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(57) ABSTRACT 
A method is provided to simultaneously acquire tWo ultra 
sound images. A?rst set of ultrasound pulses are transmitted 
at a ?rst frame rate utilizing a ?rst mode of operation. The 
echoes from the ?rst set of ultrasound pulses are received. A 
second set of ultrasound pulses are transmitted at a second 
frame rate utilizing a second mode of operation. The ?rst and 
second frame rates are different. The ?rst set of ultrasound 
pulses de?nes an entire image, While the second set of 
ultrasound pulses de?nes a partial image. The echoes from 
the second set of ultrasound pulses are received, and the 
echoes from the ?rst and second sets of ultrasound pulses are 
displayed as a single image. 
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METHOD AND APPARATUS FOR IMPROVED 
SPATIAL AND TEMPORAL RESOLUTION IN 

ULTRASOUND IMAGING 

BACKGROUND OF INVENTION 

[0001] Certain embodiments of the present invention 
relate to ultrasound imaging of the human anatomy for the 
purpose of medical diagnosis. In particular, certain embodi 
ments of the present invention relate to methods and appa 
ratus for improving spatial and temporal resolution in the 
ultrasound image. 

[0002] TWo dimensional (2D) ultrasound Doppler imaging 
is used for blood ?oW visualiZation Within the body, as Well 
as for visualiZation of muscular tissue movement and defor 
mation, such as forced compression of the human breast. A 
B-mode grayscale sector and 2D Doppler information in a 
sector covering all or part of the B-mode sector may be 
separately acquired. The Doppler information is color-coded 
and overlaid onto the B-mode grayscale image to visualiZe 
the velocity information of an area of interest. Because the 
grayscale image is used to visualiZe tissue structures and the 
Doppler image is used to represent velocity information, the 
B-mode image is often referred to as the “tissue image”. 

[0003] Prior techniques combine a high resolution 2D 
B-mode image With a loWer resolution 2D Doppler image, 
acquired With the same frame rate. For eXample, FIG. 2 
illustrates the geometry for a conventional sector scanned 
2D Doppler acquisition. The geometry image 202 shoWs a 
Doppler sector image overlaid on a B-mode sector image. 
The B-mode sector image 204 is comprised of B-mode 
transmit beams 206. The Doppler sector image 208 is 
comprised of Doppler transmit beam directions 210. In this 
eXample, the number of B-mode transmit beams (NB) is 12, 
and the number of Doppler transmit beam directions (ND) is 
4. Thus, the B-mode sector image 204 has a higher beam 
density and a higher resolution than the Doppler sector 
image 208. 

[0004] FIG. 3 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition. TWelve Doppler pulses 302 
324 and tWelve B-mode pulses 326-348 are illustrated. First, 
the Doppler pulses 302-324 are transmitted sequentially, 
starting With Doppler pulse 302. Then the B-mode pulses 
326-348 are transmitted sequentially, starting With B-mode 
pulse 326. The B-mode pulses 326-348 are labeled to 
indicate transmission direction. For eXample, B-mode pulse 
326 labeled B1 indicates that the B-mode pulse is transmitted 
in direction 1. B-mode pulse 346 labeled BM indicates that 
the pulse is transmitted in direction 11. The Doppler pulses 
302-324 are labeled such that Dij indicates a Doppler pulse 
transmission j in direction i. The Doppler pulses 302-324 are 
each part of a packet 350-356. Each Doppler pulse 302-324 
transmitted in the same direction is part of the same packet 
350-356. The packet siZe (PS) is the number of Doppler 
pulses 302-324 in each packet 350-356. For eXample, the PS 
of FIG. 3 is 3. Therefore, each packet 350-356 comprises the 
Doppler pulses 302-324 transmitted in one transmit beam 
direction, and each packet 350-356 is transmitted in a 
different direction. 

