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(57) ABSTRACT

A display device for ultrasound energy includes a focused
ultrasound emitting and receiving device, a processing
device and a display. The processing device generates a first
electrical signal and transmits it to the focused ultrasound
emitting and receiving device to control the focused ultra-
sound emitting and receiving device to emit at least one first
ultrasound signal to a target position of an organism. The
target position reflects the first ultrasound signal to form at
least one second ultrasound signal. After generating the first
electrical signal, the processing device drives the focused
ultrasound emitting and receiving device to start to receive
the second ultrasound signal only during a preset period
after the estimation period. The processing device uses the
display to display an image of the target position according
to the second ultrasound signal, and brightness of the image
is directly proportional to energy intensity of the first ultra-
sound signal.

18 Claims, 7 Drawing Sheets
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the processing device generates the first electrical signal and
transmits the first electrical signal to the focused ultrasound
emitting and receiving device to control the focused m
alirasound emitting and recetving device to emit the first
ultrasound signal to a target posthion of an organism
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\
the first nltrasound signal penetrates through cranial bone to
reach the target position and the target position reflects the
first ultrasound signal to form the second ultrasound signal
in the estimation period, and the processing device drives -
the tocused ulrasound emifting and receiving device to start 577
to recetve the second ulirasound signal through the cranial bone
only during g preset period after the estimation period

the processing device uses the display to display the first image
of the target position according to the second ultrasound signal |~ 1

the processing device converts the first electrical signal into the
second electrical signal received by the focused ultrasound
emitting and receiving device according to the difference S5
between the brightness of the first image and the preset
brightoess, whereby the focused nltrasound emitting and
receiving device uses the second electrical signal to emit the
third ultrasound signal to the target position

the third ultrasound signal penetrates through the cranial bone
to reach the target position and the target position reflects the
third ultrasound signal to form the fourth ultrasound signal m

the estimation period, and the processing device drives the -G 78
focused ultrasound emutting and recerving device to start to

receive the fourth ultrasound signal through the cranial bone
only during the preset period after the estimation period

the processing device uses the display to display the second
image of the target position according to the fourth ultrasound |~ <20
signal

Fig. 4
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1
DISPLAY DEVICE FOR ULTRASOUND
ENERGY

This application claims priority for China patent applica-
tion no. 201510467721.8 filed on Aug. 3, 2015, the content
of which is incorporated by reference in its entirely.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a display device, particu-
larly to a display device for ultrasound energy.

Description of the Related Art

The conventional focusing-type ultrasonic apparatus can
generate focused function by selecting suitable frequency
range of 200 kHz to 2 MHz. Meantime, the focused area has
sufficient high acoustic pressure so that capable of inducing
localized blood-brain barrier (BBB) disruption, which is an
important implication on noninvasively delivering drug into
brain. Although the conventional focusing-type ultrasonic
apparatus can induce localized blood-brain barrier (BBB)
disruption temporarily, yet they are still high-frequency
ultrasonic systems. Thus the invasive way has to be used to
induce BBB disruption, and it still is concentrated to a small
area. It is unable to reach the work of inducing larger area
of BBB disruption. Also, the cost of system is pretty high
and there are no more extensive applications.

Although the high-frequency ultrasonic system is easier to
focus energy to the focal point, most energy is easy to be
absorbed by hard tissues such as skull etc, thus the ultrasonic
effect will be reduced. It can only be operated after the
animal skull being removed; thus the high-frequency ultra-
sonic system is still an invasive drug release brain therapy
system. Due to ultrasonic energy can only focus to a single
focal point, it is unable to induce larger area of BBB
disruption effectively. If one wants the apparatus to open
BBB without removing the skull, then the ultrasound energy
cannot be too low. However, too much ultrasound energy
can directly damage capillary rather than opening the tight
junctions. There are some technologies such as acoustic
radiation force imaging that applies a sufficiently high and
continuous-wave mode ultrasound to detect acoustic pat-
terns; however, the receiving time of the technology is too
long so that the distribution of signals is hard to be identified.
Besides, since the excessive ultrasound energy required by
this technology typically induces thermally and mechani-
cally damages organism tissue, the purpose of using such
technology to monitor the blood-to-brain permeability is not
practical. To overcome the abovementioned problems, the
present invention provides a display device for ultrasound
energy, so as to solve the afore-mentioned problems of the
prior art.

SUMMARY OF THE INVENTION

A primary objective of the present invention is to provide
a display device for ultrasound energy, which controls a
focused ultrasound emitting and receiving device to emit an
ultrasound signal to an organism and, after an estimation
period, receive the backscattering ultrasound signal, thereby
generating an image of the organism. Wherein, brightness of
the image is directly proportional to energy intensity of the
ultrasound signal. This invention can be applied for moni-
toring the induction of BBB opening and drug delivery.

