
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

3-d flow estimation using row-column addressed transducer arrays

Christiansen, Thomas Lehrmann; Rasmussen , Morten Fischer; Holbek, Simon; Thomsen , Erik Vilain;
Jensen , Jørgen Arendt

Publication date:
2016

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Christiansen, T. L., Rasmussen , M. F., Holbek, S., Thomsen , E. V., & Jensen , J. A. (2016). 3-d flow estimation
using row-column addressed transducer arrays. (Patent No. US2016206285). US Patent and Trademark Office.

https://orbit.dtu.dk/en/publications/45eb551d-66ea-4dcb-abd1-30a5de24c92d


(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2016/0206285 A1 

US 20160206285A1 

Christiansen et al. (43) Pub. Date: Jul. 21, 2016 

(54) 3-D FLOWESTIMATION USING (52) U.S. Cl. 
ROW-COLUMN ADDRESSED TRANSDUCER CPC ................. A61B 8/4483 (2013.01); A61B 8/14 
ARRAYS (2013.01); A61B 8/488 (2013.01); A61B 8/483 

(2013.01) 
(71) Applicant: B-K MEDICAL APS, Herlev (DK) 

(72) Inventors: Thomas Lehrmann Christiansen, (57) ABSTRACT 
Copenhagen (DK); Morten Fischer 
Rasmussen, Copenhagen (DK); Simon An ultrasound system includes a 2-D transducer array and a 
Holbek, Copenhagen (DK); Erik Vilain velocity processor. The 2-D transducer array includes a first 
Thomsen, Lynge (DK); Jorgen Arendt 1-D array of one or more rows of transducing elements con 
Jensen, Horsholm (DK) figured to produce first ultrasound data. The 2-D transducer 

array further includes a second 1-D array of one or more 
(21) Appl. No.: 14/599,857 columns of transducing elements configured to produce sec 

1-1. ond ultrasound data. The first and second 1-D arrays are 
(22) Filed: Jan. 19, 2015 configured for row-column addressing. The Velocity proces 

Publication Classification Sor processes the first and the second ultrasound data, pro 
ducing 3-D vector flow data. The 3-D vector flow data 

(51) Int. Cl. includes an axial component, a first lateral component trans 
A6 IBS/00 (2006.01) verse to the axial component, and a second lateral component 
A6 IB 8/08 (2006.01) transverse to the axial component and the first lateral compo 
A6 IB 8/14 (2006.01) nent. 

100 - a 
O6 

TRANSMIT 
CIRCUITRY 

O2 

2-D TRANSOUCER 
ARRAY O 25 

104 USER 
DARRAYS OF CONTROLLER INTERFACE 

TRANSDUCING 
ELEMENTS 16 

18 ALGORITHM 
BANK 

RECEIVE 
CIRCUTRY 

BEAMFORMER 

12 

24 

DISPLAY 

22 14. 

WELOCITY RENDERING 
PROCESSOR ENGINE 

SCAN 
CONVERTER 

120 

MAGE 
PROCESSOR 

E8 

    

  



US 2016/0206285 A1 Jul. 21, 2016 Sheet 1 of 10 Patent Application Publication 

Z 

(HAJURI™IANO) NWOS 

(HOSS@HOO`Id THOVWI THOSSZIOOY?A ?JLIOOTHA 
9 II 

I ETRIÍTOIH 

ŽI I YH™ITTIOHJANOO 
90 I 

  

  

  

  

  



Patent Application Publication Jul. 21, 2016 Sheet 2 of 10 US 2016/0206285 A1 

O2 R 212 212 - 2123 2E24 212s 2126 

210 

210 

210, 

2104 

2105 

210 

2064 2066 

FIGURE 2 

- 302 
TRANSMIT WITH THE ROWS, COLUMNS OR SEQUENTIALLYBOTH 

304 
RECEIVE ECHOES WITH ROWS AND COLUMNS 

PROCESS ECHOES AND PRODUCE 3-D VELOCITY COMPONENTS 

FIGURE 3 

306 

      

  



Patent Application Publication Jul. 21, 2016 Sheet 3 of 10 US 2016/0206285 A1 

O2 

FIGURE 5 

  



US 2016/0206285 A1 Jul. 21, 2016 Sheet 4 of 10 Patent Application Publication 

~ 919 ) 

•••• • • • - - - . === ~ ~ ~ ~ ~ ~- - - - 

  

    

      

  



US 2016/0206285 A1 Jul. 21, 2016 Sheet 5 of 10 Patent Application Publication 

ZI I 

  

  

  



Patent Application Publication Jul. 21, 2016 Sheet 6 of 10 US 2016/0206285 A1 

FIGURE 8 w FIGURE 10 

w 

FIGURE 9 

  



