perform tasks responsive to data. 
The program resides in the memory. Data, including refer 
ence data and measurement data, also resides in the memory. 
Reference data may be stored in ROM or it may be stored in 
RAM so that it may be modified over time, either in response 
to external inputs or in response to characteristics of measure 
ment data collected over time. Protocols for responding to 
measurement values may also be provided. Protocols may be 
stored in permanent memory or may be stored in non-perma 
nent memory such as RAM. 
0053 Computing device 20 controls the Doppler sensor 
60, 70, 170, or 270 and communication device 30 through 
inputs and outputs. Computing device 20 may control the 
number, frequency, power level and transmission of waves by 
the Doppler sensor 60, 70, 170, or 270 to obtain the desired 
measurements using the least amount of energy. 
0054 FIG. 8 discloses a system 300 for exchanging infor 
mation with sensing device 1. System 300 includes sensing 
device 1 having, optionally, connector 85 (shown in FIG. 1A). 
System 300 may also include a computer 302, a docking 
station 304 operably coupled to computer 302 via cable 303, 
a telephone 306. In one embodiment of the invention, system 
300 transmits and receives communication signals wirelessly 
to/from sensing device 1 based on processing performed by 
computing device 20. 
0055 Connector 85 is adapted to plug into docking station 
304. Sensing device 1 is shown docked on docking station 
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304. While docked, sensing device 1 may charge energy 
storage device 40. The docking station is operably coupled to 
computer 302 to update the programs and reference values 
stored in the memory of computing device 20 prior to placing 
sensing device 1 on, or in, the patient. In another embodiment, 
sensing device 2 is positioned externally to the patient and 
connector 85 is operationally coupled to an energy source to 
power sensing device 2 and prevent depletion of energy Stor 
age device 40. 
0056. In a further embodiment according to the invention, 
additional sensors and devices may be coupled to sensing 
device 1 through connector 85. Other sensors and devices 
may include, without limitation, additional sensor assemblies 
2, temperature sensors, pressure sensors, and accelerometers. 
The other devices may or may not include a computing 
device. Other devices may also be incorporated with sensing 
device 1 within housing 90. An integrated sensing device is 
disclosed in the above-referenced related U.S. Utility Patent 
Application titled “INTEGRATED HEART MONITORING 
DEVICE AND METHOD OF USING SAME. The opera 
tion of sensing device 1 may be adapted to operate the addi 
tional sensors and devices by downloading into the memory 
of computing device 20 modified programs adapted to oper 
ate them. Downloading may occur while computing device 
20 is docked in the docking station. Alternatively, new pro 
grams may be downloaded wirelessly through computing 
device 40. 

0057 FIG. 9 is a flowchart illustrating one routine of the 
program performed by computing device 20 according to one 
embodiment of the invention. At step 400, computing device 
20 obtains transducer signals representative of fluid velocity 
from a Doppler sensor. In one embodiment, transducer sig 
nals include Voltage and frequency. It should be understood 
that velocity signals result from waves produced by a reflect 
ing object. In the case of blood velocity, the objects are red 
blood cells. It is generally understood that the velocity of red 
blood cells in blood accurately represent blood velocity. 
0.058 Step 400 may be initiated based on cardiac cycle 
data to define blood velocity at aparticular point in the cardiac 
cycle. Step 400 may also be initiated in response to an exter 
nal command received through communication device 30 or 
as a result of detection of an abnormal condition by sensing 
device 1. Each of transducers A, B and C are energized 
sequentially. In one embodiment, transducer A transmits a 
wave and then switches to receive mode. Doppler sensor 70 
detects the reflected waves in a manner determined by the 
configuration of transducer A. Transducers B and C are acti 
vated in the same manner, in sequence. In another embodi 
ment, each transducer comprises a transmitting element and a 
receiving element and the transducer may, thus, be activated 
to simultaneously transmit and receive acoustic energy. The 
labelling of transducers or the energizing order are unimpor 
tant. More or fewer transducers may be utilized. The number 
and orientation of transducers are chosen to obtain data at 
angles relative to vessel 3 which produce sufficient data for 
the intended purpose. 
0059. At step 402, computing device 20 processes the 
signals to obtain measurement values. Processing may 
involve removing inherent signal noise, converting signals 
from analog to digital form, Scaling, filtering out non-selected 
waves, and otherwise conditioning the detected signals to 
convert them to measurement values. In one embodiment, 
measurements obtained during one cardiac cycle are aver 
aged to obtain an average blood velocity. In another embodi 



