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WIRELESS ULTRASONIC SCANNING
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasonic scan-
ner, and more particularly, to a hand-held wireless ultrasonic
scanning system.

BACKGROUND OF THE INVENTION

[0002] A traditional ultrasonic scanner usually comprises a
hand-held ultrasonic probe, a control box and a display unit.
Generally, the control box is relatively larger and placed on a
cart. The control box and the display unit are integrated for
some systems. The probe and the control box are integrated
for some systems. However, each module in those systems
still transmits data information to each other via wires.
[0003] U.S. Pat. No. 6,780,154 “Segmented Handheld
Medical Ultrasound System and Method” by Hunt et al.
describes a segmented ultrasound system. In that system, a
multi-purpose display unit communicates wirelessly with an
integrated box including an ultrasonic probe and a control
box. The data from an integrated ultrasonic sensor and the
control box is in the format of video. The multi-purpose
device 1s only used to display video images generated in the
integrated box, but is irrelevant to process of signal and
image.

[0004] Inaddition, the ultrasonic scanner will be used more
and more by a non-professional operator without experience
of being strictly trained as its size becomes smaller. There-
fore, it is very important to standardize the operation. An
important parameter in an ultrasonic scanning is the mea-
sured pressure applied to a tissue by the probe, and that
pressure can be measured by attaching a force sensor to the
ultrasonic probe. However, proper communication protocols
are required to send those data, thereby those data can be
analyzed together with ultrasonic images and other quantized
data extracted from ultrasonic images.

SUMMARY OF THE INVENTION

[0005] The object of the present invention is to provide a
three-dimensional ultrasonic imaging system with accurate
measurement, simple steps and low cost.

[0006] The present invention provides a wireless ultrasonic
scanning system comprising an ultrasonic sensor, a motor, an
ultrasonic transceiver, a high-speed data sampling module, a
motor controller and a master control module, wherein the
ultrasonic sensor mounted on the motor can move in accor-
dance with control of the motor controller, the ultrasonic
transceiver activates the sensor and amplifies received ultra-
sonic signals, the high-speed data sampling module wire-
lessly transmits radio-frequency ultrasonic data to the master
control module, and the master control module sets a scan-
ning mode, initiates a scanning process, and wirelessly trans-
mits acontrol signal and a control parameter to the high-speed
data sampling module.

[0007] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, the ultrasonic sensor comprises at least one ultra-
sonic sensing unit or array.

[0008] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
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invention, it further comprises a pressure sensor attached to
the ultrasonic sensor for measuring pressure applied to a
tissue.

[0009] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, the pressure sensor digitalizes the pressure signal
and wirelessly transmits it to the master control module.
[0010] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, the ultrasonic transceiver comprises a T/R switch,
a Low Noise Amplifier, a Time Gain Control, a high-voltage
driver, a high-voltage control and a pulse generator.

[0011] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, the motor controller comprises a Micro Control
Unit and a motor driver.

[0012] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, the high-speed data sampling module comprises an
Analog to Digital Converter, a FIFO, a Digital Signal Proces-
sor, and a standard wireless communication interface.
[0013] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, the standard wireless communication interface is
Bluetooth, wireless USB, WiFi or Zigbee.

[0014] According to the wireless ultrasonic scanning sys-
tem as described in preferred embodiments of the present
invention, radio-frequency ultrasonic data includes the ultra-
sonic signal, energy-saving control signal, ultrasonic trans-
mission control signal and motor control signal.

[0015] The advantage of the present invention lies in that
radio-frequency ultrasonic data are wirelessly transmitted to
a multi-purpose device, and the multi-purpose device pro-
cesses and displays ultrasonic signals and images. Therefore,
the cost of an ultrasonic scanner is lower while the perfor-
mance of the ultrasonic scanner is improved. Since these
multi-purpose devices are widely used everywhere, a house-
hold ultrasonic scanner based on the present invention can
finally be achieved. Furthermore, the present invention also
discloses employing a pressure sensor to measure a pressure
applied on tissue when scanning, thereby standardizing the
operation.

