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[TITLE]
MEDICAL DIAGNOSTIC IMAGING ULTRASOUND PROBE BATTERY PACK RADIO

[BACKGROUND]

[0001] 0 This present embodiments relate to ultrasound diagnostic imaging.
In particular, the embodiments relate to wireless ultrasound probes used in ultr
asound Imaging.-

[0002] 0 For scanning and imaging, a radio in the wireless probe communicate
s with the imaging system. Wireless ultrasound probes have the potential to get
lost due to their small size and lack of cable connection. This is especially
true in sterile procedures, where it is possible to discard a probe along with d
isposable items at the end of the procedure. To avoid loss of the probe, the re
ceived signal strength from the probe being below a threshold may be used as an
indication that the probe is separated from the system by a large distance. Thi

s separation triggers an audible alert from the probe.

[0003] 0 Wireless probes may have removable battery packs, which may be lost
when separated from the probe. For ease of use, the battery packs are to be ma
intained with sufficient charge. The battery charge status is read by the syste
m when the battery is mated to the probe or when the battery pack is connected t
o one of the imaging system’ s charger bays. While adherence to a battery maint
enance process may avoid situations where no charged battery is available for im
aging, human error may result in batteries being not adequately charged prior to
use.

[BRIEF SUMMARY]
[0004] 0 By way of introduction, the preferred embodiments described below i
nclude methods, systems, and transducer probes for communicating in ultrasound i
maging. A wireless radio is including as part of a removable battery pack. The
charge, signals used for locating the battery, and other information may be wir
elessly communicated from the battery pack even when not connected with an ultra
sound transducer probe. Queries, configuration data and other information may b
e communicated from the ultrasound system or locator device to the probe battery
and its circuitry. The same radio may be used by the ultrasound transducer pro
be when connected. Alternatively, a different radio is used by the probe.
[0005] O In a First aspect, a system is provided for communications with an
ultrasound scanner. An ultrasound transducer probe includes a probe housing and
a transducer array In the probe housing. A battery pack includes a battery pac
k housing. The battery pack is configured for removable mating with the transdu
cer probe. A wireless radio is in the battery pack housing. The wireless radio
is configured for wireless communications with a remote device.
[0006] O In a second aspect, an ultrasound system is provided for communicat
ions. A battery enclosure encloses a battery. A cableless ultrasound transduce
r probe is releasably connectable with the battery enclosure. A transceiver is
within or on the battery enclosure. An ultrasound imager is configured to gener
ate an ultrasound image from data received from the cableless ultrasound transdu
cer probe.
[0007] O In a third aspect, a method is provided for communicating In an ult
rasound system. A removable battery pack mates with an ultrasound transducer pr
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obe. A radio in the battery pack wirelessly transmits information. A remote de

vice receives the information.

[0008] O The present invention is defined by the following claims, and nothi
ng in this section should be taken as a limitation on those claims. Further asp

ects and advantages of the invention are discussed below in conjunction with the
preferred embodiments and may be later claimed independently or in combination.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0009] 0 The components and the figures are not necessarily to scale, emphas
is instead being placed upon illustrating the principles of the invention. More
over, in the figures, like reference numerals designate corresponding parts thro
ughout the different views.OLE_LINK2

[0010] O Figure 1 is a block diagram of one embodiment of an ultrasound syst
em with wireless communications;

[0011] 0 Figure 2 is a block diagram of one embodiment of an ultrasound syst
em using wireless communication; and

[0012] O Figure 3 is a flow chart diagram of one embodiment of a method for

communicating for an ultrasound system.

[DETAILED DESCRIPTION OF THE DRAWINGS AND PRESENTLY PREFERRED EMBODIMENTS]
[0013] O A radio is located within a removable battery pack of an ultrasound
probe. The radio located within the battery pack may communicate battery charg
e levels when the pack is not mated to the probe. For wireless ultrasound probe
s with removable battery packs, the process of managing the charge state of batt
ery packs is improved. Using a cost-effective low-power radio, a locator functi
on for lost probes and/or battery packs may be provided. An active radio-freque
ncy locator system may use transmissions from the battery pack. For wireless ul
trasound probes that have replaceable battery packs but no locator function, pro
viding the radio in the battery pack may provide a low-cost upgrade. Similarly,
as new radio standards, techniques, or systems are developed, the radio communi
cations from the wireless probe may be more cost-effectively upgraded by merely
replacing the battery pack rather than the entire probe.
[0014] O Figure 1 shows one embodiment of an ultrasound system with wireless
communications. The system includes a wireless transducer probe 12 and a remov
able battery pack 14. The communications occur while connected to the probe 12
(left side of Figure 1) or while disconnected from the probe 12 (right side of F
igure 1). The battery pack 14 shown disconnected is enlarged relative to the ba
ttery pack 14 shown connected to the probe 12. The communications are from the
battery pack 14 to another device, such as a remote device. Remote is used to i
ndicate a device not in direct physical contact or not connected through a condu
ctor. The remote device may or may not be in a same room as the battery pack 14
. In one embodiment, the remote device is a locator for locating the battery pa
ck 14.
[0015] 0 The ultrasound transducer probe 12 includes a probe housing 16, an
array 18, transmit and/or receive electronics 20, and a radio 22. The ultrasoun
d transducer probe 12 is wireless, so a cable does not connect the probe 12 to a
n ultrasound imager. Instead, ultrasound data generated by scanning a patient w
ith the array 18 and the transmit and/or receive electronics 20 is wirelessly tr
ansmitted to an ultrasound imager. The ultrasound imager generates an ultrasoun
d image representing the patient from the data wirelessly received from the prob
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e 12.
[0016] O Additional, different, or fewer components may be provided. For ex
ample, the radio 22 is not provided. Instead, the radio 30 of the battery pack