US 2008/0287800 A1 

ment, the high and low value measurements obtained during 
one cardiac cycle are averaged to obtain an average blood 
velocity. An ECG may be used to estimate when blood flows 
at a maximum or minimum velocity. After processing, mea 
Sured values may be stored in memory or may be analyzed to 
first determine whether the values should be retained. Steps 
400 and 402 may be repeated as necessary to obtain sufficient 
measurement values to compute the desired parameters in 
accordance with the teachings provided herein. 
0060. To save energy, it is desirable to operate Doppler 
sensor 70 only when it is reasonably certain that a suitable 
signal will be obtained. In one embodiment according to the 
invention, low-power consumption sensors may be used to 
ascertain the angle of the vessel of interest relative to each 
transducer before Doppler sensor 70 is activated. In one 
embodiment, sensing device 1 includes an infrared sensor 
assembly 2, described with particularity in the above-refer 
enced related U.S. Utility Patent Application titled “OPTI 
CAL SENSORAPPARATUS AND METHOD OF USING 
SAME. Sensor assembly 2 ascertains that sensing device 1 is 
positioned Such that waves transmitted from transducers of 
the Doppler sensor intersect the velocity vector of blood at an 
angle approximately equal, or less than, 20 degrees. Trans 
ducers which are not positioned properly are not energized. 
0061. At step 404, computing device 20 analyzes the mea 
Surement values. Analysis may include calculation of param 
eter data and/or diagnosis based on measurement values. 
Parameter data refers to computed values such as fluid veloc 
ity, cardiac output, cardiac rhythm, etc. Diagnosis refers to the 
comparison of parameter values to reference values to detect 
an abnormal condition in the patient. Reference values are 
normal or expected values for the measured parameters for a 
particular patient. If an abnormal condition is detected, com 
puting device 20 may communicate an alert rather than com 
municating measurement values as they are collected (con 
Suming unnecessary power) or waiting to transmit 
measurement values until the memory is full or a predeter 
mined transmission time is reached (exposing the patient to 
unnecessary danger during the waiting period). 
0062 Steps 400, 402 and 404 may be performed concur 
rently. The apparatus and methods of calculating Velocity 
described above are useful in calculating the velocity of blood 
and other fluids. The velocity calculations in the case of 
continuous fluid flow do not require further calculations. 
However, if fluid flow is cyclical rather than continuous, 
additional measurements and calculations are desirable to 
more completely characterize flow and to diagnose abnormal 
conditions based on flow characteristics. 
0063 Blood velocity at a point in time depends on where 
that point in time is relative to the cardiac cycle of the patient. 
The cardiac cycle has an electrical component and a flow 
component. The electrical component refers to the electrical 
waves that cause the heart muscle to pump. The waves pass 
through the body and can be measured with a probe compris 
ing electrodes that contact the body. An ECG is a good way to 
measure cardiac rhythms, particularly abnormal rhythms. An 
ECG is not, however, a reliable means for measuring the 
pumping ability of the heart. 
0064 FIG. 10 illustrates an ECG graph 500 of electrical 
activity of the heart showing two cardiac cycles. A typical 
ECG consists of a P wave, a QRS complex and a T wave. An 
isoelectric line 502 separates a T wave and the following P 
wave. A PR interval 504 is measured from the beginning of 
the P wave to the beginning of the QRS complex. It is usually 
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between 120 and 200 msec long. A QRS complex is about 60 
to 100 msec long. The ST segment connects the QRS complex 
and the T wave. A typical ST segment lasts about 80 m.sec. In 
one embodiment, sensing device 1 includes an ECG sensor 
and an algorithm for detecting the T wave, the QRS complex 
and the P wave. 
0065 Cardiac cycle may be obtained in various ways. In 
one embodiment, cardiac cycle may be provided to comput 
ing device 20 through communication device 30 by an exter 
nal device. The external device may transmit wirelessly com 
munication signals to communication device 30 containing 
cardiac cycle data. In another embodiment, the cardiac cycle 
data may be provided to computing device 20 through com 
munication device 30 by another implanted device. Other 
implanted devices include, without limitation, a pacemaker, a 
Cardiac Resynchronization Therapy (CRT) device, an 
implantable cardioverter defibrillator (ICD), etc. 
0066. In one embodiment, cardiac cycle data may be pro 
vided to computing device 20 by another sensor or sensor 
assembly included in sensing device 1. A sensor assembly for 
detecting the cardiac cycle is provided in the above-refer 
enced related U.S. Utility Patent Application titled “OPTI 
CAL SENSORAPPARATUS AND METHOD OF USING 
SAME. In a further embodiment, cardiac cycle data may be 
provided to computing device 20 by an ECG sensor. A sensor 
assembly including an ECG sensor is provided in the above 
referenced related U.S. Utility Patent Application titled 
INTEGRATED HEART MONITORING DEVICE AND 
METHOD OF USING SAME 

