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BRIEF DESCRIPTION OF THE DRAWINGS METHOD FOR GENERATING AN 
ENHANCED IMAGE OF A VOLUME OF 

TISSUE 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of U.S. patent 
application Ser . No. 14 / 819,091 , filed 5 Aug. 2015 , which 
claims the benefit of U.S. Provisional Application Ser . No. 
62 / 033,265 filed 5 Aug. 2014 , which is incorporated in its 
entirety herein by this reference . 

[ 0006 ] FIG . 1 is a schematic of a method of generating an 
enhanced image of a volume of tissue ; 
[ 0007 ] FIG . 2A , FIG . 2B , and FIG . 2C are schematics of 
an embodiment of a system including an exemplary scanner 
and ring transducer , respectively , implementing at least a 
portion of a method of generating an enhanced image of a 
volume of tissue ; 
[ 0008 ] FIG . 3 depicts a portion of an embodiment of a 
method of generating an enhanced image of a volume of 
tissue ; 
[ 0009 ] FIG . 4A and FIG . 4B depict exemplary outputs of 
a portion of an embodiment of a method of generating an 
enhanced image of a volume of tissue ; 
[ 0010 ] FIG . 5 depicts a variation of a portion of an 
embodiment of a method of generating an enhanced image 
of a volume of tissue ; and 
[ 0011 ] FIG . 6 depicts an example of generating an 
enhanced image of a volume of tissue . 

TECHNICAL FIELD 

[ 0002 ] This invention relates generally to the medical 
imaging field , and more specifically to an improved method 
for generating an enhanced image of a volume of tissue in 
the ultrasound medical imaging field . 

BACKGROUND OF THE INVENTION DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0012 ] The following description of preferred embodi 
ments of the invention is not intended to limit the invention 
to these preferred embodiments , but rather to enable any 
person skilled in the art to make and use this invention . 

Method 

[ 0003 ] Early detection of breast cancer and other types of 
cancer is typically an important factor in successful treat 
ment . Ultrasound tomography is a promising imaging 
modality that has the potential to improve medical imaging 
of tissue for screening and diagnosis purposes compared to 
conventional imaging techniques . For instance , mammog 
raphy is the current standard for breast screening , but 
involves ionizing radiation that precludes frequent imaging , 
and mammography has low sensitivity for detection of 
cancer in patients with dense breast tissue , which leads to a 
relatively high false negative rate . As another example , 
magnetic resonance imaging ( MRI ) is prohibitively expen 
sive for routine and also has limited accessibility . 
[ 0004 ] A basic principle of conventional ultrasound 
involves emitting an acoustic wave or beam along a focused 
path from a source transmitter , and allowing the wave to 
scatter ( e.g. , in reflection , refraction , diffraction , transmis 
sion ) from tissue or other boundaries in its path . The 
scattered wave returns to a surface of one or more receiving 
elements , which can be centered around and / or include the 
transmitter ( s ) . The time of translation can be converted into 
a depth distance by multiplying the time by a speed of sound 
in the media . The received signal is output to a graphical 
display for user interpretation . However , current methods of 
ultrasonic imaging have some drawbacks and limitations . 
For instance , methods of generating an image can produce 
outputs that do not match regulatory guidelines ( e.g. , guide 
lines of the U.S. Food and Drug Administration ) and / or 
obscure target objects in a field of view , thus making 
analysis of such images difficult . Furthermore , current ultra 
sound systems and methods are typically configured to 
accommodate a small imaging region , resulting in difficul 
ties in imaging entire organs , such as the breast . Further 
more , the performance of ultrasound scanning is dependent 
on the skills of the operator and image quality can vary from 
user to user . 

[ 0013 ] In one embodiment , as shown in FIG . 1 , a method 
100 for generating an enhanced image of a volume of tissue 
includes : emitting acoustic waveforms toward the volume of 
tissue with an array of ultrasound transmitters S110 ; detect 
ing , with an array of ultrasound receivers , a set of acoustic 
signals S120 derived from acoustic waveforms interacting 
with the volume of tissue ; generating , from the set of 
acoustic signals , a reflection rendering of the volume of 
tissue S130 ; generating , from the set of acoustic signals , at 
least one of an acoustic speed rendering and an acoustic 
attenuation rendering of the volume of tissue S140 ; gener 
ating a transfer map based upon a manipulation of at least 
one of the acoustic speed rendering and the acoustic attenu 
ation rendering S150 ; and rendering an enhanced image of 
the volume of tissue , based upon processing of the reflection 
rendering with the transfer map S160 . 
[ 0014 ] The method 100 functions to render ultrasound 
images that enhance target objects within a field of view , in 
order to facilitate characterization of the volume of tissue 
( e.g. , a whole breast , another organ ) . Additionally or alter 
natively , the method 100 can function to produce images that 
are aligned with regulatory standards for medical imaging , 
as regulated , for instance , by the U.S. Food and Drug 
Administration ( FDA ) . The method 100 is preferably used to 
characterize tissue of a human breast , but can additionally or 
alternatively be used to characterize tissue of an arm , leg , 
other appendage , and / or any suitable volume of tissue in a 
human or other animal . In relation to current ultrasound 
methods and systems , the method 100 can improve sensi 
tivity in detection of suspicious masses within acoustic 
reflection renderings , while providing specificity in charac 
terization of types of masses . The method 100 can , however , 
function to enable diagnosis , monitoring , and / or character 
ization of a volume of tissue in any other suitable manner . 