To achieve the abovementioned objectives, the present
invention provides a display device for ultrasound energy,
which comprises a focused ultrasound emitting and receiv-
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ing device, a processing device and a display. The focused
ultrasound emitting and receiving device emits at least one
first ultrasound signal to a target position of an organism,
and the target position reflects the first ultrasound signal to
form at least one second ultrasound signal. The processing
device is connected with the focused ultrasound emitting
and receiving device and sets an estimation period according
to a distance between the focused ultrasound emitting and
receiving device and the target position as well as a given
sound traveling speed. The processing device generates a
first electrical signal and transmits the first electrical signal
to the focused ultrasound emitting and receiving device to
control the focused ultrasound emitting and receiving device
to emit the first ultrasound signal, and then the processing
device drives the focused ultrasound emitting and receiving
device to start to receive the second ultrasound signal only
during a preset period after the estimation period. The preset
period is equal to or larger than response time of the focused
ultrasound emitting and receiving device. The display is
connected with the processing device. The processing
device display a first image of the target position according
to the second ultrasound signal, and brightness of the first
image is directly proportional to energy intensity of the first
ultrasound signal.

Below, the embodiments are described in detail in coop-
eration with the drawings to make easily understood the
technical contents, characteristics and accomplishments of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a device according to
an embodiment of the present invention;

FIG. 2 is a diagram schematically showing focused ultra-
sound transducers arranged into a two-dimensional array
according to an embodiment of the present invention;

FIG. 3 is a diagram schematically showing focused ultra-
sound transducers arranged into a concentric circle array
according to an embodiment of the present invention;

FIG. 4 is a flowchart diagram showing operation of the
device according to an embodiment of the present invention;

FIG. 5 is a diagram schematically showing a focused
ultrasound emitting and receiving device formed by a plu-
rality of ultrasound emitters and an ultrasound receiver
according to an embodiment of the present invention;

FIG. 6 is a diagram schematically showing a focused
ultrasound emitting and receiving device formed by an
ultrasound emitter and a plurality of ultrasound receivers
according to an embodiment of the present invention;

FIG. 7(a) is a diagram showing an image of blood-brain
barrier (BBB) opened effect observed from stained brain
tissues under sound pressure of 0.467 MPa according to an
embodiment of the present invention;

FIG. 7(b) is a diagram showing a second image corre-
sponding to FIG. 7(a);

FIG. 8(a) is a diagram showing an image of blood-brain
barrier (BBB) opened effect observed from stained brain
tissues under sound pressure of 0.705 MPa according to an
embodiment of the present invention;

FIG. 8(d) is a diagram showing a second image corre-
sponding to FIG. 8(a); and

FIG. 9 is a diagram showing proportional relationship
between energy intensity of an ultrasound signal and sound
pressure according to an embodiment of the present inven-
tion.
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DETAILED DESCRIPTION OF THE
INVENTION

Below is the first embodiment of the present invention.
Refer to FIG. 1, FIG. 2 and FIG. 3. The present invention
comprises a focused ultrasound emitting and receiving
device 10, a processing device 14 and a display 16. The
processing device 14 is connected with the focused ultra-
sound emitting and receiving device 10 and the display 16.
The position of the focused ultrasound emitting and receiv-
ing device 10 corresponds to a target position of an organism
17. For example, the organism 17 is a central nervous system
(CNS) tissue with the microvascular structure containing
blood-brain barrier (BBB) for each CNS capillary. The
focused ultrasound emitting and receiving device 10 further
comprises at least one focused ultrasound transducer 18 or
a plurality of focused ultrasound transducers 18. In the first
embodiment, the focused ultrasound emitting and receiving
device 10 comprises a plurality of focused ultrasound trans-
ducers 18 arranged into a two-dimensional square-diced
array or a concentric ring-shape array on a curved surface,
wherein the two-dimensional square-diced array or a con-
centric ring-shape array are respectively shown in FIG. 2
and FIG. 3.

According to a distance between the ultrasound trans-
ducer 18 and the target position and sound-traveling speed,
the processing device 14 sets an estimation period. For
example, there is a distance between the target position and
the focused ultrasound transducer 18 farthest from the target
position, and the estimation period equals the distance
multiplied by 2 and divided by the sound-traveling speed.
The processing device 14 generates a first electrical signal
E1 and transmits the first electrical signal E1 to the focused
ultrasound transducers 18 to control the focused ultrasound
transducers 18 to emit at least one first ultrasound signal Ul
to the target position. The first ultrasound signal Ul pen-
etrates through cranial bone to reach the target position. The
target position reflects the first ultrasound signal U1 to form
at least one second ultrasound signal U2. In the first embodi-
ment, there are a plurality of first ultrasound signals Ul and
a plurality of second ultrasound signals U2. After generating
the first electrical signal E1, the processing device 14 drives
the focused ultrasound transducers 18 to start to receive the
second ultrasound signals U2 penetrating through the cranial
bone only during a preset period after the estimation period.
The processing device 14 drives the focused ultrasound
transducers 18 to stop receiving any ultrasound signals
during the other period. The preset period is equal to or
larger than response time of the focused ultrasound trans-
ducer 18. The processing device 14 uses the display 16 to
display a first image of the target position according to the
second ultrasound signals U2. Since energy intensity of the
first ultrasound signals U1 is directly proportional to energy
intensity of the second ultrasound signals U2 and brightness
of the first image is directly proportional to the energy
intensity of the second ultrasound signals U2, the brightness
of the first image is directly proportional to the energy
intensity of the first ultrasound signals Ul. The processing
device 14 converts the first electrical signal E1 into a second
electrical signal E2 received by the focused ultrasound
transducers 18 according to a difference between the bright-
ness of the first image and preset brightness. The focused
ultrasound transducers 18 use the second electrical signal E2
to emit at least one third ultrasound signal U3 whose energy
intensity larger than energy intensity of the first ultrasound
signal U1 to the target position. The third ultrasound signal
U3 penetrates through the cranial bone to reach the target
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position. The target position reflects the third ultrasound
signal U3 to form at least one fourth ultrasound signal U4.
In the first embodiment, there are a plurality of third
ultrasound signals U3 and a plurality of fourth ultrasound
signals Ud4. After generating the third ultrasound signals U3,
the processing device 14 drives the focused ultrasound
transducers 18 to start to receive the fourth ultrasound
signals U4 through the cranial bone only during the preset
period after the estimation period. The processing device 14
drives the focused ultrasound transducers 18 to stop receiv-
ing any ultrasound signals during the other period. The first
ultrasound signals U1, the second ultrasound signals U2, the
third ultrasound signals U3 and the fourth ultrasound signals
U4 are burst-tone waves. The higher the frequency of the
first ultrasound signals U1, the second ultrasound signals
U2, the third ultrasound signals U3 and the fourth ultrasound
signals U4 is, the thinner the thickness of the cranial bone
penetrated are. In other words, the frequency of the first
ultrasound signal U1, the second ultrasound signal U2, the
third ultrasound signal U3 and the fourth ultrasound signal
U4 is inversely proportional to the thickness of the cranial
bone penetrated. The processing device 14 uses the display
16 to display a second image of the target position according
to the fourth ultrasound signals U4. Since energy intensity of
the third ultrasound signals U3 is directly proportional to
energy intensity of the fourth ultrasound signals U4 and
brightness of the second image is directly proportional to the
energy intensity of the fourth ultrasound signals U4, the
brightness of the second image is directly proportional to the
energy intensity of the third ultrasound signals U3.

