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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to ultrasound
probes and, more particularly, to an ultrasound probe
having guidance light sources and methods of directing
an instrument from a surface to a target structure beneath
the surface.

BACKGROUND

[0002] Ultrasound is a medical imaging tool that, in cer-
tain implementations, permits health care practitioners
to locate and visualize internal bodily structures, such as
blood vessels and internal organs. When these internal
structures need to be accessed, ultrasound is sometimes
used to direct an instrument toward the target structure.
For example, ultrasound may be used for to assist with
venous line placement, arterial line placement, biopsy,
drainage, ablation, or other interventions.
[0003] Unfortunately, despite the improvements in ul-
trasound technology, as well as training and operator
skills, it is still difficult to reliably and continuously direct
the instrument to the target structure without complica-
tions. While an improvement over unguided approaches,
current ultrasound probes are still limited in the guidance
that they provide.
[0004] It should be appreciated that there is a need for
an ultrasound probe that enables heath care practitioners
to safely perform procedures involving internal bodily
structures with greater ease and accuracy and fewer
complications. The probe should reliably and continuous-
ly direct an instrument from a surface to a target structure
beneath the surface. The present invention fulfills these
needs and provides further related advantages.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention is embodied in an ultra-
sonic probe, which includes a housing, a first ultrasonic
transducer array, a second ultrasonic transducer array,
a first light source, and a second light source. The first
ultrasonic transducer array is coupled to the housing and
configured to emit a first planar ultrasonic beam in a first
direction within a first plane. The second ultrasonic trans-
ducer array is coupled to the housing and configured to
emit a second planar ultrasonic beam in the first direction
within a second plane, which is substantially perpendic-
ular to the first plane. The first light source is coupled to
the housing and configured to project a first light line sub-
stantially within the first plane. The second light source
is coupled to the housing and configured to project a sec-
ond light line within a third plane, which is substantially
perpendicular to the first plane and intersects the second
plane at an oblique angle. The first light line intersects
and is substantially perpendicular to the second light line.
[0006] In one embodiment, the ultrasound probe is em-

bodied in a handheld device. In another embodiment, the
first and second ultrasonic transducer arrays are ar-
ranged in a T-shaped configuration.
[0007] In one embodiment, the first light source is a
first laser and the second light source is a second laser.
In another embodiment, the second laser is configured
to project the second light line within the third plane at a
projection angle, wherein the projection angle is less than
90°. In an additional embodiment, a stepper motor cou-
pled to the second laser. In a further embodiment, the
stepper motor is configured to rotate the second laser
and thereby adjust the projection angle, wherein the ad-
justed projection angle is less than 90°. In yet another
embodiment, a position of the second laser relative to
the first laser is adjustable.
[0008] In one embodiment, the ultrasound probe fur-
ther includes a control panel. In another embodiment,
the control panel includes a touch screen. In a further
embodiment, the ultrasound probe includes a screen
coupled to the ultrasound probe and configured to display
both a first image from the first ultrasonic transducer array
and a second image from the second ultrasonic trans-
ducer array. In an additional embodiment, the screen is
configured to display a centerline. In another embodi-
ment, the centerline corresponds to a center of the sec-
ond ultrasonic transducer array. In yet another embodi-
ment, the centerline corresponds to a point of intersection
between the first ultrasonic transducer array and the sec-
ond ultrasonic transducer array.
[0009] In one embodiment, the ultrasound probe fur-
ther comprises a sterile cover coupled to the ultrasonic
probe. In another embodiment, the sterile cover compris-
es a rigid, optically transparent material configured to be
positioned over the first and second light source. In a
further embodiment, the sterile cover further comprises
a flexible bag coupled to the rigid, optically transparent
material.
[0010] The present invention is also embodied in a
method of directing an instrument from a surface to a
target structure beneath the surface. In one embodiment,
the method includes emitting a first planar ultrasonic
beam in a first direction within a first plane, emitting a
second planar ultrasonic beam in the first direction within
a second plane, projecting a first light line substantially
within the first plane, projecting a second light line within
a third plane, aligning an end of the instrument with a
point of entry, aligning a length of the instrument with
both a guide path and an angle of entry, and guiding the
instrument through the point of entry toward the target
structure beneath the surface, while substantially main-
taining alignment of the length of the instrument with both
the guide path and the angle of entry. The second plane
and the third plane are both substantially perpendicular
to the first plane. The third plane intersects the second
plane at an oblique angle and defines the angle of entry
for the instrument. The first light line defines the guide
path for the instrument. The second light line intersects
and is substantially perpendicular to the first light line,
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and a point of intersection between the first light line and
the second light line defines the point of entry for the
instrument.
[0011] In one embodiment, the method includes dis-
playing both a first image from the first planar ultrasonic
beam and a second image from the second planar ultra-
sonic beam. In a further embodiment, the second image
includes a centerline. In another embodiment, the cen-
terline corresponds to a center of the second planar ul-
trasonic beam. In yet another embodiment, the centerline
corresponds to a point of intersection between the first
planar ultrasonic beam and the second planar ultrasonic
beam.
[0012] In one embodiment, the method includes align-
ing the second planar ultrasonic beam over the target
structure such that the centerline of the second image is
substantially centered over the image of the target struc-
ture. In another embodiment, the method includes align-
ing the first planar ultrasonic beam over the target struc-
ture such that the target structure is visible in the first
image while the centerline of the second image is sub-
stantially centered over the target structure.
[0013] In another embodiment, the method includes
selecting the target structure on the first or second image.
In a further embodiment, the method includes selecting
a desired angle of entry. In an additional embodiment,
the method includes selecting a desired point of entry on
the first image. In yet another embodiment, the method
includes selecting both a desired point of entry on the
first image and a desired angle of entry.
[0014] In one embodiment, the method includes deter-
mining both a vertical and a horizontal distance between
the target structure and a light source projecting the sec-
ond light line. In one embodiment, the method includes
calculating a projection angle of the light source required
to project the second light line within the third plane such
that the third plane is substantially incident a point of in-
tersection between the second plane and the target struc-
ture. The projection angle is defined by the equation α =
arctan(y/x), where α is the projection angle, y is the ver-
tical distance between the target structure and the light
source, and x is the horizontal distance between the tar-
get structure and the light source. In another embodi-
ment, the method includes rotating the light source so as
to project the second light line within the third plane sub-
stantially at the calculated projection angle.
[0015] In one embodiment, the method includes cal-
culating a position of the light source required to project
the second light line within the third plane such that the
third plane is substantially incident a point of intersection
between the second plane and the target structure. The
position is determined from an equation tan α = y/x, where
α is a projection angle of the light source, y is the vertical
distance between the target structure and the light
source, and x is the horizontal distance between the tar-
get structure and the light source. In another embodi-
ment, the method includes moving the light source sub-
stantially to the calculated position.