[ 0005 ] Thus , there is a need in the ultrasound imaging field 
to create an improved method for generating an enhanced 
image of a volume of tissue . This invention provides such an 
improved method for generating an enhanced image of a 
volume of tissue . 
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[ 0015 ] In one embodiment , the method is used to generate 
one or more renderings that can be used to detect abnor 
malities ( e.g. , cancerous tissues ) in a human or other animal . 
As such , in one variation the method 100 can be used to 
characterize the tissue to facilitate diagnoses of cancer , 
assess its type and determine its extent ( e.g. , to determine 
whether a mass in the tissue is surgically removable ) , or to 
assess risk of cancer development ( e.g. , measuring breast 
tissue density ) . In yet another embodiment , the method 100 
can be used to characterize and / or investigate particular 
aspects of the tissue , such as to determine whether a mass in 
the tissue is a tumor , cyst , fibroadenoma , or other kind of 
mass . However , the method 100 can be used in any suitable 
application for imaging a volume of tissue or other suitable 
object . The method 100 is preferably implemented , at least 
in part , by way of an embodiment , variation , and / or example 
of the system 200 described in Section 2 below ; however , 
the method 100 can additionally or alternatively be imple 
mented using any other suitable system . 
[ 0016 ] Block S110 recites : emitting acoustic waveforms 
toward the volume of tissue with an array of ultrasound 
transmitters , and Block S120 recites : detecting , with an 
array of ultrasound receivers , a set of acoustic signals 
derived from acoustic waveforms interacting with the vol 
ume of tissue . Blocks S110 and S120 function to gather 
acoustic data from which renderings of the volume of tissue 
can be derived in other Blocks of the method 100. Emitting 
acoustic waveforms preferably includes surrounding the 
volume of tissue with the array of ultrasound transmitters , 
and more preferably with a ring transducer comprising the 
array of ultrasound transmitters . The acoustic waveforms 
can be characterized by frequencies of approximately 1-20 
MHz , or any suitable frequency for medical imaging or other 
applications . The detected acoustic signals of Block S120 
are preferably derived from interactions between the emitted 
acoustic waveforms of Block S110 and the tissue , wherein 
interactions can include one or more of : scattering ( e.g. , 
reflection , refraction , diffraction , diffusion , etc. ) and trans 
mission of the acoustic waves through the tissue . The 
acoustic signals can travel along a straight , bent , zig - zag , or 
curved path , or a path of any suitable shape as determined 
by the physics of acoustic wave propagation . 
[ 0017 ] In Blocks S110 and $ 120 , emitting acoustic wave 
forms and detecting a set of acoustic signals can be per 
formed with an ultrasound tomographic scanner 200 and 
methods similar to those described in U.S. Pat . Nos . 6,385 , 
474 and 8,663,113 , and U.S. Publication Nos . 2011/0201932 
and 2013/0041261 , which are each incorporated in its 
entirety by this reference . However , any suitable ultrasound 
device or scanner may be used . As shown in FIG . 2A , the 
steps of scanning the tissue and detecting acoustic signals 
are preferably performed during a scan of a patient lying 
prone on their stomach on a scanner table 205 having an 
opening that provides access to the volume of tissue of the 
patient . The table , which may be made of a durable , flexible 
material such as sailcloth , preferably contours to the 
patient's body , thereby increasing scanning access to the 
axilla regions of the breast and increasing patient comfort . 
The opening in the table allows the breast ( or other append 
age ) to protrude through the table and be submerged in an 
imaging tank 210 filled with water or another suitable fluid 
as an acoustic coupling medium that propagates acoustic 

