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ABSTRACT

Embodiments include systems and or methods directed to
ultrasound calibration, real-time C-mode approaches, cali-
bration using a plate target, a ball-and-socket scan mecha-
nism, a spherical spiral path scan mechanism, and a wireless
disposable laryngoscope.
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ULTRASONIC DATA COLLECTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Prov. Appl.
No. 61/936,232 filed Feb. 5, 2014, which is hereby incorpo-
rated by reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIGS. 1-51 illustrate features according to one or
more embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0003] This patent application is intended to describe one
or more embodiments of the present invention. It is to be
understood that the use of absolute terms, such as “must,”
“will,” and the like, as well as specific quantities, is to be
construed as being applicable to one or more of such embodi-
ments, but not necessarily to all such embodiments. As such,
embodiments of the invention may omit, or include a modi-
fication of, one or more features or functionalities described
in the context of such absolute terms.

[0004] Embodiments of the invention may be operational
with numerous general purpose or special purpose computing
system environments or configurations. Examples of well-
known computing systems, environments, and/or configura-
tions that may be suitable for use with the invention include,
but are not limited to, electronic medical devices, personal
computers, server computers, hand-held or laptop devices,
multiprocessor systems, microprocessor-based systems, set
top boxes, programmable consumer electronics, network
PCs, minicomputers, mainframe computers, distributed com-
puting environments that include any of the above systems or
devices, and the like.

[0005] Embodiments of the invention may be described in
the general context of computer-executable instructions, such
as program modules, being executed by a computer and/or by
computer-readable media on which such instructions or mod-
ules can be stored. Generally, program modules include rou-
tines, programs, objects, components, data structures, etc.
that perform particular tasks or implement particular abstract
data types. The invention may also be practiced in distributed
computing environments where tasks are performed by
remote processing devices that are linked through a commu-
nications network. In a distributed computing environment,
program modules may be located in both local and remote
computer storage media including memory storage devices.
[0006] Embodiments of the invention may include or be
implemented in a variety of computer readable media. Com-
puter readable media can be any available media that can be
accessed by a computer and includes both volatile and non-
volatile media, removable and non-removable media. By way
of example, and not limitation, computer readable media may
comprise computer storage media and communication
media. Computer storage media include volatile and nonvola-
tile, removable and non-removable media implemented in
any method or technology for storage of information such as
computer readable instructions, data structures, program
modules or other data. Computer storage media includes, but
is not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical disk storage, magnetic cassettes, mag-
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netic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the
desired information and which can accessed by computer.
Communication media typically embodies computer read-
able instructions, data structures, program modules or other
data in amodulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such a
manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connec-
tion, and wireless media such as acoustic, RF, infrared and
other wireless media. Combinations of the any of the above
should also be included within the scope of computer read-
able media.

[0007] According to one or more embodiments, the com-
bination of software or computer-executable instructions
with a computer-readable medium results in the creation of a
machine or apparatus. Similarly, the execution of software or
computer-executable instructions by a processing device
results in the creation of a machine or apparatus, which may
be distinguishable from the processing device, itself, accord-
ing to an embodiment.

[0008] Correspondingly, it is to be understood that a com-
puter-readable medium is transformed by storing software or
computer-executable instructions thereon. Likewise, a pro-
cessing device is transformed in the course of executing soft-
ware or computer-executable instructions. Additionally, it is
to be understood that a first set of data input to a processing
device during, or otherwise in association with, the execution
of software or computer-executable instructions by the pro-
cessing device is transformed into a second set of data as a
consequence of such execution. This second data set may
subsequently be stored, displayed, or otherwise communi-
cated. Such transformation, alluded to in each of the above
examples, may be a consequence of; or otherwise involve, the
physical alteration of portions of a computer-readable
medium. Such transformation, alluded to in each of the above
examples, may also be a consequence of, or otherwise
involve, the physical alteration of, for example, the states of
registers and/or counters associated with a processing device
during execution of software or computer-executable instruc-
tions by the processing device.

[0009] As used herein, a process that is performed “auto-
matically” may mean that the process is performed as a result
of machine-executed instructions and does not, other than the
establishment of user preferences, require manual effort.
[0010] This invention disclosure discusses some potential
optional advantage over the existing calibration method for
certain types of ultrasonic scanner (which, in this document,
may be referred to as the BladderScan product. An embodi-
ment tries to solve three problems involved in the calibration
process. First, the method detects the amount of misalign-
ment between the transducer rotational and dome centers,
which has been known to degrade the calibration results, and
minimizes its negative impact on the calibration procedures.
Second, the method tried to minimize the misalignment
between image frames acquired by two-way scans caused by
the gear backlash and/or machining errors. Third problem an
embodiment tries to tackle is to enable the calibration without
the use of water tank and external ultrasound target.

[0011] An embodiment proposes optional advantages over
the existing calibration method for such ultrasonic scanners.
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[0012] BladderScan product measures bladder volume by
acquiring and analyzing three-dimensional (3D) cone-like
ultrasound data. One of the most important factors in influ-
encing the accuracy of volume measurement results with
BladderScan is the geometrical structure, which is deter-
mined by a set of calibration parameters, of the acquired 3D
ultrasound data. It was found that the calculation of calibra-
tion parameters with the existing algorithm is sensitive to the
amount of misalignment between the transducer rotational
and dome centers caused by the assembly errors. Thus, the
first problem that the proposed method proposes to solve is to
detect the amount of misalignment between the rotational and
dome centers and minimize its negative impact on the cali-
bration process.

[0013] Different from the BladderScan 9400, where only
one-directional scan is taken, the next-generation Bladder-
Scan product performs two-way scan, where a data frame can
be acquired by either moving the motor in a clockwise or
anticlockwise direction or in both directions in succession.
One of the advantages of two-way scan is that the frame rate
of real-time B-mode is doubled compared to one-way scan
given that the motor speed is the same for both cases. Also, the
data acquisition time for 3D volume can be reduced by half
On the other hand, due to the potential machining errors and
gear backlash, the data frames acquired by 2 different scans
would not be automatically aligned with each other, leading
to the misalignment of real-time B-mode imaging and the
negative impact on the volume measurement accuracy. So the
second problem an embodiment intends to solve is to align the
ultrasound images acquired by two-way scans.

[0014] For the current BladderScan 9400 calibration pro-
cess, a spiral-liked ultrasound target installed in a plastic
water tank is used. An operator needs to fill the tank with
enough amount of water in performing the calibration and
empty the tank after the completion, which is time-consum-
ing. Also, as discussed above, one assumption of the current
calibration algorithm is the perfect alignment between the
rotational and dome centers. Since the ultrasound target is
placed in a water tank, there is also a requirement that the
dome center should be aligned with the center of the spiral-
liked target. Similar to the misalignment between the trans-
ducer rotational and dome centers, the small misalignment
between the centers of the dome and the ultrasound target
would also cause the incorrect Phi offset value and sometimes
fail the calibration. Thus, by removing the need of water tank
from the calibration process, we can eliminate one error
source contributing to the inaccurate calibration results. So
the third problem we want to solve is to enable the calibration
without the use of any external fixtures, e.g., water tank and
ultrasound target.

