
ACOUSTIC SIGNAL TRANSMISSION COUPLANTS AND COUPLING 
MEDIUMS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] 	This patent document claims the benefit of priority of U.S. Provisional Patent 

	

5 	Application No. 62/120,839, filed on February 25, 2015, and U.S Provisional Patent Application 

No. 62/174,999, filed on June 12, 2015. The entire contents of the before-mentioned patent 

applications are incorporated by reference as part of the disclosure of this document. 

TECHNICAL FIELD 

[0002] 	This patent document relates to systems, devices, and processes for acoustic energy 

	

10 	diagnostics and therapies. 

BACKGROUND 

[0003] 	Acoustic imaging is an imaging modality that employs the properties of sound waves 

traveling through a medium to render a visual image. High frequency acoustic imaging has been 

used as an imaging modality for decades in a variety of biomedical fields to view internal 

	

15 	structures and functions of animals and humans. High frequency acoustic waves used in 

biomedical imaging may operate in different frequencies, e.g., between 1 and 20 MHz, or even 

higher frequencies, and are often termed ultrasound waves. Some factors, including inadequate 

spatial resolution and tissue differentiation, can lead to less than desirable image quality using 

conventional techniques of ultrasound imaging, which can limit its use for many clinical 

	

20 	indications or applications. 

SUMMARY 

[0004] 	Techniques, systems, and devices are disclosed for coupling acoustic signal 

transducers to body structures for transmitting and receiving acoustic signals in ultrasound 

imaging, range-Doppler measurements, and therapies. 

	

25 	[0004a] In one aspect, there is provided a couplant device for transmission of acoustic energy 

between transducers and a target, comprising: an array of transducer elements to transmit 

acoustic signals toward a target volume and to receive returned acoustic signals that return from 

at least part of the target volume; a housing body including a curved section on which the array 
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of transducer elements are arranged; and an acoustic coupling component including a single 

hydrogel material that couples to each of the transducer elements of the array, the acoustic 

coupling component operable to conduct the acoustic signals between a transducer element 

disposed in the housing body and a receiving medium in contact with the acoustic coupling 

5 component to propagate the acoustic signals toward the target volume, wherein the hydrogel 

material of the acoustic coupling component is capable to directly contact and conform to the 

receiving medium and to the transducer element such that the acoustic coupling component 

provides an acoustic signal transmission path between the receiving medium and the array of 

transducer elements to obtain a substantial acoustic impedance matching between the receiving 

10 	medium and the transducer element. 

[0004b] 	In another aspect, there is provided an acoustic waveform system, comprising: a 

waveform generation unit comprising one or more waveform synthesizers coupled to a 

waveform generator, wherein the waveform generation unit synthesizes a composite waveform 

comprising a plurality of individual orthogonal coded waveforms corresponding to different 

15 frequency bands that are generated by the one or more waveform synthesizers according to 

waveform information provided by the waveform generator, wherein the individual orthogonal 

coded waveforms are mutually orthogonal to each other and correspond to different frequency 

bands, such that each of the individual orthogonal coded waveforms includes a unique frequency 

with a corresponding phase; an acoustic signal transmission couplant including: a housing body 

20 	including a curved section on which transducer elements are arranged, an array of transducer 

elements to transmit acoustic waveforms corresponding to the individual orthogonal coded 

waveforms toward a target volume and to receive returned acoustic waveforms that return from 

at least part of the target volume, and an acoustic coupling component including a single 

hydrogel material that couples to each of the transducer elements of the array, the acoustic 

25 	coupling component operable to conduct the acoustic waveforms between a transducer element 

disposed on the housing body and a receiving medium in contact with the acoustic coupling 

component, wherein the hydrogel material of the acoustic coupling component is capable of 

directly contacting and conforming to the receiving medium and to the transducer element such 

that the acoustic coupling component provides an acoustic signal transmission path between the 

30 receiving medium and the array of transducer elements to obtain a substantial acoustic 

impedance matching between the receiving medium and the transducer element; a multiplexing 
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unit in communication with the array of transducer elements to select one or more transducing 

elements of the array to transduce the individual orthogonal coded waveforms into the 

corresponding acoustic waveforms, and to select one or more transducing elements of the array 

to receive the returned acoustic waveforms; and a controller unit in communication with the 

	

5 	waveform generation unit and the multiplexing unit and comprising a processing unit to process 

the received returned acoustic waveforms to produce a data set including information of at least 

part of the target volume. 

[0005] 	In one embodiment, a couplant device of the disclosed technology for transmission of 

acoustic energy between transducers and a target includes a housing body structured to present 

	

10 	an array of transducer elements on a curved section (e.g., curved lip) of the housing body (e.g., 

such as a semicircular or a circular portion that exposes the transducer elements of the array on a 
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curved surface); and an acoustic coupling component including a hydrogel material (e.g., which 

may be at least partially contained in an outer lining). The acoustic coupling component is 

operable to conduct acoustic signals between a transducer element disposed in the housing body 

and a receiving medium (e.g., skin of a subject) in contact with the acoustic coupling component 

	

5 	to propagate the acoustic signal toward a target volume, such that the acoustic coupling 

component is capable to conform to the target volume such that there is an acoustic impedance 

matching (e.g., very low attenuation) between the receiving medium and the transducer element. 

[0006] 	The subject matter described in this patent document and attached appendices can be 

implemented in specific ways that provide one or more of the following features. For example, 

	

10 	the couplant device can further include a flexible bracket coupled to and capable of moving with 

respect to the housing body, in which the flexible bracket secures the acoustic coupling 

component to the device. For example, the target volume includes a biological structure of a 

subject (e.g., an organ or tissue), and the receiving medium includes skin of the subject. In 

implementations of the couplant device, for example, the receiving medium can include hair on 

	

15 	the exterior of the skin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 	FIG. 1A shows a schematic diagram of an exemplary acoustic couplant device of the 

disclosed technology. 

[0008] 	FIG. 1B shows a three dimensional view of an acoustic couplant device of the 

	

20 	disclosed technology. 

[0009] 	FIG. 1C shows another three dimensional view of an acoustic couplant device of the 

disclosed technology. 

[0010] 	FIG. 2A shows a schematic diagram of an exemplary acoustic coupler of the 

disclosed technology attached to an exemplary flexible bracket to interface to an array of 

	

25 	transducing elements. 

[0011] 	FIG. 2B shows a three dimensional view schematic diagram of an acoustic coupler 

attached to a flexible bracket in accordance with an exemplary embodiment. 

[0012] 	FIG. 2C shows a two dimensional side view schematic diagram of an acoustic coupler 

attached to a flexible bracket in accordance with an exemplary embodiment. 

	

30 	[0013] 	FIG. 2D shows a cross-sectional view schematic diagram of an acoustic coupler 
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interfaced with a transducer element in accordance with an exemplary embodiment. 

[0014] 	FIG. 3A shows a top view schematic diagram of an acoustic couplant device of the 

disclosed technology to provide a complete circular ring array of transducer elements. 

[0015] 	FIG. 3B shows a three dimensional schematic diagram of an acoustic couplant device 

	

5 	of the disclosed technology to provide a complete circular ring array of transducer elements. 

[0016] 	FIG. 4 shows a block diagram of an exemplary acoustic imaging and/or therapy 

system of the disclosed technology. 

[0017] 	FIG. 5A shows an exemplary embodiment of an acoustic coupling medium. 

[0018] 	FIG. 5B shows another exemplary embodiment of an acoustic coupling medium. 

	

10 	[0019] 	FIG. 5C shows another exemplary embodiment of an acoustic coupling medium. 

[0020] 	FIG. 5D shows another exemplary embodiment of an acoustic coupling medium. 

[0021] 	FIG. 5E shows another exemplary embodiment of an acoustic coupling medium. 

[0022] 	FIG. 5F shows another exemplary embodiment of an acoustic coupling medium. 

[0023] 	FIG. 5G shows another exemplary embodiment of an acoustic coupling medium. 

	

15 	[0024] 	FIG. 6 shows schematic diagrams of an exemplary acoustic coupling medium formed 

in various shapes, sizes, and configurations. 

[0025] 	FIG. 7A shows schematic diagram of an exemplary embodiment of the acoustic 

coupling medium with an attachment component. 

[0026] 	FIG. 7B shows front and side schematic views of an exemplary embodiment of the 

	

20 	acoustic coupling medium with an attachment component. 

[0027] 	FIG. 7C shows different schematic views of an exemplary embodiment of the 

acoustic coupling medium with a tubular curved shape. 

[0028] 	FIG. 8 illustrates a set of operations that can be carried out to produce acoustic 

waveforms using an acoustic impedance matched couplant in accordance with an exemplary 

25 embodiment. 

DETAILED DESCRIPTION 

[0029] 	Acoustic imaging can be performed by emitting an acoustic waveform (e.g., pulse) 

within a physical elastic medium, such as a biological medium, including tissue. The acoustic 

waveform is transmitted from a transducer element (e.g., of an array of transducer elements) 

	

30 	toward a target volume of interest (VOI). Propagation of the acoustic waveform in the medium 
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toward the target volume can encounter structures that cause the acoustic waveform to become 

partly reflected from a boundary between two mediums (e.g., differing biological tissue 

structures) and partially transmitted. The reflection of the transmitted acoustic waveform can 

depend on the acoustic impedance difference between the two mediums (e.g., at the interface 

	

5 	between two different biological tissue types). For example, some of the acoustic energy of the 

transmitted acoustic waveform can be scattered back to the transducer at the interface to be 

received, and processed to extract information, while the remainder may travel on and to the next 

medium. In some instances, scattering of the reflection may occur as the result of two or more 

impedances contained in the reflective medium acting as a scattering center. Additionally, for 

	

10 	example, the acoustic energy can be refracted, diffracted, delayed, and/or attenuated based on the 

properties of the medium and/or the nature of the acoustic wave. 

