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Description

BACKGROUND

[0001] Small animal or laboratory animal research is
a cornerstone of modem biomedical advancement. Re-
search using small animals enables researchers to un-
derstand complex biological mechanisms, to understand
human and animal disease progression, and to develop
new drugs to cure or alleviate many human and animal
maladies. Small animal research is important in many
areas of biomedical research including neurobiology, de-
velopmental biology, cardiovascular research and can-
cer biology. High-frequency ultrasound and high-fre-
quency Doppler ultrasound can be used to image small
animals for biomedical research.
[0002] Typically, when producing images of an animal
using high-frequency Doppler ultrasound, the animal’s
breathing motion causes artifacts and inaccuracies in the
image. For Doppler measurement of the velocity of blood
flowing in a vessel, movement of the vessel due to the
animal’s breathing motion contributes to erroneous
measured velocities. When an image is constructed us-
ing an ultrasound technique exploiting the total power in
the Doppler signal to produce color-coded real-time im-
ages of blood flow ("Power Doppler") over a two-dimen-
sional surface, a motion artifact is displayed as large
stripes in the image. Researchers have therefore been
limited to producing images of only those parts of the
small animal’s anatomy not affected by breathing motion.
Thus, breathing motion artifacts and inaccuracies hinder
beneficial small animal research.
[0003] Acquisition of 3D volumes also suffers from res-
piration artifacts. 3D volumes typically consist of between
approximately 2 and 500 individual image frames ac-
quired with a spacing of between approximately 0.01 mil-
limeter (mm) to 1.0 mm. When a number of slices have
been acquired they are compiled to render a 3D volume.
Each position consists of an independently acquired
frame which may consist of a "Power Doppler" frame, a
B-Mode frame, or combination of the two. Respiration
artifacts cause unwanted motion which reduces the ac-
curacy of the rendered volume.
[0004] US 20031188757 discloses monitoring a pa-
tient during free breathing using ultrasound imaging with
a half of the image data acquired during exhale and a
half of the image data acquired during inmate.
[0005] US 5271055 discloses an X-ray imaging sys-
tem utilising an acquisition interval during a quiescent
period, being a period of minimum patient movement.

SUMMARY

[0006] The invention provides methods for producing
ultrasound images as set out in claim 1.
[0007] According to one embodiment a method for pro-
ducing an ultrasound image comprises generating ultra-
sound at a frequency of at least 20 megahertz (20MHz),

transmitting the ultrasound of at least 20 MHz into a sub-
ject, monitoring the subject’s respiration cycle or wave-
form, acquiring Doppler, B-Mode, or raw RF ultrasound
data from the subject, and producing an ultrasound im-
age from the ultrasound data received during the time
when the subject’s motion due to breathing has substan-
tially stopped.
[0008] Other apparatus, methods, -and aspects and
advantages of the invention will be discussed with refer-
ence to the Figures and to the detailed description of the
preferred embodiments.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, Il-
lustrate certain aspects of the instant invention and to-
gether with the description, serve to explain, without lim-
itation, the principles of the invention. Like reference
characters used therein indicate like parts throughout the
several drawings.

FIG. 1 is a block diagram illustrating an exemplary
imaging system.
FIG. 2 shows an exemplary respiration waveform
from an exemplary subject.
FIG. 3 shows an exemplary display of FIG. 1 with an
exemplary color box of FIG. 1.
FIG. 4 is a block diagram illustrating an exemplary
method of producing an ultrasound image using the
exemplary system of FIG. 1.
FIG. 5 is a block diagram illustrating an exemplary
method of producing an ultrasound image using the
exemplary system of FIG. 1.
FIG. 6 is a block diagram illustrating an exemplary
method of producing an ultrasound image using the
exemplary system of FIG. 1.
FIG. 7 is a block diagram illustrating an exemplary
method of producing an ultrasound image using the
exemplary system of FIG. 1.
FIG. 8 is a block diagram illustrating an exemplary
method of producing an ultrasound image using the
exemplary system of FIG. 1.
FIG. 9 is a block diagram illustrating an exemplary
array based ultrasound imaging system.

DETAILED DESCRIPTION

[0010] The present invention can be understood more
readily by reference to the following detailed description,
examples, drawings, and claims, and their previous and
following description. However, before the present de-
vices, systems, and/or methods are disclosed and de-
scribed, it is to be understood that this invention is not
limited to the specific devices, systems, and/or methods
disclosed unless otherwise specified, as such can, of
course, vary. It is also to be understood that the termi-
nology used herein is for the purpose of describing par-
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ticular aspects only and is not intended to be limiting.
[0011] The following description of the invention is pro-
vided as an enabling teaching of the invention in its best,
currently known embodiment. To this end, those skilled
in the relevant art will recognize and appreciate that many
changes can be made to the various aspects of the in-
vention described herein, while still obtaining the bene-
ficial results of the present invention. It will also be ap-
parent that some of the desired benefits of the present
invention can be obtained by selecting some of the fea-
tures of the present invention without utilizing other fea-
tures. Accordingly, those who work in the art will recog-
nize that many modifications and adaptations to the
present invention are possible and can even be desirable
in certain circumstances and are a part of the present
invention. Thus, the following description is provided as
illustrative of the principles of the present invention and
not in limitation thereof.
[0012] As used herein, the singular forms "a," "an" and
"the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to a
"surface" includes aspects having two or more such sur-
faces unless the context clearly indicates otherwise.
[0013] Ranges can be expressed herein as from
"about" one particular value, and/or to "about" another
particular value. When such a range is expressed, an-
other aspect includes from the one particular value and/or
to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent
"about," it will be understood that the particular value
forms another aspect. It will be further understood that
the endpoints of each of the ranges are significant both
in relation to the other endpoint, and independently of
the other endpoint.
[0014] As used herein, the terms "optional" or "option-
ally" mean that the subsequently described event or cir-
cumstance may or may not occur, and that the description
includes instances where said event or circumstance oc-
curs and instances where it does not.
[0015] The present invention may be understood more
readily by reference to the following detailed description
of preferred embodiments of the invention and the ex-
amples included therein and to the Figures and their pre-
vious and following description.
[0016] By a "subject" is meant an individual. The term
subject includes small or laboratory animals as well as
primates, including humans. A laboratory animal in-
cludes, but is not limited to, a rodent such as a mouse or
a rat. The term laboratory animal is also used inter-
changeably with animal, small animal, small laboratory
animal, or subject, which includes mice, rats, cats, dogs,
fish, rabbits, guinea pigs, rodents, etc. The term labora-
tory animal does not denote a particular age or sex. Thus,
adult and newborn animals, as well as fetuses (including
embryos), whether male or female, are included.
[0017] Figure 1 is a block diagram illustrating an ex-
emplary imaging system 100. In this aspect, the imaging
system 100 operates on a subject 102. An ultrasound