[0015] Three different approaches have been explored. The
first approach (i.e., Algorithm I) deterministically calculates
the amount of misalignment between the rotational and dome
centers, estimates the Phi firing offset values for two-way
scan, and detects the potential failure of a DCM. The second
approach (i.e., Algorithm II) tries to solve the calibration
parameters in a recursive optimization manner, where the
optimal parameters are estimated by minimizing the differ-
ence between a sphere constructed by the calculated dome
geometries and a perfect sphere. The third approach utilizes
the cross-correlation in estimating the Phi offset and gear
backlash values.
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Algorithm I

Overview

[0016] FIG. 1 shows the high-level block diagram of the
proposed algorithm. The first step of the algorithm is to detect
the distance between the rotational and dome centers (i.e., the
amount of misalignment) of a BladderScan’s data collection
module (DCM). After detecting the misalignment as well as
the corresponding plane with the maximum amount of mis-
alignment, the algorithm rotates the Theta motor to the plane
perpendicular to that plane. This process is more clearly illus-
trated in FIG. 2(a), where the blue circle represents the dome
(viewing from the top of the probe). Instead of always per-
forming the calibration in the first Theta plane, where the
in-plane misalignment between the rotational and dome cen-
ters is potentially present, the proposed algorithm performs
the calibration on the plane with the least amount of in-plane
misalignment (FIG. 2(b)) so that the negative influence of the
misalignment would be minimized. After the rotation of
Theta motor, the algorithm determines the Phi firing offsets
for forward and backward scans based on the symmetricity
information of a data plane. With the calculated Phi firing
offsets, the calibration algorithm commands the DCM to
acquire a new set of 3D data, which is used for the detection
of potential skewed spine of the DCM. Finally, the central
scanlines from all data planes are compared in checking the
similarity between them. If the difference between those
scanlines is below a pre-defined cutoff value, then the cali-
bration process succeeds. Otherwise, the calibration fails due
to the severe skewness of the spine.

Step 1. Detection of Misalignment

[0017] FIG. 3 gives the illustration of the misalignment
detection algorithm. The blue circle represents the dome
(viewing from the top of the probe) and the blue dot is the
dome center. The red dot represents the rotational center and
the red solid line stands for the first scanline in the first Theta
plane. The length of the red solid line represents the distance
between the rotational center and the wall of the dome. The
red circle was formed by rotating the red solid line 360 degree
around the rotational center (i.e., red dot).

[0018] Assuming that there is no misalignment between the
rotational and dome centers, i.e., the red and blue dots are at
the same location, then the red and blue circles should also be
overlapped with each other. It means that the distance from
the rotational center (i.e., red solid line) should be the same
for all Theta planes. However, due to the misalignment
between the rotational and dome centers, the red and blue
circles would be no longer overlapped with each other as
shown in FIG. 3. The distance between the rotational center
and the dome would be varied for different planes. In FIG. 3,
the shortest and longest distance between the rotational cen-
ters and the dome is denoted as S2 and S3, respectively.
[0019] Theoretically, the distances S1, S2 and S3 can be
estimated based on the reverberation patterns present in the
reflected ultrasound echo as discussed in Algorithm I1. How-
ever, the calculation is relatively sensitive to noise. Based on
the relative displacement between the lines S1, S2 and S3, the
distance between the rotational (red dot) and dome (blue dot)
centers can be estimated via the following equations:

d,=disp(S, 5) )]
dy=disp(S3, 5) @

d=(abs(d)+abs(d))/2 3
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[0020] wheredisp(,) calculates the displacement between 2
signal and converts it to the distance, abs( ) obtains the abso-
lute value, d1 and d2 represent the distance difference
between

[0021] SI and S2 and between S1 and S3, respectively, and
d is the amount of misalignment between the rotational and
dome centers.

[0022] After obtaining the amount of misalignment
between the rotational and dome centers, we also know which
of plane has the maximum amount of in-plane misalignment.
So the algorithm can command the DCM to rotate the Theta
motor to the plane perpendicular to the one with maximum
in-plane misalignment (FI1G. 2(a)) and perform the rest of the
calibration procedures.

Step 2. Determination of Forward Scan Phi Firing Offset,
which is the Blind Spot from Home (Vertical) to the Angle at
Which Data Begins to be Collected by the Transducer

[0023] The purpose of the forward scan Phi firing offset
value is to determine the first scanline (i.e., first ultrasound
transmit) position during the forward scan in ensuring that the
forward scan frame is symmetrical. The forward scan Phi
firing offset value can be iteratively determined based on the
symmetricity information of data frame as shown in FIG. 4.
Starting with a default Phi firing offset value, a forward scan
data is acquired and the asymmetricity of the data is esti-
mated. Based on the amount of asymmetricity, the Phi firing
offset value is adjusted and updated, after which a forward
scan data is acquired again with the updated Phi firing offset
value. This procedure is repeated multiple times as shown in
FIG. 4 until the blue dot curve crosses the zero value, sug-
gesting that the optimal Phi firing offset value is found as the
amount of data asymmetricity is minimal. And this forward
scan Phi firing offset value can be saved as one of the scan
parameters and also used for the rest of calibration process.

Step 3. Determination of Backward Scan Phi Firing Offset

[0024] After ensuring that the forward scan frame is sym-
metrical, the algorithm tries to match the backward scan to the
forward scan frame. The reason why the Phi firing offset for
the backward scan frame is not determined through the same
steps as shown in FIG. 4 is that there is potential gear backlash
that would make the forward and backward scan frames mis-
aligned with each other. To compensate the gear backlash,
different approach is used in determining the backward scan
Phi firing offset value.

[0025] The procedures that determine the Phi firing offset
value for backward scan is shown in FIG. 5. The blue color
lines represent the scanlines from the forward scan and the red
color lines the scanlines of the backward scan. In order to
align the forward and backward scans, we need to align the
last scanline of the forward scan (blue) with the first scanline
of the backward scan (red). As the space interval between 2
consecutive scanlines is reasonably the same as the motor
runs in a constant speed, so the alignment between the for-
ward and backward scan planes would be achieved by align-
ing the last scanline of the forward and the first scanline of the
backward scans.