Below is the operation process of the first embodiment.
Refer to FIG. 1, FIG. 2, FIG. 3 and FIG. 4. Firstly, a
calibration process is performed. The calibration process
comprises Step S10, Step S12 and Step S14. In the begin-
ning, Step S10 is performed. In Step S10, the processing
device 14 generates the first electrical signal E1 and trans-
mits the first electrical signal E1 to the focused ultrasound
transducers 18 to control the focused ultrasound transducers
18 to emit the first ultrasound signals Ul to the target
position. Then, in Step S12, the first ultrasound signals Ul
penetrate through the cranial bone to reach the target posi-
tion and the target position reflects the first ultrasound
signals U1 from the focal position and backscatters them to
ultrasound transducer 18 to form the second ultrasound
signals U2 in the estimation period. The processing device
14 drives the focused ultrasound transducers 18 to start to
receive the second ultrasound signals U2 through the cranial
bone only during the preset period after the estimation
period. Then, in Step S14, the processing device 14 uses the
display 16 to display the first image of the target position
according to the second ultrasound signals U2, whereby the
brightness of the first image is directly proportional to the
energy intensity of the first ultrasound signals Ul.

The first image is displayed according to first beamformed
filtered data Ff(x,,y,,7,), and the first beamformed filtered
data Ff(x,,y,.7,) satisfies following formulas (1), (2), (3), (4)
and (5):

Ny . 69)
1 (g, Ygo Zg) = F®Z[Z ((RAFMXN) X Xarx1 ><T7D1x71)
L=

n=

BF o = cos(2rf,) X (chkFMxN + clzi?FLXN)/Z - @

SRR fy) X (= ) X (ChRFusy + CARF ) /2
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10 = AU, ), - 0, . fuh)] @
. @
ChRFysw 2| fi f *foF f # forE |»
g ] {71
* Js. s - ¥ s
T R M Fog *Io57
Tusw = Xnx1 X TD1xn Q)

Wherein, (x, y,, 7,) is 3-D coordinate of the target
position, and F is a first filtered factor, and N is an amount
of the focused ultrasound transducer 18, and n is an index of
cach focused ultrasound transducer 18, and RF, . is a first
beamformed data matrix with dimension MxN, and t is time,
and f, is a first re-modulation frequency, and chRFMxN isa
first channel data matrix with dimension MxN, and [Q,,,..»/ 15
a matrix with dimension mxN of a baseband signal of the
second ultrasound signal U2, and in is a natural number, and
f(k) is a column function of a i-th column of 1Q,,, and k
and 1 are natural numbers, and k=1,2, , m, and =1,
2,...,N,andf,,isa sampling frequency of 1Q, . and
I xr1s a resampled frequency of 1Q,,.», and TD,, yis a first
time backscattered data matrix of the second ultrasound
signal U2 moving from the target position to N pieces of the
focused ultrasound transducers, and T, is a mask-oper-
ated matrix with dimension MxN comprising binary element
0 or 1, and M is a natural number larger than the largest
element of the first time matrix, and Xagsct is a vector with
dimension Mx1, and chRF,,»* is a conjugation of
CchRF s and & ® is convolution operation.

The energy intensity of the first ultrasound signals U1 is
relatively low in ultrasound energy level. An excessive
energy intensity of the first ultrasound signals Ul can
damage the organism 17. As a result, the low energy
intensity of the first ultrasound signals Ul applies to the
organism 17, so as to know how much energy applied to the
organism 17 and how much energy absorbed by the cranial
bone. The processing device 14 knows how much energy
applied to the organism 17 according to the brightness of the
first image. The higher the brightness of the first image is,
the stronger the energy applied to the target position of the
organism 17 is. The processing device 14 of the present
invention sets the preset brightness as an energy level
intended to apply to the target position of the organism 17.