14 is used for probe 12 communications. As another example, other ultrasound im
aging processing circuits, detectors, or hardware is provided in the probe 12.
[0017] O The probe housing 16 is plastic, Ffiberglass, metal, rubber, epoxy,
resin, other material, or combinations thereof. For example, different types of
plastic are used, one for an acoustic window adjacent to the array 18 and anoth
er as a liquid and physical protector. A rubber or other grip material may be a
dded to an outside or integrated as part of the probe housing 16 fo r ergonomic
comfort or control during use. A single piece or multiple pieces form the probe
housing 16. For multiple pieces, snap fit, magnets, screws, glue, epoxy, nuts
and bolts, or other now known or later developed connections between different p
ieces are provided.
[0018] 0 Buttons, sliders, or other input devices may be included on or in t

he probe housing 16. For example, a touch sensitive (e.g., capacitive sensor)
s provided to determine that the probe housing 16 is being held. As another exa
mple, a gyroscope or accelerometer may be provided to sense movement of the prob
e housing 16. Alternatively, no input devices are provided. Output devices, su
ch as a display screen, light emitting diode, or speaker may be provided. For e
xample, a light emitting di ode or diodes are provided for indicating selection
of the probe 12, power on/off, and/or status information. In other embodiments,
no output device is provided.
[0019] 0 The probe housing 16 is shaped and sized for being held by a hand o
f a user. The probe housing 10 is for handheld use external to the patient. Th
e sonographer grips or holds the probe housing 16 for scanning a patient along t
he surface of the skin. In alternative embodiments, the probe housing 16 is a p
art of an endocavity, intraoperative or ot her transducer housing with a portion
of the housing used internally of the patient. The ergonomic aspects of the tr
ansducer housing are shaped for user gripping within the patient (e.g., intraope
rative probe) or for holding a portion of the probe that is external to the pat
ient (e.g., transesophageal probe).
[0020] O The probe housing 16 includes a surface sized as appropriate for a
user’ s hand. For example, the surface has a width a little less than, at or a
little wider than the palm, allowing the thumb and fingers to grip at least part
ially around the probe housing 16. A finger grip may be provided as part of the
probe housing 16. The finger grip is a shaped area, such as an indentation, ri
dges, bumps, dimples, crevices, or other structure for accepting the fingers and
/or thumb of the user. In one embodiment, the finger grip is formed of the same
material as the probe housing 16. In other embodiments, other materials form t
he finger grip, such as an elastomer pad bound to the probe housing 16. The ela
stomer pad may extend beyond the finger grip. The exterior of the probe housing
16 forms an ergonomic shape. The user’ s grip fits naturally over the probe ho
using 16.
[0021] 0 The probe housing 16 is of any size, but may be less than ten inche
s along a longest dimension in one embodiment. By having a smaller size or volu
me, the probe 12 may more easily be manipulated by the sonographer to scan a pat
ient.
[0022] 0 The probe housing 16 is free of a cable. Rather than using a cable
to communicate control information and/or scan data to and/or from the probe 12
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, one of the radios 22, 30 is used. By providing a wireless radio, the probe 12
and corresponding probe housing 16 may be free of cable connection.

[0023] O The probe housing 16 includes a connector for releasably connecting
with the battery pack 14. Slots, latches, snap fit, pressure fit, screws, bolt
s, combinations thereof, or other physical connectors may be used. The probe ho
using 16 includes a part for physically mating with part of the battery pack 14,
so the mating parts have a same or compatible surface contour. Metal fingers,
springs, buttons, contact pads, or other structures may be provided for electric
al connection. When or as the physical connection occurs, electrical connection
is established. In addition or alternatively, inductive coupling may be used f
or communicating control information between the battery pack 14 and probe 12 or

across the probe housing 16.
[0024] O In one embodiment, the probe housing 16 includes an indentation 24.
The indentation 24 is sized to accept the entire battery pack 14. The depth o
Ff the indentation 24 may correspond to or be similar to a depth of the battery p
ack 14 so that one surface of the battery pack 14 is adjacent a surrounding surf
ace of the probe housing 16 to form a continuous or smooth outer surface. In an
other embodiment, the battery pack 14 slides into the indentation 24 and a lid o
r cover is placed over the indentation 24 to cover the inserted battery pack 14.
In alternative embodiments, the battery pack 14 as mated or connect ed extends
beyond or sticks out from the probe housing 16.
[0025] 0 The connection is releasable. The cableless ultrasound transducer
probe 12 releasably connects with the battery enclosure or housing 38 of the bat
tery pack 14. A latch, snap, pressure, release, or other mechanism allows for t
he battery pack 14 to be removed from the probe housing 12 so that no physical o
r electrical direct connection remains. Due to the releasable connection, a dif
ferent battery pack 14, such as one with a charge, may be connecte d to the prob
e 12.
[0026] 0 The array 18 is a transducer array of elements. The elements are i
n a one or two-dimensional array, such as being a one-dimensional linear or curv
ed array of 16-256 elements. Alternatively, an array with fewer elements, such
as an annular array with 2-16 elements, may be mechanically swept over the image
field of view. Any now known or later developed transducer array may be used.
The elements are piezoelectric or capacitive membrane elements for transducing
between electrical and acoustic energy. The array 18 is positioned by, in, or o
n the probe housing 16 to allow acoustic scanning of the patient.
[0027] O The transmit and/or receive electronics 20 are amplifiers, filters,
pulsers, transmit/receive switches, transmit beamformer, receive beamformer, mu
Itiplexer, analog-to-digital converters, or other now known or later developed e
lectronics for operating the probe 12. For ultrasound scanning, relatively dela
yed and/or phased electrical waveforms are applied to the array 18 to form trans
mit beams or virtual point sources. Acoustic transmissions from single array el
ements may also serve as point sources. Electrical signals generated by the arr
ay 18 in response to the acoustic transmission are amplified and delayed and/or
phase adjusted to form receive beams or focused pixels. The receive beams or fo
cused pixels are detected (e.g., B-mode or intensity detection or flow estimatio
n), scan converted, and mapped to display values. The transmit and/or receive e
lectronics 20 may perform all or only part of this ultrasound image processing.
In one embodiment, the transmit and/or receive electronics 20 include pulsers f
or generating relatively delayed and/or phased electrical waveforms for transmit
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operation and include amplifiers and analog-to-digi tal converters for wireless
transmission of element data to a remote device, which performs receive beamfor
ming or pixelforming and other ultrasound imaging functions. In another embodim
ent, the transmit and/or receive electronics 20 include a receive beamformer for
full or partial receive beamforming. A multiplexer may be provided for combini
ng data to reduce wireless bandwidth requirements for transmitting the ultrasoun

d data.

[0028] 0 The transmit and/or receive electronics 20 include analog and/or di

gital circuits. One or more chips, such as application specific integrated circ

uits or field programmable gate arrays, may be included. Any electronics for tr
ansmit and/or receive operations may be used.