[0016] In one embodiment, the method includes the
step of calculating both a projection angle and a position
of the light source required to project the second light line
within the third plane such that the third plane is substan-
tially incident a point of intersection between the second
plane and the target structure. The projection angle and
position are determined from an equation tan α = y/x,
where α is the projection angle, y is the vertical distance
between the target structure and the light source, and x
is the horizontal distance between the target structure
and the light source. In another embodiment, the method
includes rotating the light source so as to project the sec-
ond light line within the third plane substantially at the
calculated projection angle, and moving the light source
substantially to the calculated position.
[0017] From the Japanese patent application publica-
tion JP 2009045427 A a blood vessel imaging apparatus
is known for guiding a needle, including a plurality of ul-
trasonic transducers and a light source.
[0018] The invention’s objects are achieved by the fea-
tures in claim 1 and a method of operating the same.
Advantageous further embodiments are claimed in the
dependent claims.
[0019] Other features and advantages of the invention
should become apparent from the following description
of the preferred embodiments, taken in conjunction with
the accompanying drawings, which illustrate, by way of
example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is a top-left perspective view of an ultra-
sound probe in accordance with one embodiment of
the present invention.

Figure 2 is a front elevational view of an ultrasound
probe in accordance with one embodiment of the
present invention.

Figure 3 is a top plan view of an ultrasound probe in
accordance with one embodiment of the present in-
vention.

Figure 4 is a left elevational view of an ultrasound
probe in accordance with one embodiment of the
present invention.

Figure 5 is a bottom-left perspective view of an ul-
trasound probe in accordance with one embodiment
of the present invention.

Figure 6 is a bottom plan view of an ultrasound probe
in accordance with one embodiment of the present
invention.

Figure 7 is a top-left perspective view of an ultra-
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sound probe in use in accordance with one embod-
iment of the present invention, the ultrasound probe
directing an instrument toward a surface.

Figure 8 is a front-right perspective view of an ultra-
sound probe in use in accordance with one embod-
iment of the present invention, the ultrasound probe
directing an instrument toward a target structure be-
neath a surface.

Figure 9 is a left-back perspective view of an ultra-
sound probe in in use accordance with one embod-
iment of the present invention, the ultrasound probe
directing an instrument toward a target structure be-
neath a surface.

Figure 10 is a left side elevational view of an ultra-
sound probe in use in accordance with one embod-
iment of the present invention, the ultrasound probe
directing an instrument toward a target structure be-
neath a surface at a first angle.

Figure 11 is a left side elevational view of an ultra-
sound probe in use in accordance with one embod-
iment of the present invention , the ultrasound probe
directing an instrument toward a target structure be-
neath a surface at a second angle.

Figure 12 is a top plan view of an ultrasound probe
in use in accordance with one embodiment of the
present invention, the ultrasound probe directing an
instrument toward a surface.