US 2016/0206285 A1 Jul. 21, 2016 Sheet 7 of 10 Patent Application Publication 

ZI ETHITOIH 

—— ~919 
N 
pm 

. . . . . . 
. . . . 
... . . . . . - - - - 

- - - - - - - - - - - - - - - 
- 
in 
al 

    

  

    

    

  



US 2016/0206285 A1 Jul. 21, 2016 Sheet 8 of 10 Patent Application Publication 

#7 I 9 

ZI9 

  

  

  

      

  



US 2016/0206285 A1 Jul. 21, 2016 Sheet 9 of 10 Patent Application Publication 

JºonpSueu L 

9.If I 

  



Patent Application Publication Jul. 21, 2016 Sheet 10 of 10 US 2016/0206285 A1 

  



US 2016/0206285 A1 

3-D FLOWESTMATION USING 
ROW-COLUMN ADDRESSED TRANSDUCER 

ARRAYS 

TECHNICAL FIELD 

0001. The following generally relates to ultrasound imag 
ing and more particularly to 3-D flow estimation using row 
column addressed transducer arrays. 

BACKGROUND 

0002 For ultrasound velocity estimation, the oscillation 
of the pulsed ultrasound field has been used to estimate the 
axial velocity component of the structure of interest. The axial 
component is the component of the Velocity vector in the 
direction of propagation of ultrasound energy from the ultra 
Sound transducer array. Several methods have been proposed 
in the literature to estimate the lateral components of the 
Velocity vector (perpendicular to the axial component). For 
2-D imaging using 1-D transducer arrays, these include 
speckle tracking, directional beam forming, and transverse 
oscillation (TO). In directional beam forming, the received 
signals are focused along the flow direction for a given depth. 
The signals for two emissions are then cross-correlated, and 
the shift between them is found. This is a shift in spatial 
position of the scatterers, and dividing by the time between 
emissions, thus, directly gives the Velocity magnitude. The 
angle between the emitted beam and the flow direction must 
be known before the beam formation can be done. The angle 
could, e.g., be found from the B-mode image as in conven 
tional spectral velocity estimation. 
0003 For 2-D velocity vector estimation using the TO 
approach, an oscillation oriented transverse to that of the 
ultrasound pulse is introduced in the ultrasound field by 
applying the same transmit beam as used in conventional 
axial velocity estimation and adjusting the apodization of the 
receive aperture in such a way that the whole aperture 
resembles two point Sources. Two point sources separated in 
space will give rise to two interferingfields, which creates the 
transverse oscillation. Using the Fraunhofer approximation, 
the relation between the lateral spatial wavelength and the 
apodization function is 2WZo/d, where d is the distance 
between the two peaks in the apodization function, Zo is a 
depth, and W is the axial wavelength. In axial Velocity esti 
mation, a Hilbert transform is performed to yield two 90° 
phase shifted signals; the in-phase signal and the quadrature 
signal. This enables the direction of the flow to be determined. 
The 90° phase shift in the transverse direction can be accom 
plished by having two parallel beam formers in receive. The 
two receive beams are steered, so that the transverse distance 
between each beam is w/4, which corresponds to a 90° phase 
shift in space. Along with these two TO lines, a centerline can 
be beam formed by a third beam former for conventional axial 
Velocity estimation. 
0004 For 3-D velocity vector estimation using the TO 
approach, 2-D transducer arrays are used to generate the TO 
field in both lateral dimensions allowing estimation of the 
velocity vector components in all three dimensions. 3-D 
Velocity vectorestimation using multiple crossed-beam ultra 
Sound Doppler Velocimetry and speckle tracking have also 
been proposed in the literature. There is an unresolved need 
for other approaches to 3-D velocity vectorestimation that are 
applicable to arrays with a reduced number of connections, 
Such as row-column addressed arrays. 
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SUMMARY 