DESCRIPTION OF THE DRAWINGS

[0016] FIG. 11isa schematic diagram showing modules ofa
wireless ultrasonic scanning system according to a first spe-
cific embodiment of the present invention; and

[0017] FIG.21isa schematic diagram showing modules ofa
wireless ultrasonic scanning system according to a second
specific embodiment of the present invention.

DETAILED EMBODIMENTS OF THE
INVENTION

[0018] The present invention provides a wireless ultrasonic
scanning system, the system utilizes an existing wireless
communication channel of a multi-purpose device having a
display and a microprocessor so as to wirelessly transmit a
radio-frequency ultrasonic signal from an ultrasonic control
box, and the multi-purpose device may be a desktop com-
puter, a notebook computer, a PDA, a UMPC, a mobile phone
and a game machine, etc. The ultrasonic control box connects
with an ultrasonic sensor or an apparatus comprising an ultra-
sonic control circuit and the ultrasonic sensor.
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[0019] The radio-frequency ultrasonic signal transmitted
by wireless communication is processed by the multi-purpose
device to form an image, or allow quantized parameters about
ultrasonic images to be extracted from tissue. The wireless
data communication also includes sending a parameter for
controlling an ultrasonic control circuit from the multi-pur-
pose device. The wireless data communication further
includes sending parameters about the amount of an A-line
scan and about whether it is the first line or last line of the
A-line scan when a B-mode scan is performed. In addition,
the wireless data communication also includes other param-
eters, forexample, pressure applied on a probe corresponding
to A-line signals and B-mode images.

Embodiment 1

[0020] Hereinafter, the present invention, which may be
applied to A-mode, i.e., collecting ultrasonic signals from
signal points, or B-mode, i.e., generating images through
mechanical scanning of a single ultrasonic sensing unit, will
be introduced taking an ultrasonic scanner having a single
sensing unit for a specific embodiment of the present inven-
tion. The present invention can also be applied to an ultra-
sonic sensor adopting multiple ultrasonic sensing units or
arrays.

[0021] FIG.1is a modular schematic diagram of the wire-
less ultrasonic scanning system according to the first specific
embodiment of the present invention, wherein the specific
embodiment is a typical wireless ultrasonic scanning system
adopting a single ultrasonic scanning unit and a motor for
scanning.

[0022] AsshowninFIG. 1, the wireless ultrasonic scanning
system comprises an ultrasonic sensor, a motor, an ultrasonic
transceiver, a high-speed data sampling module and a motor
controller. Wherein, the ultrasonic transceiver includes a T/R
switch, a LNA (Low Noise Amplifier), a TGC (Time Gain
Control), a high-voltage driver, a high-voltage control and a
pulse generator. The motor controller comprises a MCU (Mi-
cro Control Unit) and a motor driver. The high-speed data
sampling module comprises an ADC (Analog to Digital Con-
verter), a FIFO (First In First Out Memory), a DSP (Digital
Signal Processor) and a standard wireless communication
interface, such as Bluetooth, wireless USB, WiFi and Zigbee,
etc, which is equipped in a multi-purpose device. The radio-
frequency ultrasonic data may be wirelessly transmitted from
the high-speed data sampling module to a computer. The
computer can also wirelessly transmits a control signal and a
control parameter to the high-speed data sampling module,
such as the gain of the amplifier for ultrasonic signals and
pressure signals, energy-saving control, ultrasonic transmis-
sion control and motor control, etc.