[0030] 	Acoustic wave speed and acoustic impedance differences can exist at the interface 

between the transducer and the medium to receive the acoustic waveform, e.g., referred to as the 

receiving medium, for propagation of the acoustic waveform toward the target volume, which 

	

15 	can disrupt the transmission of the acoustic signal for imaging, range-Doppler measurement, or 

therapeutic applications. Acoustic impedance differences caused due to differing material 

properties (e.g., material density) of the two mediums and the acoustic wave velocity, such that a 

substantial amount of the emitted acoustic energy will be reflected at the interface rather than 

transferred in full across the interface. In typical acoustic (e.g., ultrasound) imaging or therapy 

	

20 	applications, for example, a transmission gel is applied to the receiving medium (i.e., the skin of 

a subject) at the interface where the transducers will make contact to improve the transfer of the 

acoustic waveform(s) from the transducer to the body and the reception of the returned acoustic 

waveform(s) from the body back to the transducer. In such applications without the ultrasound 

gel, the interface may include air as a component of the medium between the receiving medium 

	

25 	(e.g., living skin tissue) and the transducer, and an acoustic impedance mismatch in the 

transducer-to-air and the air-to-body discontinuity causes the scattering (e.g., reflection) of the 

emitted acoustic energy. 

[0031] 	Despite relatively good success in reducing acoustic impedance difference at the 

interface, when applied, acoustic transmission gels may contain tiny packets of air that can 

	

30 	disrupt the transmission of acoustic signals. Additionally, many patients complain of 

discomforts with the use of gels applied to their skin, e.g., such as temperature, stickiness, or 
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other. More concerning, however, acoustic transmission gels can become contaminated during 

production or storage, which has led to infections within some patients. For subjects with hair on 

their skin at the location where the transducer is to be placed, these subjects typically must shave 

or otherwise remove the external hair which exasperates the trapping of air between the skin and 

	

5 	gel. 

[0032] 	For non-normal angles of incidence of the acoustic wave relative to the interface, the 

differences in the acoustic wave speed can result in refraction of the acoustic sound wave. 

Acoustic wave speed differences at the interface cause the propagation path of longitudinal 

acoustic waves to refract or change direction according to Snell's Law as a function of the angle 

	

10 	of incidence and the acoustic wave speeds either side of the interface. Accumulations of 

infinitesimal amounts of refraction as the wave propagates in a heterogeneous material results in 

bending or curvature in the path of the acoustic wave. 

[0033] 	As conventional ultrasound imaging assumes that acoustic waves travel in straight 

lines, refraction along the acoustic path causes degradation and distortion in the resulting image 

	

15 	due the ambiguity it creates for the arrival time and location of an acoustic waveform in space 

for both transmission and reception. A material that matches the acoustic wave speed at the 

interface significantly reduces the effects of refraction, resulting in a clearer and less ambiguous 

image. Additionally, a material that has a homogeneous acoustic wave speed throughout will 

minimize the potential for curvature of acoustic wave paths inside the material. 

	

20 	[0034] 	Disclosed are techniques, systems, and devices for coupling acoustic signal 

transducers to body structures for transmitting and receiving acoustic signals in ultrasound 

imaging, range-Doppler measurements, and therapies. The disclosed acoustic signal 

transmission couplants can conform to the receiving medium (e g , skin) of the subject such that 

there is an acoustic impedance matching between the receiving medium and the transducer. 

	

25 	[0035] 	Disclosed are also various embodiments of an acoustic coupling medium including a 

hydrogel formed from one or more polymerizable materials and capable of conforming or 

molding into specific three dimensional shapes for use in tomographic ultrasound imaging, large 

aperture ultrasound imaging, and therapeutic ultrasound. 

[0036] 	In one embodiment, a couplant device of the disclosed technology for transmission of 

	

30 	acoustic energy between transducers and a target includes a housing body including a curved 

surface on which an array of transducer elements may be disposed; and an acoustic coupling 
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component including a hydrogel material, in which the acoustic coupling component is operable 

to conduct acoustic signals between a transducer element disposed in the housing body and a 

receiving medium (e.g., skin of a subject) in contact with the acoustic coupling component to 

propagate the acoustic signal toward a target volume, such that the acoustic coupling component 

	

5 	is capable to conform to the receiving medium such that there is an acoustic impedance matching 

between the receiving medium and the transducer element. In some embodiments, the couplant 

device can further include a flexible bracket coupled to and capable of moving with respect to 

the housing body, in which the flexible bracket secures the acoustic coupling component to the 

device. For example, the target volume includes a biological structure of a subject (e.g., an 

	

10 	organ or tissue), and the receiving medium includes skin of the subject. In implementations of 

the couplant device, for example, the receiving medium can include hair on the exterior of the 

skin. 

100371 	FIG. lA shows a two dimensional side view schematic diagram and FIGS. 1B and 1C 

show three dimensional views of an acoustic couplant device 100 of the disclosed technology. 

	

15 	The couplant device 100 includes a housing structure 101 to contain and position transducers for 

transmitting and receiving acoustic signals to/from a mass to which the acoustic couplant device 

100 is applied. The housing structure 101 includes a curved section where transducer elements 

110 of an acoustic transmit and/or receive transducer array are positioned, e.g., which is shown 

in FIG. 1C. The curved section of the housing structure 101 can be configured to various sizes 

	

20 	and/or curvatures tailored to a particular body region or part where the couplant device 100 is to 

be applied in acoustic imaging, measurement, and/or therapy implementations. For example, the 

length, depth, and arc of the curved section of the housing structure 101 can be configured to 

make complete contact with a region of interest on an anatomical structure, e.g., such as a breast, 

arm, leg, neck, throat, knee joint, hip joint, ankle, waist, shoulder, or other anatomical structure 

	

25 	of a human or animal (e.g., canine) subject to image or apply ultrasonic treatment to target 

volumes within such structures, such as splenic masses, cancerous or noncancerous tumors, 

legions, sprains, tears, bone outlines and other signs of damage or maladies. For example, the 

curved section of the housing structure 101 can include an aperture length in a range of a few 

centimeters to tens or hundreds of centimeters (e.g., such as an 18 cm baseline as depicted in 

	

30 	FIG. 1A), an aperture depth in a range of a few centimeters to tens or hundreds of centimeters, 

and an arc or curvature of 1/(half or a few centimeters) to 1/(tens or hundreds of centimeters), 
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e.g., 1/0.5 cm-1  to 1/18 cm-1. The couplant device 100 includes an acoustic coupler 105 attached 

to the housing structure 101 such that the acoustic coupler 105 is in contact with the external 

surface area of the transducer elements 110 disposed in the housing structure 101. 

[0038] 	For example, the acoustic coupler 105 can be attached to the housing structure 101 by 

	

5 	molding the hydrogel material against the curved section of the housing structure 101 to directly 

couple the acoustic coupler 105 and the transducer elements 110 at an interface. In such 

implementations, the housing structure 101 can include a securement mechanism (e.g., such as a 

clip) at various locations at the curved section to secure the molded acoustic coupler 105 to the 

housing structure 101, in which the securement mechanism is located on the housing structure 

	

10 	101 at locations away from the transducer elements 110 to not interfere with acoustic signal 

propagation transmitted and received by the transducer elements. In addition, or alternatively, 

for example, the housing structure 101 and/or the acoustic coupler 105 can include an adhesive 

portion to attach the molded acoustic coupler 105 to the curved section of the housing structure 

101. In some implementations, for example, the adhesive portion can be configured as an 

	

15 	adhesive layer attached to the receiving surface of the curved section of the housing structure 

101 and/or an outer portion of the acoustic coupler 105. In some implementations, for example, 

the adhesive portion can include pretreatment of the outer portion areas of the hydrogel material 

of the acoustic coupler 105 (e.g., such as applying a low pH solution) to cause such areas to 

become naturally adhesive. 

	

20 	[0039] 	In some implementations, the acoustic coupler 105 includes a hydrogel material 

engineered to conduct acoustic signals between transducer elements 110 and a receiving medium 

(e.g., body region or part of the subject, e.g., such as the subject's midsection, head, or 

appendage) where the couplant device 100 is to be placed in contact to transmit and receive the 

acoustic signals propagating toward and from a target volume of interest in the subject. The 

	

25 	acoustic coupler 105 is able to conform to the receiving medium to provide acoustic impedance 

matching between the transducer elements and the receiving medium (e.g., the skin of the 

subject, including body hair protruded from the skin). 