probe 112 is placed in proximity to the subject 102 to
obtain ultrasound image information. The ultrasound
probe can comprise a mechanically moved transducer
that can be used for collection of ultrasound data 110,
including, for example and not meant to be limiting, Power
Doppler ultrasound data, Color Flow velocity ultrasound
data, Tissue Doppler data, B-Mode ultrasound data, M-
Mode ultrasound data, and raw RF ultrasound data. As
noted below, one skilled in the art will appreciate that it
is contemplated that the disclosed methods can also be
practiced using an array based ultrasound system, ex-
emplarily illustrated the block diagram Figure 9, in addi-
tion to a system comprising a mechanically moved trans-
ducer.
[0018] It is contemplated that any system capable of
translating a beam of ultrasound across a subject or por-
tion thereof could be used to practice the described meth-
ods. Thus, the methods can be practiced using a me-
chanically scanned system that can translate an ultra-
sound beam as it sweeps along a path, or, alternatively,
a plurality of ultrasound beams as it sweeps along the
path. The methods can also be practiced using an array
based system where a plurality of beams is generated
and translated by electrical steering along the elements
of the transducer. One skilled in the art will appreciate
that beams translated from either type system can be
used in the described methods, without any limitation to
the type of system employed. Thus, one of skill in the art
will appreciate that the methods described as being per-
formed with a mechanically scanned system can also be
performed with an array system. Similarly, methods de-
scribed as being performed with an array system can
also be performed with a mechanically scanned system.
The type of system is therefore not intended to be a lim-
itation to any described method because array and me-
chanically scanned systems can be used interchangea-
bly to perform the described methods.
[0019] Moreover, for both a mechanically scanned
system and an array type system, transducers having a
center frequency in a clinical frequency range of less
than.20 MHz, or in a high frequency range of equal to or
greater than 20MHz can be used.
[0020] In the systems and methods described, an ul-
trasound mode or technique, such as "Power Doppler"
can be used. The Power Doppler mode exploits the total
power in the Doppler signal to produce color-coded real-
time images of blood flow. The system and method can
also be used to generate color Doppler images, which
depict mean velocity information, or to generate B-Mode
frames individually or as a collection describing a 3-D
volume, Tissue Doppler, M-Mode acquisition of raw RF
data, and to the application of molecular imaging with a
contrast or image difference overlay.
[0021] For the application of molecular imaging, an im-
age difference overlay can be used to highlight differenc-
es in intensity between a reference image and a data
image. The heart beat and the respiration motion of a
subject typically disturbs or moves an ultrasound image
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disallowing direct image subtraction to highlight differ-
ences in intensity. An exemplary method for creating an
image difference overlay comprises identifying a loop of
reference images of a subj ect or portion thereof. The
method further comprises identifying a loop of data im-
ages of the subject or the portion thereof. A data image
can be compared to a plurality of images of the reference
image loop. At least one data image can be associated
with at least one reference image. An image subtraction
on the associated images can be performed to produce
the image difference overlay. The data image can be
associated with the at least one reference loop image
based on similarity. For example, the similarity can be
determined by summing the absolute difference of pixel
intensity levels and associating the data loop image
frame with the reference loop image frame or frames
which yield the smallest absolute difference value. The
methods described herein can be used along with overlay
methods to enhance the ability of contrast overlay meth-
ods to highlight differences in intensity between a refer-
ence image and a data image
[0022] In one exemplary aspect, the transducer can
transmit ultrasound at a frequency of at least about 20
megahertz (MHz). In alternative aspects, for example
and not meant to be limiting, the transducer can transmit
ultrasound at or above about 20 MHz, 30 MHz, 40 MHz,
50 MHz, or 60 MHz. Further, transducer operating fre-
quencies significantly greater than those mentioned are
also contemplated.
[0023] The subj ect 102 can be connected to electro-
cardiogram (ECG) electrodes 104 to obtain a cardiac
rhythm and respiration waveform 200, see Figure 2, from
the subject 102. A respiration detection element 148,
which includes respiration detection software 140, can
be used to produce a respiration waveform 200 for pro-
vision to an ultrasound system 131. Respiration detection
software 140 can produce a respiration waveform 200
by monitoring muscular resistance when a subject
breathes. The use of ECG electrodes 104 and respiration
detection software 140 to produce a respiration wave-
form 200 can be performed using a respiration detection
element 148 and software 140 known in the art and avail-
able from, for example, Indus Instruments, Houston, TX.
In an alternative aspect, a respiration waveform can be
produced by a method that does not employ ECG elec-
trodes, for example, with a strain gauge plethysmograph.
[0024] The respiration detection software 140 converts
electrical information from the ECG electrodes 104 into
an analog signal that can be transmitted to the ultrasound
system 131. The analog signal is further converted into
digital data by an analog-to-digital converter 152, which
can be included in a signal processor 108 or can be lo-
cated elsewhere, after being amplified by an ECG/respi-
ration waveform amplifier 106. In one embodiment, the
respiration detection element 148 comprises an amplifier
for amplifying the analog signal for provision to the ultra-
sound system 131 and for conversion to digital data by
the analog-to-digital converter 152. In this embodiment,

use of the amplifier 106 can be avoided entirely. Using
digitized data, respiration analysis software 142 located
in memory 121 can determine characteristics of a sub-
ject’s breathing including respiration rate and the time
during which the subject’s movement due to respiration
has substantially stopped.
[0025] Cardiac signals from the electrodes 104 and
the respiration waveform signals can be transmitted to
an ECG/respiration waveform amplifier 106 to condition
the signals for provision to an ultrasound system 131. It
is recognized that a signal processor or other such device
may be used instead of an ECG/respiration waveform
amplifier 106 to condition the signals. If the cardiac signal
or respiration waveform signal from the electrodes 104
is suitable, then use of the amplifier 106 can be avoided
entirely.
[0026] An exemplary ultrasound system 131 having a
mechanically scanned single element transducer in-
cludes a control subsystem 127, an image construction
subsystem 129, sometimes referred to as a scan con-
verter, a transmit subsystem 118, a receive subsystem
120, and a user input device in the form of a human ma-
chine interface 136. The processor 134 is coupled the
control subsystem 127 and the display 116 is coupled to
the processor 134.
[0027] An exemplary ultrasound system 902 having an
array transducer 904 can include a processor 134, a front
end electronics module 906, a transmit beamformer 906
and receive beamformer 906, a beamformer control mod-
ule 908, processing modules for B-Mode 410, Color flow
912, Power Doppler 912, M-Mode 916, PW Doppler 914
and other modes such as Tissue Doppler and digital RF
data, a scan converter 129, a video processing module
920 a display 116 and a user interface module 136.
[0028] A color box 144 can be projected to a user by
the display 116. The color box 144 represents an area
of the display 116 where Doppler data is acquired and
displayed. The color box describes a region or predeter-
mined area, within which, Power Doppler scanning is per-
formed. The color box can also be generalized as defining
the start and stop points of scanning either with a me-
chanically moved transducer or electronically as for an
array based probe. The generalization extends to B-
Mode images as well. The start and stop points of scan-
ning can also define the edges of the B-Mode frame. The
term "frame" can be used to describe a collection of lines
for either B-Mode or Color Flow, Power Doppler or Tissue
Doppler. The size or area of the color box 144 can be
selected by an operator through use of the human ma-
chine interface 136, and can depend on the area in which
the operator desires to obtain data. For example, if the
operator desires to analyze blood flow within a given area
of anatomy shown on the display 116, a color box 144
can be defined on the display corresponding to the anat-
omy area and representing the area in which the ultra-
sound transducer will transmit and receive ultrasound
energy and data so that a user defined portion of anatomy
can be imaged.
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[0029] For a mechanically scanned transducer sys-
tem, the transducer is moved from the start position to
the end position, such as, for example a first scan position
through an nth scan position. As the transducer moves,
ultrasound pulses are transmitted by the transducer and
the return ultrasound echoes are received by the trans-
ducer. Each transmit/receive pulse cycle results in the
acquisition of an ultrasound line. All of the ultrasound
lines acquired as the transducer moves from the start to
the end position constitute an image "frame." For an ul-
trasound system which uses an array, the transmit beam-
former, receive beamformer and front end electronics ul-
trasound pulses can be transmitted along multiple lines
of sight within the color box. B-Mode data can be acquired
for the entire field of view, whereas color flow data can
acquired from the region defined by the color box.
[0030] The processor 134 is coupled the control sub-
system 127 and the display 116 is coupled to the proc-
essor 134. A memory 121 is coupled to the processor
134. The memory 121 can be any type of computer mem-
ory, and is typically referred to as random access memory
"RAM," in which the software 123 of the invention exe-
cutes. Software 123 controls the acquisition, processing
and display of the ultrasound data allowing the ultrasound
system 131 to display an image.
[0031] The method and system for synchronization of
breathing with the capture of ultrasound Doppler data
can be implemented using a combination of hardware
and software. The hardware implementation of the sys-
tem can include any or a combination of the following
technologies, which are all well known in the art: discrete
electronic components, a discrete logic circuit(s) having
logic gates for implementing logic functions upon data
signals, an application specific integrated circuit having
appropriate logic gates, a programmable gate array(s)
(PGA), a field programmable gate array (FPGA), etc.
[0032] The software for the system comprises an or-
dered listing of executable instructions for implementing
logical functions, and can be embodied in any computer-
readable medium for use by or in connection with an in-
struction execution system, apparatus, or device, such
as a computer-based system, processor-containing sys-
tem, or other system that can fetch the instructions from
the instruction execution system, apparatus, or device
and execute the instructions.
[0033] In the context of this document, a "computer-
readable medium" can be any means that can contain,
store, communicate, propagate, or transport the program
for use by or in connection with the instruction execution
system, apparatus, or device. The computer readable
medium can be, for example but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propaga-
tion medium. More specific examples (a non-exhaustive
list) of the computer-readable medium would include the
following: an electrical connection (electronic) having
one or more wires, a portable computer diskette (mag-
netic), a random access memory (RAM), a read-only

memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory) (magnetic), an op-
tical fiber (optical), and a portable compact disc read-only
memory (CDROM) (optical). Note that the computer-
readable medium could even be paper or another suita-
ble medium upon which the program is printed, as the
program can be electronically captured, via for instance
optical scanning of the paper or other medium, then com-
piled, interpreted or otherwise processed in a suitable
manner if necessary, and then stored in a computer mem-
ory.
[0034] The exemplary mechanically scanned ultra-
sound system 131 software, comprising respiration anal-
ysis software 142, transducer localizing software 146 and
system software 123 determines the position of the trans-
ducer 150 and determines the start and end positions of
the transducer for ultrasound data signal acquisition. For
an exemplary array system, a beamformer control mod-
ule controls the position of the scan lines used for Power
Doppler, Color Flow, or for other scanning modalities.
[0035] The respiration analysis software 142 allows
capture of ultrasound data at the appropriate point during
the respiration cycle of the subject 102. Thus, respiration
analysis software 142 can control when ultrasound image
data 110 is collected based on input from the subject 102
through the ECG electrodes 104 and the respiration de-
tection software 140. The respiration analysis software
142 controls the collection of ultrasound data 110 at ap-
propriate time points during the respiration waveform
200. For acquisition of Doppler data, in-phase (I) and
quadrature-phase (Q) Doppler data can be captured dur-
ing the appropriate time period when the respiration sig-
nal indicates a quiet period in the animal’s breathing cy-
cle. For acquisition of B-Mode data, the magnitude of the
reflected signal is acquired by envelope detecting and
log compressing the received RF data. By "quiet period"
is meant a substantially non-motion period in the animal’s
respiratory or breathing cycle when the animal’s motion
due to breathing has substantially stopped. Thus, in the
system described, the software 123, the respiration anal-
ysis software 142 and the transducer localizing software
146, or a beamformer control module/software for an ar-
ray system, can control the acquisition, processing and
display of ultrasound data, and can allow the ultrasound
system 131 to capture ultrasound images at appropriate
times during the respiration waveform of the subject 200.
When the start of the quiet period is detected by the res-
piration analysis software, the transducer localizing soft-
ware or beamformer control software/module sends a
command causing the system to begin color flow acqui-
sition.
[0036] In an alternative aspect, the system will initiate
or trigger data acquisition after detecting a non-motion
period of the subject and upon reaching a desired point
in a concurrently monitored ECG waveform.
[0037] Memory 121 also includes the ultrasound data
110 obtained by the ultrasound system 131. A computer
readable storage medium 138 is coupled to the processor
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for providing instructions to the processor to instruct
and/or configure the processor to perform algorithms re-
lated to the operation of ultrasound system 131, as further
explained below. The computer readable medium can
include hardware and/or software such as, by the way of
example only, magnetic disk, magnetic tape, optically
readable medium such as CD ROMs, and semiconductor
memory such as PCMCIA cards. In each case, the me-
dium may take the form of a portable item such as a small
disk, floppy disk, cassette, or may take the form of a rel-
atively large or immobile item such as a hard disk drive,
solid state memory card, or RAM provided in the support
system. It should be noted that the above listed example
mediums can be used either alone or in combination.
[0038] The ultrasound system 131 includes a control
subsystem 127 to direct operation of various components
of the ultrasound system 131. The control subsystem 127
and related components may be provided as software
for instructing a general purpose processor or as spe-
cialized electronics in a hardware implementation. The
ultrasound system 131 includes an image construction
subsystem 129 for converting the electrical signals gen-
erated by the received ultrasound echoes to data that
can be manipulated by the processor 134 and that can
be rendered into an image on the display 116. The control
subsystem 127 is connected to a transmit subsystem 118
to provide ultrasound transmit signal to the ultrasound
probe 112. The ultrasound probe 112 in turn provides an
ultrasound receive signal to a receive subsystem 120.
The receive subsystem 120 also provides signals repre-
sentative of the received signals to the image construc-
tion subsystem 129. The receive subsystem 120 is also
connected to the control subsystem 127. The scan con-
verter 129 for the image construction subsystem and for
the respiration registration information is directed by the
control subsystem 127 to operate on the received data
to render an image for display using the image data 110.
[0039] The ultrasound system 131 may include the
ECG/respiration waveform signal processor 108. The
ECG/respiration waveform signal processor 108 is con-
figured to receive signals from the ECG/respiration wave-
form amplifier 106 if the amplifier is utilized. If the amplifier
106 is not used, the ECG/respiration waveform signal
processor 108 can also be adapted to receive signals
directly from the ECG electrodes 104 or from the respi-
ration detection element 148. The signal processor 108
can convert the analog signal from the respiration detec-
tion element 148 and software 140 into digital data for
use in the ultrasound system 131. Thus, the ECG/respi-
ration waveform signal processor can process signals
that represent the cardiac cycle as well as the respiration
waveform 200. The ECG/respiration waveform signal
processor 108 provides various signals to the control
subsystem 127. The receive subsystem 120 also re-
ceives ECG time stamps or respiration waveform time
stamps from the ECG/respiration waveform signal proc-
essor 108. For example, each data sample of the ECG
or respiration data is time registered with a time stamp