After the calibration process, an execution process is
performed. The execution process comprises Step S16, Step
S18 and Step S20. In the execution process, Step S16 is
firstly performed. In Step S16, the processing device 14
converts the first electrical signal E1 into the second elec-
trical signal E2 received by the focused ultrasound trans-
ducers 18 according to the difference between the brightness
of the first image and the preset brightness, whereby the
focused ultrasound transducers 18 use the second electrical
signal E2 to emit the third ultrasound signals U3 whose
energy intensity larger than the energy intensity of the first
ultrasound signals U1 to the target position. Then, in Step
S18, the third ultrasound signals U3 penetrate through the
cranial bone to reach the target position and the target
position reflects the third ultrasound signals U3 to form the
fourth ultrasound signals U4 in the estimation period. The
processing device 14 drives the focused ultrasound trans-
ducers 18 to start to receive the fourth ultrasound signals U4
through the cranial bone only during the preset period after
the estimation period. Then, in Step S20, the processing
device 14 uses the display 16 to display the second image of
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the target position according to the fourth ultrasound signals
U4, whereby the brightness of the second image is directly
proportional to the energy intensity of the third ultrasound
signals U3.

The second image is displayed according to second beam-
formed filtered data Ff(x,.y,.z,), and the second beam-
formed filtered data Ff(x,,y,,z,)" satisfies following formulas

(6). (1. ®). (9) and (10

N , ) ©6)
gy ver 26) = Z[Z (BFyran) XX XTD )
- =1 /
RAF;L,X,V = cos(2rfin) X (chkF;WxN + chkF;;/xN)/Z - O]
Sin(f/ 1) X (= ) X (chRFyyr, y + chRF ey ) /2
Qi = [0, Bk, o F10, o SR ®
i i) o) g
¢ Ixn & T ¥IsRE | 2| *IshR ) - s
M xN 1 fle RE 2 fle RE
i te) il
Bl R R
i fx/IQ SRF N fle RF

TI/VI/XN :x;l/l’xl ><TDixN (10

Wherein, (X,,y,,7,) is 3-D coordinate of the target posi-
tion, and F' is a second filtered factor, and N is an amount
of the focused ultrasound transducer 18, and n is an index of
each focused ultrasound transducer 18, and RF',,. , is a
second beamformed data matrix with dimension M'xN, and
tis time, and f,' is a second re-modulation frequency, and
chRF' Arsv 18 @ second channel data matrix with dimension
M'xN, and 1Q' ., is a matrix with dimension mxN of a
baseband signal of the fourth ultrasound signal U4, and m is
a natural number, and f/(k) is a column function of a i-th
column of 1Q',. ., and k and i are natural numbers, and
k=1,2, ..., m,and i=1,2, . . ., N, and f';;,' is a sampling
frequency of i PN and f xr 15 a resampled frequency of
IQ,.v. and TD', v is a second time matrix of the fourth
ultrasound signal U4 moving from the target position to N
pieces of the focused ultrasound transducers 18, and T, .,
is a mask-operated matrix with dimension M'xN comprising
binary element 0 or 1, and M' is a natural number larger than
the largest element of the second time matrix, and X', ., is
a vector with dimension M'x1, chRF',,, * is a conjugation
of chRF' v and @ s convolution operation.

After Step S20, the operation process returns to Step S10
to sequentially perform the calibration process and the
execution process on another target position. Repeatedly, an
activity of applying energy to a therapy region in CNS tissue
is completed to achieve the purpose of opening the BBB and
delivering drugs.

Besides, before the calibration process, the processing
device 14 generates an electrical signal and transmits the
electrical signal to the focused ultrasound transducers 18 to
control the focused ultrasound transducers 18 to emit ultra-
sound signals to a calibrated tool such as a force balanced
meter or a calibrated hydrophone for acoustic power mea-
surement, whereby the correlation between level of ultra-
sound signal and the level of emitted energy can be estab-
lished after performing the calibrate process.

Below is the second embodiment of the present invention.
Refer to FIG. 1, FIG. 5 and FIG. 6. The second embodiment
is different from the first embodiment in internal elements of
the focused ultrasound emitting and receiving device 10. In
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the second embodiment, the focused ultrasound emitting and
receiving device 10 further comprises at least one focused
ultrasound emitter 20 and at least one focused ultrasound
receiver 22 connected with the processing device 14. In one
embodiment, the focused ultrasound emitter 20 is sur-
rounded by the focused ultrasound receiver 22, or vice versa.
The preset period is equal to or larger than response time of
the focused ultrasound receiver 22. There is a distance
between the target position and the focused ultrasound
receiver 22 farthest from the target position. The estimation
period equals the distance multiplied by 2 and divided by
sound-traveling speed. In the second embodiment, there is a
plurality of focused ultrasound receivers 22 arranged into a
strip array with one dimension, and one focused ultrasound
emitter 20. The focused ultrasound emitter 20 and the
focused ultrasound receivers 22 are arranged on a curved
surface, as shown in FIG. 5. In this case, there are one first
ultrasound signal U1, one second ultrasound signal U2, one
third ultrasound signal U3 and one fourth ultrasound signal
U4. Alternatively, an amount of the focused ultrasound
emitter 20 is one, and there is a plurality of focused
ultrasound receivers 22. The focused ultrasound emitter 20
and the focused ultrasound receivers 22 are arranged into a
ring array on a curved surface, as shown in FIG. 6. In this
case, there are one first ultrasound signal Ul, one second
ultrasound signal U2, one third ultrasound signal U3 and one
fourth ultrasound signal U4.