[0005] The velocities for 2D Doppler are estimated at 
points along each beam direction based on the received 
signals from the packets 350-356. For example, the Doppler 
pulses 302, 304, and 306 each may be used to estimate a 
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velocity measurement for packet 350 in beam direction 1. 
The time betWeen tWo Doppler pulses Within a packet is 
called the Doppler pulse repetition time (PRTD), thus the 
Doppler pulse repetition frequency (PRFD) is PRFD=1/ 
PRTD. 

[0006] The depth in the body of the item of interest Will 
determine the maXimum PRFD (PRFDM The transmitted 
Doppler pulse 302-324 must propagate to the deepest item 
of interest and back to the transducer before a neW pulse 
transmission can be made. Additionally, hardWare limita 
tions and reverberations from deep re?ectors beyond the 
imaging depth may need to be considered. For FIG. 3, 
PRFD>0.5 * PRFDMAX. 

[0007] The time required to acquire one frame of Doppler 
and B-mode data is Tfmme. The frame rate (FR) is calculated 
as FR=1/Tfmme. Because one complete B-mode image frame 
is acquired betWeen each Doppler image frame, the frame 
rate for Doppler (FRD) is equal to the frame rate for B-mode 
(FRB). During the acquisition of one image frame, the 
Doppler pulses 302-324 are each transmitted one time and 
the B-mode pulses 326-348 are each transmitted one time. 
The time to acquire one frame (Tfmme) may be calculated as: 

T ?ame=(N DXPS )/PRF D+N B/PRF B Equation 1 

[0008] Where Tframe is the time to acquire one image 
frame, ND is the number of Doppler transmit beam direc 
tions, PS is the packet siZe, PRFD is the Doppler pulse 
repetition frequency, NB is the number of B-mode transmit 
pulses per frame, and PRFB is the B-mode pulse repetition 
frequency. In FIG. 3, for eXample, ND=4, PS=3, and NB=12. 

[0009] FIG. 4 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition utiliZing interleaving of the 
Doppler pulses and the B-mode pulses. TWelve Doppler 
pulses 402-424 and tWelve B-mode pulses 426-448 are 
illustrated. The Doppler pulses 402-424 are each part of a 
packet 450-456. Each packet 450-456 comprises the pulses 
transmitted in one beam direction, and each packet 450-456 
is transmitted in a different direction. 

[0010] As in FIG. 3, FIG. 4 has 4 Doppler transmit beam 
directions. In FIG. 4, hoWever, the transmit beam directions, 
each comprised of three Doppler pulses 402-424, are inter 
leaved With the B-mode pulses 426-448. First, Doppler 
pulses 402-406 are transmitted in direction 1. Next, B-mode 
pulses 426-430 are transmitted, then Doppler pulses 408 
412 are transmitted in direction 2, and so on. By interleaving 
the B-mode pulses 426-448 into the Doppler pulse 402-424 
sequence, the timing difference betWeen acquiring the Dop 
pler image and acquiring the underlying B-mode image is 
reduced. The acquisition time per frame has not changed 
hoWever, thus the time to acquire the Doppler scan image is 
the same as the time to acquire the B-mode scan image. To 
put it another Way, one B-mode image is acquired for every 
Doppler image. Therefore, the FRD is equal to the FRB. 

[0011] When loWer velocities are measured, the PRFD 
may be decreased. If the PRFD decreases, the acquisition 
time per frame may increase and the frame rate may 
decrease, as illustrated by Equation 1. The frame rate may be 
maintained, hoWever, by utiliZing Doppler beam interleav 
ing. After transmitting a Doppler pulse in a ?rst direction, 
Doppler pulses are transmit in one or more other directions 
before transmitting the second pulse in the ?rst direction. In 
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Doppler beam interleaving, the Interleave Group Size (IGS) 
indicates the number of Doppler beam directions that are 
interleaved. 