[0026] To minimize the time in searching the best match
between the 2 scanlines from the forward and backward
scans, a much higher density of scanlines are formed by
transmitting and receiving the ultrasound signal more fre-
quently as shown in FIG. 5. The ultrasound signature of each
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scanline would be varied between each other as the ultra-
sound signal is reflected back from different regions of dome
while the motor moves. When 2 scanlines are reflected from
the same spot of the dome, the correlation between them
should be maximized. By computing the correlation between
the last scanline of the forward scan and every scanlines (high
density) collected during the backward scan, the best-
matched scanline from the backward scan can be identified
and the timing of the scanline can be used for the Phi firing
offset value for the backward scan.

Step 4. Detection of Skewed Spine

[0027] One of the major sources contributing to the inac-
curate bladder volume measurement is the skewed spine
shown in FIG. 6(b), where TXU stands for the transducer that
moves in and out of the paper. It is optionally advantageous to
detect the potential skewed spine in a DCM and preferably
compensate the volume measurement inaccuracy.

[0028] After determining the Phi firing offset value for the
forward and backward scans, assuming that the spine of a
DCM is not considerably skewed, the central scanlines from
all image planes should be largely similar as they are reflected
from the reasonably same spot of the dome as shown in FIG.
7(a). On the other hand, due to the skewed spine in FIG. 7(b),
the central scanlines from different planes would intersect
with the dome at different locations, where a larger skewed
spine would lead to a bigger difference between central scan-
lines. When the amount of difference between scanlines
(measured by the correlation coefficient) exceeds a pre-de-
fined cut-off value, which can be determined by correlating it
with the volume inaccuracy, the calibration algorithm should
notify customers about the failure of aDCM as shown in FIG.
1.

Algorithm 11

[0029] For this algorithm, we use the principal that the gap
size between the consecutive patterns is determined as the
distance between the transducer and the dome surfaces. By
combining the gap size information with the transducer posi-
tion information obtained from the Phi/Theta tables and skew
angle/offset values, the location of a sample point that corre-
sponds to the dome surface at each scan line, i.e., dome
geometry, can be estimated. This process can be repeated
using various skew angle/offset values until we obtain dome
geometry that is closest to a perfect sphere. The skew angle/
offset value information that corresponds to the best matching
dome geometry is used as calibration parameters. As this
algorithm relies on the distance between the transducer and
the dome surface, intentional offset value between the trans-
ducer rotation and dome center is desirable to avoid undetect-
able motion errors due to the symmetry (FIG. 9). For
example, if transducer rotation and dome center is the same,
erroneous offset value in transducer Phi motion cannot be
detected because transducer-dome distance is constant
regardless of Phi offset. Number of planes and scan lines
acquired could vary depending on the system. Followings are
the detailed procedures for the proposed calibration algo-
rithm (FIG. 8).

Step 1. Collect Ultrasound Data

[0030] As the first step of the calibration, ultrasound data is
collected in the air (i.e., without water tank and ultrasound
target).
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Step 2. Estimate Gap Size between Air Scan Patterns

[0031] Gap size between the consecutive air scan rever-
beration patterns is proportional to the transducer-dome dis-
tance (FIG. 10). Gap size can be detected in B-mode image by
detecting air scan pattern. As a more advance method, domi-
nant spatial frequency of the reverberation pattern can be
detected to estimate gap size more accurately (FIG. 11).

Step 3. Estimate Dome Geometry

[0032] If we assume that there is no error in transducer
motion, 3D location of the transducer for each scan line can be
derived from the Phi and the rotation information. Then, the
location of a sample point that corresponds to the dome sur-
face in each scanline can be estimated by using the gap size
information at the scanline. An example of this dome geom-
etry estimation results 1s shown in FI1G. 12. In the same way,
dome geometry can be estimated when transducer motion
error exists. This dome geometry estimation process is
repeated many times by varying transducer skew angles and
offset values.

Step 4. Select the Best Matching Skew Angle/Offset Values

[0033] A best fitting sphere can be determined for each of
the estimated dome geometries (FIG. 13). Based on the
assumption that dome shape is perfectly spherical, the dome
geometry that resulted in the smallest deviation (e.g., mean
squared error) from its fitting sphere is selected as the best
matching case. The corresponding skew angle and offset val-
ues to the best matching case can be considered as the cali-
bration result.

Algorithm I1I

[0034] One of the main purposes of the calibration process
is to estimate appropriate phi offset and firing delay values to
make the orientation of the B-mode image correct. This can
be done by comparing a B-mode image with another one at
the same scan plane after 180° theta rotation as shown in FIG.
14. To increase the sensitivity of the off-angle detection, an
intentional offset between phi rotation and dome center (FIG.
9) would be desirable.

[0035] Some small errors in the phi motion itself, e.g., gear
backlash, cannot be detected using the above procedure. To
estimate the phi offset and firing delay values to compensate
the gear backlash, an additional step is optionally advanta-
geous. This process is basically the same with FIG. 14, except
for comparing images acquired with different phi motions
without moving the theta motor. The detailed step-by-step
procedure for the simple air scan calibration is as follows
(FIG. 15):

a. Phi Offset Calibration

[0036]
plane.
[0037] Step 2: Collect another air scan data in the same
plane with the same phi motion after 180° theta rotation.
[0038] Step 3: Estimate the phi angle difference between
the two B-mode images. Cross correlation of the two images
can be used as a simple estimation method.

[0039] Step 4: If the estimated phi angle difference is small
enough, use the current phi offset/firing delay value for cali-
bration. Otherwise, adjust the phi offset/firing delay accord-
ing to the difference, then repeat steps 1-4.

Step 1: Collect air scan data (B-mode) in a scan
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b. Backlash Calibration

[0040] Step 1: Collect air scan data (B-mode) in a scan
plane with forward phi motion.

[0041] Step 2: Collect another air scan data in the same
plane with backward phi motion.

[0042] Step 3: Estimate the phi angle difference between
the two B-mode images. Cross correlation of the two images
can be used as a simple estimation method.

[0043] Step 4: If the estimated phi angle difference is small
enough, use the current phi offset/firing delay value for back-
lash calibration. Otherwise, adjust the phi offset/firing delay
according to the difference, then repeat steps 1-4.