[0040] 	The hydrogel material can be configured to have a selected thickness based on the 

size of the receiving body of the subject or object of the acoustic imaging, measurement, or 

	

30 	therapy application. The diagram of FIG. 1A depicts the acoustic coupler 105 having various 

thicknesses Ll, L2, L3, and L4 with respect to dimensions of the curved section of the housing 
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structure 101. For example, in some embodiments, the Ll thickness can be 4 cm, the L2 

thickness can be 6 cm, the L3 thickness can be 8 cm, and the L4 thickness can be 10 cm, e.g., in 

which the curved section of the housing structure 101 includes a semicircular geometry with a 

12 cm radius. In some implementations, for example, the hydrogel material of the acoustic 

	

5 	coupler 105 can include polyvinyl alcohol (PVA). In some implementations, for example, the 

hydrogel material can include polyacrylamide (PAA), which can include alginate. In some 

embodiments, for example, the acoustic coupler 105 can include an outer lining to encase at least 

some portions of the hydrogel. The exemplary outer lining can be formed over regions of the 

hydrogel that are in contact with the housing structure 101. In some implementations, for 

	

10 	example, the exemplary outer lining can be configured to fully encase the hydrogel material to 

produce a pad. The hydrogel can flex, stretch and conform to any complex geometry surface to 

enable very low loss and a highly matched impedance path for efficient transmission of acoustic 

waveforms (e.g., ultrasonic waves) into tissue of the subject, e.g., including a human or any other 

animal. For example, the hydrogel can include a material structure that allows acoustic signal 

	

15 	propagation with an attenuation factor of 0.1 dB/MIHz2•cm or less, an impedance of 1.5 MRayls 

or less, and a longitudinal speed of sound of 1540 m/s at 20 °C. The acoustic coupler 105 is 

engineered to have a %elongation of 1000% or greater, a density of 1.00 g/cm3  f 0.05 g/cm3, a 

shear modulus of 1 MPa, and melting and freezing point of 70 °C and -5 °C, respectively. For 

example, the hydrogel material can be at least 95% water and have a pH of —7.0. 

	

20 	[0041] 	In some embodiments of the acoustic coupler 105, for example, one side of the 

hydrogel and/or outer lining is configured to have a tacky surface to contact the transducer 

elements 110 to promote adherence to the transducer face such that air or other substances are 

prohibited from becoming entrapped once the couplant device 100 is applied. 

[0042] 	In some embodiments of the couplant device 100, for example, the housing structure 

	

25 	101 includes a flexible bracket 102 that attaches to the curved section of the housing structure 

101 body. In some implementations, for example, the acoustic coupler 105 can be molded into 

the flexible bracket 102, which can also include the acoustic coupler 105 being adhesively 

attached (e.g., glued) to the flexible bracket 102 at portions of the acoustic coupler 105 away 

from acoustic signal propagation with the transducer elements. The flexible bracket 102 is 

	

30 	structured to flex such that it can conform to the receiving body that it surrounds. For example, 

the flexible bracket 102 can include flexible materials, e.g., including, but not limited to, ABS 
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plastic, polyurethane, nylon, and/or acetyl copolymer. FIGS. 2A-2D shows schematic diagrams 

of the acoustic coupler 105 attached to the flexible bracket 102. 

[0043] 	FIG. 2A shows a three dimensional view schematic diagram of the acoustic coupler 

105 attached to the flexible bracket 102. The flexible bracket 102 can be structured to include a 

	

5 	base component 112 to attach to the ends of the acoustic coupler 105. For example, base 

component 112 can include clips to secure and/or adhere the acoustic coupler 105. In some 

embodiments, for example, the flexible bracket 102 can include one or more arch components 

113 configured to a size and curvature to span across the curved section of the housing structure 

101 and positioned at one or more respective locations on the base component 112 away from 

	

10 	where the transducer elements 110 are positioned when the flexible bracket 102 is attached to the 

housing structure 101. The flexible bracket 102 can be structured to have pattern of notches 114 

on one side of the arch component(s) 113 to allow the flexible bracket 102 to bend easily without 

breaking. On the other side of the arch component(s) 113, the flexible bracket 102 can include 

an undercut lip with a chamfer so that when it's flexed into the shape of the array and pressed 

	

15 	into position, the chamfered lip flexes over the lip on the curved section of the housing structure 

101 and secures the flexible bracket 102, and thereby the acoustic coupler 105, in place. For 

example, the acoustic coupler 105 can be bonded or molded into the flexible bracket 102 when 

cross-linking of the hydrogel occurs. In some implementations, for example, the hydrogel of the 

acoustic coupler 105 can also be molded on the subject-facing side to smooth or curve the edges, 

	

20 	e.g., which can allow the device 100 to contact and release from the subject easier. FIG. 2B 

shows a three dimensional view schematic diagram of the acoustic coupler 105 attached to the 

flexible bracket 102, and FIG. 2C shows a two dimensional side view schematic diagram of the 

acoustic coupler 105 attached to the flexible bracket 102.  

[0044] 	FIG. 2D shows a cross-sectional view schematic diagram of the acoustic coupler 105 

	

25 	interfaced with a transducer element 110 and attached to the housing structure 101 via the 

flexible bracket 102. As shown in this diagram, the acoustic coupler 105 conforms directly onto 

the face of the transducer element 110. In this example, the acoustic coupler 105 is attached to 

the clip components of the flexible bracket 102 by an adhesive on the external surface of the 

clips, e.g., to align in contact with the 'tacky regions' of the hydrogel and/or outer lining of the 

	

30 	acoustic coupler 105. The clips attaches around the lip of the housing body 101 to provide direct 

contact between the acoustic coupler 105 and the face of the transducer element 110. As shown 
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in the diagram, the transducer element 110 includes a transducer acoustic backing portion that 

interfaces with electrical communication elements for transduction of electrical to/from acoustic 

energy. 

[0045] 	In some implementations of the couplant device 100, for example, the surface of the 

	

5 	acoustic coupler 105 in contact with the subject can be lubricated so it can slide over the skin 

easily without trapping air bubbles for optimum acoustic transmission. Examples of such 

lubricants can include treating the side of the hydrogel material that is to be in contact with the 

subject with degassed and/or deionized water to render that portion of the hydrogel material 

highly lubricated. 

	

10 	[0046] 	Referring back to FIGS. 1A-1C, the housing structure 101 can include one or more 

handles to provide a place for a user to hold the couplant device 100 and/or move the couplant 

device 100 for positioning on the receiving body (e.g., a subject's torso, head, appendage, etc.) 

for an acoustic measurement or therapy. The housing structure 101 can include openings at 

various locations on the exterior of the housing structure 101 that provide access to the interior 

	

15 	(e.g., including interior compartments) where electronic components including the transducer 

elements of the transducer array are located within the housing structure 101. For example, as 

depicted in FIG. 1A, an electrical cable or wires can be electrically connected to the electronics 

contained within the housing structure 101 for data communication and/or power supply. For 

example, the housing structure 101 can include compartments to secure signal conditioning 

	

20 	and/or multiplexing circuitry in communication with the transducer elements 110, e.g., LO 

transducer electronics, Ll A transducer electronics and multiplexing circuitry (e.g., multiplexing 

board type A), Ll B transducer electronics and multiplexing circuitry (e.g., multiplexing board 

type B), and/or L2 transducer level 2 MUX rigid flexible circuit card and flex mezzanine board. 

In some implementations, for example, the couplant device 110 includes a multiplexing unit 

	

25 	contained in an interior compartment of the housing structure 101 and in communication with the 

transducer elements 110 to select one or more transducing elements 110 of the array to transmit 

individual acoustic waveforms, and to select one or more transducing elements 110 of the array 

to receive the returned acoustic waveforms. In some implementations of the couplant device, for 

example, the device 100 includes a data processing unit contained in a compartment in the 

	

30 	housing structure 101 that includes signal conditioning circuitry to amplify the electrical signals 

transduced from the returned acoustic signals, and/or electrical signals to be transduced to the 
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transmitted acoustic signals. In some embodiments of the exemplary data processing unit, for 

example, the data processing unit can include a processor and a memory to process and store 

data, respectively, which can be in communication with an input/output (I/O) unit to interface to 

transmit and receive data from an acoustic imaging and/or therapy system for controlling 

	

5 	operations of the data processing unit of the device 100. In some implementations, for example, 

the data processing unit is in communication with the exemplary multiplexing unit. 

[0047] 	As depicted in FIG. 1C, which shows the flexible bracket 102 attached to the 

transducer housing structure 101 without the acoustic coupler 105 presently attached, the 

transducer elements 110 can be arranged in a semicircular configuration to span along at least 

	

10 	part of the curved section of the housing structure 101. The array of transducing elements 110 

are presented on the curved geometry of this section of the housing structure 101 to be in direct 

contact with the acoustic coupler 105 to transmit and receive acoustic signals. In the exemplary 

embodiment shown, the transducer elements 110 are disposed on a lip of the curved section of 

the housing structure 101. Based on the flexibility, stretchability, and conformability of the 

	

15 	acoustic coupler 105, the acoustic coupler 105 can remain in contact with the transducer 

elements 110 during application of the couplant device 100 as it is positioned and moved along 

the body structure of the subject. For example, the transducer elements 110 are arranged on the 

curved section (e.g., such as a semicircular ring, or a complete circular ring) of the housing 

structure 101. The flexible bracket 102 can include clips to attach to the lip 111 of the curved 

	

20 	section. In some implementations, for example, the flexible bracket 102 can also include clips to 

secure the acoustic coupler 105 to the flexible bracket 102, which provides direct contact of the 

acoustic coupler 105 on to the face of the transducer elements 110 on the housing structure 101. 

[0048] 	FIGS. 3A and 3B show a top view schematic diagram and three dimensional 

schematic diagram, respectively, of an acoustic couplant device 300 of the disclosed technology 

	

25 	to provide a complete circular ring array of transducer elements 110. The couplant device 300 

includes a housing structure 301 having a circular section to contain and position the transducer 

elements 110 for transmitting and receiving acoustic signals to/from a mass to which the acoustic 

couplant device 300 is applied. For example, the circular section of the housing structure 301 

can include a circle geometry, elliptical geometry, or other curved geometry. The circular 

	

30 	section of the housing structure 301 can be configured to various sizes and/or curvatures tailored 

to a particular body region or part where the couplant device 300 is to be applied in acoustic 
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imaging, measurement, and/or therapy implementations. For example, the length, depth, and 

geometry of the circular section of the housing structure 301 can be configured to make complete 

contact, e.g., which can completely surround or enclose, with a region of interest on an 

anatomical structure of a subject, e.g., such as a breast, of a human or animal (e.g., canine) to 

	

5 	image or apply ultrasonic treatment to target volumes within the structure. The couplant device 

300 includes the acoustic coupler 105 attached to the housing structure 301 such that the acoustic 

coupler 105 is in contact with the external surface area of the transducer elements 110 disposed 

in the circular section of the housing structure 301. 