Below is the operation process of the second embodiment.
Refer to FIG. 1, FIG. 4, FIG. 5§ and FIG. 6. Firstly, a
calibration process is performed. The calibration process
comprises Step S10, Step S12 and Step S14. In the begin-
ning, Step S10 is performed. In Step S10, the processing
device 14 generates the first electrical signal E1 and trans-
mits the first electrical signal E1 to the focused ultrasound
emitter 20 to control the focused ultrasound emitter 20 to
emit the first ultrasound signal Ul to the target position.
Then, in Step S12, the first ultrasound signal Ul penetrates
through cranial bone to reach the target position and the
target position reflects the first ultrasound signal U1 to form
the second ultrasound signal U2 in the estimation period.
The processing device 14 drives the focused ultrasound
receiver 22 to start to receive the second ultrasound signal
U2 through the cranial bone only during the preset period
after the estimation period. Then, in Step S14, the processing
device 14 uses the display 16 to display the first image of the
target position according to the second ultrasound signal U2,
whereby the brightness of the first image is directly propot-
tional to the energy intensity of the first ultrasound signal
Ul.

The first image is displayed according to first beamformed
filtered data Ff{x_,y,.z.), and the first beamformed filtered
data FH(x,,y,,z,) satisfies following formulas (11), (12), (13),

Ve

(14) and (15):

N

Flrgs 2g) = F@Z

n=1

11

N
~ T R
Z ((RFuxy) X xux1 X TDpsy)
n=l
N 5 - _ (12)
RFuyxn = cosQafu) X (chRF oy + chRF )/ 2
Sin(2 ) X (= ) X (chRF gy + chRF ) /2

13

ey = [0, ), ., Filh), e, fl)]
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-continued
CHRF iy = [fl(é *ﬁRF], fz(f:‘_IQ *fw], . (14)
o )

Tyxn = Xurx1 X TD 1y 13

Wherein, (x,,y,.7,) is 3-D coordinate of the target posi-
tion, and F is a first filtered factor, and N is an amount of the
focused ultrasound receiver 22, and n is an index of each
focused ultrasound receiver 22, and RF, ,, is a first beam-
formed data matrix with dimension MxN, and t is time, and
f, s a first re-modulation frequency, and chRF, 15 a first
channel data matrix with dimension MxN, and 1Q, ., is a
matrix with dimension mxN of a baseband signal of the
second ultrasound signal U2, and m is a natural number, and
f(k) is a column function of a i-th column of 1Q,,, ,, and k
and 1 are natural numbers, and k=1,2, . . ., m, and i=],
2, ..., N, and f;, is a sampling frequency of 1Q,,,, and
f rr 18 a resampled frequency of 1Q,,. 5, and TD;,  is a first
time matrix of the second ultrasound signal U2 moving from
the target position to N pieces of the focused ultrasound
receivers 22, and T, is a mask-operated matrix with
dimension MxN comprising binary element 0 or 1, and M is
a natural number larger than the largest element of the first
time matrix, and X, is a vector with dimension MxI,
chRF,.* is a conjugation of chRF,, », and & is convo-
lution operation.

Like the first embodiment, the second embodiment uses
the processing device 14 to set the preset brightness as an
energy level intended to apply to the target position of the
organism 17.

After the calibration process, an execution process is
performed. The execution process comprises Step S16, Step
S18 and Step S20. In the execution process, Step S16 is
firstly performed. In Step S16, the processing device 14
converts the first electrical signal E1 into the second elec-
trical signal E2 received by the focused ultrasound emitter
20 according to the difference between the brightness of the
first image and the preset brightness, whereby the focused
ultrasound emitter 20 uses the second electrical signal E2 to
emit the third ultrasound signal U3 whose energy intensity
larger than the energy intensity of the first ultrasound signal
Ul to the target position. Then, in Step S18, the third
ultrasound signal U3 penetrates through the cranial bone to
reach the target position and the target position reflects the
third ultrasound signal U3 to form the fourth ultrasound
signal U4 in the estimation period. The processing device 14
drives the focused ultrasound receiver 22 to start to receive
the fourth ultrasound signal U4 through the cranial bone
only during the preset period after the estimation period.
Then, in Step S20, the processing device 14 uses the display
16 to display the second image of the target position
according to the fourth ultrasound signal U4, whereby the
brightness of the second image is directly proportional to the
energy intensity of the third ultrasound signal U3.