Figure 13 is a left side elevational view of an ultra-
sound probe in accordance with one embodiment of
the present invention, showing the ultrasound probe
on a surface in relation to a target structure.

Figure 14 is a view of an ultrasound probe and a
screen in use to direct an instrument toward a target
structure beneath a surface in accordance with one
embodiment of the present invention.

Figure 15 is a front elevational view of an ultrasound
probe with a sterile cover in accordance with one
embodiment of the present invention.

Figure 16 is a left elevational view of an ultrasound
probe with a sterile cover in accordance with one
embodiment of the present invention.

Figure 17 is a front elevational view of an ultrasound
probe and folded sterile cover, in accordance with
one embodiment of the present invention, with the
sides of the folded sterile cover being shown in cross-
section to reveal the folds.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] With reference now to Figures 1-6 of the illus-
trative drawings, there is shown an ultrasound probe 100
in accordance with embodiments of the invention. In one
embodiment, the ultrasound probe includes a housing
105, a first ultrasonic transducer array 110, a second
ultrasonic transducer array 115, a first light source 120,
and a second light source 125.
[0022] In one embodiment, the first ultrasonic trans-
ducer array 110 and the second ultrasonic transducer
array 115 are enclosed within the housing 105, either
directly or indirectly, and are substantially perpendicular
to each other. In an additional embodiment, the ultrasonic
transducer arrays are arranged in a T-shaped configu-
ration. In a further embodiment, the ultrasonic transducer
arrays can be configured in a biplane linear, multiplane,
or 3D configuration. In another embodiment, the ultra-
sonic transducer arrays are configured as linear sequen-
tial arrays, linear phased arrays, or curved sequential
arrays.
[0023] The first light source 120 and the second light
source 125 are coupled to the housing 105. Each of the
light sources may be a laser or any other light source
capable of emitting a light line within a plane.
[0024] With reference to Figures 7-13, the first ultra-
sonic transducer array 110 is configured to emit a first
planar ultrasonic beam 111 in a first direction 113 within
a first plane 112. The second ultrasonic transducer array
115 is configured to emit a second planar ultrasonic beam
116 in the first direction within a second plane 117. The
second plane is substantially perpendicular to the first
plane. In one embodiment, the first and second planar
ultrasonic beams may be swept ultrasonic beams.
[0025] The first light source 120 is configured to project
a first light line 121 substantially within the first plane.
The second light source 125 is configured to project a
second light line 126 within a third plane 127. The third
plane is substantially perpendicular to the first plane and
intersects the second plane at an oblique angle 128. The
first light line intersects and is substantially perpendicular
to the second light line.
[0026] The ultrasonic transducer arrays 110, 115 per-
mit a user to visualize a target structure 20 beneath a
surface 10. For example, the ultrasound probe 100 may
be placed on a patient’s skin so as to emit the planar
ultrasonic beams 111, 116 through the skin toward a vein
beneath the skin. As is well understood by a person of
ordinary skill in the art, the transducer arrays are config-
ured to collect reflected ultrasound waves and convert
those sound waves into signals that can be used to pro-
duce images of the area beneath the transducer arrays.
[0027] With reference to Figure 14, in one embodi-
ment, a screen 150 is coupled to the ultrasound probe
100 and configured to display both a first image 151 from
the first ultrasonic transducer array 110 and a second
image 152 from the second ultrasonic transducer array
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115. In an additional embodiment, the screen is config-
ured to display a centerline 153. In one embodiment, the
centerline corresponds to a center 118 (Figures 5 and 6)
of the second ultrasonic transducer array. In another em-
bodiment, the centerline corresponds to a point of inter-
section between the first ultrasonic transducer array and
the second ultrasonic transducer array. The screen may
be coupled to the ultrasound probe directly or indirectly.
For example, the screen may be coupled to the ultra-
sound probe via a WiFi radio, Bluetooth, Ethernet, USB,
or other wired or wireless connection means.
[0028] Because the first and second ultrasound trans-
ducer arrays 110 and 115 are configured to emit planar
ultrasonic beams 111, 116 in the same direction and with-
in orthogonal planes, the ultrasound probe 100 can be
positioned on the surface 10 to provide simultaneous,
longitudinal and transverse images of the target structure
beneath the surface. In one embodiment, the longitudinal
image is the first image 151, which is produced by the
first ultrasonic transducer array 110, and the transverse
image is the second image 152, which is produced by
the second ultrasonic transducer array 115.
[0029] In use, this arrangement can permit a user to
visualize the target structure 20 and the position of an
instrument 30, such as a needle, in relation to the target
structure. More particularly, the first and second images
151, 152 and the optional centerline 153 can be used to
facilitate locating the target structure and following the
instrument as it travels beneath the surface toward the
target structure.
[0030] For example, it can be difficult to obtain and
maintain a longitudinal image of small arteries and nerves
while it is relatively easy to obtain and maintain a trans-
verse image of these small structures. The combination
of the two images allows an operator to use the trans-
verse image as a tool to adjust the position of the ultra-
sound probe so as to maintain a substantial length of the
small artery or nerve within the longitudinal image. More
particularly, the operator can adjust the position of the
ultrasound probe 100 over the target structure 20 such
that the centerline 153 of the transverse image is sub-
stantially centered over the target structure. Because, in
one embodiment, the centerline corresponds to a point
of intersection between the first ultrasonic transducer ar-
ray 110 and the second ultrasonic transducer array 115,
at least part of the target structure should be visible within
the longitudinal image closest to the transverse image.
To finish alignment, the operator can pivot the ultrasound
probe so that a substantial length of the target structure
is visible within the longitudinal image.
[0031] With the ultrasound probe 100 so aligned over
the target structure 20, the first and second light lines
121, 126 can be used as visual guides to direct the in-
strument 30 from the surface 10 to the target structure
20 beneath the surface. For example, when the first pla-
nar ultrasonic beam 111 is aligned with the target struc-
ture, the first light line 121 defines a guide path 121 for
the instrument because it is substantially within the first