[0029] 0 The transmit and/or receive electronics 20 are within the probe hou

sing 16. The probe housing 16 encloses or partially encloses the electronics 20

. The electronics 20 connect with the array 18, radio 22, and/or radio 30 throu

gh wires, traces, or other conductors.

[0030] 0 The radio 22 is a transceiver, transmitter, or receiver. The radio
22 includes an antenna and circuits for transmitting and/or receiving signals.
In one embodiment, the radio 22 is a Bluetooth radio. The radio 22 may also be
a WiFi, UWB, or any other radio type. A chip, application specific integrated

circuit, and/or other device may implement the processing of the radio 22 as wel

I as provide an integrated antenna.

[0031] 0 The radio 22 is iIn the probe housing 16, but outside the battery pa

ck 14. The probe housing 16 encloses or at least partially encloses the radio 2

2. Power for the radio 22 and electronics 20 is provided by electrical connecti

on with the battery pack 14.

[0032] 0 The radio 22 is configured to transmit ultrasound data from the pro

be 12 in a radio frequency format. The received signals, such as digital sample

s of the element signals, beamformed samples representing locations in the patie

nt, or detected data are transmitted by the radio 22 to a remote device for furt

her ultrasound processing and generation of an ultrasound image. The ultrasound
data represents acoustic response of the patient acquired using the array 18 to
acoustically scan the patient. The ultrasound data transmitted by the radio 22
is electrical signal or digital data after processing by the electronics 20. T
he radio 22 provides for wireless or cableless operation of the probe 12 for ult
rasound imaging of the patient by the remote device.

[0033] 0 The radio 22 may receive control information from the remote device

. The operation of the probe 12, such as the scan pattern or transmit waveform

characteristics, is controlled by the control information. In alternative embod

iments, the control information is stored on the probe 12 and not received throu

gh the radio 22. Other control information, such as battery status or probe tem

perature, may be sent from probe 12 using radio 22. Alternatively, this control
information is generated on the probe 12 and not sent through radio 22.

[0034] O In one embodiment, the radio 22 is provided for transmitting acquir

ed ultrasound data, but not for probe location or may use high power and/or band

width signals for probe location, resulting in more rapid battery drain. By pro

viding a radio 30 in the battery pack, lower power radio operation may provide F

or less drain in locating the battery pack 14 and connected probe 12. An existi

ng probe 12 with the radio 22 may benefit from addition of the radio 30 in the b

attery pack 14. In other embodiments, the radio 30 in the battery pack 14 is th

e only radio and radio 22 is not provided. The radio 30 in the battery pack 14
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receives scan instructions and transmits status information and ultrasound data
for the probe 12. In yet another embodiment, the radio 30 in the battery pack 1
4 i1s used for transmitting and receiving control information, while the radio 22
is used for transmitting ultrasound data for the probe 12.
[0035] 0 When the battery pack 14 is disconnected from the probe 12, the rad
io 22 may not provide ultrasound data or other signals to a remote device. Whil
e an additional battery may be included within the probe housing 1 6 to allow fo
r location signals, the addition of a battery may incur additional cost and comp
lexity. The radio 22 may communicate battery status for any connected battery p
ack 14, but not of disconnected battery packs 14. Since a probe 12 is most like
ly to be lost shortly after a procedure, when a battery pack 14 is mated with th
e probe 12, locating the battery pack 14 will also locate the probe 12.
[0036] O The battery pack 14 includes one or more batteries 26, a charge sen
sor 28, a radio 30, and a battery pack housing 38. Additional, different, or fe
wer components may be provided. For example, a processor or other controller of
power, sensing, and/or the radio 30 is included. As another example, a speaker
, light emitting diode, or other visual and/or audio out put device is included
in or on the battery pack 14. In yet another example, the charge level sensor 2
8 1s not provided.
[0037] 0 The battery 26 is any now known or later developed bundle of one or
more batteries. One or more nickel cadmium (NiCad), nickel metal hydride (NiMH
), blithium ion (Li lon), lithium polymer (Li-Po), sealed lead acid, or other bat
teries connected together for powering the radio 22, electronics 20, radio 30, s
ensor 28, and/or other devices. The battery pack 14 is rechargeable. In altern
ative embodiments, the battery pack 14 provides an initial charge but is not rec
hargeable.
[0038] 0 The battery pack housing 38 is plastic, rubber, resin, epoxy, or ot
her electrically insulating material. The battery pack housing 38 encloses the
batteries 26. One or more electrical contacts may be exposed on or through a ho
le in the battery pack housing 38. Electrical signals may alternatively or addi
tionally be inductively coupled across battery pack housing 38. The batteries 2
6 are enclosed, at least partially, b y the battery pack housing 38.
[0039] O The battery pack housing 38 is configured for removable mating with
the transducer probe 12. In one embodiment, the battery pack housing 38 has a
three-dimensional orthotope or rectangular prism shape, but other shapes may be
used. One part of the battery pack housing 38 includes a surface with a contour
matching or conforming to part of the probe housing 16. The size similarly mat
ches for mating the battery pack 14 in or on the probe 12. Latches, grooves, ma
gnets, holes, or other devices may be provided for physical and/or electrical ma
ting with the probe 12.
[0040] 0 When mated with the transducer probe 12, the battery pack 14 powers
the transmit and receive electronics 20, the radio 22, and/or any other electro
nics of the probe 12. The circuits of the cableless ultrasound transducer probe
12 are powered by the batteries 26 when the battery housing 38 is connected wit
h the probe 12.
[0041] O The charge level sensor 28 is a circuit, chip, processor, or other
device for sensing a charge of the batteries 26. In one embodiment, the charge
level sensor 28 is part of a circuit or processor for controlling power output a
nd/or charging of the batteries 26. The charge level sensor 28 connects with th
e radio 30 for outputting a charge level or ot her measure of battery performanc
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e or status.
[0042] 0 The wireless radio 30 is the same or different type of transceiver,
receiver, or transmitter as the radio 22. 1In one embodiment, the wireless radi
0 30 is an application specific integrated circuit (chip) implementing a low-pow
er radio, such as a radio operating pursuant to the Bluetooth low energy standar
d. Any low power radio that can operate at a low power consumption such as 0.01
to 0.5 mW for an extended period, may be used. In another embodiment, the radi
0 30 may operate in either low power or higher power modes. For example, when u
sing signals from the radio 30 for locating or non-ultrasound scanning operation
, low power transmissions at a pre-determined power or amplitude level are used.
When transmitting ultrasound data, high or higher power or amplitude level tra
nsmissions are used. Alternatively, the radio 30 operates just at a high power
level, such as not being configured for the Bluetooth low energy operation, or j
ust at the low power level. In one embodiment, the radio 30 enters a very low
power sleep mode, which is interrupted every 2 seconds for brief radio activity,
such that the average power is approximately 0.03 mW, and at that average power
level, charge is maintained on batteries 26 for six months after an initial cha
rge of only 5% of total capacity. In such an embodiment, a reserve charge of ap
proximately 5% may be preserved on batteries 26 during normal scanning operation
, SO that the radio 30 may be operated in a low-power mode over an extended peri
od of time (e.g., six months) when probe 12 is not used for scanning.
[0043] 0 The radio 30 is in the battery pack housing 38. The chip, circuit,
or other device or devices embodying the radio 30 are enclosed within the batte
ry pack housing 38. An antenna may be integrated on an outside of the battery p
ack housing 38 or is enclosed within the housing 38. Since the radio 30 is iIn t
he battery pack 14, the batteries 26 power the radio 30.
[0044] O Including the radio 30 in the battery pack 14 may allow for lower c
ost upgrading of radio or radio function of the probe 12. Instead of replacing
the probe 12, just the battery pack 14 is replaced to provide an improved radio
30. The replacement may provide an upgraded radio, such as a radio with more en
ergy efficient operation, greater bandwidth, or other performance increase. Sin
ce battery packs 14 may have a shorter lifetime and lower cost than the probe 12
, upgrading of the radio 30 may be more cost effective.
[0045] O Providing the radio 30 in the battery pack 14 may avoid the need fo
r the radio 22 in the probe 12, or allow the radio 22 to have reduced capability
, such as uni-directional operation instead of bi-directional. Mated probe 12 m
ay be provided with a simpler radio 22, or only a single radio 30, the one in t
he battery pack 14, may be provided for the mated probe 12 and battery pack 14.
In this case, the radio 30 residing in the battery pack 14 is used for normal p
robe-to-system communication.
[0046] 0 The radio 30 is configured for wireless communications with a remot
e device. The remote device may be a base unit or ultrasound imager. Alternati
vely or additionally, the remote device is a personal computer, tablet, or smart
phone.
[0047] 0 For wireless communication, the radio 30 transmits a radio-frequenc
y signal. Any type of signal may be transmitted, such as a pulse signal, an ide
ntification signal, or a network connection signal. The battery pack radio tran
smission occurs either at a periodic rate or in response to a signal transmitted
by the remote device (e.g., the radio 30 receives a request to transmit from a
locator device or ultrasound imager).
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[0048] O In one embodiment, the radio 30 is configured to transmit a charge
level of the battery pack 14. The charge level or other status information prov
ided by the charge level sensor 28 is transmitted. The level of the charge or a
value derived from the level of the charge is output. For example, if the char
ge falls below a given level (e.g., 15%), a signal is output by the radio 30. T
he signal is the charge level or is a warning signal not indicating a specific c
harge.
[0049] 0 Since the radio 30 is in the battery pack 14, the charge level may
be transmitted when the battery pack 14 is not mated with the probe 12. When ma
ted, the radio 30 may also transmit the charge level. The charge level is trans
mitted regardless of whether the battery pack 14 is connected with the probe 12.
Alternatively, the charge level is only transmitted or different information F
or charge level is transmitted depending on whether the battery pack 14 is mated
o0 r connected with the probe 12.