0005 Aspects of the application address the above mat 
ters, and others. 
0006. In one aspect, an ultrasound system includes a 2-D 
transducer array and a Velocity processor. The 2-D transducer 
array includes a first 1-D array of one or more rows of trans 
ducing elements configured to produce first ultrasound data. 
The 2-D transducer array further includes a second 1-D array 
of one or more columns of transducing elements configured 
to produce second ultrasound data. The first and second 1-D 
arrays are configured for row-column addressing. The Veloc 
ity processor processes the first and the second ultrasound 
data, producing 3-D vector flow data. The 3-D vector flow 
data includes an axial component, a first lateral component 
transverse to the axial component, and a second lateral com 
ponent transverse to the axial component and the first lateral 
component. 
0007. In another aspect, a method includes employing 
row-column addressing with an orthogonally disposed 1-D 
arrays of a 2-D transducer array to produce data for determin 
ing 3-D velocity components. The method further includes 
processing, with a Velocity processor, the data to produce the 
3-D velocity components, which includes at least two lateral 
components, one transverse to the axial component and the 
other transverse to the axial component and the one lateral 
component. 
0008. In another aspect, an ultrasound imaging system 
includes a pair of 1-Darrays oriented orthogonal to each other 
and row-column addressed. The ultrasound imaging system 
further includes processing components that process an out 
put of the pair of 1-D arrays to estimate an axial and two 
lateral components using 2-D Velocity vector estimator. 
0009. Those skilled in the art will recognize still other 
aspects of the present application upon reading and under 
standing the attached description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The application is illustrated by way of example and 
not limited by the figures of the accompanying drawings, in 
which like references indicate similar elements and in which: 
0011 FIG. 1 schematically illustrates an example ultra 
Sound imaging system with a 2-D transducer array of row 
addressed orthogonal 1-D arrays; 
0012 FIG. 2 schematically illustrates an example of the 
2-D transducer array: 
0013 FIG. 3 illustrates an example method for determin 
ing 3-D vector Velocity component utilizing the 2-D trans 
ducer array of row-addressed orthogonal 1-D arrays; 
0014 FIGS. 4 and 5 schematically illustrate transmit 
along rows (or columns) and receive by both rows and col 
lumns, 
0015 FIG. 6 schematically illustrates an example beam 
former and Velocity processor, 
0016 FIG. 7 schematically illustrates a variation of the 
beam former of FIG. 6; 
(0017 FIGS. 8, 9, 10 and 11 schematically illustrate trans 
mit along rows (or columns) and receive along columns (or 
rows), and Subsequent transmit along columns (or rows) and 
receive along rows (or columns); 
0018 FIGS. 12 and 13 schematically illustrate other varia 
tions of the beam former of FIG. 6; 
0019 FIG. 14 shows an example of the two angles used for 
a Velocity estimator using directional beam forming; and 
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0020 FIGS. 15, 16 and 17 illustrate an example in which 
the 2-D array 102 includes a physical lens for fixed elevation 
focus. 

DETAILED DESCRIPTION 

0021. The following describes an approach to estimate the 
axial component and both lateral components of the 3-D 
Velocity vector with ultrasound imaging data acquired 
through row-column addressing of two orthogonally oriented 
1-D transducer arrays. 
0022 FIG. 1 schematically illustrates an example ultra 
Sound imaging system 100. The ultrasound imaging system 
100 includes a 2-D transducer array 102 with at least two 
one-dimensional (1-D) arrays 104 of transducing elements 
orthogonally arranged with respect to each other. An example 
of the 2-D array 102 includes N rows (or columns) and M 
columns (or rows) of transducing elements, where N and M 
are positive integers and N=M or Nii M. The 2-D array 102 
may include a 16x16, 32x32, 32x16, 64x64, larger or smaller 
array, a non-square/rectangular array, and/or other 2-D array. 
FIG. 2 illustrates an example of the 2-D transducer array 102. 
0023 Briefly turning to FIG. 2, the example 2-D trans 
ducer array 102 is 6x6 transducer array (N=M=6). The 2-D 
array 102 includes a plurality of rows 204, 204, 204, 204 
204s, and 204 collectively referred to herein as rows 204. 
The 2-D array 102 also includes a plurality of columns 206, 
206, 206, 206, 206s, and 206, collectively referred to 
herein as columns 206. The rows 204 and columns 206 pro 
vide individual elements 208, , . . . . 208, ... 208. . . . 
208, collectively referred to herein as elements 208. The 
individual rows 204 and columns 206 are addressable (indi 
vidually or in groups) respectively through contacts 210, 
210, 210, 210, 210s, and 210, and 212, 212, 212, 212, 
212s, and 212 collectively referred to as row contacts 210 
and column contacts 212. 
0024. Returning to FIG.1, multiple different types of row 
column addressed array configurations are contemplated 
herein. One type includes a conventional row-column 
addressed 2-D array. This may allow Volumetric imaging and 
estimation of all three Velocity vector components in a Vol 
ume. Another type includes a row-column addressed 2-D 
array with a physical or electronic elevation lens. This may 
offer two-way focused B-mode imaging and estimation of the 
two velocity vectors in the plane of the B-mode image in 
addition to the out-of-plane velocity vector. This transducer 
array may include a dynamic receive capability in elevation to 
improve B-mode image resolution. 
0025. The transducing elements may include piezoelec 