[0044] Method for Real-Time C-Mode Using Position Sen-
sor
[0045] Three-dimensional ultrasound has a limit in the

achievable volume rate because of the delay times for sound
wave travel and/or mechanical transducer motion. With the
current ultrasound bladder scanners that have the same limi-
tation, severe motion blur occurs if a probe does not stay still
during scanning For this reason, most bladder scanners do not
provide real time imaging modality for probe aiming. Some
recently introduced bladder scanners support real time
B-mode by restricting the transducer motion within one plane
for higher frame rates. This B-mode is useful, but still incon-
venient because B-mode imaging plane is perpendicular to
the plane of probe motion. Instead, as an ideal aiming guide,
this invention introduces real-time C-mode bladder imaging
and two methods to implement it. The first method uses probe
translation/rotation information derived from position sen-
sors to compensate for probe motion. The other method uses
a new user interface to make the user interpret the motion-
blurred data more efficiently.
[0046] Three-dimensional ultrasound has a limit in the
achievable volume rate because of the delay times for sound
wave travel. With mechanical 3D probes, the limitation
becomes stricter due to the additional delay for transducer
motion, which is the case of the current ultrasound bladder
scanners that typically require 2-3 seconds for volume scan-
ning With this low volume rate, probe motion by an operator
could produce severe motion blur in the ultrasound data. On
this account, the majority of the current ultrasound bladder
scanners have not provided real time imaging modality. This
caused inconvenience in aiming a probe. Recently, some new
bladder scanners provide real time B-mode by restricting the
transducer motion within one plane for higher frame rates, but
the B-mode is still far from the ideal imaging modality for
probe aiming because it provides only partial information on
the bladder location and shape. In addition, B-mode is not
easy to use because imaging plane is perpendicular to the
plane of probe motion. In contrast, C-mode is very intuitive
because its imaging plane is parallel to the probe motion.
However, C-mode is difficult to implement in real time with
low volume rate probes because it requires full 3D volume
data.
[0047] An embodiment of the present invention introduces
new methods for real time C-mode bladder imaging as ideal
probe aiming guides. The first method uses sensors, e.g.,
inertial measurement unit, magnetic and optical sensors, etc.,
that can be used for measuring/deriving probe location and
orientation information in combination with ultrasound data.
Summarized real time C-mode process with a position sensor
is as follows:

[0048] a. Acquire ultrasound and probe location sensor

data synchronized with each other in real time.
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[0049] b. Detect sample points that correspond to the
bladder wall at each scan line from the ultrasound data
acquired for the most recent 1-5 seconds.

[0050] c. Derive relative location information of the
bladder wall sample points from the probe.

[0051] d. Derive absolute probe location and orientation
information from the position sensor data at each scan
line; derive the probe translation and rotation informa-
tion at each scan line.

[0052] e. Convert the relative bladder wall sample loca-
tions to the absolute locations by compensating for the
probe translation and rotation at each scan line.

[0053] f. Optimize the probe motion compensation
based on the absolute bladder wall locations; fine tune
the probe motion parameters to make the congregated
sample points a bladder-like shape.

[0054] g. Calculate projections of the motion-compen-
sated bladder wall sample points to the plane perpen-
dicular to the sightline of the probe; estimate the bladder
shape from the viewpoint of the probe. Generate
C-mode image from the projection.

[0055] h. Check the location of the bladder center in the
C-mode. If it has been well centered for a certain period
of time, turn on the on-target indicator (or automatically
start volume measurement).

[0056] 1. (Optional) Detect probe motion in the latest
volume data. If there is no large motion, calculate and
display bladder volume instantaneously using the data in
the buffer when requested for responsiveness.

[0057] The second method does not use position sensor, but
uses a new user interface (UI) utilizing the fact thathuman eye
can perceive accurate object position by estimating its motion
if the blurred object looks like a comet with tail. This new Ul
can be implemented by making the bladder walls that corre-
spond to the more recent data have a deeper color or lower
transparency. Although this new C-mode still has motion
blurs, it would provide all the information necessary forprobe
aiming. Summarized real time C-mode process with the new
Ul is as follows:

[0058] a. Acquire ultrasound and probe location sensor
data synchronized with each other in real time.

[0059] b. Detect sample points that correspond to the
bladder wall at each scan line from the ultrasound data
acquired for the most recent 1-5 seconds.

[0060] c¢. Derive relative location information of the
bladder wall sample points from the probe.

[0061] d. Generate C-mode images from the bladder
wall information. Make the more recent information less
transparent or have deeper color to make the motion-
blurred C-mode look like a comet with tail.

[0062] e. Check the location of the bladder center in the
C-mode. If it has been well centered for a certain period
of time, turn on the on-target indicator (or automatically
start volume measurement).

[0063] a. Difficult probe aiming with ultrasound bladder
scanners: No ultrasound bladder volume scanner has ever
provided a real time C-mode that shows bladder shapes from
the viewpoint of the probe head. Different from the B-mode
that requires training to be accustomed to, C-mode is very
intuitive because image plane is parallel with the plane of
probe motion, which is similar to seeing a bladder through a
virtual window on the skin surface.

[0064] b. Probe motion during bladder volume measure-
ment (position sensor method): Start button on the probe
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causes small probe motion that could increase inaccuracy in
bladder volume measurement. In real time C-mode, the
device can automatically start volume measurement when the
bladder is right on the target without any button push by an
operator. In addition, accelerometer monitors probe motion
during the volume data acquisition. If large motion is
detected, the device can flash a warning sign or automatically
repeat data collection until the probe stands still.

[0065] c. Probe-console alignment problem (position sen-
sor method, optional): By tracking the absolute orientation of
the probe, orientation of the C-mode display can be automati-
cally aligned with the probe orientation. Thus, operator can
perform examination from both sides of the patient regardless
of the console location without any confusion or manual
display adjustment.

Method 1: Real-Time C-Mode using Position Sensor
Detailed Real-Time C-Mode Process with Position Sensor:

Step 1: Data Acquisition

[0066] Ultrasound and probe position/rotation sensor data
synchronized with each other in real time are acquired (FIG.
17.1). Inertial measurement unit (IMU) that consists of three-
axis accelerometers, magnetometer sand gyroscopes is an
example of the position sensor. An optical sensor with mark-
ers, a magnetic sensor with a transmitter, or any combinations
of IMU, optical and magnetic sensors can be used for position
tracking Data buffer should be large enough to store data
acquired for the most recent 1-5 seconds.

Step 2: Bladder Wall Detection

[0067] Sample points that correspond to the bladder wall
are detected at each scan line from the ultrasound data
acquired for the most recent 1-5 seconds. BVI9400 algorithm
or any new algorithm can be used for this process. From the
detection results, relative 3D location information of bladder
wall sample points is derived. At this stage, bladder wall
location is relative from the probe at each scan line, i.e., probe
motion is not compensated and may have motion blur (FIG.
17.2).

Step 3: Probe Location/Orientation Estimation

[0068] From the position sensor data, probe location and
orientation information is estimated at each scan line.

Step 4: Probe Motion Compensation

[0069] Relative bladder wall locations are converted into
the absolute locations by compensating for the probe trans-
lation and rotation at each scan line (Fig. between 17.2 and
17.3).