[0050] O In one embodiment, a battery charge reserve is maintained to allow
the radio 30 to stay powered for an extended period, such as for days, weeks, or
months. Any reserve may be used, such as 5%. |If mated to a probe 12, all or
some other probe functions are disabled if the charge state is below the reserve
threshold. The location and/or charge status functions are allowed to occur.
[0051] O Another signal may be for radio-frequency location operation. A lo
cator signal is transmitted. The locator signal may be a specific signal for lo
cation or may be a signal used for other purposes, such as a radio identifier si
gnal. The locator signal is transmitted at a predetermined amplitude where the
location determination is based on signal str ength. Variable or other non-pred

etermined amplitudes may be used, such as where triangulation is used.
[0052] 0 The Blocator signal is used to locate the probe in one or more ways.
In one approach, the locator signal indicates a distance from a locator device
to the probe. The signal strength of the transmission as received at the locat
or device indicates the distance. By moving the locator device, an indication m
ay be output of increasing or decreasing signal strength, allowing a user to fin
d the probe 12 or battery pack 14. The distance may additionally or alternative
ly be output to the user. The signal strength may be mapped to the distance.
[0053] O In another approach, the locator signal is used to indicate a chang
e in location. |If the signal strength changes or falls below a threshold, then
the battery pack 14 is indicated as moving too far away from the locator device.
The locator device transmits a control signal to the radio 30. The radio 30 c
auses the battery pack 14 or connected probe 12 to emit a visual or audio output
for locating the battery pack 14 or connected probe 12. The locator or ultraso
und Imager may command the battery pack 14, via the radio 30, to flash a light o
r beep its beeper. The light and/or audio may be coded or different for differe
nt information. For example, the light or audio indicates that the battery 26 i
s the one in the vicinity with the greatest charge level. Different light and/o
r audio indicates that the charge level is below a threshold. Yet other light a
nd/or audio sequence indicates that the battery pack 14 is being moved away from
the locator device.
[0054] 0 The radio 30 is used for recovering lost probes 12 mated with the b
attery pack 14. Battery packs 14 or connected probes 12 may be prevented from b
eing lost by monitoring signal strength. Other location approaches may be used.
For example, other location sensing than signal strength is used (e.g., ultras
ound). The radio 30 transmits and/or receives signals for coordinating response
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to the detected location and/or for detection of the location.