0067. In one embodiment according to the invention, steps 
400, 402 and 404 are repeated in groups comprising several 
measurements taken in short Succession to characterize sys 
tolic and diastolic blood pressure. The repetitions provide 
blood Velocity values at proximal points in time during a 
cardiac cycle. The groups of repetitions (e.g., five samples) 
may be timed based on cardiac cycle information to obtain 
blood Velocity corresponding to Systolic and diastolic pres 
Sures. The systolic arterial pressure is defined as the peak 
pressure in the arteries, which occurs near the beginning of 
the cardiac cycle. The diastolic arterial pressure is the lowest 
pressure (at the resting phase of the cardiac cycle). The time 
of the systolic and diastolic pressures may be estimated to 
predict maximum and minimum blood Velocity. 
0068. As is further explained in the above-referenced 
related U.S. Utility Patent Application titled “INTEGRATED 
HEART MONITORING DEVICE AND METHOD OF 
USING SAME, from velocity measurements obtained at a 
time corresponding to systolic and diastolic pressures, and 
other information Such as vessel cross-section, sensing device 
1 may compute systolic and diastolic blood pressure. In one 
embodiment, sensing device 1 generates five Velocity mea 
Surements at the time estimated to correspond to systolic 
pressure and an additional five at the time estimated to cor 
respond to diastolic pressure. Sensing device 1 may compare 
measurements within a group to determine a rate of change 
consistent or inconsistent with the expected change in blood 
Velocity. Upon detecting unexpected changes indicating an 
abnormality, sensing device 1 may perform a function as 
described below. 

0069. Reference values may include target values and 
acceptable variation ranges or limits. Reference values may 
also include values of measurements obtained from other 
sensors or from other devices through communication device 
30 including, without limitation, relative position values. 
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0070 Parameter values may indicate an abnormality when 
they fall outside reference target values or ranges. In some 
embodiments, parameter values may produce a statistic Such 
as, for example, a moving average, and an abnormality would 
be detected when the parametric statistic differs from a ref 
erence statistic by more than an expected amount. If param 
eter data differs from expected values by more than a prede 
termined amount, computing device 20 may initiate a new 
measurement cycle to verify the parametric data before diag 
nosing an abnormality. 
0071. One abnormal medical condition is cardiac arrhyth 
mia. Computing device 20 may be configured to perform an 
analysis of the measurement values to determine, for 
example, whether the cardiac rhythm is irregular indicating 
arrhythmia. 
0072 Additional abnormal medical conditions may be 
detected using values obtained externally or from additional 
sensors. Additional sensors which may be included in sensing 
device 1 are disclosed in the above-referenced related U.S. 
Utility Patent Applications titled “OPTICAL SENSOR 
APPARATUS AND METHOD OF USING SAME,” “INTE 
GRATED HEART MONITORING DEVICE AND 
METHOD OF USING SAME and METHOD AND SYS 
TEM FORMONITORING A HEALTH CONDITION. 

0073. At step 406, computing device 20 transmits an alert 
if an abnormal condition is detected, particularly a condition 
determined to be a serious or dangerous condition according 
to a prescribed protocol. The alert may be used to actuate an 
alarm or to alert the patient to take remedial action. A reme 
dial action may be terminating or reducing physical activity. 
The alert may also provide global positioning (GPS) infor 
mation to an emergency service. Referring to FIG. 6, the 
abnormal condition, when found to be present, may also be 
displayed on a computer 36 and/or transmitted via commu 
nication device 30 to a caregiver. The alert may comprise a 
text message or a code corresponding to the condition. Com 
puting device 20 may also initiate a new measurement cycle 
and measure on a continuous basis in response to the detec 
tion of an abnormal condition. 