Step 5: Fine Tuning of the Motion Compensation (Optional)

[0070] Output of the position/rotation sensor is not stable
sometimes, especially with an IMU. For example, a small
offset in accelerometer output could cause several inches of
error in the estimate translation value. Thus, an additional
step to stabilize the motion compensation result would be
desired. One of the possible approaches is estimating the
sensor offset values to make the resulting bladder wall sample
points to form a sphere-like shape (or, alternatively, as close
as possible each other). If there is another sensor that can
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measure the location of the probe, e.g., optical sensors, it can
be used to compensate for the accelerometer/gyroscope
errors.

Step 6: C-Mode Image Generation

[0071] To make a C-mode, or to estimate the bladder shape
from the viewpoint of the probe, projections of the motion-
compensated bladder wall sample points to the plane perpen-
dicular to the sightline of the probe are calculated (FIG. 17.3).
By detecting the outline of the projected sample points,
C-mode image can be generated (FIG. 17.4). Scan lines that
pass through the pubic bone can be also detected in this
procedure using the 9x or similar algorithm.

Step 7: On-Target Indicator

[0072] From the generated C-mode, it can be determined
whether the bladder is centered enough or not. If it is well
centered for a certain period of time, e.g., 2 seconds, an
on-target indicator can be tuned on (FIG. 17.5). This on-
target indicator can be also used for triggering bladder vol-
ume calculating process.

Step 8: Probe Motion Detection (Optional)

[0073] Optionally, accelerometer data can be used for
detecting probe motion for the most recent 1-2 seconds.
Based on this information, integrity of the most recent vol-
ume data can be checked, which means bladder volume cal-
culation can be done using the data already in the data buffer.
This enables a responsive bladder volume display.

Method 2: Real-Time C-Mode with an Improved User Inter-
face

[0074] If position sensors are not used, motion blur in
C-mode is unavoidable. Even in this case, however, a new
user interface (UI) can make the blurred C-mode less annoy-
ing and more usable. For example, in a radar display that
typically has a very low frame rate (FIG. 18); more recent data
are displayed in a brighter color. So, user can track object
positions more accurately by putting more weight on the
brighter information.

[0075] Another example is hockey puck enhancement tech-
nology that looks like a comet with a tail (FIG. 19). Although
the comet tail is a kind of motion blur, it does not confuse the
object position, but rather helps in estimating the next posi-
tion of the puck. This is because human visual system natu-
rally perceives the direction and speed of the motion from the
comet tail-like object shape.

[0076] For real-time C-mode, a similar approach can be
applied. The new Ul is basically similar with the 9x C-mode,
i.e., plotting the location of the detected bladder wall loca-
tions on the x-y plane. However, the new Ul displays the more
recent data less transparently (or in a darker color, etc.) to
make the bladder trajectory like a comet with a tail. In this
mode, human eye focuses on the “comet head” and naturally
tracks its motion based on the shape of the comet tail (FIG.
20). Although this new C-mode looks different from the tra-
ditional C-mode, it provides all the necessary information for
aiming in an intuitive way.

Detailed Real-Time C-Mode Process with a New Ul:

Step 1: Data Acquisition

[0077] Ultrasound and probe position/rotation sensor data
synchronized with each other in real time are acquired (FIG.
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22.1). Data buffer should be large enough to store data
acquired for the most recent 1-5 seconds.

Step 2: Bladder Wall Detection

[0078] Sample points that correspond to the bladder wall
are detected at each scan line from the ultrasound data
acquired for the most recent 1-5 seconds. BVI9400 algorithm
or any new algorithm can be used for this process. Through
this process, all the scan lines are classified into two groups;
1) scan lines that pass through the bladder and 2) the others
(FIG. 22.2). Scan lines that pass through the pubic bone can
be also detected in this procedure using the 9x or similar
algorithm.

Step 3: C-Mode Image Generation

[0079] In the comet tail mode, scan lines that pass through
the bladder are plotted as dots in the x-y plane (FIG. 22.3).
Dots from the more recently acquired data are less transparent
to make the C-mode have a comet tail-like shape. Pubic bone
information can be overlaid on the comet tail image.

Step 4: On-Target Indicator (Optional)

[0080] From the generated C-mode, it can be determined
whether the bladder is centered enough or not. If it is well
centered for a certain period of time, e.g., 2 seconds, an
on-target indicator can be turned on (FIG. 22.4). The on-
target indicator can be also used for triggering bladder vol-
ume calculating process.

Calibration Method using Plate Target

[0081] Typical ultrasound bladder scanners use a single-
element transducer that moves mechanically in a dome-
shaped probe head. For this type of devices, precise calibra-
tion of transducer motions is optionally advantageous for
accurate volume measurement. An ultrasound target with a
known shape, e.g., spiral or string, in water tank is typically
used for this purpose. One of the problems of the typical
calibration method is that there could be a parallax issue. An
embodiment of the present invention solves this problem and
provides other benefits including smaller calibration fixture
and better reliability by utilizing intensity information of the
beam reflected from a plate target, instead of using the spiral/
string target location/shape information.

[0082] An embodiment of the present invention provides a
method for abnormal transducer motion detection of a
mechanical three-dimensional one-channel ultrasound probe
used for bladder volume measurement. This type of probe has
a moving transducer in the dome-shaped probe head filled
with coupling/lubrication fluid such as mineral oil. In this
probe, transducer motion is characterized by rotations about
two axes, phi and theta, as shown in FIG. 23. As transducer
motions can be inaccurate for several reasons, e.g., skew
angles of phi/theta rotation axes, gear backlash, wear and tear,
etc., it needs to be precisely measured and calibrated for
accurate volume measurement, which has been commonly
done using an external calibration target, e.g., spiral or string,
immersed in a water tank.

[0083] One of the problems of the typical calibration
method is that there could be a parallax issue. FIG. 24(a)
shows a probe with a crooked transducer. In this case, ultra-
sound beam does not go straight down unlike the intention of
the device. To compensate for this error, typical calibration
methods try to match the location ofa calibration target on the
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two ultrasound images obtained before and after 180-deg
rotation about the theta axis. If the transducer is not crooked
as in FIG. 24(b), the device can accurately find the phi angle
that makes the beam go straight down. However, with a
skewed transducer, actual calibration result is still not accu-
rate due to the parallax error as shown in FIG. 24(c). With this
parallax, desired calibration result in FIG. 24(d) is difficult to
achieve. The parallax problem can be relieved if a calibration
target is far from the transducer, but then poor lateral resolu-
tion of the ultrasound in the far field would affect the calibra-
tion accuracy, and calibration fixture could become too bulky.
[0084] As a new calibration method that does not have
parallax problem, an embodiment uses a reflective plate tar-
get, e.g., metal surface, instead of a typical string or spiral
target. By using the intensity information of the reflected
beam from the plate target, instead of the target location
information that is typically used, an embodiment provides a
more accurate way of doing calibration without any parallax
problem, as well as other benefits like smaller fixture and
better reliability.