[0055] 0 The radio 30 may be configured to transmit ultrasound data from the
probe 12. When the battery pack 14 is connected to the probe 12, the radio 30
electrically connects with the transmit and/or receive electronics 20 of the pro
be 12. Data from the electronics 20 is provided to the radio 30 for transmissio
n to a remote ultrasound imager. The element, beamformed or other data represen
ting the scanned patient is wirelessly transmitted by the radio 30 for imaging o

r quantification.
[0056] 0 Putting a low-power radio 30 within the removable battery pack 14 o
f the ultrasound probe 12 may enable the probes 12 in the field to be upgraded w
ith newer capability. For example, a wireless probe 12 may be updated with a pr
obe locator function. The probe 12 may include a radio 22, but the radio is not
configured for the function. For example, the locator device is a smartphone o
r tablet operating pursuant to a particular standard for wireless communications
. The added radio 30 of the battery pack 14 operates pursuant to the standard w
hile the existing radio 22 does not. An application on the locator device allow
s for the location function using the radio 30 of the battery pack 14. Using th
e tablet or smartphone as the locator device may avoid having to upgrade the ult
rasound imager for this function.
[0057] 0 Where the ultrasound imager does not include a battery charger or o
ther port for direct connection of the probe 12 to the ultrasound imager (e.g.,
standalone charger is used), the charge status of the battery may be unknown if
not communicated to the radio 20 of the probe 12. By including the radio 30 in
the battery pack 14, the charge status may be provided despite the lack of direc
t connection. The charge status of many batteries or a given battery is gathere
d, even if the battery or batteries are not iIn chargers or not connected to prob
es 12.
[0058] 0 In one embodiment, the battery pack 14 or probe 12 includes a senso
r to detect mating of the battery pack 14 and the probe 12. The sensor is elect
rical, magnetic, or mechanical. The radio 30 of the battery pack 14 communicate
s the probe-mating status (i.e., whether connected) to the remote device. The p
robe-mating status may be used to determine which of the battery packs 14 are ma
ted to which of the probes 12, which probes 12 are not mated, and/or which batte
ry packs 14 are not mated.
[0059] 0 Queries, configuration data and other information may be communicat
ed from the ultrasound system or locator device to the radio 30 and the probe 12
. For example, the battery radio 30 receives control data to re-configure the r
adio 30 within the battery pack 14 and/or to re-configure or update a microcontr
oller within the battery pack 14 or probe 12_¥~ Such configuration needs a highe
r bandwidth than provided by low power Bluetooth, so the battery pack radio 30 i
s reconfigured by the received control instruction to operate using regular Blue
tooth or other greater bandwidth operation. The control instructions for reconf
iguring the microcontroller are then received by the radio 30 and use d to recon
figure.
[0060] 0 1t can often be very difficult to get radio approvals in multiple c
ountries as each country has its own regulations. It may be advantageous to pro
vide the radios 30 inside the removable battery pack 14, so that different packs
may be designed and approved for various countries. For example, once a radio
30 has been approved in a certain subset of countries, its design cannot change
without requiring recertification within those countries. However, getting appr
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ovals in additional countries may create the need for design changes to the radi
o 30, potentially creating a production configuration problem if the radio(s) 22
are embedded in the probe 12. Providing the radio(s) 30 in the battery pack re
sults in redesign or change in the battery pack 14, not the more-expensive probe
12. Production then simply ships the country-specific battery packs 14 with a
common probe 12 to each country. The various configurations may involve differen
t frequency bands, bandwidths, modulation schemes, detect-a nd-avoid controls, p
ower levels, or simply be design changes to reduce spurious emissions.
[0061] 0 The probe 12 and battery pack 14 or packs 14 are used together with
other devices. Figure 2 shows one embodiment of a system for communications wi
th an ultrasound scanner or imager 32. The probe 12 uses the radio 22 or 30 to
communicate with the ultrasound imager 32 and/or locator 36. Spare battery pack
s 14 not connected with the probe 12 may be available and may likewise communica
te.
[0062] 0 Additional, different, or fewer components may be provided. For ex
ample, more or fewer battery packs 14 and/or ultrasound transducer probes 12 are
provided. As another example, no locator 36 or additional locator devices 36 a
re provided. In yet another example, more than one ultrasound imager 32 and add
itional probes 12 are provided. The probes 12 pair or reversibly pair with imag
ers 32.
[0063] 0 The battery packs 14 include radios 30 and batteries 26 in battery
pack housings 38. In the example of Figure 2, there are two spare battery packs
14 and one battery pack 14 connected with the probe 12. The spare battery pack
s 14 may be connected with other probes 12 or may be unconnected. The spare bat
tery packs 14 may or may not be in charging stations.
[0064] 0 The spare battery packs 14 are in a specific or known location, suc
h as stacked by the imager 32, on a desk, in a drawer, or other location. Alter
natively, the spare battery packs 14 are placed in unknown locations. Similarly
, the probe 12 is in a known location (e.g., charging on a charging station of t
he imager 32) or placed in an unknown location. The battery packs 14 are remote
from the imager 32 or may be connected to a charging station of the imager 32.
[0065] 0 The radios 30 of the battery packs 14 transmit to and/or receive fr
om the imager 32 and/or locator 36. The communications may be broadcast for any
receiver or are addressed or coded for specifically paired devices. The inform
ation received by the radios 30 may be control signals, such as to activate a sp
eaker or light or to configure a probe 12 for ultrasound scanning. For the radi
o 30 in the battery pack 14 mated to the probe 12, the information transmitted b
y the radio 30 may be ultrasound data derived from scanning a patient. For any
of the radios 30 (i.e., in mated or unmated battery packs), the information tran
smitted may be network data (e.g., identification, pairing requests, or other da
ta), heartbeat data, location signals, battery or charge status, or other data.
Any of the types of information may be used for location functio ns.
[0066] 0 The ultrasound imager 32 includes a display 36. The ultrasound ima
ger 32 is a medical diagnostic ultrasound scanner, a computer, a server, or othe
r device for generating and displaying ultrasound images of the patient on the d
isplay 36. The ultrasound imager 32 includes a receive beamformer, filter, dete
ctor, Doppler estimator, scan converter, memory, display plane, or combinations
thereof. Additional, different, or fewer components may be provided.
[0067] 0 The ultrasound imager 32 wirelessly receives the ultrasound scan
data from the probe 12 and completes the ultrasound imaging process. Where the
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probe transmits element data, the ultrasound imager 32 receive beamforms, detect
s (B-mode, color flow mode, M-mode, pulse wave Doppler mode, harmonic mode, cont
rast agent mode, other mode, or combination thereof), spatially filters, tempora
Ily filters, scan converts, display maps, and outputs a resulting image. Additi
onal, different, or fewer functions may be performed by the imager 32. For exam
ple, the probe 12 outputs receive beamformed data. The imager 32 does not perfo
rm the receive beamformation, so may or may not have a receive beamformer. As a
nother example, the probe 12 outputs scan converted and/or display mapped data (
e.g., outputs an ultrasound image for display), so the imager 32 provides the iIm
age on the display 36. The imager 32 is configured to generate an ultrasound im
age from data received from the cableless ultrasound transducer probe 12.
[0068] 0 The display 34 is a CRT, liquid crystal diode, light emitting diode
, plasma, printer, projector, or other display. In response to display values o
utput by the imager 32, the display 34 presents an ultrasound image. A sequence
of images from on-going scanning may be output.
[0069] 0 The display 34 may also be used for user interface functions. Inpu
ts or controls for configuring the ultrasound imager 32 and/or probe 12 are rece
ived from the user. The display 34 displays input options, confirms selections,
and/or otherwise includes user interface feedback to the user. Any configurati
on information may be displayed. Information related to the probe 12 and/or bat
tery packs 14 may be displayed, such as displaying pairing, location, battery st
atus (e.g., charge level), or other information.
[0070] O In one embodiment, the ultrasound imager 32 is configured to output
location information. The display 34 or a speaker outputs a warning when a bat
tery pack 14 with or without a connected probe 12 is moving away from or has pas
sed a threshold distance (e.g., signal strength below a threshold). The ultraso
und imager 32 warns the user when the signal strength of any battery pack radio
30 drops below some threshold. A different threshold and/or warning may be used
for any battery pack 14 mated with a probe 12 and/or for a currently active or
paired probe 12. Alternatively or additionally, the ultrasound imager 32 output
s that the battery pack 14 or any connected probe 12 will signal, and then cause
s the battery pack 14 or any connected probe 12 to output a visual or audio indi
cation in o rder for the user to locate the battery pack 14 or probe. Other loc
ation actions may be performed in response to a measure of imager received signa
I or other location measure.
[0071] O In another embodiment, the ultrasound imager 32 is configured to re
ceive and output the charge or other battery status of the batteries 26. The st
atus is received from any battery pack 14 using the integrated radio 30. The st
atus for the battery pack 14 of the active probe 12 may be received. The status
for the spare or other battery packs 14 may be received. The status of the spa
res may be treated or displayed differently than the status of a currently used
or active battery pack 14 of a probe 12 being used. For example, the status for
the active battery 26 may be updated more frequently or is provided automatical
ly while the status of spares is updated less frequently and/or provided only up
on request by the user or low charge in the active battery 26.