0074 At step 408, computing device 20 may initiate a 
treatment. Sensing device 1 may receive, through communi 
cation device 30, an external command to performa treatment 
in response to the alert. Optionally, based on the protocol, an 
abnormal condition may also be used to direct a device 
adapted to provide treatment to deliver such treatment. Treat 
ment may include, for example, an electric shock or a drug 
delivery. 
0075. At step 410, the parameter values or other informa 
tion are communicated to an external device. Step 410 may be 
performed concurrently with any of the above steps. The 
parameter values may be stored in memory and transmitted 
wirelessly by communication device 30. The communication 
signal from communication device 30 may be activated on a 
periodic basis, in response to an abnormal condition, in 
response to an externally received command, whenever 
memory usage exceeds a predetermined amount, or whenever 
the energy storage level is determined to be low, the latter two 
conditions established to prevent data loss as a result of 
memory overflow or energy loss. It should also be understood 
that sensing device 1 may include communication devices in 
addition to communication device 30. For example, where 
communication device 30 is a cellular modem, sensing device 
1 may also include a backup Bluetooth or RF communication 
device. Such a backup device may be desirable in situations 
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where, after a number of attempts, it becomes apparent that 
the cellular modem is unable to transmit information (e.g., 
due to low available power, poor network coverage, etc.). In 
Such a situation, computing device 20 may activate the 
backup communication device to transmit information or an 
alert to an alternate external receiving device. 
0076 Step 410 may be performed, for example, once an 
abnormal condition has been detected so as to update a car 
egiver on a substantially real-time basis. Step 410 may also be 
performed at regular intervals, such as once a day, once a 
week, once a month, etc. Alternatively or in addition to these 
transmissions, computing device 20 may be programmed to 
respond to requests for data received by communication 
device 30 (e.g., from a health care provider) by causing com 
munication device 30 to transmit the requested data or infor 
mation representing the requested data. 
0077. The communication signal may be received by 
equipment near the patient to alert the patient to the condition, 
or received remotely (such as over a network) by a healthcare 
provider, relative, or other predetermined recipient. 
0078. 3. Communication Device 
(0079 Referring again to FIG. 8, a system 300 adapted for 
transmitting and receiving a communication signal according 
to one embodiment of the invention is illustrated therein. 
Communication device 30 is a two-way communication 
device, e.g. via the cellular telephone system and/or the GPS 
satellite system. Communication device 30 includes an 
antenna for transmitting and receiving communication sig 
nals. The communication signals travel wirelessly to and 
from one of a plurality of optional external communication 
devices. 