plane 112 of the first planar ultrasonic beam.
[0032] Similarly, the third plane 127 can be configured
to define an angle of entry 129 for the instrument 30, and
the intersection 130 between the second light line 126
and the first light line 121 can define a point of entry 130
for the instrument. As discussed above, the second light
line is projected within the third plane, which intersects
the second plane 117 of the second planar ultrasonic
beam 116 at an oblique angle 128. If the third plane in-
tersects the second plane substantially at the point where
the second plane intersects the target structure 20, the
third plane will define an angle of entry for the instrument
129.
[0033] With the ultrasonic probe so positioned and con-
figured, the operator can align an end of the instrument
30 with the point of entry 130, align a length of the instru-
ment with both the guide path 121 and the angle of entry
129, and guide the instrument through the point of entry
toward the target structure 20 beneath the surface 10
while substantially maintaining alignment of the length of
the instrument with both the guide path and the angle of
entry. In this way, the ultrasound probe 100 can be used
to direct an instrument from the surface to the target struc-
ture beneath the surface such that the instrument reach-
es the target structure substantially at the intersection of
the first and second planar ultrasonic beams 111, 116.
[0034] Of course, with different target structures at dif-
ferent depths beneath the surface (e.g., Figures 10 and
11), the third plane 127 may need to be adjusted so that
it intersects the second plane 117 substantially at the
point where the second plane intersects the target struc-
ture 20. Accordingly, in some embodiments, the second
light source 125 may be rotated or moved, relative to the
first light source 120, so as to modify the location or ori-
entation of the third plane and the second light line 126
within that plane.
[0035] With reference again to Figures 7-13, in one
embodiment, the second light source 125 is configured
to project the second light line 126 within the third plane
127 at a projection angle 129, wherein the projection an-
gle is less than 90°. In an additional embodiment, a step-
per motor (not shown) is coupled to the second light
source. The stepper motor may be coupled to the second
light source directly or indirectly. With particular reference
to Figures 10 and 11, in a further embodiment, the step-
per motor is configured to rotate the second light source
and thereby adjust the projection angle, wherein the ad-
justed projection angle is less than 90°.
[0036] With reference to Figure 13, the projection angle
129 (or angle of entry), is defined by the equation α =
arctan(y/x), where α is the projection angle, y is the ver-
tical distance 135 between the target structure 20 and
the second light source 125, and x is the horizontal dis-
tance 140 between the target structure and the second
light source.
[0037] In yet another embodiment, a position of the
second light source 125, relative to the first light source
120, is adjustable. For example, the a position of the sec-
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ond light source may be adjustable, relative to the first
light source, in a horizontal direction, a vertical direction,
or both, so that the third plane 127 intersects the second
plane 117 substantially at the point where the second
plane intersects the target structure 20. In such a case,
the position of the second light source is defined by the
equation tan α = y/x, where α is the projection angle 129
of the second light source, y is the vertical distance 135
between the target structure and the second light source,
and x is the horizontal distance 140 between the target
structure and the second light source.
[0038] With reference again to Figure 2, in one embod-
iment, the ultrasound probe 100 further includes a control
panel 160. which may optionally comprise a touchscreen.
In some embodiments, the control panel includes a pow-
er button, a button to record the ultrasound images, and
a button to record a video of the real-time images being
generated by the ultrasound probe. In another embodi-
ment, the image power and contrast can be adjusted, as
well as the depth and angle of the target structure.
[0039] In a further embodiment, the control panel can
include presets for different procedures or individuals.
These presets can be modified by individuals and stored
for future recall and use. For example, one operator may
prefer to access a radial artery at 30°, while another op-
erator may prefer a steeper angle, such as 45°. In such
a case, the operators would select their preferred projec-
tion angle and set this as a preset value for future pro-
cedures.
[0040] With reference to Figures 15-17, in one embod-
iment, the ultrasound probe 100 further comprises a ster-
ile cover 165 coupled to the ultrasonic probe 100. In an
another embodiment, an ultrasound gel can be used with
the sterile probe cover 165 to optimize ultrasound trans-
mission and optimize image quality with minimum ultra-
sound power. In an additional embodiment, the sterile
cover 165 comprises a rigid, optically transparent mate-
rial 165’, such as a hard plastic, configured to be posi-
tioned over the first light source 120 and second light
source 125. This rigid, optically transparent material can
cover the light sources while minimizing light distortion
and attenuation. As such, the rigid, optically transparent
material 165’ provides for a sterile environment while
maintaining the desired relationship between the light
lines and the planar ultrasonic beams. In an additional
embodiment, the sterile cover 165 is secured to the ul-
trasound probe 100 by one or more attachment points
166, which may be provided on the ultrasound probe, the
cover, or both.
[0041] With particular reference to Figure 17, in one
embodiment, the sterile cover 165 further comprises a
flexible bag 167 coupled to at least one piece of rigid,
optically transparent material 165’. In one embodiment,
the rigid material 165’ is heat sealed onto the flexible bag
167. The melted portion of the flexible bag will form over
the rigid material a melted layer, which will not wrinkle or
cause light distortion and attenuation when the light pass-
es through it.