derived from a clock.
[0040] The receive subsystem 120 is connected to the
control subsystem 127 and an image construction sub-
system 129. The image construction subsystem 129 is
directed by the control subsystem 127. The ultrasound
system 131 transmits and receives ultrasound data with
the ultrasound probe 112, provides an interface to a user
to control the operational parameters of the imaging sys-
tem 100, and processes data appropriate to formulate
still and moving images that represent anatomy and/or
physiology of the subject 102. Images are presented to
the user through the display 116.
[0041] The human machine interface 136 of the ultra-
sound system 131 takes input from the user and trans-
lates such input to control the operation of the ultrasound
probe 112. The human machine interface 136 also
presents processed images and data to the user through
the display 116. Using the human machine interface 136
a user can define a color box 144, or optionally, the user
can extend image acquisition to a fuller field of view. A
fuller field of view can be used for acquisition of a B-Mode
frame. Optionally, the extent can be configured automat-
ically based on predefined desired image size parame-
ters such as field of view. Thus, at the human machine
interface 136, the user can define the color box 144 which
represents the area in which image data 110 is collected
from the subject 102. The color box 144 defines the area
where the ultrasound transducer 150 transmits and re-
ceives ultrasound signals. Software 123 in cooperation
with respiration analysis software 142 and transducer lo-
calizing software 146, or in the case of an array system,
a beamformer control module/software, and in coopera-
tion with the image construction subsystem 129 operate
on the electrical signals developed by the receive sub-
system 120 to develop an ultrasound image which is ac-
quired at specific intervals within the respiratory cycle
corresponding to the breathing or respiration waveform
of the subject 102.
[0042] Figure 2 shows an exemplary respiration wave-
form 200 from a subject 102 where the x-axis represents
time in milliseconds (ms) and the y-axis represents volt-
age in millivolts (mV). A typical respiration waveform 200
includes multiple peaks positions or plateaus 202, one
for each respiration cycle of the subject. As shown in
Figure 2, a reference line 204 can be inserted on the
waveform 202. The portions of the respiration waveform
200 above the reference line 204, are peaks or plateaus
202, and generally represent the period when the sub-
ject’s movement due to breathing has substantially
stopped, i.e., a "motionless" or "non-motion" period.
[0043] By "substantially stopped" is meant that a sub-
ject’s movement due to breathing has stopped to the point
at which the collection of Doppler ultrasound data is de-
sirable because of a reduction in artifacts and inaccura-
cies that would otherwise result in the acquired image
due to breathing motion.
[0044] It is to be understood that depending on the
recording equipment used to acquire respiration data and

9 10 



EP 1 853 169 B1

7

5

10

15

20

25

30

35

40

45

50

55

the algorithmic method used to analyze the digitalized
signal, the motionless period may not align perfectly with
the detected signal position. Thus, time offsets may be
required to be used that are typically dependent on the
equipment and detection method used and animal anat-
omy. For example, in one exemplary recording tech-
nique, using the muscular resistance of the foot pads,
the motionless period starts shortly after the detected
peak in resistance. One skilled in the art can appreciate
that the determination of the actual points in the respira-
tion signal, regardless of how it is acquired, can be easily
determined by empirical comparison of the signal to the
actual animals motion and choosing suitable corrections
such that the signal analysis performed can produce an
event describing the respective start and stop points of
respiration motion.
[0045] A subject’s motion due to breathing substantial-
ly stops for a period of approximately 100 to 2000 milli-
seconds during a respiration cycle. The period during a
subject’s respiration cycle during which that subject’s mo-
tion due to breathing has substantially stopped may vary
depending on several factors including, animal species,
body temperature, body mass or anesthesia level. The
respiration waveform 200 including the peaks 202 can
be determined by the respiration detection software 140
from electrical signals delivered by ECG electrodes 104
which can detect muscular resistance when breathing.
For example, muscular resistance can be detected by
applying electrodes to a subject’s foot pads.
[0046] By detecting changes in muscular resistance in
the foot pads, the respiration detection software 140 can
generate the respiration waveform 200. Thus, variations
during a subject’s respiration cycle can be detected and
ultrasound data can be acquired during the appropriate
time of the respiration cycle when the subject’s motion
due to breathing has substantially stopped. For example,
Doppler samples can be captured during the approxi-
mate 100 milliseconds to 2000 millisecond period when
movement has substantially ceased. A respiration wave-
form 200 can also be determined by the respiration de-
tection software 140 from signals delivered by a pneu-
matic cushion (not shown) positioned underneath the
subject. An exemplary use of a pneumatic cushion to
produce signals from a subject’s breathing is known in
the art.
[0047] Figure 3 shows an exemplary display 116 of the
ultrasound imaging system 131 with an exemplary color
box 144. The image 300 represents an image displayed
on the display 116. The color box 144 is defined within
the image 300. The color box 144 represents an area of
the ultrasound image 300 on the display 116 that corre-
sponds to a portion of the subject’s anatomy where ul-
trasound data is collected by the ultrasound probe 112.
As will be understood to one skilled in the art, multiple
color boxes 144 can also be defined simultaneously on
the display or at different times and such multiple color
boxes 144 can be used in the methods described.
[0048] The area encompassed by the color box 144

can be defined by a user via the human machine interface
136 or configured automatically or semi-automatically
based on a desired predefined image size such as filed
of view (FOV) as is typically the case for B-Mode acquired
data. Thus, the color box 144 represents an area where
data is captured and depicted on the display 116. The
image data 110 is collected within the color box 144 by
registering the transducer 150 of the ultrasound probe
112 within the color box 144. The ultrasound transducer
150 can be a single element sweeping transducer or an
electronically scanned transducer such as a linear, fo-
cused, or phased array. The ultrasound transducer 150
can be located anywhere on the anatomy that corre-
sponds to a defined color box 144. The transducer local-
izing software 146 can be used to localize the transducer
150 at any defined location within the color box 144.
[0049] The initial position of the transducer 150 can
define a starting point for transmitting and acquiring ul-
trasound energy and data. Thus, in one example, the
transducer 150 can be located at the left side 302 of the
color box 144 and ultrasound energy and data can be
transmitted and received starting at the left side of the
color box. Similarly, any portion of the color box 144 can
be defined as an end point for transmitting and acquiring
ultrasound energy and data. For example, the right side
304 of the color box 144 can be defied as an end point
for transmitting and acquiring ultrasound energy and da-
ta. Ultrasound energy and data can be transmitted and
received at any point and time between the starting and
end point of the color box. Therefore, in one aspect of
the invention, a user can define the left side 302 of a color
box 144 as the starting point and the right side 304 of the
same color box 144 as an end point. In this example,
ultrasound energy and data can be transmitted and re-
ceived at any point and time between the left side 302 of
the color box 144 and moving towards the right side 304
of the color box 144. Moreover, it would be clear to one
skilled in the art that any side or region of a color box 144
could be defined as the starting point and any side or
region of a color box 144 could be defined as an end point.
[0050] It is to be understood that all references to mo-
tion using a mechanically positioned transducer are
equally analogous to suitable configuration of the beam-
former in an array based system and that these methods
described herein are applicable to both systems. For ex-
ample, stating that the transducer should be positioned
at its starting point, is analogous to stating that the array
beamformer is configured to receive ultrasound echoes
a start position.
[0051] Figure 4 is a flowchart illustrating an exemplary
method of producing an ultrasound image using the ex-
emplary imaging system 100. As would be clear to one
skilled in the art, and based on the teachings above, the
method described could be performed using an alterna-
tive exemplary imaging system.
[0052] At a start position 402, a single element trans-
ducer 150 or an array transducer 704 is placed in prox-
imity to a subject 102. In block 404, a respiration wave-
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form 200 from the subject 102 is captured by respiration
detection software 140. IN one aspect, the respiration
waveform 200 is captured continuously at an operator
selected frequency. For example, the respiration wave-
form can be digitized continuously at 8000 Hz. In block
406, once the transducer 150 is placed in proximity to
the subject 102, the transducer is positioned at a starting
position in the color box 144. In one embodiment, the
transducer is positioned at the left side 302 of the color
box 144 when the color box is viewed on the display 116.
However, any side or region of a color box could be de-
fined as the starting point and any side or region of a
color box could be defined as an end point.
[0053] In step 408, the respiration analysis software
142 determines if a captured sample represents the start
of the motionless period 202 of the respiration waveform
200. One skilled in the art will appreciate that the point
at which the motionless or non-motion period begins is
not necessarily the "peak" of the respiratory waveform;
also, the point in the waveform which corresponds to the
motionless period can be dependent on the type of meth-
od used to acquire the respiratory waveform. A captured
sample of the continuously captured respiration wave-
form 200 represents the value of the captured respiration
waveform 200 at a point in time defined by the selected
sampling frequency. At a particular point 202 of the sub-
ject’s respiration waveform 200, the subject’s movement
due to breathing has substantially stopped. This is a de-
sired time for image data to be captured. As noted above,
a mechanically moved transducer or an array transducer
can be used for collection of ultrasound data.
[0054] Prior to the initialization of Color Flow, Power
Doppler, or B-Mode scanning, the transducer can be po-
sitioned at the start point defined by the color box. In
block 410, if respiration analysis software 142 determines
that the subject 102 is at a point which represents the
beginning of the motionless period 202 of its respiration
cycle, the transmit subsystem 118, under the control of
the software 123 causes the transducer 150 to start mov-
ing. If the captured sample at block 406 does not repre-
sent a peak 202 of the subject’s respiration cycle, the
respiration detection software 142 continues to monitor
for a respiration peak 202.
[0055] In block 412, the transducer begins scanning,
and ultrasound data is acquired. For a mechanically
scanned transducer system, the speed of motion can be
set such that it completes the entire scan from start to
stop within the motionless period of the respiration cycle.
In block 414, the completion of the frame is checked. If
frame completion has not occurred, the process loops
back to block 412, and scanning continues. If the com-
pletion of frame has occurred, then scanning stops, the
data is processed and the display is updated in block
416. After the display has been updated, in block 418 the
system software checks for a user request to terminate
imaging. In block 420, if the image termination request
has occurred, imaging stops. If, in block 418, no termi-
nation request has been made, the process loops back