[0012] Therefore, for loWer velocities, the same frame rate 
can be maintained With the same number of transmit direc 
tions by using Doppler beam interleaving Where IGS is an 
integeriZ, and PRFD<PRFDmaX/IGS. If PRFDmaX= 
PRFD*IGS is kept constant, the scanning time per frame 
remains constant When PRFD is reduced. Thus, PRFDrnaX 
may be kept constant by increasing the IGS When the PRFD 
decreases, as illustrated in the folloWing relationship: 

[0013] FIG. 5 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition With 2 Doppler transmit 
directions interleaved. TWelve Doppler pulses 502-524 fol 
loWed in time by tWelve B-mode pulses 526-548 are illus 
trated. 

[0014] As described in FIG. 3, Doppler pulses are each 
part of a packet that comprises the pulse transmissions along 
one beam direction in the image. In FIG. 3, all of the 
Doppler pulses that comprise a packet are transmitted before 
transmitting a Doppler pulse of a different packet. In FIG. 
5, hoWever, the Doppler pulses 502-524 utilize Doppler 
beam interleaving as discussed previously. Doppler pulse 
502 is transmitted in direction 1, then Doppler pulse 504 is 
transmitted in direction 2. Next, Doppler pulse 506 is 
transmitted in direction 1, then Doppler pulse 508 is trans 
mitted in direction 2. The IGS of FIG. 5 is 2, because tWo 
Doppler transmit beam directions are interleaved. Once the 
Doppler transmit beams are completed, then the B-mode 
pulses are transmitted. 

[0015] FIG. 6 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition With 4 Doppler transmit 
directions interleaved. TWelve Doppler pulses 602-624 and 
tWelve B-mode pulses 626-648 are illustrated. One Doppler 
pulse 602-624 is transmitted in each of the 4 transmit 
directions before a second Doppler pulse 602-624 is trans 
mitted in any direction. The IGS of FIG. 6 is 4. 

[0016] In addition to the techniques above, it is possible to 
obtain several received beams for each transmitted pulse by 
focusing in slightly different directions. This technique is 
called parallel beamforming or Multi-Line Acquisition 
(MLA). The number of parallel receive beams per B-mode 
transmit beam (MLAB) may be different than the number of 
parallel receive beams per Doppler transmit beam (MLAD). 

[0017] BeloW is an eXample of the frame rate and beam 
densities achieved With a conventional packet acquisition 
setup utilizing MLA for cardiac imaging. In this eXample, 
the PRFB is loWer than the PRFD to minimize reverberation 
effects: 

PRFB = 3 kHz PRFDmax = PRFD * IGS = 4 kHz 

NB = 36 ND = 

MLAB = MLAD = 
PS = 3 

Acquisition time per Tfmme = ND * PS/PRFDmax + NB/PRFB = 18 ms 
frame: 
Frame rate: FR = 1/I‘frame = 55 Hz 

Receive beams Doppler: 
Receive beams B-mode: 

MLAD * ND = 32 

MLAB * NB = 72 
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[0018] For tissue Doppler techniques there is a desire for 
frame rates considerably higher than What is achievable With 
the conventional 2D Doppler acquisition techniques dis 
cussed previously. Often the need to capture the details of 
?oWjets or rapid tissue accelerations requires a high frame 
rate for the Doppler information, Whereas the tissue B-mode 
image need not be updated as often. HoWever, in order to 
achieve a high resolution B-mode image, the combined 
B-mode/Doppler frame rate becomes relatively loW. For 
eXample, When assessing the rapid movement in the cardiac 
muscle during the relaxation phase of the cardiac cycle, the 
main problem With the aforementioned acquisition tech 
niques is that the 2D Doppler frame rate can not be increased 
Without decreasing the spatial resolution of the B-mode 
image. But in order to achieve the desired B-mode resolution 
in a sector covering the Whole myocardium, the frame rate 
has to be reduced. For eXample, the frame rate of 55 Hz for 
conventional packet acquisition utilizing MLA as indicated 
above is much loWer than the desired frame rate for cardiac 
imaging, Which may be from 100 frames per second to as 
high as 300 frames per second for some applications. 