tric, capacitive micromachined ultrasonic transducer 
(CMUT), and/or other transducing elements. Furthermore, 
the transducing elements may include integrated apodization, 
which may be identical or different for the individual ele 
ments. An example of integrated apodization is described in 
international patent application serial number PCT/IB2013/ 
002838, entitled “Ultrasound Imaging Transducer Array with 
Integrated Apodization, and filed Dec. 19, 2013, the entirety 
of which is incorporated herein by reference. Furthermore, 
the 2-D array 102 may have a flat or a curved surface. Fur 
thermore, the 2-D array 102 may include one or more lenses. 
0026. Transmit circuitry 106 generates pulses that excite a 
predetermined set of addressed 1 Darrays of the 2-D array 102 
to emit one or more ultrasound beams or waves into a scan 
field of view. Receive circuitry 108 receives echoes or 
reflected waves, which are generated in response to the trans 
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mitted ultrasound beam or wave interacting with (stationary 
and/or flowing) structure in the scan field of view, from a 
predetermined set of addressed arrays of the 2-D array 102. A 
controller 110 controls the transmit circuitry 106 and/or the 
receive circuitry 108 based on a mode of operation. An 
example of suitable control includes row-column addressing, 
as well as individual element addressing. 
0027. A beam former 112 processes the echoes, for 
example, by applying time delays, weighting on the channels, 
Summing, and/or otherwise beam forming received echoes. 
The beam former 112 includes a plurality of beam formers 
(e.g., 2, 3, 4, 5, etc.) that process the echoes and produce data 
for determining the 3-D velocity components. As described in 
greater detail below, in one instance the beam formers simul 
taneously process the echoes, and, in another instance, the 
beam formers sequentially process the echoes. The illustrated 
beam former 112 also produces data for generating images in 
A-mode, B-mode, Doppler, and/or other ultrasound imaging 
modes. 
0028. A velocity processor 114 processes the beam formed 
data to determine the 3-D velocity components. The velocity 
processor 114 employs on one or more algorithms from an 
algorithm bank 116. A suitable algorithm includes a 2-D 
Velocity vector estimator Such as a speckle tracking, crossed 
beam ultrasound Doppler velocimetry, directional beam 
forming, transverse oscillation (TO), and/or other estimator. 
An image processor 118 also processes the beam formed data. 
For B-mode, this includes generating a sequence of focused, 
coherent echo samples along focused scanlines of a scan 
plane. The image processor 118 may also be configured to 
process the Scanlines to lower speckle and/or improve specu 
lar reflector delineation via spatial compounding, apply fil 
tering such as FIR and/or IIR, etc. 
0029. A scan converter 120 scan converts the output of the 
image processor 118 and generates data for display, for 
example, by converting the data to the coordinate system of 
the display. The scan converter 120 can be configured to 
employ analog and/or digital scan converting techniques. A 
rendering engine 122 visually presents one or more images 
and/or velocity information via a display monitor 124. Such 
presentation can be in an interactive graphical user interface 
(GUI), which allows the user to selectively rotate, scale, and/ 
or manipulate the displayed data. Such interaction can be 
through a mouse or the like, and/or a keyboard or the like, 
and/or other approach for interacting with the GUI. 
0030. A user interface 126 includes one or more input 
devices (e.g., a button, a knob, a slider, a touch pad, etc.) 
and/or one or more output devices (e.g., a display screen, 
lights, a speaker, etc.). A particular mode, Scanning, and/or 
other function can be activated by one or more signals indica 
tive of input from the user interface 126. For example, where 
the algorithm bank 116 include more than one 2-D velocity 
vector estimators the user interface 126 can be used to select 
one through a user input. The user interface 126 can also be 
used to set and/or change parameters such as imaging param 
eters, processing parameters, display parameters, etc. 
0031. The beam former 112, the velocity processor 114 
and/or the image processor 118 can be implemented via a 
processor (e.g., a microprocessor, a CPU, a GPU, etc.) 
executing one or more computer readable instructions 
encoded or embedded on non-transitory computer readable 
storage medium Such as physical memory. Such a processor 
can be part of the system 100 and/or a computing device 
remote from the system 100. Additionally or alternatively, the 
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processor can execute at least one computer readable instruc 
tions carried by a carrier wave, a signal, or other transitory 
medium. 
0032. In one instance, the transducer array 102 is part of a 
probe and the transmit circuitry 106, the receive circuitry 108, 
the beam former 112, the controller 110, the velocity proces 
sor 114, the image processor 118, the scan converter 120, the 
rendering engine 122, the user interface 126, and the display 
124 are part of a separate console. Communication there 
between can be through a wired (e.g., a cable and electro 
mechanical interfaces) and/or wireless communication chan 
nel. In this instance, console can be similar to a portable 
computer Such as a laptop, a notebook, etc., with additional 
hardware and/or Software for ultrasound imaging. The con 
sole can be docked to a docketing station and used. 
0033 Alternatively, the console can be part (fixed or 
removable) of a mobile or portable cart system with wheels, 
casters, rollers, or the like, which can be moved around. In this 
instance, the display 124 may be separate from the console 
and connected thereto through a wired and/or wireless com 
munication channel. Where the cart includes a docking inter 
face, the laptop or notebook computer type console can be 
interfaced with the cart and used. An example of a cart system 
where the console can be selectively installed and removed is 
described in US publication 2011/01 18562 A1, entitled “Por 
table ultrasound scanner, and filed on Nov. 17, 2009, which 
is incorporated herein in its entirety by reference. 
0034. Alternatively, the transducer array 102, the transmit 
circuitry 106, the receive circuitry 108, the beam former 112, 
the controller 110, the velocity processor 114, the image 
processor 118, the scan converter 120, the rendering engine 
122, the user interface 126, and the display 124 are housed 
within a hand-held ultrasound apparatus, where the housing 
mechanically supports and/or encloses the components 
therein. In this instance, the transducer array 102 and/or the 
display 124 can be part of the housing, being structurally 
integrated or part of a surface or end of the hand-held ultra 
Sound apparatus. An example of a hand-held device is 
described in U.S. Pat. No. 7,699,776, entitled “Intuitive Ultra 
sonic Imaging System and Related Method Thereof.” and 
filed on Mar. 6, 2003, which is incorporated herein in its 
entirety by reference. 
0035 FIG. 3 illustrates a method for 3-D flow estimation 
using row-column addressed arrays. 
0036. At 302, either the rows or the columns (or both 
sequentially) are used as transmit elements. Any apodization 
and phase delay can be applied to the transmit elements, and 
any number of transmit elements can be used simultaneously. 
Furthermore, any emission technique may be used, e.g. 
focused emission, plane wave emission, single element emis 
Sion, synthetic transmit aperture, etc. 
0037. An example of transmit along a subset of the rows or 
the columns 402 of the 2-D transducer array 102 is shown in 
FIG. 4. In FIG. 4, the example transmit produces a focused 
sound wave 404 in one line of direction. 
0038 Returning to FIG.3, at 304, echoes are subsequently 
received by the rows and the columns. An example of this is 
shown in FIG. 5, which shows both rows 502 (or columns) 
and columns 504 (or rows) of the 2-D transducer array 102 
respectively receive echoes 506 and 508. 
0039. Returning to FIG.3, at 306, the echoes are processed 
to determine the 3-D velocity components. Depending on the 
Velocity estimator, any Subset of the received signals may be 
used. For example, in one instance, only the signals received 
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by the rows are used. Furthermore, any apodization and phase 
delay may be applied to the receiving elements. The full 3-D 
Velocity estimation may be performed using a single or sev 
eral of such transmit-receive events, which may be combined 
in the estimation. 