[0042] The flexible bag 167 can be folded over itself to
create multiple fold channels 170. Figure 17 depicts a
folded flexible bag 167, in accordance with one embod-
iment, with the sides of the bag being shown in cross-
section to reveal the fold channels 170. The rigid material
165’ is visible on the front side of the center pocket 171.
In one embodiment, the flexible bag further includes a
guide portion 168, which extends across the top of the
folded flexible bag 167, from a periphery of the flexible
bag, into the center pocket 171. In an additional embod-
iment, the guide portion is opaque and, therefore, ob-
scures all but the bottom of the center pocket 171 when
viewed from above. Accordingly, the guide portion 168
can be configured to form a funnel leading to the center
pocket 171. In this way, the guide portion facilitates place-
ment of the ultrasonic probe 100 into the proper fold chan-
nel (i.e., center pocket 171). In yet another embodiment,
the guide portion 168 further includes one or more tabs
169, which a user may pull to unfold the flexible bag 167
and draw it over the ultrasonic probe and its cable 172.
[0043] In use, an operator would add ultrasound gel to
the center pocket 171, place the ultrasonic probe 100
into the center pocket, align the rigid, optically transpar-
ent members 165’ over the first and second light sources
120, 125, attach the rigid members 165’ to the ultrasonic
probe at the attachment points 166, and pull the tabs 169
to draw the flexible bag 167 over the ultrasonic probe.
[0044] In another embodiment, the ultrasound probe
further includes a sterile screen protector (not shown),
which can permit an operator to interact with the ultra-
sound probe under sterile conditions. In one embodi-
ment, the screen protector can be held in place by a vac-
uum system (not shown), which maintains and supports
the screen protector in place and stretches it to enable
the use of optional touch screen features. The vacuum
system can be activated when the cover is placed on the
screen and comes in contact with a sensor therein.
[0045] In a further embodiment, a reflective needle with
depth guide is provided as the instrument 30. Ultrasound
reflectivity of the needle can be enhanced to improve
visualization of the needle as it approaches the target
structure 20. In another embodiment, a surface of the
needle includes ultrasound reflectors. In an additional
embodiment, the needle is etched at regular intervals.
These markings can be used to indicate the depth of the
needle beneath the surface.
[0046] With reference again to Figures 7-14, the
present invention is also embodied in a method of direct-
ing an instrument 30 from a surface 10 to a target struc-
ture 20 beneath the surface. In one embodiment, the
method includes the steps of emitting a first planar ultra-
sonic beam 111 in a first direction 113 within a first plane
112, emitting a second planar ultrasonic beam 116 in the
first direction within a second plane 117, projecting a first
light line 121 substantially within the first plane, projecting
a second light line 126 within a third plane 127, aligning
an end of the instrument with a point of entry 130, aligning
a length of the instrument with both a guide path 121 and
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an angle of entry 129, and guiding the instrument through
the point of entry toward the target structure beneath the
surface, while substantially maintaining alignment of the
length of the instrument with both the guide path and the
angle of entry. The second plane and the third plane are
both substantially perpendicular to the first plane. The
third plane intersects the second plane at an oblique an-
gle 128 and also defines the angle of entry for the instru-
ment. The first light line defines the guide path for the
instrument. The second light line intersects and is sub-
stantially perpendicular to the first light line, and a point
of intersection 130 between the first light line and the
second light line defines the point of entry for the instru-
ment.
[0047] With particular reference to Figure 14, in one
embodiment, the method includes displaying both a first
image 151 from the first planar ultrasonic beam 111 and
a second image 152 from the second planar ultrasonic
beam 116. In another embodiment, the second image
includes a centerline 153. In a further embodiment, the
centerline corresponds to a center 118 of the second
planar ultrasonic beam. In yet another embodiment, the
centerline corresponds to a point of intersection between
the first planar ultrasonic beam and the second planar
ultrasonic beam.
[0048] In one embodiment, the method includes align-
ing the second planar ultrasonic beam 116 over the target
structure 20 such that the centerline 153 of the second
image 152 is substantially centered over the targets
structure. In another embodiment, the method includes
aligning the first planar ultrasonic beam 111 over the tar-
get structure such that the target structure is visible in
the first image 151 while the centerline of the second
image is substantially centered over the target structure.
[0049] In another embodiment, the method includes
selecting the target structure 20 on the first or second
image 151, 152. For example, the target structure can
be either automatically or manually identified and a touch
screen can be used to select the best path from the sur-
face 10 to the target structure. In a further embodiment,
the method includes selecting a desired angle of entry
129. In an additional embodiment, the method includes
selecting a desired point of entry 130 on the first image
151. In yet another embodiment, the method includes
selecting both a desired point of entry on the first image
and a desired angle of entry.
[0050] With reference to Figure 13, in one embodi-
ment, the method includes determining both a vertical
135 and a horizontal distance 140 between the target
structure 20 and a light source 125 projecting the second
light line 126. In another embodiment, the method in-
cludes calculating a projection angle 129 of the light
source required to project the second light line within the
third plane 127 such that the third plane is substantially
incident a point of intersection between the second plane
117 and the target structure. The projection angle is de-
fined by the equation α = arctan(y/x), where α is the pro-
jection angle, y is the vertical distance 135 between the