to block 406.
[0056] The period of time during which ultrasound
samples are captured can vary depending on the sub-
ject’s respiration cycle. For example, ultrasound samples
can be collected for a duration of between about 200 to
about 2000 milliseconds. Ultrasound I and Q data can
be captured during the quiet period in the subject’s res-
piration cycle for Doppler acquisition. Envelope data can
be acquired for B-Mode. For example, 200 milliseconds
is an estimate of the period of time which a subject 102
may be substantially motionless in its respiration cycle
200. This substantially motionless period is the period
when the ultrasound samples are collected.
[0057] Figure 5 is a flowchart 500 illustrating an alter-
native method of producing an image using the exem-
plary imaging system 100. As will be clear to one skilled
in the art, and based on the teachings above, the method
described could be performed using an alternative ex-
emplary imaging system. The method 500 uses the same
hardware as the method 400, and can use respiration
analysis software 142 and transducer localizing software
146 programmed according to the noted modes and
methodologies described herein. As with method out-
lined in flowchart 400, the transducer can be positioned
at the left side 302 of the color box 144. Or, in the case
of an array based system, the beamformer can be con-
figured to begin scanning at the left side of the color box.
It will be clear to one skilled in the art that any side or
region of a color box could be defined as the starting
point and any side or region of a color box could be de-
fined as an end point.
[0058] In block 504, the transducer is placed at the left
side 302 of the color box. In block 506, a respiration wave-
form is captured. The respiratory waveform can be time
stamped, such that there is known temporal registration
between the acquired ultrasound lines and the respira-
tory waveform. This form of scanning involves time reg-
istration of the respiratory waveform. A new frame can
be initiated as soon as the previous one ends. Therefore,
the respiratory waveform and the start of frame may not
be synchronous. The time period during which maximum
level of respiratory motion occurs, the motion period, is
determined from the respiratory waveform using the res-
piratory analysis software. Data which is acquired during
this time period is assumed to be distorted by respiratory
motion and is termed "non-valid" data. Data acquired dur-
ing the motionless phase of the respiratory cycle is
termed "valid" data. In various exemplary aspects, the
non-valid data can be replaced with valid data from the
same region acquired during a previous frame, or with
data obtained by processing valid data acquired during
previous frames using an averaging or persistence meth-
od.
[0059] In block 508, software 123 causes the trans-
ducer to start moving to the right side 304 of the color
box and performs a complete sweep of the color box.
[0060] A mechanically moved transducer 150 or an ar-
ray transducer 704 can be used for collection of ultra-
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sound data. In block 510, ultrasound data is captured for
the entire sweep or translation across the color box 508.
In block 512, the data is processed to generate an initial
image. In block 514, the respiratory waveform is proc-
essed to determine the "blanked period," which corre-
sponds to the period during which there is high respiratory
motion in the subject and the regions of the image, or
lines within the frame, which occurred during the "blanked
period" are determined from the time stamp information.
These lines of which were acquired during the "blanked
period" are not displayed. Instead, the lines in the blanked
region are filled in. There are various methods which can
be used to fill in the blanked regions. For example, pre-
viously acquired frames can be stored in a buffer in mem-
ory, and the video processing software can display lines
from previously acquired frames which correspond to the
blanked out lines. Thus, in block 516, data from a previ-
ous image frame can be used to fill in areas blanked out
in block 514.
[0061] In one exemplary aspect, the process for pro-
ducing an ultrasound image outlined in Figure 5 compris-
es monitoring a respiration waveform of a subject and
detecting at least one peak period and at least one non-
peak period of the respiration waveform. In this aspect,
each peak period corresponds to a time when the sub-
ject’s bodily motion caused by its respiration has sub-
stantially stopped and each non-peak period corre-
sponds to a time when the subject’s body is in motion
due to its respiration. The process further comprises gen-
erating ultrasound at a frequency of at least 20 megahertz
(MHz), transmitting ultrasound at a frequency of at least
20 MHz into a subject, and acquiring ultrasound data
during the least one peak period of the subject’s respi-
ration waveform and during the at least one non-peak
period of the subject’s respiration waveform. In exempla-
ry aspect, the steps of generating, transmitting and ac-
quiring are incrementally repeated from a first scan line
position through an nth scan line position.
[0062] In this example, the received ultrasound data
are complied to form an initial image. At least one portion
of the initial image comprising data received during a
non-peak period of the subject’s respiration waveform is
identified and processed to produce the final ultrasound
image. In this aspect, the final ultrasound image is com-
piled from data received during the incremental peak pe-
riods of the subject’s respiration waveform.
[0063] In aspects of this example, the processing step
comprises removing data, i.e., "non-valid" data, from the
initial image that was received during non-peak periods
of the subject’s respiration waveform to produce a par-
tially blanked out image having at least one blanked out
region and substituting data, i.e., "valid" data, received
during the peak of the subject’s respiration waveform
from another initial image into the at least one blanked
out region of the partially blanked out image to produce
the ultrasound image.
[0064] In one aspect, persistence can be applied to
color flow image data. As one skilled in the art will ap-

preciate, persistence is a process in which information
from each spatial location in the most recently acquired
frame is combined according to a algorithm with informa-
tion from the corresponding spatial locations from previ-
ous frames. In one aspect, persistence processing may
occur in the scan converter software unit. An exemplary
persistence algorithm that can be used is as follows: 