0040. In one embodiment, the controller 110 controls the 
transmit circuitry 106 so that either the rows or the columns 
emit ultrasound, and the Velocity processor 114 estimates 
velocity by synthesizing TO fields in receive for both the rows 
and columns, respectively. The sequence may be repeated 
with the same or different transmit setup. This embodiment 
may be realized with a total of five beam formers 602, 604, 
606, 608 and 610, as shown in FIG. 6, each beam forming a 
line. The velocity processor 114 includes a transverse veloc 
ity processor 612, a transverse Velocity processor 614, and an 
axial velocity processor 616. 
0041. The received signals from the rows 612 are pro 
cessed by beam formers 602 and 604, which are configured to 
produce data, which the transverse velocity processor 612 
processes to determine the Velocity component perpendicular 
to the rows. The received signals from the columns 614 are 
processed by beam formers 608 and 610, which are config 
ured to produce data, which the transverse Velocity processor 
614 processes to determine the Velocity component perpen 
dicular to the columns. Example approaches for each of the 
two sets of beam formers are described in Jensen et al., “A new 
method for estimation of velocity vectors.” IEEE Trans. 
Ultrason. Ferroelec. Freq Contr., Vol. 45, pp. 837-851, 
1998, Jensen, “A New Estimator for Vector Velocity Estima 
tion', IEEE Trans. Ultrason. Ferroelec. Freq Contr., Vol. 48, 
pp. 886-894, 2001, and Udesen et al., “Investigation of Trans 
verse Oscillation Method.” IEEE Trans. Ultrason., Ferroelec., 
Freq Contr., Vol. 53, pp. 959-971, 2006, and international 
application publication WO/2000/068678, entitled “Estima 
tion of Vector Velocity,” and filed Nov. 16, 2000, the entirety 
of which is incorporated herein by reference. 
0042. The beam former 606 is configured to produce data, 
which the axial velocity processor 616 processes to determine 
the axial velocity component. In one instance, the beam 
former 606 processes the signals received by the rows 612. In 
another instance, the beam former 606 processes the signals 
received by the columns 614. In yet another instance, the 
beam former 606 processes both the signals received by the 
rows 612 and the signals received by columns 614. In a 
variation, the beam former 606 is omitted, and data from 
beam formers 602 and 604 and/or the beam formers 608 and 
610 are feed to the axial velocity processor 616, as shown in 
FIG. 7, which processes the signals to determine the axial 
Velocity component. 
0043. In a variation, columns 802 (or rows 804) emit ultra 
sound (FIG. 8), and the TO field is synthesized in receive 
using the rows 804 (or the columns 802) (FIG.9). This allows 
estimation of the Velocity component perpendicular to the 
rows (or columns). Subsequently, the rows 804 (or the col 
umns 802) emit ultrasound (FIG. 10), and the TO field is 
synthesized in receive using the columns 802 (or the rows 
804) (FIG. 11). This allows estimation of the velocity com 
ponent perpendicular to the columns (or rows). The axial 
Velocity component may be estimated using data from either 
of the two transmit-receive events. The signal processing may 
be done as shown in FIG. 6. 
0044 Alternatively, the signal processing may be done as 
shown in FIG. 12. FIG. 12 is substantially similar to FIG. 6 
except that the two of beam formers feeding one the transverse 
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Velocity processors are omitted. In this example, the beam 
former 602 and 604, are omitted. In another example, the 
beam formers 608 and 610, are omitted. This can be imple 
mented because the two transverse components of the Veloc 
ity vector are estimated in two separate transmit-receive 
events. Hence, the same set of beam formers may be used. In 
a variation, the axial beam former 606 is also omitted (FIG. 
13), and data from beam formers 602 and 604 and/or beam 
former 608 and 610 (as shown) is used to feed the axial 
velocity processor 614. 
0045. In another embodiment, either the rows or columns 
emit ultrasound, and the Velocity estimation is Subsequently 
done by performing directional beam forming in receive for 
both the rows and columns, respectively. The sequence may 
be repeated with the same or different transmit setup. In 
another embodiment, the rows emit ultrasound, and the Veloc 
ity estimation is done by performing directional beam form 
ing in receive for the columns. This is used to estimate the 
Velocity component perpendicular to the columns. Subse 
quently, the columns emit ultrasound, and the Velocity esti 
mation is done by performing directional beam forming in 
receive for the rows. This is used to estimate the velocity 
component perpendicular to the rows. In both embodiments 
using directional beam forming, two angles must be predeter 
mined. 