The second image is displayed according to second beam-
formed filtered data (x,y,z)', and the second beam-

formed filtered data Ff(x,.y,,2,)' satisfies following formulas

® (16), (17), (18), (19) and (20}

65

(16)

1 (%gs ygs 2g) =

v
’ - S T ’ v
Fe ((RF ) X yr X TDiy)
=1 )
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-continued
RAF;L,/XN = cos(2nf, 1) x (chkF;l,,/XN + ch}?F;:,/XN)/Z - un
S f1)X (= )X (chRF )1y + chRF i) /2

Qo = K KO, o FE) o 0] 18)
L pt k 1 ’ k Y] (19)
chRF oy = jl(% *usRF]’ fz(% *stF]a e

4 ’ Y
Ty =X 50 X Dy

*fS’RF], s f/\//(é *fS/RF]

(20)

Wherein, (X, ¥,, Z,) is coordinates of the target position,
and F' is a second filtered factor, and N is an amount of the
focused ultrasound receiver 22, and n is an index of each
focused ultrasound receiver 22, and RF', ., is a second
beamformed data matrix with dimension M'xN, and t is
time, and f! is a second re-modulation frequency, and
chRF', . is a second channel data matrix with dimension
M'xN, and Q' is a matrix with dimension mxN of a
baseband signal of the fourth ultrasound signal U4, and in is
a natural number, and f/(k) is a column function of a i-th
column of 1Q',.,, and k and i are natural numbers, and
k=1,2, ..., m,and i=1,2, . .. N, and ;' is a sampling
frequency of 1Q', , and {;; is a resampled frequency of
1Q',.n» and TD';,y is a second time matrix of the fourth
ultrasound signal U4 moving from the target position to N
pieces of the focused ultrasound receivers 22, and T',,. is
a mask-operated matrix with dimension M'xN comprising
binary element 0 or 1, and M' is a natural number larger than
the largest element of the second time matrix, and X', is
a vector with dimension M'x1, and chRF", . ,* is a conju-
gation of chRF', /., and & is convolution operation.

After Step S20, the operation process returns to Step S10
to sequentially perform the calibration process and the
execution process on another target position. Repeatedly, an
activity of applying energy to a therapy region of the BBB
is also completed to achieve the purpose of opening the BBB
in CNS tissue and delivering drugs.

Besides, before the calibration process, the processing
device 14 generates an electrical signal and transmits the
electrical signal to the focused ultrasound emitter 20 to
control the focused ultrasound emitter 20 to emit an ultra-
sound signal to a calibrated tool such as a force balanced
meter or a calibrated hydrophone for acoustic power mea-
surement, whereby the correlation between level of ultra-
sound signal and the level of emitted energy can be estab-
lished after performing the calibration process.

The suitable ultrasound energy intensity can open the
BBB at the targeted focused region without damaging the
CNS capillary structure. In that circumstances, the stronger
the energy intensity of ultrasound applied to the CNS target
is, the more BBB opens and the higher the brightness of the
second image is. Refer to FIG. 7(a) and FIG. 7() which are
respectively a diagram of an image of CNS tissue under
sound pressure of 0.467 MPa and a diagram of the second
image corresponded thereof, wherein the input power of the
third ultrasound signal is 4.54 W. From the figures, it is
known that the ultrasound energy applies to the position of
the CNS tissue having deeper color and the second image
corresponding to the deeper color position has higher bright-
ness. Refer to FIG. 8(a) and FIG. 8() which are respectively
a diagram of an image of BBB under sound pressure of
0.705 MPa and a diagram of the second image corresponded

10

15

20

25

35

40

45

60

65

10

thereof, wherein the energy of the third input electrical
power is 9.12 W. From the figures, it is known that the
ultrasound energy applies to the position of the BBB having
deeper color and the second image corresponding to the
deeper color position has higher brightness. Compared with
FIG. 7(b), FIG. 8(b) has higher brightness. This is because
the energy intensity of the third ultrasound signal increases.
In addition, FIG. 9 is a diagram showing propottional
relationship between energy intensity of the emitted ultra-
sound signal and the sound pressure applied to BBB,
wherein a pentagon denotes unopened BBB, a circle denotes
opened BBB with low level, a quadrilateral denotes opened
BBB with high level, and a triangle denotes an error bar of
the three abovementioned data. From FIG. 9, it is known that
the energy intensity of the emitted ultrasound signal is
directly proportional to the sound pressure applied to the
targeted CNS tissue and cause various level of BBB open-
ing, as shown by a dash line.

In conclusion, the present invention emits an ultrasound
signal to an targeted CNS organism. Then, after an estima-
tion period, the present invention starts to receive the
backscattering ultrasound signal, thereby generating an
image of the targeted CNS organism. Wherein, brightness of
the image is directly proportional to energy intensity of the
ultrasound signal to know how much energy applied to the
organism and achieve the purpose of opening the BBB and
delivering drugs.

The embodiments described above are only to exemplify
the present invention but not to limit the scope of the present
invention. Therefore, any equivalent modification or varia-
tion according to the shapes, structures, features, or spirit
disclosed by the present invention is to be also included
within the scope of the present invention.