[0085] a. Parallax in calibration: An embodiment of the
present invention uses a plate target that does not have paral-
lax problem.

[0086] b. Bulky calibration fixture: Small fixture can be
used for the plate calibration because a plate target can be very
close to the probe. So, an embodiment enables use of several
different types of calibration fixtures, e.g. a calibration cup or
a small rubber block with a plate target in it, instead of
traditional bulky water bath.

[0087] c. Small tolerance in probe - target alignment: A
plate target doesn’t have to be well aligned with the probe for
calibration using the proposed method. This means plate cali-
bration could be more reliable than traditional methods as
some misalignment or an error in calibration fixture doesn’t
affect the calibration result.

[0088] A. Phi Offset Calibration

[0089] One of the main purposes of the calibration process
is to estimate appropriate phi offset and firing delay values to
make the orientation of the B-mode image correct. This can
be done by comparing a beam peak intensity profiles with
another one in the same scan plane after 180° theta rotation as
shown in FIG. 25. For example, for a system that doesn’t have
any phi error, the maximum peak intensity angles in the first
and second profiles, ¢, and ¢,,., respectively, would
have the relationship, ¢,,,,,=180°-0,,,,. For a system
where actual phi angle of the beam is skewed by ¢, from
the correct direction, two angles of maximum peak would
meet the following equation: 20,4, .1 ~(180°=0, . 012)-
By utilizing this relationship between peak intensity angles,
phi offset can be calibrated through the following procedure:

[0090] Step 1: Collect ultrasound data (RF, IQ or B-mode)
in a scan plane.
[0091] Step 2: Calculate the maximum ultrasound intensity

profile from the data.

[0092] Step 3: Collect another ultrasound data in the same
plane with the same phi motion after 180° theta rotation.
[0093] Step 4: Calculate the second maximum intensity
profile from the second data.

[0094] Step 5: Estimate the phi angle difference between
the two profiles. Peak detection, or cross correlation method
for better precision, can be used after flipping the send profile.
[0095] Step 6: If the estimated phi angle difference is small
enough, use the current phi offset/firing delay value for cali-
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bration. Otherwise, adjust the phi offset/firing delay accord-
ing to the difference. If necessary, then repeat steps 1-6.

[0096] One of the virtues of the plate calibration is that the
relationship between peak angles is valid regardless of the
angle of the surface target, thus target can be skewed from the
probe as in FIG. 24. So, plate calibration fixture including
probe holder can be made more easily with less precision
compared to typical ones.

[0097] B. Gear Backlash Calibration

[0098] Ifaprobe does a two-way scanning by rotating the
phi motor in both directions, there could be small amount of
misalignment between the forward and backward scanning
mainly due to the gear backlash. This backlash can be esti-
mated with a similar method used for phi offset estimation as
shown in FIG. 26. In this case, two peak phi angles, Dpoar_
forward A Opontpactowars WOUld meet the following equation:
2(‘)17acklash:q)pgakﬁforward—q)peakfbackward' Detailed calibra-
tion procedure is as follows:

[0099] Step 1: Collect ultrasound data (RF, IQ or B-mode)
in a scan plane with forward phi motion.

[0100] Step 2: Calculate the maximum ultrasound intensity
profile from the data.

[0101] Step 3: Collect another ultrasound data in the same
plane with backward phi motion.

[0102] Step 4: Calculate the second maximum intensity
profile from the second data.

[0103] Step 5: Estimate the phi angle difference between
the two profiles. Cross correlation of the two profiles can be
used as an estimation method.

[0104] Step 6: If the estimated phi angle difference is small
enough, use the current backlash value for calibration. Oth-
erwise, adjust the backlash according to the difference. If
necessary, then repeat steps 1-6.

[0105] C. Estimation of Skew Angle Perpendicular to the
Scan Plane
[0106] While geometrical errors in the direction of phi

motion (Type I error) can be compensated by adjusting phi
offset/backlash, there is another type of error (Type II error)
that is perpendicular to the scan plane. In reality, a geometri-
cal error is likely to be a composition of these two different
types of errors. The type II error is difficult to compensate
physically by controlling the motor motion or firing delay, but
information on the type II error can be used to detect a faulty
probe or to compensate for bladder volume in software. With
a plate target, the type II error can be estimated according to
the following procedure:

Step 1: Collect ultrasound cone data (RF, IQ or B-mode) on a
plate target with forward phi motion.

[0107] Among all the scanlines that covers a cone, at least
one scanline is perpendicular to the plate target. (This is
because the plate can be thought as a tangent plane of the
cone. The scanline that crosses the point of contact is perpen-
dicular to the plate target. The number of scanlines could be
increased by interpolation to get a better angular precision.)
However, there could be an exceptional case where a hole,
like an eye of hurricane, that none of the scanlines passes
through exists due to the type Il error. In this case, none of the
scanlines could be perpendicular to the plate target. To avoid
this situation, the plate target needs be tilted from the surface
seen straight from the probe. For example, if expected maxi-
mum type Il error is 5 degrees, the plate target should be tilted
by at least 5 degrees.
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Step 2: Find ascan plane perpendicular to the plate. Then, find
the relationship between the incidence angle and peak inten-
sity.

[0108] The scanline that is perpendicular to the plate target
can be found by finding the scanline that has the largest peak
intensity. The scan plane that contains the scanline should be
perpendicular to the plate. In this scan plane, thanks to the
perpendicularity, we can derive the relationship between the
incidence angle (phi angle) and the peak intensity from the
plate target.

Step 3: Collect ultrasound data in a scan plane, then collect
another one in the same plane after 180-deg theta rotation. In
this case, make sure that plate target is tilted at least as much
as expected maximum type II error from the surface seen
straight from the probe in the direction perpendicular to the
scan plane.

[0109] Instead of this separate data collection step, we
could make the first scan plane overlap the last scan plane
with 180-deg theta angle difference in Step 1 for convenience.
Or, the data used in the phi offset calibration can be used again
if probe and plate target have not moved.

Step 4: Calculate incidence angles of the maximum intensity
beam for two plane data acquired in Step 3 using the inci-
dence angle—peak intensity relationship derived in Step 2.
Calculate type Il error by dividing the difference between the
incidence angles by two.

[0110] Ifthere’s no type Il error, two planes should overlap
perfectly, then two incidence angles should be the same after
phi offset calibration. In the presence of a type 1I error, two
planes have an angular gap that causes differences between
the two incidence angles. As we tilted the target more than the
maximum type II error in Step 3, two scan planes are tilted
into the same direction about the scan plane. Thus, type II
error can be calculated simply subtracting one incidence
angle from the other followed by a division by two.