0080. An external communication device may be a com 
puter 302 or any electronic device capable of wirelessly 
receiving a communication signal. Such as telephone 306 
which is exemplified as a cellular phone. Telephone 306 may 
also be an emergency service Switchboard or a hospital or 
medical center Switchboard. By communication signal is 
meant a signal that has one or more of its characteristics set or 
changed to encode information in the signal. By way of 
example, and not limitation, communication signals include 
acoustic, RF, infrared, other wireless media, and combina 
tions of any of the above. An external communication device 
may also be a relay unit located externally of the patient’s 
body, e.g. clipped to the patient's belt. The relay unit may 
include a receiver for receiving the transmissions from com 
munication device 30, and a transmitter for re-transmitting 
the communication signal to another external communication 
device. The relay unit may also be stationary and hardwired 
for connection to the internet or direct connection to a health 
care provider's computer. Likewise, the relay unit may 
receive a communication signal from a healthcare provider 
and transmit the signal to communication device 30. 
I0081. The communication signal from communication 
device 30 may include a voice message, a text message, 
and/or measured data. The communication received by com 
munication device 30 may include data, such as updated 
reference data, or commands. A command may include, for 
example, instructions to computing device 20 for performing 
a task Such as providing a treatment to the patient, collecting 
and transmitting additional data, or updating the reference 
data. 
I0082 4. Energy Storage Device 
I0083) Referring again to FIGS. 1A, 1B and 1C, a system 
for recharging energy storage device 40 may be provided in 
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one embodiment according to the invention. Computing 
device 20 receives energy from energy storage device 40. 
Energy storage device 40 includes an energy storage compo 
nent such as a battery. Optionally, sensing device 1 may also 
include an energy coupler for receiving energy from an exter 
nal source to charge energy storage device 40. 
0084. One example of an energy coupler is an electromag 
netic device. Such as induction coils 42, for receiving external 
electromagnetic signals 44 and converting Such signals into 
electrical energy for recharging the energy storage compo 
nent. An external electromagnetic device 46 generates elec 
tromagnetic signal 44 which is received and converted into 
electrical energy by energy storage device 40. Energy storage 
device 40 may provide a charge signal to computing device 
20. Computing device 20 may compare the charge signal to a 
reference charge signal and initiate a low charge communi 
cation signal for alerting the patient and/or healthcare provid 
ers. Alternatively, a detector, such as a Voltage sensor, may be 
used to monitor the charge of energy storage device 40 and 
provide a signal to computing device 20 when the charge falls 
below a threshold. Electromagnetic device 46 may be placed 
near sensing device 1 to charge energy storage device 40. 
0085 Energy may instead, or additionally, be provided in 
the form of ultrasonic vibrations. For example, a piezoelectric 
transducer may be included in sensing device 1. An ultrasonic 
vibration may be provided externally. The transducer gener 
ates electricity when driven by ultrasonic vibrations. 
I0086. While this invention has been described as having 
an exemplary design, the present invention may be further 
modified within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, uses, 
or adaptations of the invention using its general principles. 
Further, this application is intended to cover Such departures 
from the present disclosure as come within known or custom 
ary practice in the art to which this invention pertains. 

What is claimed is: 
1. A sensing device for acquiring signals and computing 

measurements comprising: 
a sensor including one or more transducers for transmitting 

acoustic energy, receiving acoustic energy, and convert 
ing the received acoustic energy into one or more sig 
nals, the one or more transducers facing a side of a 
vessel; 

a computing device operating the one or more transducers 
and processing the one or more signals to obtain mea 
Surement values; and 

a housing enclosing the sensor and the computing device. 
2. The sensing device of claim 1, wherein the computing 

device includes an algorithm for computing aparameter value 
of a fluid conveyed by a vessel. 

3. The sensing device of claim 2, wherein the parameter is 
fluid velocity. 

4. The sensing device of claim3, wherein the fluid is blood 
and the parameter value is blood velocity. 

5. The sensing device of claim 1, further including a com 
munication device for transmitting and receiving a commu 
nication signal. 

6. The sensing device of claim 5, wherein the communica 
tion signal includes a relative position value representing the 
position of the vessel. 

7. The sensing device of claim 5, wherein the communica 
tion signal includes an alarm. 
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8. The sensing device of claim 5, wherein the communica 
tion device includes a connector adapted to operably couple 
to one or more of a docking station, a second sensing device, 
and an energy source. 

9. The sensing device of claim 1, wherein the housing is 
configured for Subcutaneous implantation. 

10. The sensing device of claim 1, wherein the sensing 
device is integrated with an implanted cardiac device. 

11.The sensing device of claim 1, wherein each of the one 
or more transducers comprises a linear array of transducer 
Segments. 

12. The sensing device of claim 11, wherein the transducer 
segments are selectively activated to transmit and to receive 
acoustic energy. 

13. The sensing device of claim 12, wherein each trans 
ducer segment may be selectively operated to transmit acous 
tic energy and to receive acoustic energy. 

14. The sensing device of claim 1, wherein at least one of 
the one or more transducers transmits acoustic energy at a 
different frequency than the frequency of the acoustic energy 
transmitted by another of the one or more transducers. 

15. The sensing device of claim 1, wherein the one or more 
transducers are positioned at an angle relative to each other. 

16. The sensing device of claim 1, wherein the sensing 
device is dimensioned about the same as two stacked quarter 
dollar coins. 

17. The sensing device of claim 1, further including an 
energy storage device. 

18. The sensing device of claim 17, wherein the energy 
storage device includes an energy coupler for receiving 
energy to recharge the energy storage device. 

19. The sensing device of claim 1, wherein each transducer 
includes a source of acoustic energy, the transducer having a 
window for allowing passage of acoustic energy, and the 
Source of acoustic energy being partially Surrounded by mate 
rial for blocking passage of acoustic energy and preventing 
interference between adjacent transducers. 

