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AUTOMATED MOVEMENT DETECTION 
WITH AUDIO AND VISUAL INFORMATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related by subject matter to the 
following commonly assigned applications, the entirety of 
Which are hereby incorporated by reference herein: US. 
patent application Ser. No. , Attorney Docket No. 
PENR-0007 ?led on same date hereWith and entitled “AUTO 
MATED MOVEMENT DETECTION WITH AUDIO AND 
VISUAL INFORMATION”; and US. patent application Ser. 
No. , Attorney Docket No. PENR-0027 ?led on same 
date hereWith and entitled “AUTOMATED MOVEMENT 
DETECTION WITH AUDIO AND VISUAL INFORMA 
TION.” 

BACKGROUND 

[0002] Ultrasound imaging techniques are useful in depict 
ing tissue, such as blood vessels, and its characteristics 
through the transmission of ultrasound pulses. Such tech 
niques are commonly used in medical procedures because 
these ultrasound imaging techniques alloW physicians to 
localiZe and identify various structures, thereby aiding in, for 
example, the classi?cation of blood vessel types and quanti 
?cation of blood ?oW abnormalities. Other example proce 
dures include the insertion of a needle or the placement of a 
catheter. Current ultrasound imaging techniques include tWo 
dimensional or three-dimensional B-mode, spectral pulsed or 
continuous Wave Doppler, and tWo-dimensional or three-di 
mensional color ?oW mapping. 
[0003] Ultrasound imaging techniques may employ the 
Doppler principle on blood ?oW Within vessels, Which may 
provide information such as blood ?oW direction and blood 
?oW velocity. Such information may be used With knoWn 
bloodvessel characteristics to determine the type and/or loca 
tion of the blood vessel. 
[0004] Pulsed Wave (PW) Doppler is one type of ultrasound 
imaging technique used for detecting blood vessels, as Well as 
blood ?oW direction, velocity, and other vessel characteris 
tics. PW Doppler may be formed by the measurement of 
Doppler shifts that occur in a transmitted ultrasound pulse 
sequence, Which are caused by the movement of ultrasound 
scatterers from one pulse to the next. The transmitted pulse 
sequence may be sinusoidally modulated, for example. The 
measurement of Doppler shift is taken from a sample volume 
of the returned echo signals from more that one pulse. A 
display may illustrate, in a histogram or other format, the 
sample volume and its corresponding characteristics. A scan 
ner that incorporates the PW Doppler technique may thereby 
provide a display that enables a user to determine the type and 
position of a blood vessel located Within the sample volume 
as Well as detailed characteristics of the blood ?oW Within the 
vessel. 
[0005] It should be noted that, conventionally, the term 
“Doppler ultrasound” is used in the art to describe techniques 
for estimating the rate of movement of ultrasound scatters. 
The Doppler principle, in general, describes the perceived or 
apparent change in frequency, and/ or Wavelength of a Wave 
by an observer Who is moving relative to the Wave’s source. 
The apparent change, knoWn as the Doppler effect, may be 
caused by a motion of the observer, by a motion of the source, 
or by both a motion of the observer and the source. With 
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respect to ultrasound technology, the term Doppler originated 
in the continuous Wave systems Where it applies reliably. 
[0006] The actual role of the Doppler effect in pulsed Wave 
(PW) systems, hoWever, has been questioned by some 
researchers due to other factors inherent in the PW measure 
ment process. For example, Doppler-based systems typically 
estimate the phase of returned echoes and measure the rate of 
change of these phase estimates to determine the Doppler 
shift frequency. Alternatively, in some PW systems several 
techniques exist for measuring scatterer velocity that rely 
strictly on time displacement measurements betWeen pulses, 
instead of phase measurements. In effect, PW systems typi 
cally attempt to measure the shift in position of target echo 
signals to estimate their motion velocity. HoWever, the term 
“Doppler” still endures, even in such PW situations Where the 
Doppler effect may not actually be a factor in the measure 
ment process. 
[0007] Conventional ultrasound scanners that assist in 
determining the location and identi?cation of blood vessels, 
such as a PW Doppler scanner, may include user controls that 
require adjustment during the imaging process. Physicians or 
technicians, in attempting to locate or identify a blood vessel 
using an ultrasound scanner, may need to adjust a setting on 
the scanner to obtain a more accurate reading of the vessel or 
to gather further information related to the reading. Such user 
interaction can cause a breach of sterility requirements, Which 
are often necessary during medical procedures. Additionally, 
a conventional ultrasound scanner may have a probe that 
operates Within the sterile ?eld and a main unit that operates 
outside the sterile ?eld. The main unit may be enclosed in a 
plastic cover to enable it to be located Within the sterile ?eld, 
but in such cases the physician or other operator may be 
limited in the adjustments that can be made using the controls 
of the main unit. 
[0008] In addition to the sterility issues that arise in con 
nection With the adjustment of scanner controls and settings, 
conventional ultrasound scanners are generally complex and 
provide extensive control options for a variety of diagnostic 
image capabilities. Often, a physician or other user of a scan 
ner may simply need to locate a vessel and determine the siZe 
of the vessel. 
[0009] Thus, there is a need for an ultrasound imaging 
technique and scanner that identi?es blood vessels With a 
relatively minimal amount of user interaction. 