where Y(n) is the output value which is displayed, X(n)
is the most recently acquired Power Doppler sample, Y
(n-1) is the output value derived for the previous frame,
and α is a coefficient which determines the amount of
persistence. When there are non-valid or blanked regions
in the most recently acquired image frame, persistence
can be applied to the entire frame, with the non-valid lines
being given a value of zero. Provided that the start of
frame of each Power Doppler frame is not synchronous
with the respiratory waveform, the non-valid time periods
occurs at different times within each frame.
[0065] Another exemplary method of handling the non-
valid or blanked regions is to implement persistence on
a line to line basis. For lines which have a valid value,
persistence is implemented as above. For lines which
are determined to be within the non-valid region, the per-
sistence operation is suspended. Thus, in the above
equation, instead of setting X(n) to zero and calculating
Y(n), Y(n) is set equal to Y(n-1).
[0066] In block 518, it is determined whether to stop
the process. In one aspect, the condition to stop the proc-
ess is met when the position of the transducer meets or
exceeds the stop position of the color box 144. In an
alternative aspect, the process can continue until an op-
erator issues a stop command. If, in block 518, it is de-
termined that the process is not complete, the transducer
is repositioned at the left side 302 of the color box. If in
block 518, it is determined that the process is finished,
the process is complete at block 520. The blanking proc-
ess described in block 514 and 516 is optional. In some
cases, if for example the rate at which the transducer
moves across the anatomy is high, the entire data set
may be acquired without a respiration event occurring.
In these cases, image blanking is not performed.
[0067] Figure 6 is a flow chart illustrating another ex-
emplary embodiment 600 for producing an image using
the imaging system 100. As will be clear to one skilled in
the art, and based on the teachings above, the method
described could be performed using an alternative ex-
emplary imaging system. In this method, the transducer
150 is moved once per respiration cycle. A mechanically
moved transducer can be used for collection of ultra-
sound data. Thus, in this method, one line of data is cap-
tured when the subject’s movement due to respiration
has substantially stopped. Once this substantially mo-
tionless period ends, the transducer recaptures image
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data the next time in the subject’s respiration cycle when
the subject is substantially motionless again. Thus, one
line of data is captured per respiration cycle when the
subject is substantially still.
[0068] The method 600 begins at block 602. In block
604, a transducer is positioned at the start of the color
box 144. In one example, the left side 302 of the color
box 144 can be defined as start point for the transducer
and the right side 304 can be defined as the end point.
In block 606, a respiration waveform is captured from the
subject 102 using ECG electrodes 104 and respiration
detection software 140. In block 608, respiration analysis
software 142 analyzes the respiration waveform and in-
structs the ultrasound system 131 to wait for a respiration
peak 202.
[0069] In block 610, ultrasound samples are captured
in the quiet time or period of the respiration wave approx-
imately 100 to 200 milliseconds after the respiration peak
detected in block 608. The quiet period depends on the
period of the subject’s respiration. For example, in a
mouse, the quiet period can be approximately 100 to 200
milliseconds. Doppler I and Q data can be captured dur-
ing the quiet period in the animal’s respiration cycle or
optionally acquisition of envelope data is acquired for B-
Mode. In block 612, captured ultrasound Doppler data is
processed by the ultrasound system 131, and in block
614 a step motor moves the transducer 150 a small dis-
tance through the color box 144. In block 616, it is deter-
mined whether the transducer is at the end 304 of the
color box 144. If it is determined that the transducer is
not at the end 304 of the color box 144, an ultrasound
sample data captured during a peak 202 of the respiration
waveform. If it is determined that the transducer is at the
right edge 304 of the color box, it is further determined
at block 618 whether to stop the process. If the transducer
is at the right edge 304 of the color box the process is
stopped. If it is determined that the process is to be
stopped, the process is finished. If it is determined that
the process is not finished because the transducer is not
at the right edge 304 of the color box, the transducer is
repositioned to the start or left side 302 of the color box.
[0070] In another embodiment of this method, shown
in Figure 7, if the system detects that the motionless pe-
riod of the respiration cycle has ended the motion of the
transducer can be paused in mid-frame. The transducer
can remain at this position until the beginning of the next
motionless period is detected at which time scanning can
resume.
[0071] This embodiment is primarily applicable to the
mechanically scanned transducer system. As described
previously in flowchart 400 and as shown in Figure 4, an
embodiment is illustrated wherein the speed of the motor
is set such that the entire frame is captured during the
motionless period of one respiration cycle. The embod-
iment described in flowchart 700 permits the acquisition
of one frame over multiple heart cycles.
[0072] After the user requests that imaging commence
in block 702, the respiratory waveform acquisition is start-

ed, block 704. In block 706, the transducer is positioned
at the start or side 302 of the color box 144. Once the
beginning of the motionless period is detected in block
708, the transducer begins moving, block 710, and ultra-
sound data is acquired, block 712. In block 714, the trans-
ducer localizing software 146 determines if the transduc-
er is at the other (end) limit 304 of the color box 144. If
the transponder is at the end limit, the ultrasound data is
processed and the display 116 is updated in block 716.
Next, in block 720, the system software 123 will check
whether the user has requested termination of imaging.
If true, no further scanning is undertaken until the user
requests that imaging begin. If the user has not requested
termination of imaging, then the process loops back to
block 704, in which the transducer is positioned at the
start of the color box 144.
[0073] In this exemplified aspect, if , in block 714, it is
determined that the transducer motion has not reached
the end of frame it is then tested in block 722 as to whether
the respiration cycle has reached the end of the motion-
less period. If we are still in the motionless period scan-
ning and capture of ultrasound data continues in block
712. Otherwise, in block 724, the scanning is paused and
proceeds to block 708 where the system waits for the
start of the next motionless period. When this "motion-
less" condition is met, the process loops back to block
710 and continues scanning.
[0074] Figure 8 is a flowchart 800 illustrating another
method of producing an image using the exemplary im-
aging system 100. As would be clear to one skilled in the
art, and based on the teachings above, the method de-
scribed could be performed using an alternative exem-
plary imaging system. This embodiment is intended to
alter the timing of the start of frame with respect to the
motion periods from frame to frame of the respiration
cycle in order to minimize the likelihood of overlap of the
non-valid regions in successive frames.
[0075] At a start position 802, a single element trans-
ducer 150 or an array transducer 704 is placed in prox-
imity to a subject 102. In block 804, a respiration wave-
form 200 from the subject 102 is captured by respiration
detection software 140. The respiration waveform 200 is
captured continuously at an operator selected frequency.
For example, the respiration waveform can be digitized
continuously at 8000 Hz. In block 806 the respiration sig-
nal is analyzed to determine the current respiration period
(Tr). This analysis continues throughout the acquisition
such that Tr is continuously updated with the current res-
piration rate. In block 808, once the transducer 150 is
placed in proximity to the subject 102, the transducer is
positioned at a starting position in the color box 144. In
step 810, the respiration analysis software 142 deter-
mines if a captured sample represents the start of the
motionless period 202 of the respiration waveform 200.
At a particular point 202 of the subject’s respiration wave-
form 200, the subject’s movement due to breathing has
substantially stopped. This is a desired time for image
data to be captured. A mechanically moved transducer
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or an array transducer can be used for collection of ul-
trasound data.
[0076] It is contemplated that, prior to the initialization
of Color Flow, Power Doppler, or B-Mode scanning, the
transducer can be positioned at the start point defined
by the color box. In block 812, if respiration analysis soft-
ware 142 determines that the subject 102 is at a point
which represents the beginning of the motionless period
202 of its respiration cycle, a programmatically deter-
mined offset delays the transducers 150 start motion
command. If the captured sample at block 810 does not
represent a peak 202 of the subject’s respiration cycle,
the respiration detection software 142 continues to mon-
itor for a respiration peak 202.
[0077] The programmatically determined offset values
are used to delay the start of frame relative to the begin-
ning of the motionless period. A set of N delay values Td,
which are derived from Tr, where 0 ≤Td < Tr, is stored in
memory. The delay values, Td, are applied in sequence,
and when the final delay is applied, the sequence starts
again from the beginning. For example, the set of delays
may consist of the values (0, Tr / 2). The delays applied
to a succession of frames would then be 0, Tr/2, 0, Tr/2.
[0078] Or for example, the delays may consist of the
values (0, Tr / 3,2 x Tr / 3). In another aspect, the delays
may be generated by the equation 