20. A method for acquiring signals and transmitting data 
comprising: 

providing a sensing device including 
one or more transducers for transmitting acoustic 

energy, receiving acoustic energy, and converting 
acoustic energy into one or more signals, the one or 
more transducers facing a side of a vessel, 

a computing device for operating the one or more trans 
ducers and processing the one or more signals to 
obtain measurement values, and 

a housing enclosing the sensor and the computing 
device; 

transmitting acoustic energy from the one or more trans 
ducers; 

receiving acoustic energy from the one or more transducers 
to obtain one or more signals; 

processing the one or more signals to obtain measurement 
values; 

analyzing the measurement values to obtain a parameter 
value indicative of a characteristic of the fluid. 

21. The method of claim 20, wherein the fluid is blood and 
the parameter is blood velocity. 

22. The method of claim 21, wherein the fluid is blood and 
the parameter is blood pressure. 

23. The method of claim 22, wherein the blood pressure 
parameter includes systolic pressure and diastolic pressure. 
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24. The method of claim 20, further including the step of 
obtaining relative position values and storing the relative 
position values in memory. 

25. The method of claim 24, wherein the obtaining step 
includes receiving relative position values from the commu 
nication device and storing the relative position values in 
memory. 

26. The method of claim 24, wherein the sensing device 
includes an optical sensor, wherein the obtaining step 
includes receiving relative position information from the 
optical sensor and converting the relative position informa 
tion into relative position values. 

27. The method of claim 20, further including the steps of 
diagnosing a condition using the parameter value and per 
forming a function in response to the diagnosing step. 

28. The method of claim 27, wherein the condition is an 
abnormal condition. 

29. The method of claim 28, wherein the function is com 
municating an alarm. 

30. The method of claim 28, wherein the function is initi 
ating a treatment. 

31. The method of claim 30, wherein the treatment is an 
electric shock. 

32. The method of claim 30, wherein the treatment is 
delivering a drug. 

33. The method of claim 28, wherein the function is com 
municating data with the communication device on a continu 
ous basis. 

34. The method of claim 26, wherein the condition is a 
normal condition and the function is communicating infor 
mation on a periodic basis. 

35. The method of claim 20, wherein the receiving step 
includes sequentially obtaining signals from at least Some of 
the one or more transducers to compute a parameter value. 

36. The method of claim 20, wherein each of the one or 
more transducers comprises a linear array of transducer seg 
mentS. 

37. The method of claim 36, further including the step of 
selecting one or more transducer segments and preventing 
transmission and reception of acoustic energy by unselected 
transducer segments. 
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38. The method of claim 36, wherein the selecting step 
includes determinig an incidence angle of acoustic energy 
relative to the direction of fluid flow and choosing transducer 
segments when the incidence angle is Smaller than, or equal 
to, 20 degrees. 

39. The method of claim 37, wherein the sensing device 
further includes the optical sensor, and the selecting step 
includes identifying with the optical sensor any transducer 
segment where the acoustic energy transmitted by the trans 
ducer segment is obstructed and choosing unobstructed trans 
ducer segments. 

40. A device for acoustically measuring a characteristic of 
at least one of a blood vessel and blood flowing through the 
blood vessel, the device including: 

a housing having a first side and a second side; 
a sensor assembly mounted to the housing and including 

one or more transducers for transmitting acoustic energy 
through the first side of the housing, receiving acoustic 
energy though the first side of the housing, and convert 
ing the acoustic energy into signals: 

a computing device configured to activate the one or more 
transducers and interpret the signals to determine the 
characteristic. 

41. The device of claim 40, wherein the characteristic is a 
velocity of the blood. 

42. The device of claim 40, wherein the one or more trans 
ducers are positioned at an angle relative to one another. 

43. The device of claim 40, wherein the computing device 
individually activates each of the one or more transducers 
sequentially to determine the velocity of the blood. 

44. The device of claim 40, wherein the sensor assembly 
comprises acoustic energy blocking material and includes 
windows for transmitting and receiving acoustic energy. 

45. The device of claim 40, wherein the housing is made of 
acoustic energy blocking material and includes windows for 
transmitting and receiving acoustic energy. 
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