[0049] 	The couplant device 300 can include a flexible bracket 302 to attach to the circular 

	

10 	section of the housing structure 301 body to couple the acoustic coupler 105 to the transducer 

elements 110 housed in the housing structure 301. In some implementations, for example, the 

acoustic coupler 105 can be molded into the flexible bracket 302, which can include the acoustic 

coupler 105 being adhesively attached to the flexible bracket 302 at portions of the acoustic 

coupler 105 away from acoustic signal propagation with the transducer elements. 

	

15 	[0050] 	FIG. 4 shows a block diagram of an acoustic imaging system 400 in communication 

with the acoustic couplant device 100 for acoustic imaging, range-Doppler measurements, and/or 

therapeutic application of acoustic energy of a target volume in a receiving body (e.g., 

anatomical structure of a human or non-human animal subject) to which the acoustic couplant 

device 100 is applied. Examples of acoustic systems, devices, and methods for acoustic imaging, 

	

20 	range-Doppler measurements, and therapies are described in U.S. Patent No. 8,939,909, titled 

"Spread Spectrum Coded Waveforms in Ultrasound Imaging," and U.S. Patent Application 

Publication No. 2015/0080725, titled "Coherent Spread-Spectrum Coded Waveforms in 

Synthetic Aperture Image Formation," both of which are incorporated by reference in this patent 

document. In some implementations, such acoustic systems can generate, transmit, receive, and 

	

25 	process arbitrary or coded acoustic waveforms that create a large, synthetic aperture. For 

example, coherent, spread-spectrum, instantaneous-wideband, coded waveforms can be produced 

in synthetic aperture ultrasound (SAU) applications using such acoustic systems, e.g., employing 

the disclosed acoustic coupling medium. 

[0051] 	Referring to FIG. 4, the system 400 can include systems and/or devices described in 

	

30 	the '909 patent and the '725 patent publication. The system 400 can be used to produce acoustic 

waveforms transduced by the device 100 (or the device 300) for transmission toward the target 
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volume (and reception of returned acoustic waveforms), such that the acoustic waveforms have 

enhanced waveform properties that include a spread-spectrum, wide instantaneous bandwidth, 

coherency, pseudo-random noise characteristics, and frequency- and/or phase-coding. In some 

implementations, the system 400 can be used to produce acoustic waveforms across an expanded 

	

5 	effective (synthetic) aperture using the device 100 (or the device 300) for transmission toward 

the target volume (and reception of returned acoustic waveforms), in which the acoustic 

waveforms have enhanced waveform properties including a spread-spectrum, wide instantaneous 

bandwidth, coherent, pseudo-random noise characteristics, and coding. 

[0052] 	Examples 

	

10 	[0053] 	The following examples are illustrative of several embodiments of the present 

technology. Other exemplary embodiments of the present technology may be presented prior to 

the following listed examples, or after the following listed examples. 

[0054] 	In one example of the present technology (example 1), a couplant device for 

transmission of acoustic energy between transducers and a target includes an array of transducer 

	

15 	elements to transmit acoustic signals toward a target volume and to receive returned acoustic 

signals that return from at least part of the target volume; a housing body including a curved 

section on which the array of transducer elements are arranged; and an acoustic coupling 

component including a hydrogel material, the acoustic coupling component operable to conduct 

the acoustic signals between a transducer element disposed in the housing body and a receiving 

	

20 	medium in contact with the acoustic coupling component to propagate the acoustic signals 

toward the target volume, in which the acoustic coupling component is capable to conform to the 

receiving medium and the transducer element such that there is an acoustic impedance matching 

between the receiving medium and the transducer element. 

[0055] 	Example 2 includes the device of example 1, in which the device further includes a 

	

25 	flexible bracket coupled to and capable of moving with respect to the housing body, in which the 

acoustic coupling component is attached to the flexible bracket. 

[0056] 	Example 3 includes the device of example 1, in which the hydrogel material includes 

polyvinyl alcohol (PVA). 

[0057] 	Example 4 includes the device of example 1, in which the hydrogel material includes 

	

30 	polyacrylamide (PAA). 

[0058] 	Example 5 includes the device of example 4, in which the hydrogel material includes 
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alginate. 

[0059] 	Example 6 includes the device of example 1, in which the acoustic coupling 

component includes an outer lining at least partially enclosing the hydrogel material. 

[0060] 	Example 7 includes the device of example 1, in which the acoustic coupling 

	

5 	component is operable to propagate the acoustic signals with an attenuation factor of 0.1 

dB/MHz2•cm or less, or with an impedance of 1.5 MRayls or less. 

[0061] 	Example 8 includes the device of example 1, in which the acoustic coupling 

component is capable to undergo a %elongation of 1000% or greater, or includes a shear 

modulus of 1 MPa. 

	

10 	[0062] 	Example 9 includes the device of example 1, in which the target volume includes a 

biological structure of a living subject and the receiving medium includes an anatomical 

structure of the living subject. 

[0063] 	Example 10 includes the device of example 9, in which the curved section of the 

housing body includes a curvature to facilitate complete contact with the anatomical structure, 

	

15 	such that the acoustic coupling component is in direct contact with skin of the anatomical 

structure. 

[0064] 	Example 11 includes the device of example 10, in which the anatomical structure 

includes hair on the exterior of the skin. 

[0065] 	Example 12 includes the device of example 9, in which the anatomical structure 

	

20 	includes a breast, an arm, a leg, a neck including the throat, a knee joint, a hip joint, an ankle 

joint, an elbow joint, a shoulder joint, an abdomen, or a chest, or a head. 

[0066] 	Example 13 includes the device of example 9, in which the biological structure 

includes a cancerous or noncancerous tumor, an internal legion, a connective tissue sprain, a 

tissue tear, or a bone. 

	

25 	[0067] 	Example 14 includes the device of example 9, in which the subject includes a human 

or a non-human animal. 

[0068] 	Example 15 includes the device of example 1, in which the curved section of the 

housing body includes a semicircular geometry. 

[0069] 	Example 16 includes the device of example 1, in which the curved section of the 

	

30 	housing body includes a 360° circular geometry, and the array of transducer elements arranged 

along the 360° circular section of the housing body. 
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[0070] 	Example 17 includes the device of example 16, in which the 360° circular section of 

the housing body and the acoustic coupling component provide a curvature to facilitate complete 

contact around an anatomical structure of a living subject, and in which the device is operable to 

receive the returned acoustic signals from the target volume such that an acoustic imaging 

	

5 	system in data communication with the device is able to produce a 360° image of the target 

volume. 

[0071] 	Example 18 includes the device of example 1, in which the device further includes a 

multiplexing unit contained in an interior compal 	tment of the housing body and in 

communication with the array of transducer elements to select one or more transducing elements 

	

10 	of the array to transmit individual acoustic waveforms, and to select one or more transducing 

elements of the array to receive the returned acoustic waveforms. 

[0072] 	In one example of the present technology (example 19), an acoustic waveform system 

includes a waveform generation unit, an acoustic signal transmission couplant, a multiplexing 

unit, and a controller unit. The waveform generation unit includes one or more waveform 

	

15 	synthesizers coupled to a waveform generator, in which the waveform generation unit is operable 

to synthesize a composite waveform that includes a plurality of individual orthogonal coded 

waveforms corresponding to different frequency bands that are generated by the one or more 

waveform synthesizers according to waveform information provided by the waveform generator, 

in which the individual orthogonal coded waveforms are mutually orthogonal to each other and 

	

20 	correspond to different frequency bands, such that each of the individual orthogonal coded 

waveforms includes a unique frequency with a corresponding phase. The acoustic signal 

transmission couplant includes a housing body including a curved section on which transducer 

elements are arranged; an array of transducer elements to transmit acoustic waveforms 

corresponding to the individual orthogonal coded waveforms toward a target volume and to 

	

25 	receive returned acoustic waveforms that return from at least part of the target volume; and an 

acoustic coupling component including a hydrogel material, the acoustic coupling component 

operable to conduct the acoustic waveforms between a transducer element disposed on the 

housing body and a receiving medium in contact with the acoustic coupling component, in which 

the acoustic coupling component is capable to conform to the receiving medium and the 

	

30 	transducer element such that there is an acoustic impedance matching between the receiving 

medium and the transducer element. The multiplexing unit is in communication with the array 
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of transducer elements and operable to select one or more transducing elements of an array to 

transduce the individual orthogonal coded waveforms into the corresponding acoustic 

waveforms, and operable to select one or more transducing elements of the array to receive the 

returned acoustic waveforms. The controller unit, which is in communication with the waveform 

	

5 	generation unit and the multiplexing unit, includes a processing unit to process the received 

returned acoustic waveforms to produce a data set including information of at least part of the 

target volume. 

[0073] 	Example 20 includes the system of example 19, further including an array of analog 

to digital (A/D) converters to convert the received returned acoustic waveforms received by the 

	

10 	array of transducer elements of the acoustic signal transmission couplant from analog format to 

digital format as a received composite waveform that includes information of at least part of the 

target volume. 