[ 0018 ] As shown in FIGS . 2B and 2C , a ring - shaped 
transducer 220 with transducer elements 222 can be located 
within the imaging tank and encircle or otherwise surround 
the breast , wherein the transducer elements 222 can com 
prise an array of ultrasound transmitters 110 and / or an array 
of ultrasound receivers 120. Multiple ultrasound transmitters 
110 that direct safe , non - ionizing ultrasound pulses toward 
the tissue , and multiple ultrasound receivers 120 that receive 
and record acoustic signals scattering from the tissue and / or 
transmitted through the tissue , are distributed around the 
ring transducer 220 , and in one configuration , can be orga 
nized such that each ultrasound transmitter element is paired 
with a corresponding ultrasound receiver element , each 
ultrasound transmitter element is surrounded by two adja 
cent ultrasound transmitter elements , each ultrasound 
receiver element is surrounded by two adjacent ultrasound 
receiver elements , and the transducer is axially symmetric , 
as in FIG . 2C . 
[ 0019 ] During the scan , the ring transducer 220 moves to 
image all of the targeted tissue , such as in an anterior 
posterior direction between the chest wall and the nipple 
region of the breast to acquire an acoustic data set including 
measurements such as acoustic reflection , acoustic attenua 
tion , and sound speed , preferably at discrete scanning steps , 
or coronal “ slices ” . The ring transducer 220 can be config 
ured to scan step - wise in increments or travel continuously 
from the chest wall towards the nipple , and / or from the 
nipple towards the chest wall . However , the ring transducer 
220 may additionally and / or alternatively receive data 
regarding any suitable biomechanical property of the tissue 
during the scan , and in any suitable direction . 
[ 0020 ] In some embodiments , the scanner table can com 
prise an embodiment , variation , or example of the patient 
interface system described in U.S. application Ser . No. 
14 / 208,181 entitled “ Patient Interface System ” and filed on 
13 Mar. 2014 , which is hereby incorporated in its entirety by 
this reference . Furthermore , in a specific example , Blocks 
S110 and / or S120 can implement a ring transducer 220 
having 2048 transducer elements in cooperation with an 
ultrasound tomographic scanner 200 having 512 receive 
channels , 512 transmit channels , an operating frequency of 
3 MHz , a data resolution of 14 bits , an image resolution of 
0.7 mm , a slice thickness of 2.5 mm , a reconstruction time 
per slice of 15 seconds , and an ability to accommodate 
volumes of tissue 22 cm in diameter . In variations and 
examples , the ring transducer 220 can be the ring transducer 
of the ultrasound scanning system described in U.S. appli 
cation Ser . No. 14 / 811,316 . However , Blocks S110 and / or 
S120 can additionally or alternatively be implemented using 
any other suitable patient interface system . 
[ 0021 ] Emitting and detecting in Blocks S110 and S120 
are preferably performed in a rapid manner , such as with a 
data acquisition time of less than approximately 1 second 
per “ slice ” , which may help to avoid motion artifacts in the 
subsequent morphology renderings and enables the use of 
contrast agents . However , any other suitable acquisition 
time can characterize emitting acoustic waveforms and / or 
detecting acoustic signals as in Blocks S110 and S120 . The 
emitted waveforms and / or detected signals can additionally 
or alternatively be beamformed on a transducing element . In 
some embodiments , however , Blocks S110 and / or S120 of 
the method 100 can , however , additionally and / or alterna 
tively include retrieving acoustic signals from a storage 
device such as a hard drive or an online server . Furthermore , waves . 
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in relation to detecting acoustic signals , the method 100 can 
additionally or alternatively include processing the set of 
acoustic signals according to at least one conditioning 
algorithm . For instance , for a given transmitter / detector pair 
of transducers , processing the set of acoustic signals can 
include one or more of : reading and correcting the raw data 
( detected acoustic signals ) for DC variation ; implementing a 
trapezoidal filter to bandpass useful frequencies and cut 
noise ; and implementing any other suitable filter ( high pass , 
low pass , etc. ) to filter desired frequencies . Further signal 
processing can additionally or alternatively include discard 
ing unusable signal such as “ muting ” in which recorded 
signal before the transmission wavefront and / or and after the 
longest applicable receiving time ( e.g. , " top muting " or 
“ bottom muting ” ) , further noise reduction processes , and 
other suitable signal processing steps . However , any other 
suitable conditioning process can additionally or alterna 
tively be used . 
[ 0022 ] Block S130 recites generating , from the set of 
acoustic signals , a reflection rendering of the volume of 
tissue , which functions to characterize a distribution of an 
acoustic reflection parameter within the volume of tissue . 
Block S130 is preferably implemented at a processing 
system ( e.g. , a computer processor , computing system ) 
included with or coupled to the ultrasound tomographic 
scanner 200 of Blocks S110 and $ 120 , but can additionally 
or alternatively be implemented at any other suitable pro 
cessing system . Block S130 preferably includes generation 
of the reflection rendering from the set of acoustic signals 
detected in variations of Block S120 , but can additionally or 
alternatively include generation of the reflection rendering 
using any other suitable data . As such , in one variation , the 
reflection rendering can utilize raw source data ( e.g. , raw 
ultrasound data , “ radiofrequency ” or RF data ) , which can be 
converted into an amplitude - based B - mode ultrasound 
image , flash B - mode ultrasound image , and / or any other 
suitable image . The distribution of the acoustic reflection 
parameter represented in the reflection rendering can char 
acterize a relationship ( e.g. , ratio , difference , etc. ) between 
the reflected intensity of an acoustic waveform and the 
incident intensity of an acoustic waveform , but can addi 
tionally or alternatively characterize any other suitable 
acoustic reflection parameter . 
[ 0023 ] Generation of the reflection rendering in Block 
S130 preferably comprises generation of a set of reflection 
image slices characterizing the volume of tissue , wherein 
each reflection image slice ( e.g. , corresponding to a cross 
section of tissue ) is derived from a distribution of the 
acoustic reflection parameter as captured within a particular 
discrete scanning step during scanning of the volume of 
tissue . Preferably , generation of the reflection rendering 
includes generating a set of 2D slices representing acoustic 
reflection , wherein each slice in the set of 2D slices repre 
sents a distribution of the acoustic reflection parameter 
across the slice of tissue , to form a stack of 2D slices for 
acoustic reflection within the tissue . In a specific example , 
the stack of 2D slices corresponds to regions of the volume 
of tissue generated in a posterior - anterior direction ( e.g. , 
from a chest wall to a nipple region of a volume of breast 
tissue ) ; however , in other variations of the specific example , 
the stack of 2D slices can alternatively correspond to slices 
of the volume of tissue generated in any other direction ( e.g. , 
medial - lateral direction , inferior - superior direction , anterior 
posterior direction , direction angled from an anterior - poste 

rior direction , direction angled from a medial - lateral direc 
tion , direction angled from an inferior - superior direction , 
etc. ) . Each acoustic reflection slice preferably includes mul 
tiple elements ( e.g. , pixels in a grid ) such that each element 
has an associated value of the acoustic reflection parameter 
for a respective region of the scan region , including the 
volume of tissue and the acoustic coupling medium ( such as 
the fluid of the tank in which the tissue is submerged ) . 
Furthermore , each acoustic reflection slice is preferably a 
planar slice ; however , the stack of slices for sound speed can 
be generated in any other suitable manner . 
[ 0024 ] As such , the reflection rendering can comprise a 
stack of 2D renderings that collectively represent the acous 
tic reflection parameter distribution throughout the volume 
of tissue ( i.e. , a 3D volume of tissue ) . In one variation , the 
stack of 2D renderings of the reflection rendering ( Ir ) , 
resulting from changes in acoustic impedance of the tissue , 
provides echo - texture data and anatomical detail for the 
tissue . However , Block S130 can additionally or alterna 
tively comprise generating a 2D reflection rendering and / or 
a 3D reflection rendering of the volume of tissue in any other 
suitable manner . For instance , in a first variation , as shown 
in FIG . 3 , generating a 3D reflection rendering can include 
generating a set of 2D acoustic reflection slices , wherein 
each slice in the set of 2D slices represents a distribution of 
the acoustic reflection parameter ( e.g. , derived from incident 
intensity of acoustic waveform and reflected intensity of 
acoustic waveform ) across the slice of tissue , to form a stack 
of 2D slices for acoustic reflection within the tissue . The 
stack of 2D acoustic reflection slices can then be trans 
formed into a three - dimensional ( 3D ) acoustic reflection 
rendering . In a second variation , generating a 3D acoustic 
reflection rendering can include converting 3D volumetric 
acoustic data , obtained by scanning the tissue in a 3D 
manner , directly into a 3D acoustic reflection rendering . 
Additionally or alternatively , the reflection rendering can be 
generated using methods as described in U.S. Pat . No. 
8,663,113 and / or U.S. Pub . No. 2012/0283566 , filed on 23 
Jul . 2012 , which are each incorporated herein in its entirety 
by this reference . 
[ 0025 ] In some embodiments of Block S130 , the reflection 
rendering of the volume of tissue can characterize a distri 
bution of different tissue types within the volume of tissue , 
as represented by the distribution of the acoustic reflection 
parameter across the volume of tissue . As such , the reflec 
tion rendering ( e.g. , a 3D reflection rendering , a 2D reflec 
tion rendering , etc. ) can characterize a distribution of one or 
more of : fat tissue ( e.g. , fatty parenchyma , parenchymal fat , 
subcutaneous fat , etc. ) , parenchymal tissue , cancerous tis 
sue , abnormal tissue ( e.g. , fibrocystic tissue , fibroadenomas , 
etc. ) , and any other suitable tissue type within the volume of 
tissue . In one variation , as shown in FIG . 4A , the reflection 
rendering represents target masses / regions ( e.g. , of a can 
cerous tissue within the volume of tissue ) as dark regions 
( e.g. , regions having a medium - to - low intensity of the 
acoustic reflection parameter ) , and at least a portion of 
non - target masses / regions ( e.g. , of fat tissue ) as black 
regions ( e.g. , regions having a substantially low intensity of 
the acoustic reflection parameter ) . Such a representation can 
thus be adjusted using a transfer map ( e.g. , as generated in 
Block S150 ) , to produce an enhanced reflection image ( e.g. , 
as in Block S160 ) . However , in other variations , the reflec 
tion rendering can represent target masses / regions or non 
target masses / regions in any other suitable manner , to be 