[0072] O Since radios 30 are available for the various battery packs 30, the
ultrasound imager 32 may receive or may request battery status from the active
and spare battery packs 14 regardless of whether connected to a probe 12, chargi
ng station, or disconnected. The ultrasound imager 32 indicates to the user the
charge states of all batteries in the vicinity. Other information may be indic
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ated as well, such as whether the various battery packs 14 are mated to a probe
12. The ultrasound imager 32 displays an inventory of connected probes 12 and c
onnected or not connected battery packs 14 in a vicinity (e.g., room) along with
their associated charge and mating status.
[0073] 0 Based on the inventory, the ultrasound imager 32 or user may determ
ine which battery pack 14 to use or mate with a probe 12 for scanning. For exam
ple, the ultrasound imager 32 highlights the battery pack 14 with the most charg
e, such as by highlighting in a list on the display 34 and/or causing the batter
y pack 14 to output a visual and/or audio indicator. The ultrasound imager 32 o
r user may determine that all available bat teries have too low of a charge, pro
mpting a warning to charge. The battery packs 14 below a threshold charge level
(e.g., 20%) may be identified so that the user may arrange for charging. Other
charge or battery status related information may be used.
[0074] 0 The radios 30 may be used by the ultrasound imager 32 to warn the u
ser when a probe 12 has been mated with battery for a prescribed time interval.
Alternatively or additionally, a life of the batteries 26 is tracked and the us
er is warned when a battery 26 is nearing a life expectancy. Any of various inv
entory control or tracking may be implemented using the battery and/or mating st
atus information from the radios 30 of the battery packs 14. Location informati
on may be included with the status output, suc h as indicating the mated batteri
es 26 and the un-mated battery packs 14 with sufficient charge that are closest
to the ultrasound imager 32.
[0075] O The locator 36 is a smartphone, tablet, personal computer, laptop,
or specifically designed locator device. As a general-purpose device (e.g., sma
rtphone or tablet), the locator 36 is configured by an application or program.
As a specifically designed device, circuitry, design, and/or programming configu
red the locator 36 for use in the ultrasound system. The locator 36 is separate
from or different from the ultrasound imager 32. The locator 36 is handheld or
may be moved in one embodiment, allowing for locating battery packs 14 by chang
e in signal strength and/or by triangulation.
[0076] 0 The Bocator 36 includes a transceiver or receiver for communication
s with the radios 30 of the battery packs 14. The locator 36 may or may not als
o communicate wirelessly with the ultrasound imager 32.
[0077] 0 Any of the various inventory, battery status, and/or location funct
ions discussed above for the ultrasound imager 32 may be alternatively or additi
onally performed with the locator 36. The locator 36 may communicate with the r
adios 30 to gather information, request information, and/or control the battery
packs 14 and/or connected probes 12. For example, location information (e.g., e
stimated distance or that the battery pack 14 has been triggered to signal) is o
utput by the locator 36. The locator 36 may measure the signal strength or rece
ive measured signal strength from the ultrasound imager 32.
[0078] 0 Where the locator 36 is more mobile than the ultrasound imager 32,
the locator 36 may more easily be used to locate battery packs 14 that are hidde
n or muffled (i.e., cannot see or hear signals from the battery pack 14) or that
do not have an output. Instead, the locator 36 is moved to determine in which
direction the signal strength increases or decreases. This information may be u
sed to zero in or home in on the location of a specific battery pack 14. In one
embodiment, an audible or visual indicator varies in proportion to the signal s
trength.
[0079] O The locator 36 may output battery status or other status informatio
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n for the battery packs 14. For example, the charge state and pairing is output
for the various battery packs 14 in the vicinity or within range of the locator
36.