SUMMARY 

[0010] In vieW of the foregoing limitations and drawbacks, 
methods and systems for locating moving tissue are pre 
sented. In one such method, a transducer is directed to trans 
mit a ?rst and second ultrasound pulse at a sample volume 
Within a patient. A ?rst and second echo signal of the ?rst and 
second ultrasound pulses, Which contain information related 
to the sample volume, are received from the transducer, and a 
location and type of blood vessel located Within the sample 
volume is determined from the information. The located 
blood vessel information is then processed to create at least 
one of a visual representation of the blood vessel type. 
[0011] One such system includes a probe that comprises a 
transducer. The transducer transmits a ?rst and second ultra 
sound pulse at a sample volume Within an object and receives 
a ?rst and second echo signal of the ?rst and second ultra 
sound pulses. The system also includes a main unit that com 
prises a vessel locator and an image processor. The vessel 
locator determines a location of a blood vessel located Within 
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the ?rst sample volume from the ?rst and second echo signals, 
and the image processor creates a visual representation of 
blood ?oW characteristics Within the located blood vessel. 
[0012] This Summary is provided to introduce a selection 
of concepts in a simpli?ed form that are further described 
beloW in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing summary and the folloWing detailed 
description are better understood When read in conjunction 
With the appended draWings. Example embodiments are 
shoWn in the draWings; hoWever, it is understood that the 
embodiments are not limited to the speci?c methods and 
instrumentalities depicted therein. In the draWings: 
[0014] FIG. 1 is a block diagram representing an example 
ultrasound system; 
[0015] FIGS. 2a and 2b are example How mean velocity 
traces; 
[0016] FIGS. 3a and 3b are example position displacement 
displays; 
[0017] FIG. 4 is a diagram representing a binary map of a 
sample volume location; 
[0018] FIG. 5 is a How diagram illustrating one embodi 
ment of a method of selecting a blood vessel; 
[0019] FIG. 6 is a How diagram illustrating one embodi 
ment of a blood vessel detection method; 
[0020] FIG. 7 is a block diagram representing various com 
ponents of an example probe; 
[0021] FIG. 8 is a block diagram representing an example 
con?guration of components of a main unit; and 
[0022] FIGS. 9a and 9b are diagrams representing example 
con?gurations of ultrasound transducer, ultrasound beams 
and sample volumes, in accordance With an embodiment. 

DETAILED DESCRIPTION 

[0023] The disclosed embodiments are related to an ultra 
sound system and methods for locating and identifying mov 
ing tissue, such as blood or a blood vessel, that is located 
Within a region of a sample volume. For purposes of expla 
nation, examples involving the location of a blood vessel are 
discussed herein; hoWever, it Will be appreciated that an 
embodiment is equally applicable to any type of moving 
tissue. The Doppler principle may be employed to locate and 
identify the blood vessel by the attainment of Doppler char 
acteristics of the sample volume and a comparison With 
knoWn blood vessel properties. The sample volume contain 
ing the blood vessel Within the region may be selected for 
processing and presentation. Upon the location and identi? 
cation of the blood vessel, characteristics relating to the blood 
?oW Within the located blood vessel may be audibly and/or 
visually presented to a user of the system, such as a physician 
or technician. The audio and visual presentation, either alone 
or in combination, may assist the user in performing various 
procedures, such as medical techniques requiring the identi 
?cation of a vein or an artery Within a patient. It should be 
appreciated that the use of the Word “patient” herein is not 
limited to a human patient. For example, the Word “patient” 
also may be used to refer to, for example, an animal patient in 
a veterinary setting. 
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[0024] In one embodiment, the disclosed system and meth 
ods provide for continuous monitoring of the presence of 
moving tissue, such as blood, blood vessels, fetal cardiac 
tissue, or the like, Within a ?eld of vieW. (Not all authorities 
agree that blood is a type of tissue, but for purposes of the 
present disclosure blood is considered to be ?uid connective 
tissue, and therefore is a subset of “tissue.”) For example, a 
physician or technician performing needle puncture or can 
nulation is especially interested in vessels closest to the skin 
surface along the plane of insertion. One embodiment may 
search for vessels beginning at the skin surface along the 
expected needle insertionplane, for example. The vessel clos 
est to the surface may then be identi?ed and characterized. 
Alternatively, an embodiment may begin at some other point 
and Work toWard or aWay from the skin surface. In any event, 
an embodiment may periodically repeat the search With the 
expectation that the probe or patient position may have 
changed since the prior detection. Such an embodiment may 
then periodically update the neWly detected vessel location 
and other identifying characteristics. 
[0025] As noted above, the term “Doppler” is convention 
ally used in connection With ultrasound applications, even in 
PW situations Where the Doppler effect may not actually be a 
factor in the measurement process. Thus, it should be appre 
ciated that any reference herein to the term “Doppler” 
includes any such use of the term, even When such use may 
not, strictly speaking, actually involve the Doppler effect. 
Thus, the phrase “position displacement data” is primarily 
used herein to refer to any information that may be used to 
calculate the motion velocity of target echo signals (e.g., time 
displacement, phase displacement, etc.), but it Will be appre 
ciated that the term “Doppler” is used interchangeably there 
With. 

[0026] FIG. 1 is a block diagram representation of an 
example ultrasound system 100. Ultrasound system 100 may 
operate to identify and locate a blood vessel Within an object. 
Ultrasound system 100 may include transducer 110 for trans 
mitting a pulse, such as an ultrasound pulse, at an object such 
as, for example, a portion of a human body. The pulse may be 
transmitted at a periodic rate (a pulse repetition frequency 
(PRF)). Transducer 110 may be a multi-element transducer 
array. The transmitted ultrasound pulse creates a return echo 
signal from the object at Which the pulse Was transmitted. The 
return echo signal may contain information related to the 
object. For example, if transducer 11 0 transmits an ultrasound 
pulse at a region, or a sample volume, of a human body, the 
return echo signal may be analyZed to obtain information 
related to a blood vessel located Within the region, such as the 
blood ?oW Within the sample volume. The analysis may 
include analysis of position displacement data calculated 
from the received echo signal as compared to the transmitted 
ultrasound pulse. 
[0027] In an embodiment, transmit control 195 and trans 
mitter 196 may also be included as elements of ultrasound 
system 100. Transmitter 196 includes one or more transmit 
ters that drive each of the transducer elements represented by 
transducer 110, as Well as transmit and/or receive sWitch 
circuitry that isolates transmitter 196 from a receiver element 
during the transmit event. The transmitters may produce a 
focused, unfocused, or defocused transmit beam. Transmit 
control 195 may provide signals to transducer 110 to control 
the steering, focus, timing or other Waveform properties of the 
transmitted ultrasound Wave. The Wave emitted from an array 
of transducer 110 elements may be steered and focused by 
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applying relative delays to the various array elements, for 
example. The PRF is another example timing characteristic 
that may be provided by transmit control 195. 

[0028] In an embodiment, ultrasound system 100 may also 
incorporate beamforming module 190, Which may receive the 
echo signal, perform one or more operations on the echo 
signal to steer and/or focus the signal at its target, and transmit 
the processed echo signal to vessel locator 120 and sample 
volume extractor 150. Beamforrning module 190 may 
include pre-ampli?er 191 that receives and ampli?es the 
return echo signal of the ultrasound pulse, analog to digital 
(AD) converter 192 that digitiZes the ampli?ed echo signal 
and demodulator 193 that converts the digitiZed and ampli?ed 
echo signal to a base-band signal. 