0046. As shown in FIG. 14, this includes a first angle (a1) 
1402 between a surface 1404 of the transducer array 102 and 
a first projected direction of flow 1412, which is a direction of 
flow 1406 projected on a plane 1408 parallel to columns 1410. 
This also includes a second angle (a2) 1414 between the 
transducer surface 1404 and a second projected direction of 
flow 1420, which is the direction of flow 1406 projected on a 
plane 1416 parallel to columns 1418. These angles are used to 
determine the line to be produced using the received data. 
They may be estimated e.g. from the Volumetric image gen 
erated by the transducer array. Alternatively, they may be 
found using the TO approach and/or the methods approach 
disclosed in Jensen et al., “Estimation of velocity vectors in 
synthetic aperture ultrasound imaging.” IEEE Trans. Ultra 
son. Ferroelec. Freq Contr., Vol. 25, pp. 1637-1644, 2006, 
Kortbeket al., “Estimation of velocity vectorangles using the 
directional cross-correlation method.” IEEE Trans. Ultrason., 
Ferroelec., Freq Contr., vol.53, pp. 2036-2049, 2006, and/or 
other approach. 
0047 FIGS. 15, 16 and 17 illustrate an example in which 
the 2-D array 102 includes a physical lens 1502 giving fixed 
elevation focus. A conventional row-column addressed array 
using delay-and-Sum beam forming can only achieve one 
way focusing in each dimension. The elevation lens 1502 can 
be of any Suitable material and can focus in any desired depth. 
Alternatively, an electronic lens could be used. An example of 
an electronic lens is described in Daft et al., “Elevation beam 
profile control with bias polarity patterns applied to micro 
fabricated ultrasound transducers, in Proc. IEEE Ultrason. 
Symp. Vol. 2, 2003, pp. 1578-1581. In such a lens configu 
ration, the row-column array essentially functions as a con 
ventional 1-D array. 
0048. From FIG. 15, in the illustrated example rows 1504 
oriented in the X-direction are used for transmitting. Elec 
tronic transmit focusing can then be performed in the y-di 
rection, while the lens provides transmit focusing in the X-di 
rection. A B-mode image can be acquired using the rows as 
receivers, in which case the array functions exactly like a 1-D 
array with elevation focus. The array may be used for esti 
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mating the 3-D velocity vector in the plane defined by the 
elevation lens. This is done by processing the data received on 
the rows and columns using an estimator discussed herein 
and/or other estimator for the conventional row-column 
addressed array. 
0049. The velocity vector component in the y-direction is 
estimated using received data from the rows 1504 (FIG. 16) 
and the Velocity vector component in the X-direction is esti 
mated using received data from columns 1702 (FIG. 17). The 
Z-component may be estimated using received data from 
either the rows or the columns, e.g., as shown in FIG. 6. As 
such, by installing the lens 1502 on the row-column array, a 
two-way focused B-mode image with full 3-D velocity vector 
information in the plane of the B-mode image is achieved. 
This can be used for finding e.g. flow rate, direction of flow, 
peak velocities, etc., without sacrificing frame-rate nor 
B-mode image quality. A clinician will experience the same 
performance as when using a 1-D transducer for B-mode 
imaging in conjunction with 2-D Velocity vector imaging, but 
with the addition of out-of plane velocity estimation. 
0050. The application has been described with reference 
to various embodiments. Modifications and alterations will 
occur to others upon reading the application. It is intended 
that the invention be construed as including all Such modifi 
cations and alterations, including insofar as they come within 
the scope of the appended claims and the equivalents thereof. 
What is claimed is: 
1. An ultrasound system, comprising: 
a 2-D transducer array, including: 