target structure and the light source, and x is the hori-
zontal distance 140 between the target structure and the
light source. In another embodiment, the method in-
cludes rotating the light source so as to project the second
light line within the third plane substantially at the calcu-
lated projection angle.
[0051] In one embodiment, the method includes cal-
culating a position of the light source 125 required to
project the second light line 126 within the third plane
127 such that the third plane is substantially incident a
point of intersection between the second plane 117 and
the target structure 20. The position is determined from
an equation tan α = y/x, where α is a projection angle of
the light source, y is the vertical distance 135 between
the target structure and the light source, and x is the
horizontal distance 140 between the target structure and
the light source. In another embodiment, the method in-
cludes moving the light source substantially to the calcu-
lated position.
[0052] In one embodiment, the method includes the
step of calculating both a projection angle 129 and a po-
sition of the light source 125 required to project the sec-
ond light line 126 within the third plane 127 such that the
third plane is substantially incident a point of intersection
between the second plane 117 and the target structure
20. The projection angle and position are determined
from an equation tan α = y/x, where α is the projection
angle, y is the vertical distance 135 between the target
structure and the light source, and x is the horizontal dis-
tance 140 between the target structure and the light
source. In another embodiment, the method includes ro-
tating the light source so as to project the second light
line within the third plane substantially at the calculated
projection angle, and moving the light source substan-
tially to the calculated position.
[0053] It should be appreciated from the foregoing de-
scription that the present invention provides an ultra-
sound probe that enables heath care practitioners to
safely perform procedures involving internal bodily struc-
tures with greater ease and accuracy and fewer compli-
cations. The ultrasound probe can be used to reliably
and continuously direct an instrument from a surface to
a target structure beneath the surface.
[0054] Specific methods, devices, and materials are
described, although any methods and materials similar
or equivalent to those described can be used in the prac-
tice or testing of the present embodiment. Unless defined
otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by
one of ordinary skill in the art to which this embodiment
belongs.
[0055] Without further elaboration, it is believed that
one skilled in the art, using the proceeding description,
can make and use the present invention to the fullest
extent. The invention has been described in detail with
reference only to the presently preferred embodiments.
Persons skilled in the art will appreciate that various mod-
ifications can be made without departing from the inven-
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tion defined only by the following claims.

Claims

1. An ultrasonic probe (100) comprising:

a housing (105);
a first ultrasonic transducer array (110) coupled
to the housing (105) and configured to emit a
first planar ultrasonic beam (111) in a first direc-
tion (113) within a first plane (112);
a second ultrasonic transducer array (115) cou-
pled to the housing (105) and configured to emit
a second planar ultrasonic beam (116) in the
first direction (113) within a second plane (117),
which is substantially perpendicular to the first
plane (112); and
a first light source (120) coupled to the housing
(105) and configured to project a first light line
(121) substantially within the first plane (112);
characterized by

a second light source (125) coupled to the
housing (105) and configured to project a
second light line (126) within a third plane
(127), which is substantially perpendicular
to the
first plane (112) and intersects the second
plane (117) at an oblique angle (128);
wherein the first light line (121) intersects
and is substantially perpendicular to the
second light line (126).