[0029] Integration module 194 may be incorporated to pro 
duce a base-band data pair from a plurality of base-band data 
samples received from demodulator 193, at a PRF. The base 
band data pair may have both in-phase and quadrature (I/ Q) 
components at the PRF. 

[0030] Vessel locator 120 may be included as an element of 
ultrasound system 100. Vessel locator 120 functions to detect 
a blood vessel from the return echo signal of the ultrasound 
pulse transmitted from transducer 110. Vessel locator 120 
may employ any calculation methodology to aid in the deter 
mination of the blood vessel type, and more speci?cally may 
calculate position displacement data, or an estimate of posi 
tion displacement data, from the return echo signal. For 
example, blood vessels are knoWn to have distinguishing 
characteristics that vessel locator 120 may apply in determin 
ing if a blood vessel is located Within the sample volume and 
if so the type of blood vessel located Within the sample vol 
ume. 

[0031] Referring noW to FIGS. 211-!) (the remaining com 
ponents illustrated in FIG. 1 Will be discussed beloW), an 
example arterial ?oW mean velocity trace and an example 
venous ?oW mean velocity trace are contrasted to illustrate an 
example of blood vessel characteristics that may be used to 
determine a blood vessel type. The arterial ?oW mean veloc 
ity, illustrated in FIG. 2a, typically pulsates at a fairly periodic 
rate over time. In contrast, ?oW mean velocity trace of FIG. 2b 
indicates that the venous ?oW mean velocity remains rela 
tively constant. A mean velocity estimate over time may be 
computed by, for example, vessel locator 120 to obtain the 
distinguishing characteristic of the blood vessel. Other posi 
tion displacement characteristics that may be used to deter 
mine the blood vessel type include, but are not limited to, 
maximum velocity and modal velocity of the blood ?oW, 
Doppler bandWidth (variance), acceleration, deceleration, 
signal poWer (or intensity), pulsatility, vessel Wall motion and 
the like. 

[0032] Mean velocity may be computed by vessel locator 
120 from data obtained from the return echo signals obtained 
from a plurality of transmit pulses. The computation may 
include ?ltering the spectrum to reduce noise and taking a 
Weighted average of the ?ltered spectrum. The computation 
may be expressed as folloWs: 

Mean Velocity:(l/N)EvS(v) 

[0033] In the above equation, S(v) is the magnitude of the 
spectrum at velocity v. The spectrum is averaged over N 
velocity bins. Values of S(v) beloW a given threshold may be 
considered noise and may be discarded to reduce the variance 
of the estimate in some embodiments. 
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[0034] Alternatively, an autocorrelation method of mean 
velocity estimation may be implemented by vessel locator 
120 to compute the mean velocity of the blood vessel for 
identi?cation and location purposes. Such a technique uses 
time domain position displacement data, instead of spectral 
data. An example computation using a lag l autocorrelation 
for this method is shoWn beloW. The variables I(n) and Q(n) 
represent the baseband components at time n for an ensemble 
of data acquired at times n:0 . . . N With each sample sepa 

rated by the time interval l/PRF. 

[0035] In some embodiments, a recursive form of the algo 
rithm may alternatively be used because the return echo sig 
nal may arrive in a continuous stream from one or more 

sample volume locations. This form of the algorithm may be 
expressed as folloWs: 

[0036] After the mean velocity is traced over time as illus 
trated in FIGS. 2a-b, a measure of pulsatility may be derived 
from the deviation of the velocity trace from its average 
baseline value as Well as the periodicity of such a deviation. 
For example, a simple example technique may involve the 
calculation of the deviation from the mean of the trace Where 
the mean is computed over a time interval at least as large as 
a typical heart cycle such as, for example, approximately tWo 
seconds. Mean velocity traces With periodic deviations from 
the mean that exceed a given threshold may qualify as being 
from arterial ?oW. Traces With relatively small deviations 
from the mean may be considered venous ?oW. In an embodi 
ment, random or occasionally large deviations may be con 
sidered as noise and may be discounted from the analysis. 
Methods to reduce the impact of noise may also be imple 
mented, such as averaging over several samples prior to 
thresholding, for example. Furthermore, an embodiment con 
templates that multiple sample volumes from different loca 
tions may be processed substantially simultaneously. 
[0037] Referring noW to FIG. 9a, example con?guration 
900 of transducer array 910, blood vessel 930, ultrasound 
beam vectors 911 and 912 and three sample volumes loca 
tions 921, 922 and 923 are illustrated. In the example con 
?guration 900 of FIG. 9a, ultrasound beams 911 and 912 
emanate from different locations on transducer array 910, but 
it should be appreciated that in an embodiment beams 911 and 
912 may intersect transducer array 910 at the same location 
but at different angles. Sample volumes 921 and 922 are 
located along the same beam direction (i.e., along ultrasound 
beam vector 911), so they may be acquired from echoes of the 
same transmit pulse. Sample volume 923 resides on a differ 
ent beam location (i.e., along ultrasound beam vector 912), 
but may nevertheless be acquired from the same transmit 
pulse as sample volumes 921 and 922 using, for example, 
multi-beam acquisition techniques knoWn to those skilled in 
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the art. Alternatively, any or all of sample volumes 921, 922 
and/ or 923 may be acquired from different transmit pulses. 
[0038] In such an embodiment, the contributions from each 
sample volume 921, 922 and/or 923 may be used to improve 
the determination of a type of vessel 930. For example, mul 
tiple sample volumes along the same beam direction may be 
extracted (e. g., sample volumes 921 and 922), as Well as 
sample volumes from multiple beam directions acquired 
either consecutively and/ or substantially simultaneously 
(e. g., sample volume 923). It may be appreciated that each of 
the sample volume-derived data sequences may be processed 
independently as described above and their results combined 
in Ways that may improve the accuracy of the vessel identi 
?cation. For example, the ?nal vessel 930 type determination 
may be based only on the identi?cation that appears to be the 
most reliable based on some predetermined criteria such as, 
for example, periodicity and/or some other measure of adher 
ence to the assumed ?oW type model. 