[0023] The ultrasonic sensor mounted on the motor can
move in accordance with control of the motor controller. The
ultrasonic transceiver activates the sensor and amplifies the
received ultrasonic signal. The high-speed data sampling
module acquires ultrasonic radio-frequency signals and com-
municates with the master control module via a USB or WiFi
interface. The state of the motor controller may also be con-
trolled by means of instructions from the master control mod-
ule. The entire scanning process is controlled and synchro-
nized by the master control module. The master control
module sets a scanning mode (moving speed and moving
track of the motor) and initiates the scanning process. In that
process, the motor moves to different positions in accordance
with apredetermined scanning mode. Ateach point, an A-line
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signal is captured and sent to the mater control module. After
the scanning is completed, all the A-line data can be used for
forming a B-mode image and stored in the master control
module for further processing.

Embodiment 2

[0024] FIG. 2 is a modular schematic diagram of the wire-
less ultrasonic scanning system according to the second spe-
cific embodiment of the present invention. As shown in FIG.
2, the wireless ultrasonic scanning system comprises an ultra-
sonic sensor, a motor, a pressure sensor, an ultrasonic trans-
ceiver, ahigh-speed data sampling module, a motor controller
and a master control module. The ultrasonic transceiver
includes a T/R switch, a LNA (Low Noise Amplifier), a TGC
(Time Gain Control), a high-voltage driver, a high-voltage
control and a pulse generator. The motor controller comprises
a MCU (Micro Control Unit) and a motor driver. The high-
speed data sampling module comprises an ADC (Analog to
Digital Converter), a FIFO (First In First Out Memory), a
DSP (Digital Signal Processor) and a standard wireless com-
munication interface, such as Bluetooth, wireless USB, WiFi
and Zigbee. etc., which is equipped in a multi-purpose device.
A radio-frequency ultrasonic data may be wirelessly trans-
mitted from the high-speed data sampling module to a com-
puter. Meanwhile, the pressure sensor is attached to the ultra-
sonic sensor or attached on a structure integrated by a sensor
and a control box. The pressure sensor is used for measuring
the pressure applied to the a tissue. When the ultrasonic
scanner becomes smaller and smaller and is used more and
more by an operator without experience of being strictly
trained, the pressure information will be of vital importance
since that pressure information can be used as an important
reference for standard operation of the ultrasonic scanner.
The pressure signal is digitalized by the pressure sensor and
sent to the master control module together with the radio-
frequency ultrasonic data.

[0025] The ultrasonic sensor mounted on the motor can
move in accordance with control of the motor controller. The
ultrasonic transceiver activates the sensor and amplifies the
received ultrasonic signal. The high-speed data sampling
module acquires ultrasonic radio-frequency signals and com-
municates with the master control module via a USB or a
WiFi interface. The state of the motor controller may also be
controlled by means of instructions from the master control
module. The entire scanning process is controlled and syn-
chronized by the master control module. The master control
module sets a scanning mode (moving speed and moving
track of the motor) and initiates the scanning process. In that
process, the motor moves to different positions in accordance
with apredetermined scanning mode. Ateach point, an A-line
signal is captured and sent to the mater control module. After
the scanning is completed, all the A-line data can be used for
forming a B-mode image and stored in the master control
module for further processing.

[0026] During the wireless communication, radio-fre-
quency ultrasonic data and pressure data are arranged frame
by frame. Each frame of data contains 1 byte or 2 bytes to
indicate frame number, which can be used for representing
the position of A-line in B-mode scan. In addition, that frame
number information can also be used for checking whether
there is frame loss. If the received frame data is discontinu-
ous, that means one or more frames are not transmitted suc-
cessfully. Following byte(s) indicating the frame number,
there is 1 byte used for indicating the number of parameters
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related to ultrasonic signals, such as pressure. If there exist
two parameters, the value of that byte is 2, and two parameters
will be included in the data frame, each parameter may
occupy 2 or 4 bytes. After that, A-line ultrasonic signals of 2
bytes may be set. Another 1 byte may be used for indicating
the number of byte for each ultrasonic data point. Other
information such as whether to use TGC may also be recorded
in that byte. Finally, radio-frequency ultrasonic signals are set
and each data point (or data dot) can occupy 1 byteor 2 bytes.
The receiving end may receive different data bytes and read
related data to perform subsequent process of signal and
image.