[0074] 	Example 21 includes the system of example 19, further including a user interface unit 

in communication with the controller unit. 

	

15 	[0075] 	Example 22 includes the system of example 19, in which the produced data set 

includes an image of at least part of the target volume. 

[0076] 	Example 23 includes the system of example 19, in which the acoustic signal 

transmission couplant includes a flexible bracket coupled to and capable of moving with respect 

to the housing body, in which the acoustic coupling component is attached to the flexible 

	

20 	bracket. 

[0077] 	Example 24 includes the system of example 23, in which the hydrogel material 

includes at least one of polyvinyl alcohol (PVA), polyacrylamide (PAA), or PAA with alginate. 

[0078] 	Example 25 includes the system of example 19, in which the curved section of the 

housing body of the acoustic signal transmission couplant includes a semicircular geometry, or 

	

25 	the curved section of the housing body of the acoustic signal transmission couplant includes a 

360° circular geometry such that the array of transducer elements are arranged along the 360° 

circular section of the housing body. 

[0079] 	Example 26 includes the system of example 25, in which the 360° circular section of 

the housing body and the acoustic coupling component provide a curvature to facilitate complete 

	

30 	contact around an anatomical structure of a living subject, and in which the device is operable to 

receive the returned acoustic waveforms from the target volume such that the system is able to 
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produce a 360° image of the target volume. 

[0080] 	In one example of the present technology (example 27), a method of producing 

acoustic waveforms using an acoustic impedance matched couplant includes: synthesizing, in 

one or more waveform synthesizers, one or more composite waveforms to be transmitted toward 

	

5 	a target, in which a composite waveform is formed of a plurality of individual orthogonal coded 

waveforms that are mutually orthogonal to each other and correspond to different frequency 

bands, such that each of the individual orthogonal coded waveforms includes a unique frequency 

with a corresponding phase; transmitting, from one or more transmitting positions relative to the 

target using an array of transducing elements of an acoustic signal transmission couplant, one or 

	

10 	more composite acoustic waveforms that includes a plurality of acoustic waveforms, in which 

the transmitting includes selecting one or more of the transducing elements of the array to 

transduce the plurality of individual orthogonal coded waveforms of the respective one or more 

composite waveforms into the plurality of corresponding acoustic waveforms of the respective 

one or more composite acoustic waveforms; and receiving, at one or more receiving positions 

	

15 	relative to the target, returned acoustic waveforms that are returned from at least part of the 

target corresponding to the transmitted acoustic waveforms, in which the receiving includes 

selecting at least some of the transducing elements of the array to receive the returned acoustic 

waveforms, in which the transmitting positions and the receiving positions each include (i) 

spatial positions of the array of transducer elements relative to the target and/or (ii) beam phase 

	

20 	center positions of the array, in which the acoustic signal transmission couplant includes an 

acoustic coupling component including a hydrogel material operable to conduct the acoustic 

waveforms between the transducer elements and a receiving medium in contact with the acoustic 

coupling component, in which the acoustic coupling component is capable to conform to the 

receiving medium and the transducer element such that there is an acoustic impedance matching 

	

25 	between the receiving medium and the transducer element, and in which the transmitted acoustic 

waveforms and the returned acoustic waveforms produce an enlarged effective aperture. 

[0081] 	Example 28 includes the method of example 27, further including processing the 

received returned acoustic waveforms to produce an image of at least part of the target. 

[0082] 	As noted earlier, some of the disclosed embodiments relate to an acoustic coupling 

	

30 	medium including a hydrogel formed from one or more polymerizable materials and capable of 

conforming or molding into specific three dimensional shapes for use in tomographic ultrasound 
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imaging, large aperture ultrasound imaging, and therapeutic ultrasound. 

[0083] 	Hydrogel materials contain mostly water, thus, the acoustic wave speed of the 

hydrogel is dominated by water. The acoustic wave speed in water is approximately 

proportional to temperature through a high order empirically-determined polynomial relationship 

	

5 	from 0 to 100 °C. The acoustic wave speed of pure water varies from 1482 m/s to 1524 m/s from 

20 °C to 37 °C, respectively. Thus, the acoustic wave speed in a polymeric material will vary 

with temperature. 

[0084] 	A material with a calibrated acoustic wave speed may be used in combination with a 

delay-and-sum beamformer to correct the propagation times on transmission and reception in 

	

10 	order to reduce image distortion created by uncalibrated coupling materials. For example, the 

location of a structure such as a tissue-bone interface is ambiguous without knowledge of the 

average acoustic wave speed between the array and the bone. The true location of the bone may 

be deeper or shallower than it measures on the ultrasound image. 

[0085] 	A material with a temperature calibrated acoustic wave speed such that the material 

	

15 	may be heated in order to provide a more comfortable interface to the patient without creating 

image distortion. Besides patient comfort, a heated material also supports increased blood flow 

in the region in contact with the patient and in regions peripheral to the region in contact, thus 

facilitating more accurate Doppler measurements. A material with a calibrated acoustic wave 

speed will also function optimally at a target temperature (e.g. 37 °C) or target range of 

	

20 	temperatures (e.g. 20-37 °C). 

[0086] 	Thermocouples, thermistors, fiber-optic thermometers or other temperature sensing 

devices may be implanted into the hydrogel to provide real-time temperature feedback. 

Additionally, wires, resistors, thermopiles, electrical current, infrared radiation, water pipes, 

conduction, or other means to heat the hydrogel may be utilized to heat the gel A temperature 

	

25 	feedback and control device may be utilized to precisely and accurately control the temperature 

of the hydrogel. 

[0087] 	The disclosed acoustic coupling medium can be employed in acoustic imaging, range-

Doppler measurement, and therapeutic systems to transfer emitted and returned acoustic 

waveforms between such acoustic systems and a receiving medium, such as tissue of a living 

30 organism. 

[0088] 	In some implementations of the disclosed acoustic coupling technology, for example, 
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a hydrogel acoustic coupling medium of the present technology can provide spatially-varying 

acoustic absorption for use with acoustic imaging, diagnostic and/or therapeutic devices or 

systems to provide tomographic ultrasound imaging, large aperture ultrasound imaging arrays, 

and therapeutic ultrasound arrays for such acoustic devices and systems. In some 

	

5 	implementations of the disclosed technology, the hydrogel acoustic coupling medium can couple 

acoustic waves from acoustic energy sources into the hydrogel acoustic coupling medium and 

subsequently into secondary media with acoustic sound speeds ranging from 1400 m/s up to 

1700 m/s. Examples of the secondary media include, but are not limited to, mammalian tissues 

and water. The secondary media may contain structures with sound speeds outside the sound 

	

10 	speed range of the coupling medium, e.g., such as bone, implanted devices, plastics, ceramics, 

glass, and metals. 

[0089] 	In practical applications of ultrasound imaging, particularly for imaging human and 

nonhuman animals, ultrasound image formation typically occurs in the near field of an acoustic 

emission aperture, which poses several challenges for obtaining high resolution and quality 

	

15 	ultrasound images. For example, in such ultrasound imaging applications, generally, one or 

more transducer elements are included in an acoustic imaging device, forming an array, to 

generate the acoustic aperture. These transducer elements typically require several wavelengths 

to transition from the near field to the far field regime following an acoustic emission, thus 

requiring an acoustic buffer region, also known as an acoustic standoff. For example, this 

	

20 	acoustic buffer region or acoustic standoff may be necessary for image formation close to the 

acoustic aperture. Furthermore, focused image formation typically requires that the ratio of the 

focal depth divided by the aperture size (e.g., also known as the f-number) be greater than one, 

e.g., for points of the image formation closest to the acoustic aperture. Likewise, the acoustic 

standoff is necessary for image formation close to the acoustic aperture in order to satisfy the f- 

	

25 	number condition. 

[0090] 	In implementations of the disclosed technology, the image formation is generated 

using combinations of the transducer elements, in which a selected group of transducer elements 

are used to produce an acoustic emission followed by reception of return acoustic echoes on 

some, the same, and/or other transducer elements of the group. For example, the transducer 

	

30 	elements producing the acoustic emission are referred to as transmit elements. Likewise, the 

transducer elements that receive the return acoustic echoes are referred to as receive elements. In 
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some examples, the combinations may be divided into combinations of individual pairs of 

transmit and receive elements such that the linear combination of the pairs produces an 

approximately equivalent image as obtained using the combinations of one or more elements on 

both transmit and receive. For example, each time sample of an echo recorded from the pair of 

	

5 	transmit and receive elements is an integration of acoustic reflectivity over the corresponding 

round-trip time or time delay corresponding to the time sample. The integration is a line integral 

over linear paths of the constant round-trip time or time delay. The linear paths can be circular 

or elliptical as determined by the location of the pair of transmit and receive elements. In 

practice, for example, the circular or elliptical paths may extend to highly reflective interfaces 

	

10 	including, but not limited to, the interface between the acoustic coupling medium and a low 

acoustic impedance material, e.g., such as air or plastic, or the interface between the acoustic 

coupling medium and a high acoustic impedance material, e.g., such as metal or ceramic. 

[0091] 	Acoustic reflections from the interfaces, also known as specular reflections, 

contaminate the line integrals of reflectivity and the corresponding echo samples obtained from 

	

15 	the transmit and receive combinations. In general, for the acoustic reflections observed for the 

combination of transmit and receive elements, the angle of incidence measured from the transmit 

element to a point on the reflective interface to the surface normal vector for a point lying on the 

reflective interface equals the angle of reflection measured from the same normal vector to the 

vector defined by the point on reflective interface to the receive element. The acoustic reflection 

	

20 	can have mirror or amphichiral symmetry. The acoustic reflection has power equal to the 

acoustic impedance of the secondary medium minus the acoustic impedance of the coupling 

medium, divided by the acoustic impedance of the secondary medium plus the acoustic 

impedance of the coupling medium, as described in Equation (1). 