[0039] Additionally, and again referring to FIG. 1, vessel 
locator 120 may operate on one sample volume nearest to the 
surface of a patient’s skin (i.e., the shalloWest vessel) for 
example. Alternatively, other criteria may be employed or 
incorporated in connection With the location of a blood ves 
sel. For example, a user of ultrasound system 100 may Wish to 
locate a blood vessel at a predetermined distance from the 
skin’s surface rather than the ?rst blood vessel. Vessel locator 
120, upon determining that a blood vessel or the desired type 
of blood vessel is not located Within the ?rst sample volume, 
may then analyze a plurality of sample volumes until the 
blood vessel is determined to be located Within one of the 
sample volumes. Such an analysis may include computing 
position displacement data, or an estimate of position dis 
placement data, from the return echo signal as discussed 
above. Upon identifying a desired blood vessel, the location 
of the sample volume may be communicated from vessel 
locator 120 to vessel identi?er 125 for identi?cation of the 
blood vessel. Vessel identi?er 125 may use any type of pro 
cessing criteria to distinguish a vein from an artery such as, 
for example, pulsatility of the blood vessel, or the like. Once 
the vessel has been identi?ed, information relating to the 
location and type of blood vessel may be communicated to 
image processor 130 and sample volume extractor 150. 
[0040] Once identi?cation of a desired sample volume 
location has been made, system 100 may, in an embodiment, 
continue to periodically search locations closer to the skin 
surface, or other predetermined location, for the presence of 
vessels in the event the patient and/or probe position has 
changed. It Will be appreciated that such an embodiment may 
serve to keep the sample volume at the appropriate location on 
the vessel or other structure. Also, system 100 may continu 
ally test the signal from the selected sample volume location 
against the prede?ned selection criteria. If the signal from the 
sample volume no longer meets the selection criteria, the 
system may reenter a full-time search mode until a neW vessel 
is found. 

[0041] Image processor 130 may operate to process an 
image of the position displacement data into a visual repre 
sentation. The visual representation may include a still image, 
a video, or a combination of still images and video. Image 
processor 130 may include graphics overlay processing mod 
ule 135, Which operates to place a graphic sample volume 
indicator of the location of the blood vessel on the visual/ 
video representation of the located blood vessel in addition to 
an optional vessel identi?er. In an embodiment, the visual 
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representation may be a B-mode image. The vessel may be 
identi?ed as vein or artery, for example. In one embodiment, 
these vessel types may be distinguished by presenting a tex 
tual or iconic label on the display, for example. Alternatively, 
color coding may be used to distinguish different vessel 
types. Additionally, to illustrate the visual representation of 
the located and identi?ed blood vessel, display 140 may be 
incorporated in ultrasound system 100. Display 140 may 
include any type of device for presenting visual information, 
such as, for example, a CRT monitor, LCD, plasma display, or 
the like. In such an embodiment, display 140 may receive the 
processed image from image processor 130 and output the 
visual representation of the position displacement data and 
the graphic sample volume indicator. 
[0042] FIG. 3a depicts an example position displacement 
data display of arterial ?oW, While FIG. 3b depicts venous 
?oW according to aspects of an embodiment. The 2D color 
?oW representation is shoWn at the top portion of FIG. 311 
While the time-motion spectral display is shoWn in the bottom 
portion of FIG. 3a. As noted above, arterial ?oW pulsates 
periodically, While venous How is at a near-constant velocity. 
In the illustrated embodiment, 301a and 30119 depict example 
ultrasound images. Sample volumes, denoted as 30311 and 
303b, are analyZed to determine if a blood vessel is located 
Within sample volumes 303a and 30319. Position displace 
ment data, 305a and 305b, is computed and a characteristic of 
the data may be visually represented. Additionally, the posi 
tion displacement signals from sample volumes 305a and 
3051) may be audibly represented. 
[0043] Referencing once again to FIG. 1, to provide an 
audio representation of the blood vessel contained in a sample 
volume, ultrasound system 100 may include sample volume 
extractor 150, position displacement audio processor 160, 
digital-to-analog converter 170, and speaker 180. Sample 
volume extractor 150 may operate to extract a portion of the 
located blood vessel for the creation of an audio representa 
tion provided by position displacement audio processor 160. 
In an embodiment, the audio representation may permit a 
physician, technician, or other user to determine When the 
ultrasound system 100 has located a particular type of blood 
vessel Without the need for looking at display 140. For 
example, an audio representation having a steady or near 
constant audio tone may indicate that a vein has been located, 
While a pulsating audio tone may indicate an artery. 

[0044] In an embodiment, position displacement audio pro 
cessor 160 may produce position displacement audio from 
the base-band data pair including I/ Q data samples at the PRP 
rate received from integration module 194. The I/Q data 
samples may be high-pass ?ltered to remove any undesirable 
loW-frequency components caused by, for example, sloW 
moving tissue echoes. The ?ltering may be performed With 
standard ?nite-impulse response (FIR) or in?nite-impulse 
response (IIR) ?lters. Forward/reverse ?oW separation may 
be performed to distinguish ?oW directed toWards transducer 
110 from How directed aWay from transducer 110. How sepa 
ration may be performed With a Hilbert Transform, Well 
knoWn to those skilled in the art, of the complex audio signal 
data, for example. In one embodiment, audio signals from 
each direction may be output to individual speakers that are 
physically separated from each other. Additionally, a com 
posite of How from both directions may exist in either the real 
or imaginary component of the complex I/Q sequence. If 
directional separation is unnecessary, a single component (I 
or Q) of the complex sequence may be selected and output to 
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a single speaker. In this case, a Hilbert Transform may not be 
necessary. Furthermore, if the position displacement data is 
used for audio rendering and not for spectral analysis, data 
processing may be simpli?ed by extracting one of the base 
band components from demodulator 193 and performing 
high-pass ?ltering on that single component. 
[0045] Digital-to-analog converter 170 may convert the 
digital audio signal into an analog signal. Speaker 180 outputs 
the audio representation of the located blood vessel as pro 
vided by digital-to-analog converter 170. In an embodiment, 
ultrasound system 100 may be arranged in a Wireless con?gu 
ration, Where any or all of the individual components may 
Wirelessly communicate the signal, signal information, and 
the raW and computed data. 