2. The ultrasonic probe of claim 1, wherein the first light
source (120) is a first laser and the second light
source (125) is a second laser.

3. The ultrasonic probe of claim 2, wherein the first and
second ultrasonic transducer arrays are arranged in
a T-shaped configuration.

4. The ultrasonic probe of claim 2, further comprising
a screen (150) coupled to the ultrasonic probe (100)
and configured to display both a first image (151)
from the first ultrasonic transducer array (110) and
a second image (152) from the second ultrasonic
transducer array (115).

5. The ultrasonic probe of claim 4, wherein the screen
(150) is configured to display a centerline (153); and
wherein the centerline (153) corresponds to a center
(118) of the second ultrasonic transducer array
(115).

6. The ultrasonic probe of claim 2, wherein the second
laser is configured to project the second light line
(126) within the third plane (127) at a projection angle

(129), wherein the projection angle (129) is less than
90°.

7. The ultrasonic probe of claim 6, further comprising
a stepper motor coupled to the second laser; and
wherein the stepper motor is configured to rotate the
second laser and thereby adjust the projection angle,
(129) wherein the adjusted projection angle is less
than 90°.

8. The ultrasonic probe of claim 6, wherein a position
of the second laser relative to the first laser is ad-
justable.

9. The ultrasonic probe of claim 8, further comprising
a sterile cover (165) coupled to the ultrasonic probe
(100), wherein the sterile cover (165) comprises a
rigid, optically transparent material (165’) configured
to be positioned over the first and second light
source.

10. The ultrasonic probe of claim 9, wherein the sterile
cover (165) further comprises a flexible bag (167)
coupled to the rigid, optically transparent material
(165’).

Patentansprüche

1. Eine Ultraschallsonde (100), mit:

einem Gehäuse (105);
einer ersten Gruppe von Ultraschallsendern
(110), welche mit dem Gehäuse (105) verbun-
den ist und zum Senden eines ersten planaren
Ultraschallstrahls (111) in eine erste Richtung
(113) innerhalb einer ersten Ebene (112) aus-
gebildet ist;
einer zweiten Gruppe von Ultraschallsendern
(115), welche mit dem Gehäuse (105) verbun-
den ist und zum Senden eines zweiten planaren
Ultraschallstrahls (116) in der ersten Richtung
(113) innerhalb einer zweiten Ebene (117) aus-
gebildet ist, die sich im Wesentlichen senkrecht
zu der ersten Ebene (112) erstreckt; und
einer ersten Lichtquelle (120), weiche mit dem
Gehäuse (105) verbunden ist und dazu ausge-
bildet ist, eine erste Lichtlinie (121) zu projizie-
ren, welche sich im Wesentlichen in der ersten
Ebene (112) erstreckt;
gekennzeichnet durch

eine zweite Lichtquelle (125), welche mit
dem Gehäuse (105) verbunden ist und dazu
ausgebildet ist, eine zweite Lichtlinie (126)
innerhalb einer dritten Ebene (127) zu pro-
jizieren, welche sich im Wesentlichen senk-
recht zu der ersten Ebene (112) erstreckt
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und sich im wesentlichen senkrecht mit der
zweiten Ebene (117) in einem Neigungs-
winkel (128) überschneidet;
wobei sich die erste Lichtlinie (121) im We-
sentlichen senkrecht mit der zweiten Licht-
linie (126) überschneidet.

2. Die Ultraschallsonde nach Anspruch 1, wobei die
erste Lichtquelle (120) ein erster Laser und die zwei-
te Lichtquelle (125) ein zweiter Laser ist.

3. Die Ultraschallsonde nach Anspruch 2, wobei die
erste und die zweite Gruppe von Ultraschallsendern
in einer T-förmigen Konfiguration zueinander ange-
ordnet sind.

4. Die Ultraschallsonde nach Anspruch 2, weiter ver-
sehen mit einem Bildschirm (150), welcher mit der
Ultraschallsonde (100) verbunden ist und derart kon-
figuriert ist, sowohl ein erstes Bild (151) von der ers-
ten Gruppe von Ultraschallsendern (110) als auch
ein zweites Bild (152) von der zweiten Gruppe von
Ultraschallsendern (115) zu zeigen.

5. Die Ultraschallsonde nach Anspruch 4, wobei der
Bildschirm (150) dazu konfiguriert ist, eine Mittellinie
(153) anzuzeigen; und
wobei die Mittellinie (153) einer Mitte (118) der zwei-
ten Gruppe von Ultraschallsendern (115) entspricht.

6. Die Ultraschallsonde nach Anspruch 2, wobei der
zweite Laser dazu konfiguriert ist, eine zweite Licht-
linie (126) innerhalb der dritten Ebene (127) in einem
solchen Projektionswinkel (129) zu projizieren, dass
dieser Projektionswinkel (129) weniger als 90° be-
trägt.