(z2m-z,n,)  
Dr  = (7 2  y 7 	 ( 1 ) 

CZ m 

	

25 	The contamination caused by the acoustic reflection can preclude the use of the transmit and 

receive combinations in beamformers based on delayed and summed echo samples, also known 

as a delay-and-sum beamformer. Such preclusion of echo samples can result in removal of the 

transmit and receive combination from the delay-and-sum beamformer, thus limiting the quality 

of the image pixel corresponding to the delay-and-sum beamformer. The image pixel quality is a 

	

30 	function of the point-spread-function of the limited set of transmit and receive combinations. 

Such preclusion of echo samples can also reduce the signal-to-noise ratio (SNR) for the image 
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pixel. Additionally, for the apertures with an array pitch greater than one-half wavelength, the 

image pixel locations that require transmitter and receiver combinations to steer away from zero 

degrees (0°) will be increasingly subject to grating lobes with increasing steering angle and 

increasing array pitch. Such grating lobes add to the sensitivity and complexity of the specular 

	

5 	reflections. 

[0092] 	The acoustic coupling medium of the disclosed technology can be configured in an 

acoustic couplant device and operable to conduct acoustic signals between a transducer element 

disposed in a housing body of the couplant device and a receiving medium (i.e., the secondary 

medium, e.g., skin of a subject) in contact with the acoustic coupling medium to propagate the 

	

10 	acoustic signal toward a target volume. The disclosed acoustic coupling medium is capable to 

conform to the target volume such that there is an acoustic impedance matching (e.g., very low 

reflection) between the receiving medium and the transducer element. 

[0093] 	The disclosed acoustic coupling medium is configured to have three-dimensional 

shape. In some examples of the disclosed acoustic coupling medium, for example, an acoustic 

	

15 	coupling medium is engineered into a specific three-dimensional shape for a particular 

implementation utility, e.g., for tomographic acoustic imaging, large aperture acoustic imaging, 

and/or therapeutic acoustic treatment. In one example embodiment shown in FIG. 5A, an 

acoustic coupling medium 505A includes shape of a tube with an inner radius, an outer radius, 

and a height. The tubular acoustic coupling medium 505A includes a hydrogel including one or 

	

20 	more polymerizable materials and capable of conforming or molding into specific three 

dimensional shapes for desired applications. The radii and the height of the acoustic coupling 

medium 505A can vary based on each application. For example, due to the elasticity and tensile 

strength of the coupling medium 505A, the tubular shape is flexible and capable of stretching 

around irregularly shaped secondary media, e.g., such as limbs of a human or nonhuman animal. 

	

25 	As shown in FIG. 5A, the acoustic coupling medium 505A is attached to the housing body 501 

of an acoustic couplant device. The acoustic coupling medium 505A is configured such that, 

when placed in contact with a subject, the coupling medium 505A also maintains constant 

contact with the secondary media of the subject, e.g., maintaining complete contact with the 

subject's skin, including around irregular structures such as elbows and knees. 

	

30 	[0094] 	Additionally, the tubular coupling medium is compatible with tomographic apertures 

ranging from 0 to 360 degrees around the secondary medium, e.g., subject's limbs, torso, head, 
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etc., while maintaining acoustic contact over the entire aperture and secondary medium, 

simultaneously. With applied force, constant contact may be maintained with movement of the 

aperture over the coupling medium. For example, the tomographic apertures with a polygon 

shape, the flexible coupling medium maintains contact over the surface of the entire aperture, 

	

5 	including between facets of the polygon. The exemplary tubular shape of the acoustic coupling 

medium 505A may be molded to match any three-dimensional shape of the aperture, including 

polygon shapes. For example, for tomographic apertures less than 360 degrees, the exemplary 

tubular acoustic coupling medium 505A does not have highly reflective air interfaces at sharp 

edges that would exist for coupling media extending only over the aperture. At the edges of the 

	

10 	aperture, the transmit and receive combinations are able to function unrestricted by the tubular 

coupling medium 505A, thus obviating the need for preclusion of the combination from the 

beamformer. The reflective air interface extending around the entire coupling medium keeps 

wide angle and primary reflections internally reflecting around the acoustic coupling medium 

505A, where they are attenuated and end up being incoherent acoustic noise. 

	

15 	[0095] 	FIG. 5B shows another arrangement of the exemplary tubular acoustic coupling 

medium 505A placed in contact with a body portion of the subject to conform with complete 

contact with the secondary medium. The example arrangement shown in FIG. 5B provides the 

ability for the internal reflections to be further broken up by one or more gaps in the tubular 

acoustic coupling medium 505A. 

	

20 	[0096] 	FIG. 5C shows another example embodiment of an acoustic coupling medium 505C 

that includes the hydrogel and an acoustically attenuating region in one or more portions of the 

hydrogel. For example, in acoustic transmission operations, the internal reflections may be 

absorbed with the acoustically attenuating region in the tubular acoustic coupling medium 505C. 

For example, such attenuation may be obtained through absorption or scattering or both. The 

	

25 	acoustic attenuation region can be structured to include one or more of higher density polymers, 

higher absorption polymers, scatterers, microbubbles, microballoons, plastics, rubbers, or other 

absorptive materials. 

[0097] 	FIG. 5D shows another example embodiment of an acoustic coupling medium 505D 

that includes the hydrogel and configured in a flattened shape convertibly adapted to a tubular 

	

30 	shape. For example, the tubular shape may be formed from a rectangular block of the acoustic 

coupling medium 505D, which is wrapped around the secondary medium (e.g., of the subject). 
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The wrapped coupling medium may be trimmed using a cutting device and attached end-to-end 

with an attachment device, e.g., including, but not limited to, straps, velcro, buttons, zipper, 

latch, gripper, or some other mechanical attachment device, or a chemical bond. FIG. 5E shows 

an example of the shape convertible acoustic coupling medium 505D conformed around a body 

	

5 	portion of a subject and attached at contactable ends by an attachment component. 

[0098] 	In addition to a tubular shape, the acoustic coupling medium may be shaped with a 

partial tubular shape of less than 360 degrees in the transverse plane, such that it can partially 

cover the secondary medium of the subject, e.g., subject's limbs, torso, head, etc., and can extend 

up to or beyond the boundaries of the aperture, as shown in FIG. 5F. FIG. 5F shows another 

	

10 	example embodiment of an acoustic coupling medium 505F that includes the hydrogel and 

configured in a partial tubular shape that is less than 360 degrees conformed to a subject's body 

portion. The acoustic coupling medium is shown in FIG. 5F to be attached to the body housing 

101 of an acoustic couplant device. 

[0099] 	In some embodiments of the acoustic coupling medium, the partial tubular acoustic 

	

15 	coupling medium 505F may be structured to include acoustically attenuating regions in one or 

more portions of the acoustic coupling medium. As shown in FIG. 5G, an acoustic coupling 

medium 505G includes the hydrogel and two acoustic attenuating regions located at ends of the 

partial tube coupling shape to provide acoustically attenuating properties to the acoustic coupling 

medium 505G. 

	

20 	[00100] In various embodiments of the disclosed acoustic coupling medium, the hydrogel can 

include one or more polymerizable materials that polymerize in the presence of water into 

hydrophilic gels formed from a natural or synthetic network of polymer chains. Examples of 

such polymerizable materials include, but are not limited to, polymers and polymer derivatives, 

alginate, agarose, sodium alginate, chitosan, starch, hydroxyethyl starch, dextran, glucan, gelatin, 

	

25 	Poly(vinyl alcohol) (PVA), Poly (N-isopropylacrylamide) (NIPAAm), Poly(vinylpyrrolidone) 

(PVP), Polyethylene glycol) (PEG), Poly(acrylic acid) (PAA), acrylate polymers, 

Polyacrylamide (PAM), Poly(hydroxyethyl acrylate) (PHEA), Poly(2-properiarnide), Poly(1-

carbamoylethylene), and Poly(hydroxyethyl methacrylate) (PHEMA). In fabrication techniques 

to produce the hydrogel, the polymerizable materials can be polymerized through several 

	

30 	processes, which may involve toxic or non-toxic chemical compounds, ultraviolet light, 

irradiation, toxic or nontoxic solvents, temperature cycling, and freeze-thaw cycling. In some 
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implementations to produce the hydrogel, polymerization of the hydrogel through freeze-thaw 

cycling can be performed, due to the absence of potentially toxic compounds. 

[00101] For example, the hydrogel can include a material structure that allows acoustic signal 

propagation with an attenuation factor of 1.0 dB/MHz/cm or less, an impedance of 2.0 MRayls 

	

5 	or less, and a longitudinal speed of sound of 1700 m/s or less at 20 °C. The acoustic coupler 105 

is engineered to have a % elongation of 100% or greater, a density ranging from 1.00-1.20 g/cm3, 

a shear modulus of less than 1 MPa, and melting and freezing points near 70 °C and -5 °C, 

respectively. For example, the hydrogel material can be at least 90% water and have a pH of 

—7.0. 