[0046] The identi?cation of a blood vessel may be deter 
mined from an analysis of data from multiple sample volume 
locations. In one embodiment, a small sample volume siZe 
may be used at each sample volume location. FIG. 4 is a 
binary map representation of small sample volume locations 
that may or may not be identi?ed as blood vessels. Represen 
tation 410 illustrates an un?ltered binary map indicating the 
results from multiple small sample volumes. Sample volumes 
determined likely to be Within a blood vessel are indicated by 
an “x” While those not likely to be Within a vessel are indi 
cated With a “.”. Representation 420 is a ?ltered version of the 
un?ltered binary map of representation 410. Filtered repre 
sentation 420 may, for example, eliminate the small sample 
volume locations that are not clustered so that spurious 
samples are removed by the ?lter. In one embodiment, a 
depiction of the vessel edges, representation 430, may be 
formed from ?ltered representation 420. The selected ?nal 
sample volume may be a portion of the volume located Within 
the vessel edges and may be larger than the original sample 
volumes used in the search process, as shoWn in representa 
tion 440. In such a case both the ?nal sample volume siZe and 
location are determined by processing the small sample vol 
ume vessel determinations. 

[0047] Referring for a moment to FIG. 9b, an example 
con?guration 900 of transducer array 910, blood vessel 930 
and ultrasound beam vector 911 is illustrated according to an 
embodiment. The beamformer (not shoWn) of such an 
embodiment may ensure that the ultrasound system is most 
sensitive to echoes received along beam vector 911. The dots 
illustrated in FIG. 9b that are along beam vector 91 1 represent 
individual sample volumes from Which position displace 
ment or other signal characteristics may be analyZed to deter 
mine a likelihood that a vessel exists at each sample volume 
location. The raW, un?ltered sequence in FIG. 4 shoWs a 
hypothetical vessel identi?cation scenario With the Xs indi 
cating “vessel present” and the dots indicating “no vessel 
present.” It Will be appreciated that each determination, by 
itself, may be erroneous as it is indicated in the example 
sequence. Linear ?ltering (e.g., boxcar) or non-linear ?ltering 
(e.g., median) of the raW sequence may improve the determi 
nation of vessel 930’s existence as Well as its true boundaries. 
The data from the individual sample volumes located Within 
vessel 930’s determined boundaries may be combined in 
some Way that Will improve the identi?cation of vessel 930 as 
a vein or artery, or for identifying some other characteristic of 
vessel 930. In addition, it Will be appreciated that each deter 
mination of “vessel present” or “no vessel present” may be 
repeated any number of times to increase the probability of a 
correct determination. 
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[0048] FIG. 5 is a How diagram depicting an example 
method of locating a blood vessel according to an embodi 
ment. References are also made to FIG. 1 as appropriate. The 
method may be performed by ultrasound system 100, for 
example. At 505, an ultrasound pulse is transmitted at a 
sample volume Within an object, such as a portion of a human 
body. The transmission may be performed by transducer 110 
and may be at a periodic rate, or a PRF. At 510, a return echo 
signal is received. At 515, the return echo signal, Which may 
include information related to the object at Which the ultra 
sound pulse Was aimed, may be processed. The optional 
processing may include, but is not limited to, amplifying, 
digitiZing, and/ or demodulating the echo signal. 
[0049] At 520, position displacement data of the sample 
volume from the echo signal may be computed. In one 
embodiment, the Doppler principle may be employed to 
determine spectral characteristics of the sample volume, 
Which in turn may be used to determine if a blood vessel is 
located Within the sample volume, as discussed above in 
connection With FIG. 1. In other embodiments, other time 
domain (i.e., non-spectral) techniques may be used for blood 
vessel determination. These include, but are not limited to, the 
autocorrelation technique commonly used in color ?oW map 
ping, Which should be familiar to those skilled in the art. 

[0050] At 525, the position displacement data may be ana 
lyZed to determine if a blood vessel is located Within the 
sample volume. The analysis may include a comparison of the 
computed position displacement data With predetermined 
position displacement data having characteristics that indi 
cate a particular blood vessel type. For example, the prede 
termined position displacement data characteristics may cor 
respond to position displacement data of a vein and/or artery 
and may include information relating to a mean velocity, a 
modal velocity, an amplitude, and/ or the like. 

[0051] At 530, ifa blood vessel is located Within the sample 
volume, the position displacement data may be audibly rep 
resented using, for example, a speaker 180 as discussed above 
in connection With FIG. 1. The audible representation may be 
outputted in a digital audio stream or the like. The audible 
representation may alloW a user, such as a physician, techni 
cian, or the like, to perform a medical procedure, such as 
inserting a catheter, by listening to the distinguishing audio 
tones of a blood vessel Without looking at a display screen, 
such as display 140. 

[0052] If at 525 a blood vessel is not detected, then the 
respective transmitting, receiving, and computing at 505, 
510, and 520 may be repeated for a plurality of sample vol 
umes until a blood vessel is determined to be located Within a 
sample volume. In one embodiment, each successive sample 
volume may be located at a different distance from a surface 
of the object. Thus, in some embodiments, the blood vessel 
closest to the surface of the skin of the body may be identi?ed. 