[0111]

[0112] To show an example of the proposed method, a
13-plane peak intensity profile data were simulated using
Matlab. The first plane overlaps the 37 plane with 180-deg
theta angle difference. In this simulation, we assumed that
plate target is intentionally skewed by 5 degrees towards
southeast, and the probe has 3 degrees of phi offset and one
degree of type 11 error.

[0113] FIG. 27 shows two intensity profiles in plane #1 and
#13 (flipped for comparison). The 6-deg difference between
the two peaks caused by the 3-deg phi offset is clearly observ-
able in the figure. For accurate estimation of the phi offset,
intensity profiles can be interpolated to improve the angular
resolution. Note that peak intensities are different each other.
This implies that type 1T error is not zero in this case. Backlash
was not tested in this simulation, but it can be estimated using
the same principal to the phi offset estimation.

[0114] FIG. 28 shows peak intensities of reflected beam at
1040 scanline locations (80 scanlinesx13 planes). In this fig-
ure, the scanline with the maximum intensity is on the 10”
plane. So, we can assume that the 10” plane is perpendicular
to the plate target. (For better accuracy, we can actually inter-
polate the 10” plane with the 11% plane, to find the plane
exactly perpendicular to the plate.) From the peak intensity
profile in this plane, we can derive the relationship between
the beam incidence angle and peak intensity as shown in FIG.
29. This profile was smoothed with interpolation for better
accuracy.

D. Simulation Example
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[0115] 1InFIG. 27, peak intensities in planes 1 and 13 were
2.32 and 3.16, respectively. These values correspond to the
incidence angles of 6.05 and 4.03 degrees in FIG. 6, respec-
tively. By dividing the difference between the angles by two,
we can get the type II error; i.e, (6.05-4.03)/2=1.01 degree.
This value well matches to the simulation parameter, type 11
error of one degree.

Ball-and-Socket Hemispherical Scan Mechanism

[0116] An embodiment includes a reliable hemispheric
scan mechanism for use in, for example, the Bladderscan and
Aortascan product line.

1. Description of an Embodiment:

[0117]

[0118] This mechanism was invented for the purpose of
supporting and pointing directive sending and receiving
devices in various desired directions, thus mapping out a two
dimensional region of interest, within a hemispherical region.

a. Purpose

b. Drawings

[0119] An embodiment of the invention is illustrated in
FIGS. 30-38 below. For clarity, motors and small pinion gears
(FIG. 34) are not shown.

c. Description of the Parts

[0120] An embodiment of the invention consists of three
principal components, a spherical “eyeball” transducer
holder with integral “latitude” gear teeth (FIG. 35), a gimbal
ring with integral “longitude” gear teeth (FIG. 36) and a
support frame with a longitude ring groove (FIG. 37).

[0121] The longitude motor (for clarity, not shown) is
attached to the support frame and the latitude motor (for
clarity, not shown) is attached to the gimbal ring. The inside
surface of the gimbal ring is formed with a spherical contour.
The transducer holder sphere is held in place within the gim-
bal ring component. It has an external surface with a spherical
contour matching that of the gimbal ring.

[0122] When the transducer holder and the gimbal ring are
driven by two electric motors, through pinion gears (for clar-
ity, not shown), a directive transducer may be pointed in any
desired direction within a hemispherical region.

d. Use

[0123] 1In operation, two motors independently and simul-
taneously move and position the inner transducer holder and
the outer gimbal ring so as to point a transducer toward any
latitude and longitude coordinate, within a hemispherical
region, which the application requires.

e. Features

[0124] Hemispherical scan mechanisms typically use two
motors and two associated gear mechanism in order to point
atransducer device in various directions within a hemispheri-
cal region. Two common prior art mechanisms are the alt-
azimuth mount often used to support telescopes (FIG. 30) and
the gimbal mount (FIG. 31) often used to support compasses
and gyroscopes.

[0125] The alt-azimuth and gimbal mount have deficien-
cies which an embodiment of the invention circumvents. In
particular, the prior art devices are large, delicate and com-
plex. This makes them comparatively heavy, expensive, less
reliable and less tolerant of damage through misuse.
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[0126] An embodiment of the invention circumvents these
deficiencies by combining two novel ideas:

[0127] 1. Tt uses a ball-and-socket support mechanism
(FIG. 32) instead of the more common trunion bearings
(F1G. 33)

[0128] 2. It integrates the two required drive gears into
their associated gimbal ring and transducer holder parts.

Features

[0129] As a result of the novel features, my invention has
the following advantages over hemispherical scanning
mechanisms found in the prior art.

[0130] it requires relatively few components

[0131] the few components are relatively easy to fabri-
cate

[0132] the few components are individually rugged and

thus damage resistant

[0133] the few components are inexpensive to fabricate

[0134] the few components do not extend very far verti-
cally or laterally. This makes the mechanism, as a whole,
compact and rugged.

[0135] the few components do not extend very far verti-
cally or laterally. This allows space for a shock mount
spring feature

[0136] the few components do not extend very far verti-
cally or laterally. This allows space for more electronic
circuitry in a probe hand piece

[0137] the few components do not extend very far verti-
cally or laterally. This allows space for better electrical
shielding of electronic circuitry in a probe hand piece

[0138] many spatial directions can be sampled within a
hemisphere, without the transducer electrical connec-
tion cable being repeatedly wrapped and unwrapped
around one or more motor shaft axis.

[0139] The electrical connection to the transducer device
can be made relatively short, thus reducing signal inter-
ference opportunities

f. Testing

[0140] A computer CAD model of an embodiment has been
created that allows examination of the relative motion of the
various components, as they would move in actual use.

Spherical Spiral Path Scan Mechanism

2. Description of an Embodiment:

[0141] a. Purpose

[0142] An embodiment of the invention achieves the pur-
pose of supporting and pointing directive sending and receiv-
ing devices in various desired directions, thus mapping out a
two dimensional region of interest, within a hemispherical
region.

[0143] b. Drawings

[0144] An embodiment of the invention is illustrated in
FIGS. 41-49 below.

[0145] c. Description of the Parts

[0146] An embodiment of the scanning mechanism con-
sists of five principal components, which when driven by a
motor, move a directive transducer so as to point in many
directions within a hemispherical region.

[0147] The components are: a gimbal mount, with 1) inner
ring and 2) outer shell, to support the transducer holder 3) a
cup, with spiral grooves to guide the transducer pointing
direction along a spiral path 4) a transducer holder, with a
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short pin extending down from the holder body that engages
with a spiral groove in the grooved cup body to force pointing
of the transducer along a defined spiral path 5) a slotted cup to
move the spiral groove guided pin in a spiral direction 6) an
optional shuttle feature (not shown in a figure) that allows the
pin to cross spiral grooves at an acute angle without chance of
changing direction at the groove intersections.