7. Die Ultraschallsonde nach Anspruch 6, weiter ver-
sehen mit einem Schrittmotor, welcher mit dem zwei-
ten Laser verbunden ist; und
wobei der Schrittmotor dazu konfiguriert ist, den
zweiten Laser zu drehen und so den Projektionswin-
kel (129) einzustellen, wobei der eingestellte Projek-
tionswinkel weniger als 90° beträgt.

8. Die Ultraschallsonde nach Anspruch 6, wobei die
Position des zweiten Lasers relativ zu dem ersten
Laser einstellbar ist.

9. Die Ultraschallsonde nach Anspruch 8, weiter ver-
sehen mit einer sterilen Abdeckung (165), weiches
mit der Ultraschallsonde (100) verbunden ist, wobei
die sterile Abdeckung (165) ein steifes, optisch trans-
parentes Material (165’) aufweist, welches dazu aus-
gebildet ist, über der ersten und der zweiten Licht-
quelle angeordnet zu sein.

10. Die Ultraschallsonde nach Anspruch 9, wobei die

sterile Abdeckung (165) weiter versehen ist mit einer
flexiblen Tasche (167), welche mit dem steifen, op-
tisch transparenten Material (165’) verbunden ist.

Revendications

1. Sonde ultrasonore (100) comprenant :

un boîtier (105) ;
un premier réseau de transducteurs ultrasono-
res (110) couplé au boîtier (105) et configuré
pour émettre un premier faisceau ultrasonore
plan (111) dans une première direction (113)
dans un premier plan (112) ;
un second réseau de transducteurs ultrasono-
res (115) couplé au boîtier (105) et configuré
pour émettre un second faisceau ultrasonore
plan (116) dans la première direction (113) dans
un deuxième plan (117), qui est sensiblement
perpendiculaire au premier plan (112) ; et
une première source de lumière (120) couplée
au boîtier (105) et configurée pour projeter une
première ligne de lumière (121) sensiblement
dans le premier plan (112) ;
caractérisée par

une seconde source de lumière (125) cou-
plée au boîtier (105) et configurée pour pro-
jeter une seconde ligne de lumière (126)
dans un troisième plan (127), qui est sensi-
blement perpendiculaire au premier plan
(112) et recoupe le deuxième plan (117) se-
lon un angle oblique (128) ;
dans lequel la première ligne de lumière
(121) recoupe et est sensiblement perpen-
diculaire à la seconde ligne de lumière
(126).

2. Sonde ultrasonore selon la revendication 1, dans la-
quelle la première source de lumière (120) est un
premier laser et la seconde source de lumière (125)
est un second laser.

3. Sonde ultrasonore selon la revendication 2, dans la-
quelle les premier et second réseaux de transduc-
teurs ultrasonores sont agencés dans une configu-
ration en forme de T.

4. Sonde ultrasonore selon la revendication 2, compre-
nant en outre un écran (150) couplé à la sonde ul-
trasonore (100) et configuré pour afficher à la fois
une première image (151) provenant du premier ré-
seau de transducteurs ultrasonores (110) et une se-
conde image (152) provenant du second réseau de
transducteurs ultrasonores (115).

5. Sonde ultrasonore selon la revendication 4, dans la-
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quelle l’écran (150) est configuré pour afficher une
ligne centrale (153) ; et
dans lequel la ligne centrale (153) correspond à un
centre (118) du second réseau de transducteurs ul-
trasonores (115).

6. Sonde ultrasonore selon la revendication 2, dans la-
quelle le second laser est configuré pour projeter la
seconde ligne de lumière (126) dans le troisième
plan (127) selon un angle de projection (129),
dans laquelle l’angle de projection (129) est inférieur
à 90°.

7. Sonde ultrasonore selon la revendication 6, compre-
nant en outre un moteur pas à pas couplé au second
laser ; et
dans laquelle le moteur pas à pas est configuré pour
faire tourner le second laser et ainsi ajuster l’angle
de projection (129), dans laquelle l’angle de projec-
tion ajusté est inférieur à 90°.

8. Sonde ultrasonore selon la revendication 6, dans la-
quelle une position du second laser par rapport au
premier laser est ajustable.

9. Sonde ultrasonore selon la revendication 8, compre-
nant en outre un couvercle stérile (165) couplé à la
sonde ultrasonore (100), dans laquelle le couvercle
stérile (165) comprend un matériau rigide optique-
ment transparent (165’) configuré pour être position-
né au-dessus des première et seconde sources de
lumière.

10. Sonde ultrasonore selon la revendication 9, dans la-
quelle le couvercle stérile (165) comprend en outre
une poche flexible (167) couplée au matériau rigide
optiquement transparent (165’).
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