What is claimed is:

1. A display device for ultrasound energy comprising:

a focused ultrasound emitting and receiving device con-
figured to emit at least one first ultrasound signal to a
target position of an organism, and said target position
reflects said first ultrasound signal to form at least one
second ultrasound signal,

a processing device comprising a hardware, connected
with said focused ultrasound emitting and receiving
device and configured to set an estimation period
according to a distance between said focused ultra-
sound emitting and receiving device and said target
position and sound-traveling speed, said processing
device is configured to generate a first electrical signal
and transmit said first electrical signal to said focused
ultrasound emitting and receiving device to control said
focused ultrasound emitting and receiving device to
emit said first ultrasound signal, said processing device
drives said focused ultrasound emitting and receiving
device to start to receive said second ultrasound signal
only during a preset period after said estimation period,
and said preset period is equal to or larger than response
time of said focused ultrasound emitting and receiving
device; and

a display connected with said processing device, said
processing device is configured to use said display to
display a first image of said target position according to
said second ultrasound signal, brightness of said first
image is directly proportional to energy intensity of
said first ultrasound signal, said focused ultrasound
emitting and receiving device further comprises a plu-
rality of focused ultrasound transducers configured to
receive said first electrical signal to generate said first
ultrasound signal according to said first electrical sig-
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nal, said processing device is configured to drive said
plurality of focused ultrasound transducers to receive
said second ultrasound signal, said preset period is
equal to or larger than response time of said plurality of

divided by said sound-traveling speed.

12

target position of an organism, and said target position
reflects said first ultrasound signal to form at least one
second ultrasound signal;

a processing device comprising hardware, connected with

focused ultrasound transducers, said first image is 3 said focused ultrasound emitting and receiving device
displayed according to first beamformed filtered data and conﬁgured to set an estimation period according t0
H(x,.¥,.2,), and said first beamformed filtered data a distance between said focused ultrasound emitting
Hi(X,.y,.2,) satisties following formulas: and receiving device and said target position and
sound-traveling speed, said processing device is con-
10 figured to generate a first electrical signal and transmits
. Noowoo T L said first electrical signal to said focused ultrasound
T Voo ) = F® [ . ((RFwsn)” x50 X Tis ) emitting and receiving device to control said focused
= ultrasound emitting and receiving device to emit said
Ry = cos2af,1) % (chRF ypy +ch7?F7V,X,V) /2- 15 first ultrasound signal, then said processing device
) R i drives said focused ultrasound emitting and receiving
SIS X (=) X (chRFigsay + CHRFy )2 device to start to receive said second ultrasound signal
10,0 = LAWK, LK), oo s ), ., O only during a preset period after said estimation period,
. B P and said preset period is equal to or larger than response
ChRF pyyy = [/’1(@ *stF], fz(fx_lQ *stF]s s 50 time of said focused ultrasound emitting and receiving
device; and
fi(L*stFk], ,f/v( o, fSRFH; a display connected with said processing device, said
Joig / Jsig processing device is configured to uses said display to
and display a first image of said target position according to
~ S 25 said second ultrasound signal, brightness of said first
T = a1 XAy image is directly proportional to energy intensity of
said first ultrasound signal, said focused ultrasound
wherein (x,, . z,) is 3-D coordinate of said target emitting and receiving device further comprises a plu-
position, I is a first filtered factor, N is number of said rahty of fgcused ultras.ound.transducers conﬁggred to
plurality of focused ultrasound transducers, n is an 30 receive said first electrical signal to generate said first
index of each of said plurality of focused ultrasound ultrasound signal according to said first electrical sig-
transducers, f{FMxN is a first beamformed data matrix nal, se}ld processing device is configured to drive s?ud
with dimension MxN, t is time, T is a first re-modula- plurality of focused ultrasound transducers to receive
tion frequency, chRF Ay 15 @ first channel data matrix said second ultrasound signal, .said preset perigd is
with dimension MxN, 1Q__, is a matrix with dimen- 35 equal to or larger than response time of said p.lurahty.of
sion mxN of a baseband signal of said second ultra- focused ultrasound transdu?ers, said processing de‘./lce
sound signal, m is a natural number, f,(k) is a column is configured to convert said first dectmcal mgnal into
function of a i-th column of imeN, k and i are natural a second e‘lectr}ced signal ac‘cordmg‘ to a difference
numbers, k=12, ..., m,i=12, ..., N, 5, is a sampling be.tween said brlghtnf;ss of sa}d first image and preset
frequency of 1Q,r, f.xp is a resampled frequency of 40 brightness, qach of said plurality Qf foct}sed ultrasound
10, TDieyis a first time matrix of said second tr?lnsdupers is conﬁgureq to receive sald. secor}d elec-
ultrasound signal moving from said target position to N trlc_al signal and use said second .electncal signal to
pieces of said plurality of focused ultrasound transduc- emit at least one third ultrasound signal whose energy
ers, T,y is a mask-operated matrix with dimension intensity larger than energy intensity of said first ultra-
MxN comprising binary element 0 or 1, M is a natural 45 sound 51gpa1 to said target position, said target position
number larger than a largest element of said first time reflects said third ult‘rasound signal to fo1“m at lgast one
matrix, X,,, is a vector with dimension Mxl, fourth ultra§0und s%gnal, aftf;r generating said third
Chf{FMW* is a conjugation of ChﬁFMxN? said plurality ult.rasound.mgnal, said processing device drives each of
of focused ultrasound transducers are different dis- said Pl}lfahty of focused ultrasour.ld transducers.to start
tances from the target position, a corresponding 50 to receive said fourth ultrasound signal only during said
focused ultrasound transducer of said plurality of preset period after said estimation period, said process-
focused ultrasound transducers is distal from said target ing device is configured to use said display to display
position, and said estimation period equals a distance asecond image of said target position according to said
between said target position and said corresponding fourth ultrasound signal, and brightness of said second
focused ultrasound transducer multiplied by 2 and 55 image is directly proportional to energy intensity of

said third ultrasound signal.