US 2020/0015786 A1 Jan. 16 , 2020 
4 

corrected , enhanced , or adjusted in other variations of Block 
S160 , using any other suitable transfer map . 
[ 0026 ] Block S140 recites : generating , from the set of 
acoustic signals , at least one of a sound speed map and an 
attenuation map of the volume of tissue . Block S140 func 
tions to generate at least one additional map that can be used 
to generate a transfer map that enhances a reflection ren 
dering characterizing the volume of tissue , and can include 
generation of map ( s ) from the set of acoustic signals 
detected in variations of Block S120 . Block S140 is pref 
erably implemented using an embodiment , variation , or 
example of the processing system ( e.g. , computing system , 
computer processor ) included with or coupled to the ultra 
sound tomographic scanner 200 described in relation to 
Block S130 above ; however , Block S140 can additionally or 
alternatively be implemented using any other suitable spe 
cial purpose processing system . 
[ 0027 ] Similar to Block S130 , in variations of Block S140 
comprising generation of a sound speed map ( Is ) , the sound 
speed map is preferably based upon processing of through 
transmission signals of the set of acoustic signals , which are 
received in Blocks S110 and S120 in addition to backscat 
tered signals from the volume of tissue . Preferably , genera 
tion of the sound speed map ( Is ) , includes generating a set 
of 2D slices representing sound speed , wherein each slices 
in the set of 2D slices represents a distribution of a sound 
speed parameter ( e.g. , a speed of sound at each of a set of 
regions within the volume of tissue ) within the tissue , to 
form a stack of 2D slices for sound speed within the tissue . 
Preferably , the stack of 2D slices for sound speed generated 
in variations of Block S140 correspond to ( e.g. , are associ 
ated with the same imaging planes of ) the stack of 2D slices 
for acoustic reflection described in variations of Block S130 , 
such that a transfer map generated from the sound speed map 
in Block S150 can be directly associated with imaging 
planes of the reflection rendering of Block S130 , thereby 
facilitating generation of the enhanced reflection rendering . 
However , in some variations , Block S140 can comprise 
interpolating sound speed values for planes intermediate to 
those associated with the set of 2D slices of the sound speed 
map , in order to determine sound speed values directly 
associated with the slices of the reflection rendering of 
Block S130 . However , generating sound speed values , from 
the sound speed map , that can produce a transfer map that 
is directly associated with the elements of the reflection 
rendering can be performed in any other suitable manner . 
[ 0028 ] In a specific example , the stack of 2D slices cor 
responds to regions of the volume of tissue generated in a 
posterior - anterior direction ( e.g. , from a chest wall to a 
nipple region of a volume of breast tissue ) ; however , in other 
variations of the specific example , the stack of 2D slices can 
alternatively correspond to slices of the volume of tissue 
generated in any other direction ( e.g. , medial - lateral direc 
tion , inferior - superior direction , anterior - posterior direction , 
direction angled from an anterior - posterior direction , direc 
tion angled from a medial - lateral direction , direction angled 
from an inferior - superior direction , etc. ) . Each sound speed 
slice preferably includes multiple elements ( e.g. , pixels in a 
grid ) such that each element has an associated value of the 
sound speed parameter for a respective region of the scan 
region , including the volume of tissue and the acoustic 
coupling medium ( such as the fluid of the tank in which the 
tissue is submerged ) . Furthermore , each sound speed slice is 