[0080] 0 Any of the user interface functions may be provided on the locator
36. For example, the ultrasound imager 32 and/or probe 12 may be configured for
scanning using inputs from the locator 36. In other embodiments, the locator 3

6 may receive an ultrasound image from the ultrasound imager 32 and display the
images on the locator.
[0081] O Figure 3 is a flow chart of one embodiment of a method for communic
ating in an ultrasound system. The ultrasound system includes a wireless probe,
a battery pack, a radio in the battery pack, and another device, such as an ult
rasound imager or locator. The system of Figure 1, Figure 2, or a different sys
tem is used to implement the method. For example, a user performs the mating of
act 40. The radio in the battery pack performs act 42. The locator or ultraso
und Imager performs acts 44, 46, and/or 48. Acts 46 and/or 48 may be performed,
at least in part, by the battery pack or mated probe.
[0082] 0 Additional, different, or fewer acts may be provided. For example,
acts for requesting battery information are provided. As another example, othe
r communications are provided, such as the radio in the battery pack receiving c
ontrol iInstructions or communication requests. Some or all of the acts may be r
epeated for different probes, battery packs, locators, and/or ultrasound imagers
. Acts for inventory control or charge control for a group of batteries may be
provided. In yet another example, act 40, 46, and/or 48 are not performed.
[0083] 0 The acts are performed in the order shown or different orders. For
example, act 42 and/or act 44 are performed prior to act 40. Acts 46 and 48 ma
y be performed simultaneously or in any order.
[0084] 0 In act 40, a removable battery pack is mated with an ultrasound tra
nsducer probe. The pack connects physically and electronically with the probe.
A latch, magnets, snap fit, screw, press fit, door, or other connection holds t
he pack to or in the probe. As part of this holding, electrical contact through
any number of conductor pairs is established. The electrical contact provides
for power from the pack to the probe. Control, measurement, and/or scan data ma
y be exchanged over the same or other contacts, or by inductive coupling.

[0085] 0 In alternative embodiments, the battery pack is not mated with a pr
obe. The battery pack may be removed from the probe.
[0086] O In act 42, the radio In the battery pack wirelessly transmits infor

mation. Using Bluetooth, Bluetooth low energy, other standard, or non-standard
protocol, information is transmitted from the radio of the battery pack to one o
r more other devices. The broadcast may be addressed to a specific recipient or
class of recipients or may not be addressed.
[0087] 0 The information transmitted is battery status, mating status, or ot
her status information. Alternatively or additionally, the radio in the battery
pack transmits location information. The location information may be a respons
e to a location signal request. The location information may be any signal with
out location information but which is used to de termine signal strength by the
remote device.
[0088] 0 The radio in the battery pack, when mated, may transmit ultrasound
data from the ultrasound transducer probe. Measures, signals, and/or data from
the probe or sensors of the battery pack are formatted for wireless transmission
and transmitted by the radio of the battery pack. The need for a working radio
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in the probe may be avoided by using the radio in the battery pack. In alterna
tive embodiments, a radio or several radios in the probe outside of the battery
pack transmits the ultrasound data or control data.

[0089] O In act 44, the transmitted information is received at a remote devi

ce. A tablet, smartphone, ultrasound imager, or other remote device receives th

e information. A cable or wires do not connect the remote device to the battery
pack or probe. The receipt is wireless, such as receiving the radio frequency

transmission with a receilver or transceiver.

[0090] 0 The received information is used for output to the user or response
to the radio of the battery pack. For response, the remote device communicates
back with the radio of the battery pack in order to request more information, c

onfirm receipt, and/or control operation. For control, the control instructions

, values, or settings are for the battery pack, radio , and/or connected probe.
For example, the remote device determines that a signal strength of the transmi

ssion from the radio in the battery pack is below a threshold, so transmits back
instructions to cease or prevent some operations and/or to output a v isual or

audio indicator for locating the specific battery pack. The user may follow the
light or sound to identify or locate the battery pack.

[0091] 0 For output to the user by the remote device, any output may be used
. Status (e.g., charge or mating), location, ultrasound image, control settings
, user interface, and/or other outputs are provided.

[0092] O In act 46, the remote device outputs a battery status warning. A w

arning regarding low battery is output. The warning may be that none of the ava
ilable or in range battery packs have sufficient (i.e., above a threshold level)
charge. In alternative embodiments, the output is of a high charge, such as ou

tputting an indication of the battery pack with the highest charge or outputting
the level of the highest charge. T he output may be inventory information, suc

h as a list of battery packs and corresponding charge levels.

[0093] 0 The output of the warning may be iIn conjunction with causing the ba

ttery pack to identify itself. The output is that the battery pack with the low
charge, all of the battery packs with charge below a level, or the battery pack
with the greatest charge will identify themselves with a noise or visual signal

- The battery packs output the noise or visual signal at the same time or upon

confirmation input by the user on the remote device.

[0094] O In act 48, the received information is used for locating the batter

y pack. Location information may be output by the remote device. The signal st

rength or other information is used to indicate a location, such as a specific |

ocation or a distance. The output location information may be a warning that a

battery pack is moving or is at a location beyond a threshold range from the rem

ote device. The location may be a change in distance so that the holder of the

remote device may home in on the battery pack. Alternatively or additionally, t

he battery pack output is activated.

[0095] 0 The Bocation information is provided regardless of mating. Spare b

attery packs may be located. Battery packs mated with probes may be located. A
Iternatively, the location output may or may not depend on the mating status. F

or example, the location information for an unmated probe is provide upon reques

t, but location information for a mated probe is upon request or when moving awa

y from the system by a given range. The location information allows a user to f
ind misplaced batteries and/or probes.

[0096] O While the invention has been described above by reference to variou
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s embodiments, it should be understood that many changes and modifications can b
e made without departing from the scope of the invention. It is therefore inten
ded that the foregoing detailed description be regarded as illustrative rather t
han limiting, and that it be understood that it is the following claims, includi
ng all equivalents, that are intended to define the spirit and scope of this inv
ention.

I (WE) CLAIM:

1.0 A system for communications with an ultrasound scanner (32), the system comp
rising:

0 an ultrasound transducer probe (12) comprising a probe housing (16) and a tran
sducer array (18) in the probe housing (16);

0 a battery pack (14) comprising a battery pack housing (38) where the battery p
ack (14) is configured for removable mating (40) with the transducer probe (12);
and

0 a wireless radio (30) in the battery pack housing (38), the wireless radio (30

) configured for wireless communications with a remote device (32, 36).