a first 1-D array of one or more rows of transducing 
elements configured to produce first ultrasound data; 
and 

a second 1-D array of one or more columns of transduc 
ing elements (208) configured to produce second 
ultrasound data, 

wherein the first and second 1-D arrays are configured 
for row-column addressing; and 

a Velocity processor that processes the first and the second 
ultrasound data, producing 3-D vector flow data, includ 
ing: an axial component, a first lateral component trans 
verse to the axial component, and a second lateral com 
ponent transverse to the axial component and the first 
lateral component. 

2. The ultrasound system of claim 1, further comprising: 
an algorithm bank that includes at least one algorithm from 

a group consisting of speckle tracking, crossed-beam 
ultrasound Doppler velocimetry, directional beam form 
ing and transverse oscillation, 

wherein the Velocity processor employs the at least one 
algorithm to process the first and the second ultrasound 
data to produce the 3-D vector flow data. 

3. The ultrasound system of claim 1, further comprising: 
transmit circuitry; 
receive circuitry; and 
a controller that controls the transmit and receive circuitry 

to transmit using one of the first or second 1-D arrays and 
receive simultaneously from both of the first and second 
1-D arrays. 

4. The ultrasound system of claim 3, further comprising: 
first and second beam former that process signals from one 

of the first or second 1-D arrays and produce first beam 
formed data; 
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a first Velocity processor that processes the first beam 
formed data, producing the Velocity component perpen 
dicular to the first or second 1-D array: 

third and fourth beam former that process signals from the 
other of the first or second 1-D arrays and produce sec 
ond beam formed data; and 

a second Velocity processor that processes the second 
beam formed data, producing the Velocity component 
perpendicular to the other of the first or second 1-D 
array. 

5. The ultrasound system of claim 4, further comprising: 
a fifth beam former that process at least one of the signal 

from the first or the second 1-D array and produces third 
beam formed data; and 

a third velocity processor that processes the third beam 
formed data, producing the axial component. 

6. The ultrasound system of claim 4, further comprising: 
a third Velocity processor that processes at least one of first 
beam formed data or the second beam formed data, pro 
ducing the axial component. 

7. The ultrasound system of claim 1, further comprising: 
transmit circuitry; 
receive circuitry; and 
a controller that controls the receive and transmit circuitry 

to transmit using one of the first or second 1-D arrays and 
receive using the other of the first or second 1-D arrays 
and Subsequently to transmit using the other of the first 
or second 1-Darrays and receive using the one of the first 
or second 1-D arrays, 

wherein the Velocity processor processes data from at least 
one of transmit-receive sequences to estimate the lateral 
Velocity components. 

8. The ultrasound system of claim 7, further comprising: 
first and second beam former that process signals from one 

of the first or second 1-D arrays and produce first beam 
formed data; 

a first Velocity processor that processes the first beam 
formed data, producing the Velocity component perpen 
dicular to the first or second 1-D array: 

third and fourth beam former that process signals from the 
other of the first or second 1-D arrays and produce sec 
ond beam formed data; and 

a second Velocity processor that processes the second 
beam formed data, producing the Velocity component 
perpendicular to the other of the first or second 1-D 
array. 