preferably a planar slice ; however , the stack of slices for 
sound speed can be generated in any other suitable manner . 
[ 0029 ] Generating a sound speed map in Block S130 can 
additionally or alternatively include generating a 3D sound 
speed map that is a volumetric representation of the sound 
speed parameter within the volume of tissue , in a variations 
similar to those for generation of a 3D reflection rendering . 
In a first variation , as shown in FIG . 3 , generating a 3D 
sound speed map can include combining a stack of 2D sound 
speed slices into a three - dimensional ( 3D ) sound speed map . 
In a second variation , generating a 3D sound speed map can 
include transforming 3D volumetric acoustic data , obtained 
by scanning the tissue in a 3D manner , directly into a 3D 
sound speed map . Additionally or alternatively , the sound 
speed map can be generated using methods as described in 
U.S. Pat . No. 8,663,113 and / or U.S. Pub . No. 2012/0283566 , 
filed on 23 Jul . 2012 , which are each incorporated herein in 
its entirety by this reference . 
[ 0030 ) Similar to Block S130 , in variations of Block S140 
comprising generation of an acoustic attenuation map ( la ) , 
generation of an acoustic attenuation map ( la ) can include 
generating a set of 2D slices representing acoustic attenua 
tion , wherein each slice in the set of 2D slices represents a 
distribution of an acoustic attenuation parameter ( e.g. , a 
measure of energy loss of acoustic signal propagation for 
each of a set of regions within the volume of tissue ) within 
the tissue , to form a stack of 2D slices for acoustic attenu 
ation within the tissue . In a specific example , the stack of 2D 
slices corresponds to slices of the volume of tissue generated 
in a posterior - anterior direction ( e.g. , from a chest wall to a 
nipple region of a volume of breast tissue ) ; however , in other 
variations of the specific example , the stack of 2D slices can 
alternatively correspond to slices of the volume of tissue 
generated in any other direction ( e.g. , medial - lateral direc 
tion , inferior - superior direction , anterior - posterior direction , 
direction angled from an anterior - posterior direction , direc 
tion angled from a medial - lateral direction , direction angled 
from an inferior - superior direction , etc. ) . Preferably , the 
stack of 2D slices for acoustic attenuation generated in 
variations of Block S140 correspond to ( e.g. , are associated 
with the same imaging planes of ) the stack of 2D slices for 
acoustic reflection described in variations of Block S130 , 
such that a transfer map generated from the attenuation map 
in Block S150 can be directly associated with imaging 
planes of the reflection rendering of Block S130 , thereby 
facilitating generation of the enhanced reflection rendering . 
However , in some variations , Block S140 can comprise 
interpolating attenuation values for planes intermediate to 
those associated with the set of 2D slices of the attenuation 
map , in order to determine attenuation values cectly asso 
ciated with the slices of the reflection rendering of Block 
S130 . However , generating attenuation values , from the 
attenuation map , that can produce a transfer map that is 
directly associated with the elements of the reflection ren 
dering can be performed in any other suitable manner . 
[ 0031 ] Each acoustic attenuation slice preferably includes 
multiple elements ( e.g. , pixels in a grid ) such that each 
element represents a corresponding attenuation coefficient 
for a respective region of the scan region , including the 
volume of tissue and the acoustic coupling medium ( such as 
the fluid of the tank in which the tissue is submerged ) . In 
particular , each acoustic attenuation slice can be created 
using a measure of attenuation of transmission signals and 
assuming a broad frequency band signal ( or any suitable 
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frequency band signal ) . Additionally or alternatively , each 
acoustic attenuation slice can be created on a frequency 
dependent and / or transducer - dependent basis to account for 
frequency and directional dependence of absorption and 
scatter on the signal . Generating an attenuation map can 
additionally or alternatively include generating a 3D attenu 
ation map that is a volumetric representation of the acoustic 
attenuation parameter within the volume of tissue , wherein 
generation of the 3D attenuation map can be implemented in 
a manner similar to the methods described above with regard 
to generating a 3D sound speed map and / or a 3D reflection 
rendering . Additionally or alternatively , the acoustic attenu 
ation map can be generated using methods as described in 
U.S. Pat . No. 8,663,113 and / or U.S. Pub . No. 2012/0283566 , 
filed on 23 Jul . 2012 , which are each incorporated herein in 
its entirety by this reference . 
[ 0032 ] In some embodiments of Block S140 , the sound 
speed map and / or the attenuation map of the volume of 
tissue can characterize a distribution of different tissue types 
within the volume of tissue , as represented by the distribu 
tion of the acoustic speed parameter / acoustic attenuation 
parameter across the volume of tissue . As such , the sound 
speed map ( e.g. , a 3D acoustic speed rendering , a 2D 
acoustic speed rendering , etc. ) and / or the attenuation map 
( e.g. , a 3D acoustic attenuation rendering , a 2D acoustic 
attenuation rendering , etc. ) can characterize a distribution of 
one or more of : fat tissue ( e.g. , fatty parenchyma , paren 
chymal fat , subcutaneous fat , etc. ) , parenchymal tissue , 
cancerous tissue , abnormal tissue ( e.g. , fibrocystic tissue , 
fibroadenomas , etc. ) , and any other suitable tissue type 
within the volume of tissue . In one variation , as shown in 
FIG . 4B , the sound speed map represents target masses / 
regions ( e.g. , of a cancerous tissue within the volume of 
tissue ) as bright regions ( e.g. , regions having a high intensity 
of the acoustic speed parameter ) , and at least a portion of 
non - target masses / regions ( e.g. , of fat tissue ) as dark regions 
( e.g. , regions having a substantially low intensity of the 
acoustic speed parameter ) . Similarly , in one variation , as 
shown in FIG . 4B , the acoustic attenuation rendering rep 
resents target masses / regions ( e.g. , of a cancerous tissue 
within the volume of tissue ) as bright regions ( e.g. , regions 
having a high intensity of the acoustic speed parameter ) , and 
at least a portion of non - target masses / regions ( e.g. , of fat 
tissue ) as dark regions ( e.g. , regions having a substantially 
low intensity of the acoustic attenuation parameter ) . As 
such , the representation ( s ) of acoustic speed and / or acoustic 
attenuation within the volume of tissue can be used to 
generate a transfer map ( e.g. , as in Block S150 ) , to produce 
an enhanced image ( e.g. , as in Block S160 ) of the volume of 
tissue . However , in other variations , the acoustic speed 
rendering and / or the acoustic attenuation rendering can 
represent target masses / regions or non - target masses / regions 
in any other suitable manner , which can be used to generate 
a transfer map that can facilitate correction , enhancement , or 
adjustment of a reflection rendering and / or any other suit 
able rendering 
[ 0033 ] Block S150 recites : generating a transfer map 
based upon a manipulation of at least one of the sound speed 
map and the attenuation map , which functions to enable 
generation of the enhanced image of the volume of tissue in 
variations of Block S160 . The transfer map is preferably 
generated based upon a sound speed map of Block S140 , but 
can additionally or alternatively be generated based upon an 
attenuation map of Block S140 . As such , some variations of 