[0053] At 535, after the detection of a blood vessel, the 
position displacement data may be graphically represented 
in, for example, a spectral velocity trace presented on a dis 
play such as display 140. The graphical representation may be 
a B-mode image in the region of the sample volume and may 
also include a color ?oW image or the like, Which should be 
familiar to those skilled in the art. At 540, the graphical 
representation may further include a labeling of the represen 
tation, such as an indication of the location and/ or type (e. g., 
vein or artery) of a blood vessel in the graphical representa 
tion, for example. Such representation may further aid the 
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user of ultrasound system 100 to perform the desired proce 
dure by identifying a blood vessel. 
[0054] At 545, the position displacement, spectral, and/or 
other data may be stored for future use. The data may be 
stored in any storage device or mechanism such as, for 
example, a disk drive, CD-ROM, RAM, DVD, USB drive, or 
the like. At 550, the position displacement data may be trans 
mitted to a processing station for further analysis. Further 
analysis performed by a clinician may, in an embodiment, 
include measurements of How velocity or other characteris 
tics from the image data. Images may also be enhanced by aid 
of a computer or a computer may be used for automated 
diagnosis of disease. Stored images may also facilitate serial 
studies Where previous studies are compared to more recent 
ones.At 555, a map, such as a binary map as illustrated in FIG. 
4, may be created. The map may illustrate a location of the 
blood vessel and may be ?ltered to better identify the location 
of the edges of the blood vessel. The map may be created by 
ultrasound system 100 and displayed on display 140, for 
example. Alternatively, the map may be formed by the pro 
cessing station. At 560, position displacement data may be 
computed for multiple locations Within the located blood 
vessel. The computations may be performed for validity mea 
sures, for example. 
[0055] FIG. 6 is a How diagram depicting an example blood 
vessel detection method according to an embodiment. Refer 
ences Will also be made to FIG. 1 as appropriate. The example 
method may be performed by example ultrasound system 
100. At 605, a transducer, such as transducer 110, is directed 
at a sample volume Within an object to transmit an ultrasound 
pulse at the sample volume. At 610, an echo signal of the 
ultrasound pulse containing information related to the sample 
volume is received. At 615, the echo signal may be further 
processed. The further processing may include, for example, 
an ampli?cation, digitiZation, and/or modulation of the echo 
signal. Such further processing may aid in the blood vessel 
detection by, for example, adjusting the signal to be more 
easily and accurately analyZed. 
[0056] At 620, folloWing the receipt of the echo signal at 
610 or the further processing of the echo signal at 615, a 
location and type of blood vessel located Within the sample 
volume may be determined. In an embodiment, the location 
and type of blood vessel may be determined by computing 
position displacement data from the received echo signal and 
comparing characteristics of the position displacement data 
to predetermined position displacement characteristics. The 
information may include, but is not limited to, a modal veloc 
ity, a mean velocity, and an amplitude of the echo signal. The 
determination may be made by vessel locator 120 or the like. 

[0057] At 625, a determination may be made as to Whether 
a blood vessel is located Within the sample volume. The 
determination may be made by vessel locator 120. If the 
determination at 625 is that a blood vessel is located Within 
the region, then at 630 the echo signals from the located blood 
vessel may be processed to create a visual and/or audio rep 
resentation of the located blood vessel. The creation of the 
audio representation, Which may be done by sample volume 
extractor 150 and position displacement audio processor 160, 
may include the computation of a base-band data pair of the 
position displacement data folloWed by the production of 
position displacement audio from the base-band data pair. 
The position displacement audio may be converted to an 
analog signal by converter 170, and the analog signal may be 
outputted by speaker 180. 
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[0058] If the determination at 625 is that a blood vessel is 
not located, thereby indicating that the characteristics of the 
position displacement data do not correspond With the prede 
termined position displacement characteristics, at 635, sec 
ond information related to a second region may be obtained. 
Vessel locator 120, upon determining that a blood vessel or 
the desired type of blood vessel is not located Within the ?rst 
sample volume, may then analyZe a plurality of sample vol 
umes until the blood vessel is determined to be located Within 
one of the sample volumes. Therefore, at 640, secondposition 
displacement data from the second information of the 
received echo signal may be computed and, at 645, charac 
teristics of the second position displacement data may be 
compared to predetermined position displacement character 
istics to determine the location of a blood vessel. 

[0059] At 650, a determination may be made by, for 
example, vessel locator 120, Whether a blood vessel is located 
Within the second region. If a blood vessel is found to be 
Within the second region, then, at 620, a visual and/or audio 
representation of the located blood vessel may be created. If 
the determination at 650 does not result in the location of a 
blood vessel Within the second region, then 635, 640 and 645 
may be repeated for subsequent regions until a blood vessel, 
such as an artery or vein, is located. Alternatively, 635, 640, 
and 645 may be repeated a predetermined number of times, 
until a predetermined depth Within the patient is reached, or 
the like. 

[0060] FIG. 7 is a block diagram illustrating various com 
ponents of an example probe 700 according to one embodi 
ment. It should be appreciated that any or all of the compo 
nents illustrated in FIG. 7 may be disposed Within a housing 
(not shoWn in FIG. 7) having any form factor. Probe 700 may 
include circuitry that is represented in FIG. 7 as a series of 
blocks, each having a different function With respect to the 
operation of probe 700. While the folloWing discussion treats 
each of the blocks as a separate entity, an embodiment con 
templates that any or all of such functions may be imple 
mented by hardWare and/ or softWare that may be combined or 
divided into any number of components. For example, in one 
embodiment the functions represented by any or all of the 
blocks illustrated in FIG. 7 may be performed by components 
of a single printed circuit board or the like. 