[0027] Detail description to the present invention has been
made above for those skilled in the art to understand the
present invention. However, it can be conceived that other
variations and modifications can be made without departing
from the scope covered by the claims ofthe present invention,
and those variations and modifications are all within the pro-
tection scope of the present invention.

INDUSTRIAL APPLICABILITY

[0028] In the present invention, a radio-frequency ultra-
sonic data is wirelessly transmitted to a multi-purpose device,
and the multi-purpose device processes and displays an ultra-
sonic signal and image. Therefore, the cost of an ultrasonic
scanner is lower while the performance of the ultrasonic
scanner is improved. Since these multi-purpose devices are
widely used everywhere, a household ultrasonic scanner can
finally be achieved based on the present invention. Further-
more, the present invention also discloses employing a pres-
sure sensor to measure pressure applied to a tissue when
scanning, thereby standardizing the operation.

What is claimed is:

1. A wireless ultrasonic scanning system, characterized by
comprising an ultrasonic sensor, a motor, an ultrasonic trans-
ceiver, ahigh-speed data sampling module, a motor controller
and a master control module, wherein the ultrasonic sensor
mounted on the motor can move in accordance with control of
the motor controller, the ultrasonic transceiver activates the
sensor and amplifies received ultrasonic signals, the high-
speed data sampling module wirelessly transmits radio-fre-
quency ultrasonic data to the master control module, and the
master control module sets a scanning mode, initiates a scan-
ning process, and wirelessly transmits a control signal and a
control parameter to the high-speed data sampling module.

2. The wireless ultrasonic scanning system of claim 1,
characterized in that the ultrasonic sensor comprises at least
one ultrasonic sensing unit or array.
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3. The wireless ultrasonic scanning system of claim 1,
characterized by further comprising a pressure sensor
attached to the ultrasonic sensor for measuring a pressure
applied to a tissue.

4. The wireless ultrasonic scanning system of claim 3,
characterized in that the pressure sensor digitalizes the pres-
sure signal and wirelessly transmits it to the master control
module.

5. The wireless ultrasonic scanning system of claim 1,
characterized in that the ultrasonic transceiver comprises a
T/R switch, a Low Noise Amplifier, a Time Gain Control, a
high-voltage driver, a high-voltage control and a pulse gen-
erator.

6. The wireless ultrasonic scanning system of claim 1,
characterized in that the motor controller comprises a Micro
Control Unit and a motor driver.

7. The wireless ultrasonic scanning system of claim 1,
characterized in that the high-speed data sampling module
comprises an Analog to Digital Converter, a FIFO, a Digital
Signal Processor, and a standard wireless communication
interface.

8. The wireless ultrasonic scanning system of claim 7,
characterized in that the standard wireless communication
interface is Bluetooth, wireless USB, WiFi or Zigbee.

9. The wireless ultrasonic scanning system of claim 1,
characterized in that the radio-frequency ultrasonic data
includes the ultrasonic signal, energy-saving control signal,
ultrasonic transmission control signal and motor control sig-
nal.

10. The wireless ultrasonic scanning system of claim 1,
characterized in that the master control module is a desktop
computer, a notebook computer, a PDA, a UMPC, a mobile
phone or a game machine.

11. The wireless ultrasonic scanning system of claim 1,
characterized in that the radio-frequency ultrasonic data and
pressure data are arranged frame by frame during the wireless
transmission.

12. The wireless ultrasonic scanning system of claim 11,
characterized in that each frame of data contains 1 byte or 2
bytes to indicate frame number during the wireless transmis-
sion.

13. The wireless ultrasonic scanning system of claim 11,
characterized in that during the wireless transmission, each
frame of data includes at least one byte for indicating the
number of parameters related to ultrasonic signal, each
parameter related to ultrasonic signals occupying 2 or 4 bytes.
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