where modulo is the modulus operation and the state-
ment modulo(4,3) would equal "1" and N is the number
of values in the sequence. Alternatively, one will appre-
ciate that it is contemplated that the delay values can be
derived by another conventional method.
[0079] In block 814, the transducer begins scanning,
and ultrasound data is acquired in box 816. In block 818,
the completion of the frame is checked. If frame comple-
tion has not occurred, the process loops back to block
816, and scanning continues. However, if the completion
of frame has occurred, then scanning stops. In box 820,
the time period during which maximum level of respira-
tory motion occurs is determined from the respiratory
waveform using the respiratory analysis software. As not-
ed above, data that is acquired during this time period is
assumed to be distorted by respiratory motion and is
termed "non-valid" data and data acquired during the mo-
tionless phase of the respiratory cycle is termed "valid"
data. The non-valid data is replaced with valid data from
the same region acquired during a previous frame, or
with data obtained by processing valid data acquired dur-
ing previous frames using an averaging or persistence
method. This replication method has been described pre-
viously as part of flowchart 500.
[0080] Subsequently, the data is processed and the
display is updated in block 822. After the display has
been updated, in block 824 the system software checks

for a user request to terminate imaging. In block 826, if
the image termination request has occurred, imaging
stops. If, in block 418, no termination request has been
made, the process loops back to block 406.
[0081] The preceding description of the invention is
provided as an enabling teaching of the invention in its
best, currently known embodiment. To this end, those
skilled in the relevant art will recognize and appreciate
that many changes can be made to the various aspects
of the invention described herein, while still obtaining the
beneficial results of the present invention. It will also be
apparent that some of the desired benefits of the present
invention can be obtained by selecting some of the fea-
tures of the present invention without utilizing other fea-
tures. The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements
in the claims below are intended to include any structure,
material, or acts for performing the functions in combi-
nation with other claimed elements as specifically
claimed.
[0082] Unless otherwise expressly stated, it is in no
way intended that any method set forth herein be con-
strued as requiring that its steps be performed in a spe-
cific order. Accordingly, where a method claim does not
actually recite an order to be followed by its steps or it is
not otherwise specifically stated in the claims or descrip-
tions that the steps are to be limited to a specific order,
it is no way intended that an order be inferred, in any
respect. This holds for any possible non-express basis
for interpretation, including: matters of logic with respect
to arrangement of steps or operational flow; plain mean-
ing derived from grammatical organization or punctua-
tion; and the number or type of embodiments described
in the specification,
[0083] Accordingly, those who work in the art will rec-
ognize that many modifications and adaptations to the
present invention are possible and can even be desirable
in certain circumstances and are a part of the present
invention. Other embodiments of the invention will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the Invention disclosed here-
in. Thus, the preceding description is provided as illus-
trative of the principles of the present invention and not
in limitation thereof. It is intended that the specification
and examples be considered as exemplary only, with a
true scope of the invention being indicated by the follow-
ing claims.

Claims

1. A method for producing an ultrasound image, com-
prising:

monitoring a respiration waveform (200) of a
subject (102) and detecting at least one non-
motion period (202) in the respiration waveform
(200), each non-motion period (202) corre-
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sponding to a time when the subject’s bodily mo-
tion caused by its respiration has stopped, and
detecting at least one motion period of the res-
piration waveform (200), each motion period
corresponding to a time when the subject’s body
is in motion due to its respiration;
generating ultrasound at a frequency of at least
20 megahertz (MHz);
transmitting the ultrasound at the frequency of
at least 20 MHz into the subject (102);
acquiring ultrasound data during the at least one
non-motion period (202) of the subject’s respi-
ration waveform (200) and during the at least
one motion period of the subject’s respiration
waveform (200), wherein the steps of generat-
ing, transmitting and acquiring are incrementally
repeated from a first scan line position through
an nth scan line position;
compiling the received ultrasound data to form
an initial image;
identifying at least one portion of the initial image
comprising data received during a motion period
of the subject’s respiration waveform (200); and
processing the initial image to produce the ul-
trasound image, wherein the ultrasound image
is complied from data received during the non-
motion periods (202) of the subject’s respiration
waveform (200), wherein the processing step
comprises:

removing non- valid data from the Initial im-
age that was received during motion peri-
ods of the subject’s respiration waveform
(200) to produce a partially blanked out im-
age having at least one blanked out region;
and
substituting valid data received during the
non-motion period (202) of the subject’s
respiration waveform (200) from another in-
itial image into the at least one blanked out
region of the partially blanked out image to
produce the ultrasound image.

2. The method of Claim 1, wherein the subject (102) is
a laboratory animal.

3. The method of Claim 2, wherein the laboratory ani-
mal is a mouse or a rat.

4. The method of any of claims 1 to 3, wherein the ul-
trasound is generated in a frequency range of about
20 MHz to about 60 MHz.

5. The method of any of claims 1 to 4, wherein the ul-
trasound image is a blood flow image of a laboratory
animal.

6. The method of any of claims 1 to 5, further comprising

repeating the steps of generating, transmitting and
acquiring for a predetermined number of breaths of
the subject (102).

7. The method of any of claims 1 to 5, further comprising
repeating the steps of generating, transmitting and
acquiring for a predetermined time period.

8. The method of any of claims 1 to 7, wherein the mode
of the image is selected from a group consisting of:
B-Mode, Color Flow, Power Doppler, M-Mode, PW
Doppler, contrast imaging and Tissue Doppler.

9. The method of any of claims 1 to 8, wherein the step
of monitoring a respiration waveform (200) of a sub-
ject (102) comprises:

detecting a peak in the respiration waveform
(200); and
determining a respiratory period of the respira-
tory waveform (200), wherein the peak and the
respiratory period can be used to predict a be-
ginning and an end of the non-motion period
(202) in the waveform (200).

10. The method of any of claims 1 to 9, wherein the
processing step further comprises applying a per-
sistence algorithm to derive valid data acquired from
previous frames for substitution into the respective
blanked out regions.

Patentansprüche

1. Verfahren zum Produzieren eines Ultraschallbildes,
mit den folgenden Schritten:

Überwachen einer Atmungssignalkurve (200)
eines Subjekts (102) und Detektieren minde-
stens einer Nicht-Bewegungsperiode (202) in
der Atmungssignalkurve (200), wobei jede
Nicht-Bewegungsperiode (202) einer Zeit ent-
spricht, in der die Körperbewegung des Sub-
jekts, die durch seine Atmung verursacht wird,
aufgehört hat, und Detektieren mindestens ei-
ner Bewegungsperiode in der Atmungssignal-
kurve (200), wobei jede Bewegungsperiode ei-
ner Zeit entspricht, in der sich der Körper des
Subjekts aufgrund seiner Atmung in Bewegung
befindet;
Erzeugen von Ultraschall mit einer Frequenz
von mindestens 20 Megahertz (MHz);
Senden des Ultraschalls mit der Frequenz von
mindestens 20 MHz in das Subjekt (102);
Beschaffen von Ultraschalldaten während der
mindestens einen Nicht-Bewegungsperiode
(202) der Atmungssignalkurve (200) des Sub-
jekts und während der mindestens einen Bewe-
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gungsperiode der Atmungssignalkurve (200)
des Subjekts, wobei die Schritte des Erzeugens,
Sendens und Beschaffens inkrementell von ei-
ner ersten Abtastzeilenposition bis zu einer n-
ten Abtastzeilenposition wiederholt werden;
Zusammenstellen der empfangenen Ultra-
schalldaten, um ein anfängliches Bild zu bilden;
Identifizieren mindestens eines Teils des an-
fänglichen Bildes, der Daten umfasst, die wäh-
rend einer Bewegungsperiode der Atmungssi-
gnalkurve (200) des Subjekts empfangen wer-
den; und
Verarbeiten des anfänglichen Bildes, um das Ul-
traschallbild zu produzieren, wobei das Ultra-
schallbild aus Daten zusammengestellt wird, die
während der Nicht-Bewegungsperioden (202)
der Atmungssignalkurve (200) des Subjekts
empfangen werden, wobei der Verarbeitungs-
schritt Folgendes umfasst:

Entfernen von nichtgültigen Daten aus dem
anfänglichen Bild, die während Bewe-
gungsperioden der Atmungssignalkurve
(200) des Subjekts empfangen wurden, um
ein teilweise ausgetastetes Bild zu produ-
zieren, das mindestens eine ausgetastete
Region aufweist; und
Einsetzen von während der Nicht-Bewe-
gungsperiode (202) der Atmungssignalkur-
ve (200) des Subjekts empfangenen gülti-
gen Daten aus einem anderen anfänglichen
Bild in die mindestens eine ausgetastete
Region des teilweise ausgetasteten Bildes,
um das Ultraschallbild zu produzieren.

2. Verfahren nach Anspruch 1, wobei das Subjekt (102)
ein Versuchstier ist.

3. Verfahren nach Anspruch 2, wobei das Versuchstier
eine Maus oder eine Ratte ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
der Ultraschall in einem Frequenzbereich von etwa
20 MHz bis etwa 60 MHz erzeugt wird.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das Ultraschallbild ein Blutflussbild eines Versuchs-
tiers ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, das
ferner das Wiederholen der Schritte des Erzeugens,
Sendens und Beschaffens für eine vorbestimmte
Anzahl von des Subjekts (102) umfasst.

7. Verfahren nach einem der Ansprüche 1 bis 5, das
ferner das Wiederholen der Schritte des Erzeugens,
Sendens und Beschaffens für einen vorbestimmten
Zeitraum umfasst.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei
der Modus des Bildes aus einer folgenden Gruppe
ausgewählt wird: B-Modus, Farbfluss, Leistungs-
Doppler, M-Modus, PW-Doppler, Kontrastbildge-
bung und Gewebe-Doppler.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei
der Schritt des Überwachens einer Atmungssignal-
kurve (200) eines Subjekts (102) Folgendes um-
fasst:

Detektieren einer Spitze in der Atmungssignal-
kurve (200); und
Bestimmen einer Atmungsperiode der At-
mungssignalkurve (200), wobei die Spitze und
die Atmungsperiode verwendet werden können,
um einen Anfang und ein Ende der Nicht-Bewe-
gungsperiode (202) in der Signalkurve (200)
vorherzusagen.

10. Verfahren nach einem der Ansprüche 1 bis 9, wobei
der Verarbeitungsschritt ferner das Anwenden eines
Persistenzalgorithmus umfasst, um gültige Daten
abzuleiten, die aus vorherigen Einzelbildern zum
Einsetzen in jeweilige ausgetastete Regionen be-
schafft werden.

Revendications

1. Procédé permettant de produire une image ultraso-
nore, comprenant les étapes consistant à :

surveiller une forme d’onde de respiration (200)
d’un sujet (102) et détecter au moins une pério-
de sans mouvement (202) dans la forme d’onde
de respiration (200), chaque période sans mou-
vement (202) correspondant à un moment où le
mouvement corporel du sujet provoqué par sa
respiration s’est interrompu, et détecter au
moins une période de mouvement de la forme
d’onde de respiration (200), chaque période de
mouvement correspondant à un moment où le
corps du sujet est en mouvement du fait de sa
respiration ;
générer des ultrasons à une fréquence d’au
moins 20 mégahertz (MHz) ;
transmettre les ultrasons à la fréquence d’au
moins 20 MHz dans le sujet (102) ;
acquérir des données ultrasonores durant ladite
au moins une période sans mouvement (202)
de la forme d’onde de respiration (200) du sujet
et durant ladite au moins une période de mou-
vement de la forme d’onde de respiration (200)
du sujet, lesquelles étapes consistant à générer,
transmettre et acquérir sont progressivement
répétées d’une première position de ligne de ba-
layage à une n-ième position de ligne de
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balayage ;
compiler les données ultrasonores reçues pour
former une image initiale ;
identifier au moins une partie de l’image initiale
comprenant des données reçues durant une pé-
riode de mouvement de la forme d’onde de res-
piration (200) du sujet ; et
traiter l’image initiale pour produire l’image ul-
trasonore, laquelle image ultrasonore est com-
pilée à partir de données reçues durant les pé-
riodes sans mouvement (202) de la forme d’on-
de de respiration (200) du sujet, laquelle étape
consistant à traiter comprend les étapes consis-
tant à :

supprimer de l’image initiale des données
non valides qui ont été reçues durant des
périodes de mouvement de la forme d’onde
de respiration (200) du sujet pour produire
une image partiellement occultée conte-
nant au moins une région occultée ; et
utiliser comme données de substitution
dans ladite au moins une région occultée
de l’image partiellement occultée des don-
nées valides reçues durant la période sans
mouvement (202) de la forme d’onde de
respiration (200) du sujet issues d’une autre
image initiale pour produire l’image ultraso-
nore.

2. Procédé selon la revendication 1, le sujet (102) étant
un animal de laboratoire.

3. Procédé selon la revendication 2, l’animal de labo-
ratoire étant une souris ou un rat.

4. Procédé selon l’une quelconque des revendications
1 à 3, les ultrasons étant générés dans une plage
de fréquences allant d’environ 20 MHz à environ 60
MHz.

5. Procédé selon l’une quelconque des revendications
1 à 4, l’image ultrasonore étant une image du flux
sanguin d’un animal de laboratoire.

6. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre l’étape consistant à ré-
péter les étapes consistant à générer, transmettre
et acquérir pour un nombre prédéfini de souffles du
sujet (102).

7. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre l’étape consistant à ré-
péter les étapes consistant à générer, transmettre
et acquérir pendant une période de temps prédéfinie.

8. Procédé selon l’une quelconque des revendications
1 à 7, le mode de l’image étant choisi dans un groupe

constitué par : le mode B, le Doppler à codage cou-
leur, le Doppler énergie, le mode M, le Doppler pulsé,
l’imagerie de contraste et le Doppler tissulaire.

9. Procédé selon l’une quelconque des revendications
1 à 8, l’étape consistant à surveiller une forme d’onde
de respiration (200) d’un sujet (102) comprenant les
étapes consistant à :

détecter un pic dans la forme d’onde de respi-
ration (200) ; et
établir une période respiratoire de la forme d’on-
de de respiration (200), lesquels pic et période
respiratoire peuvent être utilisés pour prédire un
début et une fin de la période sans mouvement
(202) dans la forme d’onde (200).

10. Procédé selon l’une quelconque des revendications
1 à 9, l’étape consistant à traiter comprenant en outre
l’étape consistant à appliquer un algorithme de per-
sistance pour déduire des données valides acquises
à partir d’images individuelles précédentes qui se-
ront utilisées comme données de substitution dans
les régions occultées respectives.
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