the transfer map can be generated based upon a sound speed 
rendering , an attenuation rendering , or a combination of an 
acoustic speed rendering and an acoustic attenuation ren 
dering . Furthermore , the transfer map can additionally or 
alternatively be generated based upon any other suitable 
parameter generated from the acoustic signals detected in 
Block S120 and / or any other suitable parameter . 
[ 0034 ] In variations , Block S150 can comprise renormal 
izing a map S151 to ensure that pixel values of the map ( s ) 
do not have undesired values . Block S151 functions to 
facilitate operations performed ( e.g. , mathematical opera 
tions performed on arrays ) using the transfer map and the 
reflection rendering in Block S160 . As such , renormalizing 
in Block S151 can comprise any one or more of increasing 
pixel intensity values of a map ( e.g. , uniformly increasing all 
intensity ranges by a factor , non - uniformly increasing ranges 
of intensities by different factor ) , decreasing pixel intensity 
values of a map ( e.g. , uniformly decreasing all intensity 
ranges by a factor , non - uniformly decreasing ranges of 
intensities by different factor ) , scaling pixel intensity values 
of a map ( e.g. , uniformly scaling by a factor , non - uniformly 
scaling ranges of intensities by different factors ) , performing 
an absolute value operation on pixel intensities of a map , and 
performing any other suitable manipulation on the map . In 
variations wherein the rendering ( s ) used to generate the 
transfer map comprise a stack of 2D renderings , the manipu 
lation is preferably performed uniformly across each ren 
dering in the stack of renderings , as well as uniformly across 
the stack of renderings . However , the manipulation ( s ) can 
additionally or alternatively be performed in any suitable 
manner . In one variation , renormalizing in Block S151 can 
be based upon values of the reflection rendering ( or any 
other rendering upon which the transfer map is intended to 
operate ) , such that the reflection rendering governs the 
manipulation performed in Block S151 . In specific 
examples , renormalizing can ensure that pixel intensity 
values of a map ( e.g. , a sound speed map , an attenuation 
map , a combined map generated from a sound speed map 
and an attenuation map , etc. ) do not have undesired values 
( e.g. , zero values , negative values , values outside of a range 
in relation to pixel intensity values of the reflection render 
ing ) . 
[ 0035 ] In variations , Block S150 can additionally or alter 
natively comprise combining maps characterizing different 
acoustomechanical parameters S152 , such that the transfer 
map is based upon a combination of multiple maps ( e.g. , a 
sound speed map , an attenuation map , etc. ) characterizing 
different acoustomechanical parameters . Combining maps 
can comprise any one or more of : adding pixel intensity 
values of corresponding regions ( e.g. , pixel grid regions ) of 
different maps , subtracting pixel intensity values of corre 
sponding regions ( e.g. , pixel grid regions ) of different maps , 
averaging pixel intensity values of corresponding regions 
( e.g. , pixel grid regions ) , weighting pixel intensity values of 
corresponding regions ( e.g. , pixel grid regions ) of different 
maps ( e.g. , based upon a correlation between pixel intensity 
values across renderings characterizing different acoustome 
chanical parameters ) , and performing any other suitable 
combining operation on different maps . 
[ 0036 ] In the variation shown in FIG . 5 , Block S152 ' can 
comprise combining a map derived from a sound speed map 
with a map derived from an attenuation map ( e.g. , for 
corresponding 2D image slices of a volume of tissue ) , such 
that the transfer map is derived from a sound speed repre 
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sentation and an attenuation representation . The map 
derived from a sound speed map can be a map renormalized 
according to the variations of renormalization described 
above , and similarly , the map derived from an attenuation 
map can be a map renormalized according to the variations 
of renormalization above . Furthermore , in Block S152 ' , each 
map that represents a different acoustomechanical parameter 
can be normalized according to the same scale ( e.g. , unit 
less scale ) . However , in other variations , each map that 
represents a different acoustomechanical parameter can be 
normalized according to different scales ( e.g. , different unit 
less scales ) , such that at least one of the maps is weighted 
differently than the other map ( s ) in performing the combi 
nation of Block S152 . 
[ 0037 ] In more detail , combining a set of sound speed 
parameter values of the sound speed map and a correspond 
ing set of acoustic attenuation parameter values of the 
acoustic attenuation map can comprise pairing each slice in 
the stack of 2D slices of sound speed with a corresponding 
slice in the stack of 2D slices of acoustic attenuation , as 
shown in FIG . 5 , and performing an operation f ( s , a ) across 
each sound speed slice with its paired acoustic attenuation 
slice , in an element - wise manner ( e.g. , across a given slice , 
across a region of interest ) to form a combined acoustome 
chanical parameter map as a transfer map . As indicated 
above , the operation f ( s , a ) can comprise one or more of : an 
addition operation , an averaging operation , a scaling opera 
tion , a weighting operation , a subtraction operation , and any 
other suitable operation . 
[ 0038 ] In a specific example , Block S152 can include 
averaging ( e.g. , performing element - wise averaging 
between ) the normalized and unit - less values of each sound 
speed slice and its paired acoustic attenuation slice to form 
the transfer map comprising a stack of 2D slices . As such , 
the transfer map of this variation of Block S152 includes a 
set of elements , each representing an average , normalized , 
and unit - less value of sound speed and acoustic attenuation , 
such that the combined acoustomechanical parameter map 
represents a distribution of an average of sound speed and 
attenuation across a region of the volume of tissue . In 
variations of the specific example , at least one of the set of 
sound speed splices and the set of attenuation slices can be 
weighted prior to combination , in generating the transfer 
map of Block S150 . Combination can , however , be imple 
mented in any other suitable manner . 
[ 0039 ] Block S151 and / or Block S152 can be performed in 
any suitable order , with any suitable number of repetitions in 
generating the transfer map . As such , one example of Block 
S150 can include combining an acoustic speed rendering 
with an acoustic attenuation rendering ( e.g. , fusing the two 
renderings or combining them mathematically into a single 
image ) , and then renormalizing the fused rendering to pro 
duce the transfer map . Another example of Block S150 can 
include renormalizing each of an acoustic speed rendering 
and an acoustic attenuation rendering , and then fusing the 
two renderings to produce the transfer map . In yet another 
example , the transfer map can be based upon a renormal 
ization of one of an acoustic speed rendering and an acoustic 
attenuation rendering . However , the transfer map of Block 
S150 can be generated in any other suitable manner . 
[ 0040 ] Block S160 recites : rendering an enhanced image 
of the volume of tissue , based upon processing of the 
reflection rendering with the transfer map , which functions 
to produce an enhanced image that facilitates detection 