[0061] Transducer 110 represents any number of trans 
ducer elements that may be present in probe 700. Electroa 
coustic ultrasound transducer types include pieZoelectric, 
pieZoceramic, capacitive, microfabricated, capacitive micro 
fabricated, pieZoelectric microfabricated, and the like. Some 
embodiments may include transducers for sonar, radar, opti 
cal, audible, or the like. Transducer 110 elements may be 
comprised of individual transmitter and receiver elements. 
For example, transmitter 196 includes one or more transmit 
ters that drive each of the transducer elements represented by 
transducer 110, as Well as transmit and/or receive sWitch 
circuitry that isolates transmitter 196 from a receiver channel 
(Which may be part of preamp 191 in FIG. 7) during the 
transmit event. The transmitters may produce a focused, 
unfocused or defocused transmit beam, depending on the 
intended application. For example, the focused beam may be 
useful When high peak acoustic pressure is desired as is the 
case in harmonic imaging. One embodiment uses defocused 
transmit beams to provide inson?cation or interrogation of a 
relatively larger spatial region as required for synthetic trans 
mit focusing. The transmit beam may be con?gured to elicit 
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return echo information that is su?icient to produce an ultra 
sound image along an imaging plane. 
[0062] Probe 700 receiver circuitry (not shoWn in FIG. 7) 
may include a loW-noise, high-gain preampli?er 191 for each 
receive channel (e.g., manufactured by Texas Instruments 
model number VCA2615 dual-channel variable gain ampli 
?er or the like). Any number of receive channels may be 
present in an embodiment. Preampli?er 191 may provide 
variable gain throughout a data acquisition time interval. 
Preampli?er 191 may be folloWed by bandpass ?lter 714 that 
may operate to reduce the noise bandWidth prior to analog 
to-digital (A/D) conversion. 
[0063] Transmit timing, time-gain control (TGC) and mul 
tiplexer control 712 may in some embodiments provide tim 
ing and control of each transmit excitation pulse, element 
multiplexer setting, and TGC Waveform. An example unipo 
lar transmitter channel circuit may include, for example, a 
transistor functioning as a high-voltage sWitch folloWed by a 
capacitor. The capacitor may be charged to a high voltage 
(e. g., 100V), and then discharged through the transistor upon 
excitation by a trigger pulse. Similar transistor-based 
sWitches may also be used for transmit/receive isolation, ele 
ment-to-channel multiplexing, etc. Other embodiments may 
include more sophisticated transmitters capable of bipolar 
excitations and/or complex Wave shaping and/or the like. 
[0064] To focus the transmitted ultrasound energy at a 
desired spatial location, in some embodiments, the excitation 
pulse of each transducer element may be delayed in time 
relative to the other elements. Such a delay pattern may cause 
the ultrasound Waves from excited elements to combine 
coherently at a particular point in space, for example. This 
may be bene?cial for a focused and/or an acoustic transmit 
focused system, for example. Alternatively, the transmit 
Waveforms may be delayed in such a Way as to defocus the 
beam. This may be bene?cial for a system employing syn 
thetic transmit focusing, for example. 
[0065] In some embodiments, a TGC portion of block 712 
may provide a programmable analog Waveform to adjust the 
gain of variable gain preampli?er 191. The analog Waveform 
may be controlled by a user through a user interface such as, 
for example, a set of slide controls used to create a piece-Wise 
linear function. In some embodiments, this piece-Wise linear 
function may be calculated in softWare, and then programmed 
into sequential addresses of a digital memory, for example. 
The digital memory may be read out sequentially at a knoWn 
time interval beginning shortly after the transmit excitation 
pulse, for example. In some embodiments, output of the 
memory may be fed into a digital-to-analog converter (DAC) 
to generate the analog Waveform. In some embodiments, time 
may be proportional to the depth of the ultrasound echoes in 
the ultrasound receiver. As a result, echoes emanating from 
tissue deep Within a patient’s body may be attenuated more 
than those from shalloW tissue and, therefore, require 
increased gain. The controlling Waveform may also be deter 
mined automatically by the system by extracting gain infor 
mation from the image data, for example. Also, in some 
embodiments, the controlling Waveform may be predeter 
mined and stored in the memory, and/or determined during 
system operation. 
[0066] One embodiment may include a multiplexer Within 
block 196 for multiplexing a relatively large array of trans 
ducer 110 elements into a smaller number of transmit and/or 
receive channels. Such multiplexing may alloW a smaller 
ultrasound aperture to slide across a full array on successive 
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transmit events. Both transmit and receive apertures may be 
reduced to the same number of channels or they may differ 
from each other. For example, the full array may be used for 
transmitting While a reduced aperture may be used on receive. 
It should be appreciated that any combination of full and/or 
decimated arrays on both transmit and receive are contem 
plated by the disclosed embodiments. 
[0067] Multiplexing also may provide for building a syn 
thetic receive aperture by acquiring different subsets of the 
full aperture on successive transmit events. Multiplexing may 
also provide for the grouping of elements by connecting 
adjacent elements on either transmit or receive. Grouping by 
different factors is also possible such as, for example, using a 
group of three elements on transmit and a group of tWo 
elements on receive. One embodiment may provide multi 
plexing for synthetic transmit focusing mode and multiplex 
ing for acoustic transmit focusing mode and provide for 
sWitching from one mode to the other, for example, on frame 
boundaries. Other multiplexing schemes are also possible and 
are contemplated by the disclosed embodiments. 
[0068] Multiplexing may be controlled by using transmit 
timing, TGC and multiplexer control 712. Various transmit 
and/or receive elements may be selected When imaging a 
particular spatial region. For example, ultrasound echo data 
for an image frame may be acquired by sequentially interro 
gating adjacent sub-regions of a patient’s body until data for 
the entire image frame has been acquired. In such a case, 
different sub-apertures (Which may include elements num 
bering less than the full array) may be used for some or all 
sub-regions. The multiplexer control function may be pro 
grammed to select the appropriate sub-aperture (transmit and/ 
or receive), for example, for each transmit excitation and each 
image region. The multiplexer control function may also pro 
vide control of element grouping. 
[0069] Analog to Digital (A/D) converter 192 may convert 
the analog image data received from probe 700 into digital 
data using any method. Digital demodulator 193 may include 
any type of digital complex mixer, loW-pass ?lter and re 
sampler after each A/D converter channel, for example. In 
some embodiments, the digital mixer may modulate the 
received image data to a frequency other than a center fre 
quency of probe 700. In some embodiments, this function 
may be performed digitally rather than in the analog or sam 
pling domains to provide optimum ?exibility and minimal 
analog circuit complexity. The loW-pass ?lter may reduce the 
signal bandWidth after mixing and before re- sampling When a 
loWer sampling rate is desired. One embodiment may use 
quadrature sampling at A/D converter 192 and, therefore, 
such an embodiment may not require a quadrature mixer to 
translate the digital data (e.g., radio frequency (RF)) signals 
of transducer 110 to a baseband frequency. HoWever, com 
plex demodulation by means of an analog or digital mixer or 
the like may also be used in connection With an embodiment. 