[0148] d. Use

[0149] In operation, motor torque is applied to a shaft that
extends downward from the slotted cup component. This
torque rotates the slotted cup. As the slotted cup rotates, the
captured pin feature, extending downward from the bottom of
the transducer holder, is forced to follow a spiral slot contain-
ing the captured pin. As the captured pin moves within the
spiral slot, the transducing device is then necessarily pointed
in a direction away from the pin and co-axial with its axis. In
this manner, a spiral shaped scan path is traveled by any
energy beam being sent and-or received by the transducer
device mounted in or on the mechanism inner gimbal ring.
[0150] e.Novel Features

[0151] Hemispherical scan mechanisms typically use two
motors and two associated gear mechanism in order to point
atransducer device in various directions within a hemispheri-
cal region. An embodiment of the invention, not described in
the prior literature, points a transducer mechanism in many
directions covering a region of interest within a hemisphere,
without using any gear mechanisms. Also, by employing a
spiral scan path, the mechanism may require only one motor
to scan many points, in two spatial co-ordinates, within a
hemispherical region.

[0152] The spiral path scan plan is useful because the
method substantially shortens the angular path that the
mechanism must traverse, in order to scan a grid of points, in
a hemispherical region. Drastically shortening the angular
scan path allows a much faster scan rate and-or a large reduc-
tion in mechanism power consumption.

[0153] An additional novel aspect of an embodiment is the
optional incorporation of a crisscrossed spiral groove feature.
The crisscrossed groove allows the spiral transducer beam
pointing path to spiral both outward, from the center region,
and inward, from the perimeter region, without changing
direction or speed of rotation of the rotating elements. This
allows maintenance of a high angular scan speed, while
simultaneously reducing drive power requirements.

[0154] f. Features

[0155] As a result of the novel features, an embodiment of
the invention has the following features distinguishable over
hemispherical scanning mechanisms found in the prior art.

[0156]
[0157]

[0158] the few components are individually rugged and
thus damage resistant

[0159]

[0160] the few components do not extend very far above
the drive motor. This makes the mechanism, as a whole,
compact and rugged.

[0161] the few components do not extend very far above
the drive motor. This allow space for a shock mount
spring feature

[0162] the few components do not extend very far above
the drive motor. This allow space for more electronic
circuitry in a probe hand piece

it has relatively few components
the few components are relatively simple in form

the few components are inexpensive to fabricate
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[0163] the few components do not extend very far above
the drive motor. This allow space for better electrical
shielding of electronic circuitry in a probe hand piece

[0164] use of only one motor reduces cost

[0165] use of only one motor reduces size

[0166] use of only one motor reduces weight

[0167] for a given number of spatial sample points, the

total spiral scan path length is short. This allows sam-
pling of many spatial directions in a very short time.

[0168] fast scanning times reduce motion artifact

[0169] fast scanning times allow smooth real-time scan
imaging

[0170] the spiral scan path does not impose frequent

acceleration and deceleration of the transducer device.
This reduces motor power.

[0171] the spiral scan path does not impose frequent
acceleration and deceleration of the transducer device.
This reduces mechanism vibration

[0172] the spiral scan path does not impose frequent
acceleration and deceleration of the transducer device.
This reduces mechanism wear and tear, thus enhancing
reliability.

[0173] many spatial directions can be sampled within a
hemisphere without the transducer electrical connection
cable being repeatedly wrapped and unwrapped around
one or more motor shaft axis.

[0174] The electrical connection to the transducer device
can be made relatively short, thus reducing signal inter-
ference opportunities

[0175] If axial symmetric transformer primary and sec-
ondary windings are used to couple transducer signals
into and-or out of the rotating sub-assembly, a crisscross
spiral groove feature may be used. The crisscross spiral
groove feature provides the opportunity to hugely
increase scanning speed while, at the same time, reduc-
ing drive power requirements.

g. Testing

[0176] A computer CAD model has been created that
allows examination of the relative motion of the various com-
ponents, as they would move in actual use.

[0177] FIG. 41—Transducer holder with indexing groove
following pin

[0178] FIG. 42—Inner Gimbal Ring

[0179] FIG. 43—Outer Gimbal Yoke

[0180] FIG. 44—Groove Cup

[0181] FIG. 45—Slot Cup

[0182] FIG. 46—Mechanism Cross Section

[0183] FIG. 47—Mechanism Isometric View

[0184] FIG. 48—Top view of a crisscross spiral scan path
[0185] An oblong groove follower won’t “de-rail” or fol-

low the wrong path at a groove crossing point. Any hysteretic
“backlash” can be calibrated out

[0186] FIG. 49—Oblong groove following pin maintains
travel direction

10
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Wireless Disposable Video Laryngoscope with interface to
Generic Computing Display
[0187] An embodiment of the invention is a single patient
use disposable video laryngoscope blade that communicates
wirelessly and displays images on a generic tablet computer
(or other device) executing proprietary application software.
This architecture could disrupt the laryngoscope product
topology by reducing both the system capital cost and com-
plexity of use and maintenance. In this system architecture,
the display component would not be a proprietary, dedicated
device, but instead leverage existing generic mobile comput-
ing devices in the hospital environment. There is recent
enabling regulatory precedent for a tablet to be treated as
office equipment, and only the application software to be
registered as a medical device.
[0188] Optionally advantageous attributes of an embodi-
ment that enable this technology include:
1. Wireless communications protocol that can stream video in
real time with limited delay or interruptions in signal trans-
mission to facilitate intubation procedure.
2. Lower power wireless communication protocol allows
device to operate on a single primary battery, without charg-
ing or wired power connection.
3. Prolific communications protocol that enables medical
device to display on commercially available computing dis-
plays without the need for a dedicated monitor component of
the medical device.
4. Reliable wireless communications protocol and band
between medical device and the computer.
5. Rapid pairing method to link the medical device and that
display, such as scanning a bar/QR code on the medical
device package, RFID tag, or NFC tag in order to exclusively
associate the medical device with the display.
6. Low cost chip on flex circuitry to enable low cost of goods
sold device with a target cogs of $12-15.
7. A latching power button to ensure the medical device is not
allowed for reuse.
[0189] This architecture could disrupt the laryngoscope
product topology by reducing both the system capital cost and
complexity of use and maintenance.
[0190] Reduces cost
[0191] No dedicated monitor, no rechargeable battery,
no charger, no stand, no cables
[0192] Reduces maintenance
[0193] No charging or management of state of charge,
no sterilization between uses, reduced ER equipment
footprint
[0194] From the foregoing, it will be appreciated that spe-
cific embodiments of the personalized feed system have been
described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not
limited except as by the appended claims.
What is claimed is:
1. A system according to principles described above herein.
2. A method according to principles described above
herein.
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