2.0 The system of claim 1 wherein the probe housing (16) is sized and shaped for
being held by a hand and is free of cable connection and wherein the transducer
probe (12) further comprises transmit and receive electronics (20) within the p

robe housing (16).

3.0 The system of claim 2 wherein the battery pack (14), when mated with the tra
nsducer probe (12), powers the transmit and receive electronics (20).

4.0 The system of claim 1 wherein the battery pack (14) further comprises a char
ge level sensor (28), and wherein the wireless radio (30) is configured to trans
mit a charge level of the battery pack (14).

5.0 The system of claim 1 wherein the wireless radio (30) comprises a low-power
radio (30).

6.0 The system of claim 1 wherein the wireless radio (30) is configured to trans
mit a locator signal at a predetermined amplitude.

7.0 An ultrasound system for communications, the ultrasound system comprising:

0 a battery enclosure (38) enclosing a battery (26);

0 a cableless ultrasound transducer probe (12) releasably connectable with the b

attery enclosure (38);

0 a transceiver (30) within or on the battery enclosure (38); and

0 an ultrasound imager (32) configured to generate an ultrasound image from data
received from the cableless ultrasound transducer probe (12).

8.0 The ultrasound system of claim 7 wherein the battery (26) powers a circuit (
20) of the cableless ultrasound transducer probe (12) when the battery enclosure

(38) is connected with the cableless ultrasound transducer probe (12), and wher
ein the transceiver (30) is configured to transmit the data when the battery enc
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losure (38) is connected with the cableless ultrasound transducer probe (12).

9.0 The ultrasound system of claim 7 further comprising an additional transceive
r (22) configured to transmit the data from the cableless ultrasound transducer
probe (12), and wherein the transceiver (30) within or on the battery enclosure
(38) is configured to transmit a status of the battery regardless of whether the
battery enclosure (38) is connected with the cableless ultrasound transducer pr
obe (12).

10.0 The ultrasound system of claim 7 wherein the transceiver (30) is configured

to transmit a signal and wherein the ultrasound imager (32) or another unconnec
ted device (36) is configured to output location information in response to a me
asure of receipt of the signal.

11.0 A method for communicating in an ultrasound system, the method comprising:
0 mating (40) a removable battery pack (14) with an ultrasound transducer probe
(12);

0 wirelessly transmitting (42) information from a radio (30) in the battery pack
(14); and

O receiving (44) the information at a remote device.

12.0 The method of claim 11 wherein wirelessly transmitting (42) the information
comprises transmitting (42) battery status, and

0 further comprising outputting (46) by the remote device a warning when the bat

tery status indicates a charge below a threshold.

13.0 The method of claim 11 further comprising locating (48) the removable batte
ry pack (14) from the information when the removable battery pack (14) is unmate
d with the ultrasound transducer probe (12).

14.0 The method of claim 11 wherein transmitting (42) the information comprises
transmitting (42) ultrasound data from the ultrasound transducer probe (12), the
transmitting (42) being with the radio (30) in the battery pack (14).

[ABSTRACT OF THE DISCLOSURE]

In an ultrasound imaging system, a wireless radio (30) is included as part of a
removable battery pack (14). The charge, signals used for locating the battery,
and other information may be wirelessly communicated from the battery pack (14)
even when not connected with an ultrasound transducer probe (12). Queries, con

figuration data and other information may be communicated from the ultrasound sy
stem (32) or locator device (36) to the probe (12) battery and its circuitry (20

). The same radio (30) may be used by the ultrasound transducer probe (12) when
connected. Alternatively, a different radio (22) is used by the probe (12).



(39) JP 2016-209569 A 2016.12.15

ooono gooao

/12
/12 /14 XDCR Probe

. = 14 14
XDCR Probe Battery Pack 38 / /_
Battery Pack Battery 14

Battery Pack
14 Battery 25 Pack
Pack Radio |[Lr— 26

<:> Charge " — 30
Sensor Radio -

™~ 24 \st %

Radio = .
il Ultrasound 32 Locator
i FIG-1 Scanner _/ _/
Electronics | [™— 20
— ] Display 3
— 18

FIG. 2

gooao

40 —_| Mate Removable Battery Pack with Probe

l

42 —__| Transmit from Radio in Battery Pack

|

44 —__| Receive Information at Remote Device

/\.

46 —_| Output Battery Status Locating Battery Pack f 48
Warning

FIG. 3



patsnap

TRAFROE) BEI7 1B AR G R IR L B B E R R
DFH(RE)S JP2016209569A NIF(AEH)A 2016-12-15
RiES JP2016088663 FE B 2016-04-27
FRIEE(EFAGR) ZETETFEITHERAT
BE (T RR)AGE) A TFEIFRAEAZELNT
FRIKBEA SEE L
oaF142aIT7IVILYEIL
SatET7ININ—/
REAA oa-=-o o9
oaF42aIJ7ILY Lyt
satv7 INN—J
IPCH%E A61B8/14
CPCH %5 AG1B8/00 A61B8/12 A61B8/4245 A61B8/4472 A61B8/4483 A61B8/54 GO8C23/02 A61B8/56 G01S15
/89 H02J7/025
Fln%s AG1B8/14
F-TERM% %S 4C601/EE10 4C601/EE11 4C601/GD04 4C601/LL27
REA(R) ==
T
R 14/699568 2015-04-29 US
HAth 20 FF 32k JP6465835B2
INEPeELE Espacenet
FEOF)
—~HATEATBROEATLEFRL , TRET KN SHANES /" [
REWIIRE, EEFRERET , SEBERE (30) EHTRDE gy e "
H(14)W—BH. £, EENEMER , BTAABEMHMAE |, B " — 1%
FUREZDBFHREESREL (12) , TEBESTLBEMMNFHRE A " L T j
HWIT (14) » B, MEHRE , URKBEFERRSE (32) HEMEFIZ 7= <:> Fr—y —
% (36) WEMER  TUSHBRERE (12) (20) HBBHTE \ w7 it
B MEEERN , BEREBRL (12) TUEA—NEERE L L
(30) . Akt , e (12) ERATFRNBERSE (22). A1
BEME
ey i FIG. 1
ILIbAZIR [ T~ 20
7L ~_ 18



https://share-analytics.zhihuiya.com/view/77bf616d-fa9f-420a-ac7d-ea04c847f691
https://worldwide.espacenet.com/patent/search/family/057203875/publication/JP2016209569A?q=JP2016209569A