	

10 	[00102] In a some embodiments of the acoustic coupling medium, the hydrogel can primarily 

include water or equivalent solvent and the polymer Poly(vinyl alcohol) (PVA) through the 

example polymerization process of freeze-thaw cycling, which is a biocompatible polymer and a 

biocompatible polymerization process for the polymer. The addition of other components, e.g., 

such as solvents (such as ethyl alcohol or dimethyl sulfoxide) and/or other polymers (such as 

	

15 	alginate or gelatin), to this example PVA hydrogel may be employed, as such additional 

components can be used to improve mechanical or acoustic properties. For example, the 

addition of one or more bacteriostatic chemicals with sufficient concentration and compatibility 

with the hydrogel integrity can maintain sterility of the hydrogel during storage and use. 

Notwithstanding other mechanically, acoustically, and biologically equivalent formulations, the 

	

20 	utility of a hydrogel for its acoustic properties due to its high water content, its high tensile 

strength, and its elasticity is an advantageous feature of the disclosed acoustic coupling medium. 

The sound speed and acoustic attenuation of the hydrogel may be controlled by varying polymer 

concentration, water concentration, additional solvent concentration, degree of polymerization, 

method of polymerization, and inclusion of additional materials such as scattering and/or 

	

25 	acoustically absorbing materials. 

[00103] In one embodiment, for example, the hydrogel includes PVA in a weight ratio of 1- 

10% and H2O in a weight ratio of 90-99%. The hydrogel is cross-linked through application of 

1-10 controlled freeze-thaw cycles cycling in the range of -40 °C to 70 °C. 

[00104] In another embodiment, for example, the hydrogel includes PVA in a weight ratio of 

	

30 	1-10%, DMSO in a weight ratio of 1-10%, and H2O in a weight ratio of 80-98%. The hydrogel 

is cross-linked through application of 1-10 controlled freeze-thaw cycles cycling in the range of - 
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40 °C to 70 °C. 

[00105] In another embodiment, for example, the hydrogel includes PVA in a weight ratio of 

4-10%, PVP in a weight ratio of 1-5%, DMSO in a weight ratio of 1-10%, and H2O in a weight 

ratio of 75-94%. The hydrogel is cross-linked through application of 1-10 controlled freeze-thaw 

	

5 	cycles cycling in the range of -40 °C to 70 °C. 

[00106] In another embodiment, for example, the hydrogel includes PVA in a weight ratio of 

4-10%, PVP in a weight ratio of 1-5%, polyethylene glycol in a weight ratio of 1-5%, and H2O in 

a weight ratio of 80-94%. The hydrogel is cross-linked through application of 1-10 controlled 

freeze-thaw cycles cycling in the range of -40 °C to 70 °C. 

	

10 	[00107] In another embodiment, for example, the hydrogel includes PVA in a weight ratio of 

4-10%, PVP in a weight ratio of 1-5%, sodium tetraborate in a weight ratio of 1-5%, and H2O in 

a weight ratio of 80-94%. The borate ions react with hydroxyl groups to cross-link the polymer. 

The mixture is maintained at a constant temperature during cross-linking. 

[00108] FIG. 6 shows three dimensional schematic diagrams of an exemplary acoustic 

	

15 	coupling medium 505 formed in various shapes, sizes, and configurations. In one example, an 

acoustic coupling medium 505A' is configured to have a shape similar to a half cylinder with a 

180° curvature, and diameter and depth designed to an initial size, and which are variable to 

conform to a particular receiving body. In this example, the acoustic coupling medium 505A' 

can be configured to have a volume of 3.15 L, which is retained in any shape to which the 

	

20 	acoustic coupling medium 505A' is conformed. In another example, an acoustic coupling 

medium 105B' is configured to have a cylindrical shape with a diameter and depth designed to 

an initial size, and which are variable to conform to a particular receiving body. In this example, 

the acoustic coupling medium 105B' can be configured to have a volume of 5.75 L. In other 

examples, acoustic coupling mediums 505C', 505D', 105E', and 505F' are configured to have a 

	

25 	half-cylinder shape similar to a half donut with a 180° curvature and initial outer diameter and 

depth designed to an initial size, in which the initial inner diameter of the acoustic coupling 

mediums 505C', 505D', 105E', and 505F' is designed to differing sizes (e.g., 40, 80, 120, and 

160 mm, respectively), and which the sizes are variable to conform to a particular receiving 

body, e.g., such as surround the subject's arm, leg, neck, etc. In these examples, the acoustic 

	

30 	coupling mediums 505C', 505D', 105E', and 505F' can be configured to have a volume of 3.0 L, 

2.75 L, 2.3 L, and 1.7 L , respectively. 
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[00109] FIGS. 7A-7C show schematic diagrams of exemplary embodiments of the acoustic 

coupling medium 505D and 505A, featuring three dimensional, front, and side views. As shown 

in FIG. 7A, the acoustic coupling medium 505D includes the hydrogel configured in a tubular 

curved shape, which may be wrapped around the secondary medium of the subject and secured 

	

5 	by attachment of the attachment component on each end of the hydrogel. The left drawing of 

FIG. 7A shows a three dimensional schematic view of the hydrogel and the attachment 

component of the acoustic coupling medium 505D presently detached, and the right drawing of 

FIG. 7A shows a transparent three dimensional schematic view of the hydrogel secured in the 

tubular configuration by attachment of the attachment component. In the examples shown in 

	

10 	FIG. 7A, the attachment component is structured to include a curved base portion that is sized to 

the initial size of the depth of the hydrogel and having the same arc curvature as the hydrogel in 

the tubular configuration. The attachment component is structured to include one or more sets of 

opposing protrusion structures on the inside surface of the base portion capable of penetrating 

into the hydrogel to secure the hydrogel in the tubular shape. FIG. 7B shows a transparent front 

	

15 	view and a transparent side view of the acoustic coupling medium 505D with the attachment 

component secured to the hydrogel. 

[00110] FIG. 7C shows the acoustic coupling medium 505A including the hydrogel 

configured in a 360° tubular curved shape. The left drawing shows a three dimensional 

schematic view of the acoustic coupling medium 505A, the center drawing shows a front view of 

	

20 	the acoustic coupling medium 505A, and the right drawing shows a side view of the acoustic 

coupling medium 505A. As depicted in the drawings of FIG. 7C, in this example, the acoustic 

coupling medium 505A includes a beveled edge at the interface between the outer circular plane 

surfaces and the outer curved surface, as well as a beveled edge between the outer circular plane 

surfaces and the inner curved surface. For example, the beveled edge may provide easier and 

	

25 	secure loading and unloading of the coupling medium 505A in and out of a bracket or other 

holder of an acoustic couplant device. 

[00111] FIG. 8 illustrates a set of operations that can be carried out to produce acoustic 

waveforms using an acoustic impedance matched couplant in accordance with an exemplary 

embodiment. At 802, in one or more waveform synthesizers, one or more composite waveforms 

	

30 	are synthesized to be transmitted toward a target. A composite waveform is formed of a plurality 

of individual orthogonal coded waveforms that are mutually orthogonal to each other and 
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correspond to different frequency bands such that each of the individual orthogonal coded 

waveforms includes a unique frequency with a corresponding phase. At 804, one or more 

composite acoustic waveforms are transmitted, from one or more transmitting positions relative 

to the target using an array of transducing elements of an acoustic signal transmission couplant. 

	

5 	The one or more composite acoustic waveforms include a plurality of acoustic waveforms, and 

the transmitting includes selecting one or more of the transducing elements of the array to 

transduce the plurality of individual orthogonal coded waveforms of the respective one or more 

composite waveforms into the plurality of corresponding acoustic waveforms of the respective 

one or more composite acoustic waveforms. At 806, at one or more receiving positions relative 

	

10 	to the target, returned acoustic waveforms are received that are returned from at least part of the 

target corresponding to the transmitted acoustic waveforms. Reception of the returned acoustic 

waveforms includes selecting at least some of the transducing elements of the array to receive 

the returned acoustic waveforms. When conducting the above operations, the transmitting 

positions and the receiving positions each include (i) spatial positions of the array of transducer 

	

15 	elements relative to the target and/or (ii) beam phase center positions of the array. Further, the 

acoustic signal transmission couplant includes an acoustic coupling component including a 

hydrogel material operable to conduct the acoustic waveforms between the transducer elements 

and a receiving medium in contact with the acoustic coupling component. The acoustic coupling 

component is capable of conforming to the receiving medium and the transducer element such 

	

20 	that there is an acoustic impedance matching between the receiving medium and the transducer 

element. The transmitted acoustic waveforms and the returned acoustic waveforms produce an 

enlarged effective aperture. 

[00112] Implementations of the subject matter and the functional operations described in this 

patent document can be implemented in various systems, digital electronic circuitry, or in 

	

25 	computer software, firmware, or hardware, including the structures disclosed in this specification 

and their structural equivalents, or in combinations of one or more of them. Implementations of 

the subject matter described in this specification can be implemented as one or more computer 

program products, i.e., one or more modules of computer program instructions encoded on a 

tangible and non-transitory computer readable medium for execution by, or to control the 

	

30 	operation of, data processing apparatus. The computer readable medium can be a machine- 

readable storage device, a machine-readable storage substrate, a memory device, a composition 
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of matter effecting a machine-readable propagated signal, or a combination of one or more of 

them. The term "data processing apparatus" encompasses all apparatus, devices, and machines 

for processing data, including by way of example a programmable processor, a computer, or 

multiple processors or computers. The apparatus can include, in addition to hardware, code that 

	

5 	creates an execution environment for the computer program in question, e.g., code that 

constitutes processor firmware, a protocol stack, a database management system, an operating 

system, or a combination of one or more of them. 

[00113] A computer program (also known as a program, software, software application, 

script, or code) can be written in any form of programming language, including compiled or 

	

10 	interpreted languages, and it can be deployed in any form, including as a stand-alone program or 

as a module, component, subroutine, or other unit suitable for use in a computing environment. 