[0070] Memory buffer 724 may have su?icient storage 
capacity to store up to, for example, tWo frames of data. Such 
a frame-siZed buffer 724 may alloW frames to be acquired at 
a rate substantially higher than the rate at Which frames can be 
transferred to main unit 730 (or some other device) across 
Wireless interface 720, for example. Such a con?guration 
may, in an embodiment, be preferable to acquiring each frame 
over a longer time interval because a longer time interval may 
reduce a coherence of the acquired data throughout the frame. 
If frame transmission rates are at least as fast as frame acqui 
sition rates, a smaller memory buffer 724 may be used in 
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some embodiments. One embodiment uses a “ping-pong” 
buffer fed by the receiver channels as memory buffer 724. 
Data from multiple channels may be time interleaved into 
memory buffer 724. For example, 32 receiver channels each 
sampled at the rate of 6 MHZ Would produce a total baseband 
data rate of 192 M Words per second, Which is Well Within the 
rates of conventional DDR2 SDRAM. The ping-pong nature 
of memory buffer 724 may alloW neW data to ?ll buffer 724 
While previously acquired data is read from memory and sent 
to Wireless interface 720, for example. 
[0071] Memory buffer 724 is folloWed by data merger 726. 
Data merger 726 may operate to merge receive channel data 
into one or more data streams before advancing the data 
stream to Wireless interface 720 for transmission to main unit 
730, for example. Data from data merger 726 may be sent 
across Wireless interface 720 (and/or across Wired interface 
722) at a rate that is appropriate for the transmission medium. 
The data from the receive channels may be multiplexed in 
some fashion prior to transmission over Wireless interface 
720 and/or Wired interface 722. For example, time-division 
multiplexing (TDM) may be used. Other types of multiplex 
ing are also possible such as, for example, frequency-division 
multiplexing (FDM), code-division multiplexing (CDM), 
and/ or some combination of these or other multiplexing tech 
niques. 
[0072] In addition to image data transfer, control informa 
tion may be transferred betWeen probe 700 and main unit 730. 
Such control data may be transferred over the same commu 
nication link, such as Wireless interface 720 and/or Wired 
interface 722, or some other communication link. Control 
commands may be communicatedbetWeen main unit 730 and 
probe 700 (and/or other devices). Such control commands 
may serve various purposes, including for example, instruct 
ing a mode of operation and/or various imaging parameters 
such as maximum imaging depth, sampling rate, element 
multiplexing con?guration, etc.Also, control commands may 
be communicated betWeen probe 700 and main unit 730 to 
communicate probe-based user controls 704 (e.g., button 
pushes) and probe operational status (e. g., battery level from 
poWer supply management 730), and the like. 
[0073] The probe’s status may include an indicator and/or 
display of certain values relevant to the operation of the 
system. For example, the indicator may be visible, audio, 
and/or some combination thereof. Without limitation, the 
indicator may indicate poWer status, designation of device, 
type of device, frequency range, array con?guration, poWer 
Warnings, capability of a remote unit, quality of transmission 
of digital data, quantity of errors in transmission of digital 
data, availability of poWer required for transmission of digital 
data, change in transmission rate, completion of transmis 
sion, quality of data transmission, look-up tables, program 
ming code for ?eld programmable gate arrays and microcon 
trollers, transmission characteristics of the non-beamformed 
ultrasound Wave, processing characteristics of the echoed 
ultrasound Wave, processing characteristics of the digital 
data, and/or transmission characteristics of the digital data, 
etc. Also, the indicator may shoW characteristics of a poWer 
source like capacity, type, charge state, poWer state, and age 
of poWer source. 

[0074] It Will be appreciated that in an embodiment Where 
probe 700 is to be used in a sterile environment, the use of 
Wireless interface 720 to main unit 730 may be desirable, as 
the use of Wireless interface 720 avoids many of the problems 
associated With having a physical connection betWeen probe 
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700 and main unit 730 that passes into and out of a sterile 
?eld. In other embodiments, sheathing or steriliZation tech 
niques may eliminate or reduce such concerns. In an embodi 
ment Where Wireless interface 720 is used, controls 704 may 
be capable of being made sterile so as to enable a treatment 
provider to use controls 704 While performing ultrasound 
imaging tasks or the like. HoWever, either Wireless interface 
720 or Wired interface 722, or a combination of both, may be 
used in connection With an embodiment. 

[0075] Probe 700 circuitry may also include poWer supply 
736, Which may operate to provide drive voltage to the trans 
mitters as Well as poWer to other probe electronics. PoWer 
supply 736 may be any type of electrical poWer storage 
mechanism, such as one or more batteries or other devices. In 

one embodiment, poWer supply 736 may be capable of pro 
viding approximately 100V DC under typical transmitter 
load conditions. PoWer supply 736 may also be designed to be 
small and light enough to ?t inside a housing of probe 700, if 
con?gured to be hand held by a treatment provider or the like. 
In addition, poWer supply management circuitry 730 may 
also be provided to manage the poWer provided by poWer 
supply 736 to the ultrasound-related circuits of probe 700. In 
an embodiment, such management functions may include 
monitoring of voltage status and alerts of loW-voltage condi 
tions, for example. 
[0076] Controls 704 may be provided to control probe 700. 
Control interface 732 may pass user input received from 
controls 704 to data/control arbiter 728 for processing and 
action, if necessary. Such control information may also be 
sent to main unit 730 through either Wireless interface 720 or 
Wired interface 722. In addition to sending data to main unit 
730, Wireless interface 720 may also receive control or other 
information from main unit 730. This information may 
include, for example, image acquisition parameters, look-up 
tables and programming code for ?eld programmable gate 
arrays (FPGAs) or microcontrollers residing in probe 700, or 
the like. Controller interface 732 Within probe 700 may 
accept and interpret commands from main unit 730 and con 
?gure probe 700 circuitry accordingly. 
[0077] NoW that an example con?guration of components 
of probe 700 has been described, an example con?guration of 
components of main unit 73 0 Will be discussed With reference 
to FIG. 8. It should be noted that any or all of the components 
illustrated in FIG. 8 may be disposed Within one or more 
housings (not shoWn in FIG. 8) having any form factor. 
[0078] As discussed above, probe 700 may be in operative 
communication With main unit 730 by Way of Wireless inter 
face 720 and/or Wired interface 722. It Will be appreciated that 
in an embodiment most data transfer occurs from probe 700 to 
main unit 73 0, although in some embodiments more data may 
be transferred from main unit 730 to probe 700. That is, large 
amounts of image data sent from probe 700 may be received 
by main unit 730, as Well as control information or the like. 
Control information is managed and, in many cases, gener 
ated by Central Processing Unit (CPU) controller 832. CPU 
controller 832 may also be responsible for con?guring cir 
cuitry of main unit 730 for an active mode of operation With 
required setup parameters. 
[0079] In some embodiments, data/control arbiter 810 may 
be responsible for extracting control information from the 
data stream received by Wireless interface 720 and/or Wired 
interface 722 and passing it to CPU 832 While sending image 
data from the data stream to input buffer 812. Data/control 
arbiter 810 may also receive control information from CPU 