and / or analysis of target objects within the volume of tissue . 
Block S160 preferably comprises a modification of a reflec 
tion rendering generated in Block S130 using the transfer 
map ( e.g. , a combining the reflection image and the transfer 
map using a mathematical operation ) , but can additionally or alternatively comprise performing an operation on any other 
suitable rendering with the transfer map . The operation can 
include any one or more of : a division operation , a multi 
plication operation , an exponential operation , a logarithmic 
operation , and any other suitable operation . In one variation , 
the operation can be performed for each pixel px , y , z of a 
rendering ( e.g. , a reflection rendering ) , where x and y 
represent coordinate locations within a two dimensional 
plane ( e.g. , an x - y plane ) , and z represents a location along 
another axis ( e.g. , a location of an image slice of a stack of 
2D image slices ) . As such , for each pixel px , y , z location of 
a rendering , a transfer map value corresponding to the px , y , z 
location can be used to transform the pixel intensity value at 
the px , y , z location . However , any other suitable coordinate 
definition can be used . 
[ 0041 ] In one example , as shown in FIG . 6 , wherein the 
reflection rendering Ir represents target regions ( e.g. , of a 
cancerous tissue within the volume of tissue ) as dark regions 
( e.g. , regions having a medium - to - low intensity of the 
acoustic reflection parameter ) and non - target regions ( e.g. , 
of fat tissue ) as black regions ( e.g. , regions having a sub 
stantially low intensity of the acoustic reflection parameter ) , 
Block S160 can comprise dividing an intensity of each pixel 
px , y , z of a reflection rendering Ir of the volume of tissue by 
a value of the transfer map T corresponding to the location 
of the px , y , z pixel . As such , the transfer map can represent 
the target regions ( e.g. , of a cancerous tissue within the 
volume of tissue ) as bright regions ( e.g. , regions having a 
high intensity value ) , and at least a portion of non - target 
masses / regions ( e.g. , of fat tissue ) as dark regions ( e.g. , 
regions having a substantially low intensity value ) , such that 
dividing reflection rendering values by corresponding trans 
fer map values decreases pixel intensity values correspond 
ing to target regions , thus making them “ darker ” , and 
increases pixel intensity values corresponding to non - target 
regions , thus making them “ brighter ” , as shown in FIG . 6 . 
[ 0042 ] In more detail , for a reflection value Ir ( x1 , yl , zl ) 
of a target mass that has a high intensity value , dividing the 
reflection value by a corresponding low value of the transfer 
map T ( x1 , yl , zl ) results an enhanced image value E ( x1 , 
yl , zl ) that has an even higher intensity value ( i.e. , darker ) . 
For a reflection value Ir ( x2 , y2 , z2 ) of a non - target mass that 
has a very high intensity value , dividing the reflection value 
by a corresponding high intensity value of the transfer map 
T ( x2 , y2 , z2 ) results in an enhanced image value E ( x2 , y2 , 
z2 ) that has a lower intensity value ( i.e. , brighter ) , as shown 
in FIG . 6. Variations of the specific example can , however , 
include performing any other suitable operation ( s ) using any 
suitable rendering and / or transfer function . For instance , the 
values of the transfer map can be scaled to value ranges that 
enhance the enhanced image to any degree . For instance , 
scaling values of the transfer map to value ranges between 
O and 1 can produce an enhanced image that is enhanced to 
a greater degree , while scaling values of the transfer map to 
value ranges between much greater than 1 can produce an 
enhanced image that is enhanced to a lesser degree . 
[ 0043 ] Similar to Block S151 , variations of the method 
100 can additionally include renormalization of the 
enhanced image after generating the enhanced image to 
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bring intensity values of the enhanced image within a 
desired range . As such , renormalizing after Block S160 can 
comprise any one or more of increasing pixel intensity 
values of the enhanced image ( e.g. , uniformly increasing all 
intensity ranges by a factor , non - uniformly increasing ranges 
of intensities by different factor ) , decreasing pixel intensity 
values of the enhanced image ( e.g. , uniformly decreasing all 
intensity ranges by a factor , non n - uniformly decreasing 
ranges of intensities by different factor ) , scaling pixel inten 
sity values of the enhanced image ( e.g. , uniformly scaling by 
a factor , non - uniformly scaling ranges of intensities by 
different factors ) , performing an absolute value operation on 
pixel intensities of the enhanced image , and performing any 
other suitable manipulation on the enhanced image . In 
variations wherein the enhanced image comprises a stack of 
2D renderings , the manipulation is preferably performed 
uniformly across each rendering in the stack of renderings , 
as well as uniformly across the stack of renderings . How 
ever , the renormalization manipulation ( s ) for the enhanced 
image can additionally or alternatively be performed in any 
suitable manner . 
[ 0044 ] The method 100 can , however , include any other 
suitable blocks or steps that facilitate detection , processing , 
and / or analyzing of acoustic signals generated from a vol 
ume of tissue of the user in a manner that provides an 
enhanced representation of the volume of tissue . 

System 

[ 0045 ] As shown in FIGS . 2A - 2C , an embodiment of a 
ystem 200 for generating an enhanced imaged of a volume 

of tissue , comprises : a transducer 220 configured to receive 
the volume of tissue and comprising an array of ultrasound 
transmitters 110 and an array of ultrasound receivers 120 , 
the array of ultrasound transmitters 110 configured to emit 
acoustic waveforms toward the volume of tissue and the 
array of ultrasound receivers 120 configured to detect a set 
of acoustic signals derived from acoustic waveforms trans 
mitted through the volume of tissue ; a computer processor 
210 in communication with the transducer 220 , the com 
puter processor 210 comprising : a first module 212 config 
ured to output a reflection rendering of a region of the 
volume of tissue , the region including a set of elements ; a 
second module 214 configured to output a sound speed map 
of the region of the volume of tissue ; a third module 216 
configured to receive outputs of the second module and to 
generate a transfer map derived from renormalization of the 
sound speed map ; a fourth module 218 configured to gen 
erate an enhanced image of the volume of tissue , upon 
performing element - wise division between elements of the 
reflection rendering and elements of the transfer map ; and a 
display 290 in communication with the computer processor 
210 and configured to render the enhanced image of the 
volume of tissue . 
[ 0046 ] The system 200 is preferably configured to perform 
an embodiment , variation , or example of the method 100 
described above ; however , the system 200 can additionally 
or alternatively be configured to perform any other suitable 
method . 
[ 0047 ] The FIGURES illustrate the architecture , function 
ality and operation of possible implementations of systems , 
methods and computer program products according to pre 
ferred embodiments , example configurations , and variations 
thereof . In this regard , each block in the flowchart or block 
diagrams may represent a module , segment , step , or portion 