A computer program does not necessarily correspond to a file in a file system. A program can be 

stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a 

markup language document), in a single file dedicated to the program in question, or in multiple 

	

15 	coordinated files (e.g., files that store one or more modules, sub programs, or portions of code). 

A computer program can be deployed to be executed on one computer or on multiple computers 

that are located at one site or distributed across multiple sites and interconnected by a 

communication network. 

[00114] The processes and logic flows described in this specification can be performed by one 

	

20 	or more programmable processors executing one or more computer programs to perform 

functions by operating on input data and generating output. The processes and logic flows can 

also be performed by. and apparatus can also be implemented as, special purpose logic circuitry, 

e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated 

circuit). 

	

25 	[00115] Processors suitable for the execution of a computer program include, by way of 

example, both general and special purpose microprocessors, and any one or more processors of 

any kind of digital computer. Generally, a processor will receive instructions and data from a 

read only memory or a random access memory or both. The essential elements of a computer are 

a processor for performing instructions and one or more memory devices for storing instructions 

	

30 	and data. Generally, a computer will also include, or be operatively coupled to receive data from 

or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic, 
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magneto optical disks, or optical disks. However, a computer need not have such devices. 

Computer readable media suitable for storing computer program instructions and data include all 

forms of nonvolatile memory, media and memory devices, including by way of example 

semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices. The 

	

5 	processor and the memory can be supplemented by, or incorporated in, special purpose logic 

circuitry. 

[00116] While this patent document contain many specifics, these should not be construed as 

limitations on the scope of any invention or of what may be claimed, but rather as descriptions of 

features that may be specific to particular embodiments of particular inventions. Certain features 

	

10 	that are described in this patent document in the context of separate embodiments can also be 

implemented in combination in a single embodiment. Conversely, various features that are 

described in the context of a single embodiment can also be implemented in multiple 

embodiments separately or in any suitable subcombination. Moreover, although features may be 

described above as acting in certain combinations and even initially claimed as such, one or more 

	

15 	features from a claimed combination can in some cases be excised from the combination, and the 

claimed combination may be directed to a subcombination or variation of a subcombination. 

[00117] Similarly, while operations are depicted in the drawings in a particular order, this 

should not be understood as requiring that such operations be performed in the particular order 

shown or in sequential order, or that all illustrated operations be performed, to achieve desirable 

	

20 	results. Moreover, the separation of various system components in the embodiments described 

in this patent document should not be understood as requiring such separation in all 

embodiments. 

[00118] Only a few implementations and examples are described and other implementations, 

enhancements and variations can be made based on what is described and illustrated in this 

	

25 	patent document. 
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CLAIMS 

What is claimed is: 

1. A couplant device for transmission of acoustic energy between transducers and a target, 

comprising: 

an array of transducer elements to transmit acoustic signals toward a target volume and to 

receive returned acoustic signals that return from at least part of the target volume; 

a housing body including a curved section on which the array of transducer elements are 

arranged; and 

an acoustic coupling component including a single hydrogel material that couples to each 

of the transducer elements of the array, the acoustic coupling component operable to conduct the 

acoustic signals between a transducer element disposed in the housing body and a receiving 

medium in contact with the acoustic coupling component to propagate the acoustic signals 

toward the target volume, 

wherein the hydrogel material of the acoustic coupling component is capable to directly 

contact and conform to the receiving medium and to the transducer element such that the 

acoustic coupling component provides an acoustic signal transmission path between the 

receiving medium and the array of transducer elements to obtain a substantial acoustic 

impedance matching between the receiving medium and the transducer element. 

2. The device of claim 1, further comprising: 

a flexible bracket coupled to and capable of moving with respect to the housing body, 

wherein the acoustic coupling component is attached to the flexible bracket. 

3. The device of claim 1, wherein the hydrogel material includes polyvinyl alcohol (PVA). 

4. The device of claim 1, wherein the hydrogel material includes polyacrylamide (PAA). 

5. The device of claim 4, wherein the hydrogel material includes alginate. 

6. The device of claim 1, wherein the acoustic coupling component includes an outer lining 

at least partially enclosing the hydrogel material. 
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7. The device of claim 1, wherein the acoustic coupling component is operable to propagate 

the acoustic signals with an attenuation factor of 0.1 dB/MHz2•cm or less, or with an impedance 

of 1.5 MRayls or less. 

8. The device of claim 1, wherein the acoustic coupling component is capable to undergo a 

%elongation of 1000% or greater, or includes a shear modulus of 1 MPa. 

9. The device of claim 1, wherein the target volume includes a biological structure of a 

living subject and the receiving medium includes an anatomical structure of the living subject. 

10. The device of claim 9, wherein the curved section of the housing body includes a 

curvature to facilitate complete contact with the anatomical structure, such that the acoustic 

coupling component is in direct contact with skin of the anatomical structure. 

11. The device of claim 10, wherein the anatomical structure includes hair on exterior of the 

skin. 

12. The device of claim 9, wherein the anatomical structure includes a breast, an arm, a leg, a 

neck including the throat, a knee joint, a hip joint, an ankle joint, an elbow joint, a shoulder joint, 

an abdomen, or a chest, or a head. 

13. The device of claim 9, wherein the biological structure includes a cancerous or 

noncancerous tumor, an internal lesion, a connective tissue sprain, a tissue tear, or a bone. 

14. The device of claim 9, wherein the subject includes a human or a non-human animal. 

15. The device of claim 1, wherein the curved section of the housing body includes a 

semicircular geometry. 
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16. The device of claim 1, wherein the curved section of the housing body includes a 360° 

circular geometry, and the array of transducer elements is arranged along the 360° circular 

section of the housing body. 

17. The device of claim 16, wherein the 360° circular section of the housing body and the 

acoustic coupling component provide a curvature to facilitate complete contact around an 

anatomical structure of a living subject, and wherein the device is operable to receive the 

returned acoustic signals from the target volume such that an acoustic imaging system in data 

communication with the device is able to produce a 360° image of the target volume. 

18. The device of claim 1, further comprising: 

a multiplexing unit contained in an interior compartment of the housing body and in 

communication with the array of transducer elements to select one or more transducing elements 

of the array to transmit individual acoustic waveforms, and to select one or more transducing 

elements of the array to receive the returned acoustic waveforms. 

19. An acoustic waveform system, comprising: 

a waveform generation unit comprising one or more waveform synthesizers coupled to a 

waveform generator, wherein the waveform generation unit synthesizes a composite waveform 

comprising a plurality of individual orthogonal coded waveforms corresponding to different 

frequency bands that are generated by the one or more waveform synthesizers according to 

waveform information provided by the waveform generator, wherein the individual orthogonal 

coded waveforms are mutually orthogonal to each other and correspond to different frequency 

bands, such that each of the individual orthogonal coded waveforms includes a unique frequency 

with a corresponding phase; 

an acoustic signal transmission couplant including: 

a housing body including a curved section on which transducer elements are 

arranged, 

an array of transducer elements to transmit acoustic waveforms corresponding to 

the individual orthogonal coded waveforms toward a target volume and to receive returned 

acoustic waveforms that return from at least part of the target volume, and 
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an acoustic coupling component including a single hydrogel material that couples to each 

of the transducer elements of the array, the acoustic coupling component operable to conduct the 

acoustic waveforms between a transducer element disposed on the housing body and a receiving 

medium in contact with the acoustic coupling component, wherein the hydrogel material of the 

acoustic coupling component is capable of directly contacting and conforming to the receiving 

medium and to the transducer element such that the acoustic coupling component provides an 

acoustic signal transmission path between the receiving medium and the array of transducer 

elements to obtain a substantial acoustic impedance matching between the receiving medium and 

the transducer element; 

a multiplexing unit in communication with the array of transducer elements to select one 

or more transducing elements of the array to transduce the individual orthogonal coded 

waveforms into the corresponding acoustic waveforms, and to select one or more transducing 

elements of the array to receive the returned acoustic waveforms; and 

a controller unit in communication with the waveform generation unit and the 

multiplexing unit and comprising a processing unit to process the received returned acoustic 

waveforms to produce a data set including information of at least part of the target volume. 

20. The system of claim 19, further comprising: 

an array of analog to digital (A/D) converters to convert the received returned acoustic 

waveforms received by the array of transducer elements of the acoustic signal transmission 

couplant from analog format to digital format as a received composite waveform that includes 

information of at least part of the target volume. 

21. The system of claim 19, further comprising: 

a user interface unit in communication with the controller unit. 

22. The system of claim 19, wherein the produced data set includes an image of at least part 

of the target volume. 

23. The system of claim 19, wherein the acoustic signal transmission couplant includes a 

flexible bracket coupled to and capable of moving with respect to the housing body, wherein the 

acoustic coupling component is attached to the flexible bracket. 
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24. The system of claim 23, wherein the hydrogel material includes at least one of polyvinyl 

alcohol (PVA), polyacrylamide (PAA), or PAA with alginate. 

25. The system of claim 19, wherein the curved section of the housing body of the acoustic 

signal transmission couplant includes a semicircular geometry, or the curved section of the 

housing body of the acoustic signal transmission couplant includes a 360° circular geometry such 

that the array of transducer elements are arranged along the 360° circular section of the housing 

body. 

26. The system of claim 25, wherein the 360° circular section of the housing body and the 

acoustic coupling component provide a curvature to facilitate complete contact around an 

anatomical structure of a living subject, and wherein the device is operable to receive the 

returned acoustic waveforms from the target volume such that the system is able to produce a 

360° image of the target volume. 
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