[0019] Additionally, during B-mode imaging, there may 
be different demands on the resolution in different areas of 
a B-mode image. An eXample is When studying a heart 
valve. In a small region surrounding the valve, both high 
spatial and temporal resolution are desired. The other parts 
of the image are mainly used for orientation, and a loWer 
resolution is acceptable. 

[0020] Thus, a need has long eXisted in the industry for a 
method and apparatus for acquiring ultrasound data that 
addresses the problems noted above and previously experi 
enced. 

SUMMARY OF INVENTION 

[0021] In accordance With at least one embodiment, a 
method is provided to simultaneously acquire tWo ultra 
sound images. A ?rst set of ultrasound pulses is transmitted 
at a ?rst frame rate in accordance With a ?rst mode of 
operation. The echoes from the ?rst set of ultrasound pulses 
are received. Asecond set of ultrasound pulses is transmitted 
at a second frame rate different from the ?rst frame rate in 
accordance With a second mode of operation. The echoes 
from the ?rst and second set of ultrasound pulses are 
displayed as one image. 

[0022] In an alternative embodiment, the ?rst set of ultra 
sound pulses de?nes a Doppler image and the second set of 
ultrasound pulses de?nes a portion of a B-mode image. A 
?rst portion of the B-mode image may be obtained before 
the Doppler image is obtained. Then a second portion of the 
B-mode image is obtained after the Doppler image is 
obtained. The Doppler and B-mode images are overlaid to 
display one image. 

[0023] In another embodiment, the ?rst set of ultrasound 
pulses de?nes a high resolution B-mode image and the 
second set of ultrasound pulses de?nes a loW resolution 
B-mode image. The portion of the loW resolution B-mode 
image underlying the high resolution B-mode image may be 
obtained using the ultrasound pulses de?ning the high 
resolution B-mode image. The high and loW resolution 
B-mode images are overlaid to display one image. 

[0024] In an alternative embodiment, a portion of a Dop 
pler image may be calculated by transmitting a series of 
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uninterrupted, successive pulses in a common direction and 
detecting the echoes returned from the series of successive 
pulses. A ?rst packet of successive Doppler pulses directed 
in a ?rst direction is transmitted, folloWed by a second 
packet of successive Doppler pulses directed in a second 
direction. In another embodiment, the Doppler pulses may 
be interleaved, Wherein one pulse of the ?rst packet is 
transmitted folloWed by one pulse of the second packet. In 
an alternative embodiment, the ?rst set of ultrasound pulses 
and the second set of ultrasound pulses may be interleaved. 
The ?rst packet of successive Doppler pulses is transmitted 
in a ?rst direction. After the non-Doppler echoes are 
received, a second packet of successive Doppler pulses is 
transmitted in a second direction. 

[0025] In an alternative embodiment, an image based on 
the received echoes from the Doppler pulses is comprised of 
a number of transmit directions, and one Doppler pulse is 
transmitted in each direction. ADoppler image is calculated 
by utiliZing a sliding WindoW technique based upon the 
received echoes. 

[0026] In accordance With at least one embodiment, a 
method for obtaining ultrasound images of an area of 
interest is provided. A set of Doppler pulses is transmitted 
and the Doppler echoes are received. A set of non-Doppler 
pulses corresponding to a sub-region of a displayed image is 
transmitted and the non-Doppler echoes are received. 
Images based on the Doppler and non-Doppler echoes are 
displayed. 
[0027] In one embodiment, the non-Doppler pulses cor 
respond to a sub-region of an image. In another embodi 
ment, the Doppler echoes form a complete image and the 
non-Doppler echoes form a partial image. Therefore, the set 
of Doppler pulses de?nes more image frames than the set of 
non-Doppler pulses. 
[0028] In another embodiment, a scan sequence of trans 
mitting and receiving pulses is divided into scan intervals. 
The scan interval in Which non-Doppler pulses are trans 
mitted and received may be suspended. In another embodi 
ment, non-Doppler pulses associated With a ?rst sub-region 
of a non-Doppler image are transmitted in a ?rst scan 
interval and non-Doppler pulses associated With a second 
sub-region of a non-Doppler image are transmitted in a 
second scan interval. 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] FIG. 1 illustrates a block diagram of an ultrasound 
system formed in accordance With an embodiment of the 
present invention. 