of code , which comprises one or more executable instruc 
tions for implementing the specified logical function ( s ) . It 
should also be noted that , in some alternative implementa 
tions , the functions noted in the block can occur out of the 
order noted in the FIGURES . For example , two blocks 
shown in succession may , in fact , be executed substantially 
concurrently , or the blocks may sometimes be executed in 
the reverse order , depending upon the functionality 
involved . It will also be noted that each block of the block 
diagrams and / or flowchart illustration , and combinations of 
blocks in the block diagrams and / or flowchart illustration , 
can be implemented by special purpose hardware - based 
systems that perform the specified functions or acts , or 
combinations of special purpose hardware and computer 
instructions . 
[ 0048 ] The method 100 and / or system 200 of the preferred 
embodiment can be embodied and / or implemented at least in 
part as machine configured to receive a computer - readable 
medium storing computer - readable instructions . The 
instructions are preferably executed by computer - executable 
components preferably integrated with the system and one 
or more portions of the processor and / or analysis engine . 
The computer - readable medium can be implemented in the 
cloud , and / or stored on any suitable computer - readable 
media such as RAMS , ROMs , flash memory , EEPROMs , 
optical devices ( CD or DVD ) , hard drives , solid state drives , 
or any suitable device . The computer - executable component 
is preferably a general or application specific processor , but 
any suitable dedicated hardware or hardware / firmware com 
bination device can alternatively or additionally execute the 
instructions . 
[ 0049 ] As a person skilled in the art will recognize from 
the previous detailed description and from the figures and 
claims , modifications and changes can be made to the 
preferred embodiments of the invention without departing 
from the scope of this invention defined in the following 
claims . 

1. - 20 . ( canceled ) 
21. A method of generating an enhanced image of a 

volume of tissue , the method comprising : 
receiving ultrasound tomography data from a transducer 

comprising an array of ultrasound transmitters and an 
array of ultrasound receivers , wherein the transducer is 
configured to surround the volume of tissue ; 

generating from the ultrasound tomography data at least a 
reflection rendering and a transmission rendering , 
wherein the reflection rendering and the transmission 
rendering comprises the volume of tissue ; 

generating a transfer map from the transmission render 
ing ; and 

rendering a target region within the volume of tissue 
darker in the enhanced image by transforming the 
reflection image using the transfer map , wherein the 
enhanced image is a second reflection rendering . 

22. The method of claim 21 , wherein generating the 
reflection rendering comprises generating a set of reflection 
slices associated with coronal slices through a volume of 
breast tissue . 

23. The method of claim 21 , wherein generating the 
transmission rendering comprises generating a set of sound 
transmission slices associated with a set of coronal slices 
through the volume of breast tissue . 

24. The method of claim 23 , wherein generating the 
reflection rendering comprises generating a set of reflection 
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slices associated with coronal slices through a volume of 
breast tissue and wherein the method further comprises 
aligning at least one slice from the set of reflection slices 
with at least one slice from the set of sound transmission 
slices . 

25. The method of claim 21 , wherein the transmission 
rendering comprises a sound speed rendering or an attenu 
ation rendering . 

26. The method of claim 25 , wherein the method further 
comprises conditioning the sound speed map to remove 
negative values of the sound speed map , prior to performing 
element - wise division between elements of the reflection 
rendering and elements of the transfer map . 

27. The method of claim 25 , wherein generating the 
transfer map comprises generating , from the set of acoustic 
signals , a combined map derived from the sound speed map 
and the attenuation map . 

28. The method of claim 27 , wherein generating the 
combined map comprises performing element - wise averag 
ing of values derived from the sound speed map and 
corresponding values derived from the attenuation map . 

29. The method of claim 25 , wherein generating the 
transfer map comprises renormalizing at least one of : 
increasing pixel intensity values of the sound speed map , 
scaling pixel intensity values of the sound speed map , and 
performing an absolute value operation on pixel intensities 
of the sound speed map . 

30. The method of claim 21 , wherein rendering the 
enhanced image of the volume of tissue comprises providing 
indication of the target region , associated with a cancerous 
mass , as darker than a non - target region , associated with fat 
tissue . 

31. A system for generating an enhanced image of a 
volume of tissue , the system comprising : 

an ultrasound transducer configured to surround the vol 
ume of tissue ; 

a computer processor in communication with the trans 
ducer , the computer comprising instructions that when 
executed cause the processor to : 
receive ultrasound tomography data from the trans 

ducer ; 
generate from the ultrasound tomography data at least 

a reflection rendering , a sound speed rendering , and 

an attenuation rendering , wherein each rendering 
comprises the volume of tissue ; 

generate a transfer map by combination of the speed 
rendering and the attenuation rendering ; and 

render the enhanced image by transforming the reflec 
tion image using the transfer map , wherein the 
enhanced image is a second reflection rendering . 

32. The system of claim 31 , wherein the ultrasound 
transducer is configured to translate along an axis to irradiate 
a set of coronal slices of the volume of tissue . 

33. The system of claim 31 , wherein the ultrasound 
tomography data comprises a set of sound transmission 
slices associated with the set of coronal slices through the 
volume of tissue . 

34. The system of claim 31 , wherein the ultrasound 
tomography data comprises a set of sound reflection slices 
associated with the set of coronal slices through the volume 
of tissue . 

35. The system of claim 33 , wherein the ultrasound 
tomography data comprises a set of sound reflection slices 
associated with the set of coronal slices through the volume 
of tissue and wherein at least one slice from the set of 
reflection slices and at least one slice from the set of sound 
transmission slices correspond to a coronal slice of the 
volume of tissue . 

36. The system of claim 31 , wherein one or more negative 
values of the transmission rendering or the transfer map are 
removed prior transforming the reflection image using the 
transfer map . 

37. The system of claim 31 , wherein the combined map 
comprises an element - wise average of values derived from 
the sound speed map and corresponding values derived from 
the attenuation map . 

38. The system of claim 31 , wherein the transfer map 
comprises a renormalization of at least one of : increasing 
pixel intensity values of the sound speed map , scaling pixel 
intensity values of the sound speed map , and performing an 
absolute value operation on pixel intensities of the sound 
speed map . 

39. The system of claim 31 , wherein the target region is 
associated with a cancerous mass and is rendered as darker 
than a non - target region , associated with fat tissue . 