9. The ultrasound system of claim 8, further comprising: 
a fifth beam former that process at least one of the signal 

from the first or the second 1-D array and produces third 
beam formed data; and 

a third velocity processor that processes the third beam 
formed data, producing the axial component. 

10. The ultrasound system of claim 8, further comprising: 
a third Velocity processor that processes at least one of first 
beam formed data or the second beam formed data, pro 
ducing the axial component. 

11. The ultrasound system of claim 7, further comprising: 
a first pair of beam formers that processes signals from one 

of the first or second 1-D arrays and produces first or 
second beam formed data; 

a first Velocity processor that processes the first beam 
formed data, producing the two lateral Velocity compo 
nentS. 
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12. The ultrasound system of claim 11, further comprising: 
an axial Velocity beam former that process at least one of 

the signal from the first or the second 1-D array and 
produces third beam formed data; and 

a third velocity processor that processes the third beam 
formed data, producing the axial component. 

13. The ultrasound system of claim 11, further comprising: 
a third Velocity processor that processes at least one of first 
beam formed data or the second beam formed data, pro 
ducing the axial component. 

14. The ultrasound system of claim 1, wherein the velocity 
processor employs transverse oscillation to produce the first 
and second lateral components. 

15. The ultrasound system of claim 1, wherein the velocity 
processor employs directional beam forming to produce the 
first and second lateral components. 

16. The ultrasound system of claim 1, further comprising: 
an acoustical elevation lens affixed to the first and second 

1-D arrays. 
17. The ultrasound system claim 16, wherein the 2-D array 

is configured for two way focused B-Mode imaging, and the 
Velocity processorestimates two Velocity vectors inaplane of 
a B-mode image and a Velocity vector out of the plane of the 
B-mode image. 

18. A method, comprising: 
employing row-column addressing with a orthogonally 

disposed 1-D arrays of a 2-D transducer array to produce 
data for determining 3-D Velocity components; and 

processing, with a velocity processor, the data to produce 
the 3-D velocity components, which includes at least 
two lateral components, one transverse to the axial com 
ponent and the other transverse to the axial component 
and the one lateral component. 

19. The method of claim 18, wherein the velocity processor 
employs at least one of speckle tracking, crossed-beam ultra 
Sound Doppler Velocimetry, directional beam forming and 
transverse oscillation to produce the 3-D velocity compo 
nentS. 

20. The method of claim 19, further comprising: 
transmitting ultrasound with only one of the orthogonally 

disposed 1-D arrays; 
receiving echoes concurrently with the orthogonally dis 

posed 1-D arrays; and 
processing the received echoes to produce at least the two 

lateral components. 
21. The method of claim 19, further comprising: 
transmitting ultrasound with only one of the orthogonally 

disposed 1-D arrays and receiving echoes with only the 
other of the orthogonally disposed 1-D arrays; and 

processing the received echoes to produce at least the two 
lateral components. 

22. The method of claim 21, further comprising: 
transmitting ultrasound with only the other of the orthogo 

nally disposed 1-D arrays and receiving echoes with 
only the one of the orthogonally disposed 1-D arrays; 
and 

processing the echoes received by the one and the other one 
of the 1-D arrays to produce at least the two lateral 
components. 

23. The method of claim 18, further comprising: 
applying apodization for the transmitting. 
24. The method of claim 23, wherein the apodization is 

integrated into transducer elements of the 1-D arrays. 
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25. The method of claim 18, further comprising: 
applying a phase delay for the transmitting. 
26. The method of claim 18, further comprising: 
utilizing at least one of focused emission, plane wave emis 

sion, single element emission, or synthetic transmit 
aperture for transmitting. 

27. The method of claim 18, further comprising: 
providing one-way focusing in both lateral directions. 
28. The method of claim 18, further comprising: 
employing a lens having a fixed elevation focus with the 

orthogonally disposed 1-D arrays. 
29. The method of claim 28, wherein the lens is a physical 

lens. 
30. The method of claim 29, wherein the lens is an elec 

tronic lens. 
31. The method of claim 28, further comprising: 
providing two-way focusing in a plane of the orthogonally 

disposed 1-D arrays. 
32. An ultrasound imaging system, comprising: 
a pair of 1-D arrays oriented orthogonal to each other and 

row-column addressed; and 
processing components that process an output of the pair of 

1-D arrays to estimate an axial and two lateral compo 
nents using 2-D Velocity vector estimator. 

k k k k k 