[0030] FIG. 2 illustrates the geometry for a conventional 
sector scanned 2D Doppler acquisition. 

[0031] FIG. 3 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition. 

[0032] FIG. 4 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition utiliZing interleaving of the 
Doppler pulses and the B-mode pulses. 

[0033] FIG. 5 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition With 2 Doppler transmit 
directions interleaved. 

[0034] FIG. 6 illustrates a scan sequence of a conven 
tional 2D Doppler acquisition With 4 Doppler transmit 
directions interleaved. 
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[0035] FIG. 7 illustrates a method of computing Doppler 
and B-mode images from the same transmit pulses utiliZing 
a sliding WindoW technique obtained in accordance With an 
embodiment of the present invention. 

[0036] FIG. 8 illustrates a scan sequence of a 2D Doppler 
acquisition utiliZing packet acquisition of 2D Doppler data 
With a reduced B-mode frame rate obtained in accordance 
With an embodiment of the present invention. 

[0037] FIG. 9 illustrates a scan sequence of a 2D Doppler 
acquisition utiliZing packet acquisition of 2D Doppler data 
With B-mode pulses interleaved betWeen Doppler pulse 
packets and a reduced B-mode frame rate obtained in 
accordance With an embodiment of the present invention. 

[0038] FIG. 10 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing packet acquisition of 2D Doppler 
data With reduced B-mode frame rate and 2 interleaved 
Doppler transmit directions obtained in accordance With an 
embodiment of the present invention. 

[0039] FIG. 11 illustrates a scan sequence of a 2D Doppler 
acquisition utiliZing packet acquisition of 2D Doppler data 
With reduced B-mode frame rate and 4 interleaved Doppler 
transmit directions obtained in accordance With an embodi 
ment of the present invention. 

[0040] FIG. 12 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing packet acquisition of 2D Doppler 
data With reduced B-mode frame rate and 4 interleaved 
Doppler transmit directions obtained in accordance With an 
embodiment of the present invention. 

[0041] FIG. 13 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing packet acquisition of 2D Doppler 
data With a reduced B-mode frame rate, 4 interleaved 
Doppler transmit directions, and a pause inserted to achieve 
a constant Doppler frame rate obtained in accordance With 
an embodiment of the present invention. 

[0042] FIG. 14 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing continuous 2D Doppler acquisition 
With a reduced B-mode frame rate obtained in accordance 
With an embodiment of the present invention. 

[0043] FIG. 15 illustrates a scan sequence of a B-mode 
acquisition utiliZing continuous B-mode acquisition and a 
second B-mode acquisition With a reduced frame rate 
obtained in accordance With an embodiment of the present 
invention. 

[0044] FIG. 16 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing continuous 2D Doppler acquisition 
With an increased number of Doppler transmit directions and 
a reduced B-mode frame rate obtained in accordance With an 
embodiment of the present invention. 

[0045] FIG. 17 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing continuous acquisition of Doppler 
data, With B-mode pulses interleaved betWeen the Doppler 
pulses obtained in accordance With an embodiment of the 
present invention. 

[0046] FIG. 18 illustrates a scan sequence of a 2D Dop 
pler acquisition utiliZing continuous acquisition With a non 
integer ratio betWeen the Doppler frame rate and the B-mode 
frame rate obtained in accordance With an embodiment of 
the present invention. 