5. The display device for ultrasound energy according to
claim 4, wherein said second image is displayed according
to second beamformed filtered data #(x,,y,,z,), and said
second beamformed filtered data ¥f(x,,y,,7,) satisfies fol-
lowing formulas:

2. The display device for ultrasound energy according to
claim 1, wherein said plurality of focused ultrasound trans-
ducers are arranged into a two-dimension array or a con-
centric circle array. 60

3. The display device for ultrasound energy according to
claim 1, wherein said organism is a central nervous system

(CNS) tissue having capillaries containing blood-brain bar-
N

rier. . . N s T —
4. A display device for ultrasound energy comprising: 65 g Yeo 2g) =F'® E [Z ((RFar)” X3gr XDy )
. Nt . =1
a focused ultrasound emitting and receiving device con- nel

figured to emit at least one first ultrasound signal to a
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-continued
RAF;WX,V = cos(2n f 1) x (chi?F;WXN + chkF;/XN)/Z -

S f/1) X (= )X (chRF gy + chRF o)/ 2

10, = LW B, o, F) s o 0O);
B Y] k Y / k r
ChRFypryy = [fl(% *stF]» fz(f_,lQ *stF]a s
fi{f;] sRF] fN(f J/RF]i
and

’ _ Y
Tagrsw = %51 X TP

wherein (X, Y, Z,) is 3-D coordinate of said target position,
F' is a second filtered factor, N is number of said plurality of
focused ultrasound transducers, n is an index of each of said
plurality of focused ultrasound transducers, RF', ., is a
second beamformed data matrix with dimension M'xN, t is
time, f' is a second re-modulation frequency, chRF" s 15 @
second channel data matrix with dimension M'xN, IQ v 18
a matrix with dimension mxN of a baseband signal of said
fourth ultrasound signal, m is a natural number, f/(k) is a
column function of a i-th column of IQ s K and i are
natural numbers, k=1,2, . . ., m, i=1,2, , N, {0 is a
sampling frequency of IQ s Lerp 18 @ resampled fre-
quency of 1Q' ., TD",,y is a second time matrix of said
fourth ultrasound signal moving from said target position to
N pieces of said plurality of focused ultrasound transducers,
T g 18 @ matrix with dimension M'xN comprising binary
element 0 or 1, M' is a natural number larger than a largest
element of sald second time matnx X'y 18 @ vector with
dimension M'x1, chRF' vyt 18 a conjugation of
chRF', 0 ® i comolutlon operation, said plurality of
focused ultrasound transducers are different distances from
the target position, a corresponding focused ultrasound
transducer of said plurality of focused ultrasound transduc-
ers is distal from said target position, and said estimation
period equals a distance between said target position and
said corresponding focused ultrasound transducer multiplied
by 2 and divided by said sound-traveling speed.

6. The display device for ultrasound energy according to
claim 4, wherein said third ultrasound signal and said fourth
ultrasound signal are burst waves.

7. The display device for ultrasound energy according to
claim 6, wherein said first ultrasound signal and said second
ultrasound signal are burst waves.

8. The display device for ultrasound energy according to
claim 6, wherein said first ultrasound signal and said third
ultrasound signal penetrate through cranial bone to reach
said target position, and frequency of said first ultrasound
signal and said third ultrasound signal is inversely propor-
tional to thickness of said cranial bone.

9. A display device for ultrasound energy comprising:

a focused ultrasound emitting and receiving device con-
figured to emit at least one first ultrasound signal to a
target position of an organism, and said target position
reflects said first ultrasound signal to form at least one
second ultrasound signal,

a processing device comprising hardware, connected with
said focused ultrasound emitting and receiving device
and configured to set an estimation period according to
a distance between said focused ultrasound emitting
and receiving device and said target position and
sound-traveling speed, said processing device is con-
figured to generate a first electrical signal and transmit
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said first electrical signal to said focused ultrasound
emitting and receiving device to control said focused
ultrasound emitting and receiving device to emit said
first ultrasound signal, said processing device drives
said focused ultrasound emitting and receiving device
to start to receive said second ultrasound signal only
during a preset period after said estimation period, and
said preset period is equal to or larger than response
time of said focused ultrasound emitting and receiving
device; and

a display connected with said processing device, said
processing device is configured to use said display to
display a first image of said target position according to
said second ultrasound signal, brightness of said first
image is directly proportional to energy intensity of
said first ultrasound signal, said focused ultrasound
emitting and receiving device further comprises at least
one focused ultrasound emitter and at least one focused
ultrasound receiver connected with said processing
device, said at least one focused ultrasound emitter is
surrounded by said at least one focused ultrasound
receiver, or vice versa, said at least one focused ultra-
sound emitter is configured to receive said first elec-
trical signal and generate said first ultrasound signal
according to said first electrical signal, said processing
device drives said at least one focused ultrasound
receiver to receive said second ultrasound signal, said
preset period is equal to or larger than response time of
said at least one focused ultrasound receiver, said first
image is displayed according to first beamformed fil-
tered data Tf(x,v,,z,) , and said first beamformed
filtered data H(x,.y,, 2.) satisfies following formulas:

N

N
. N T .
ifXg, ¥gs 2) = F ® E [ E ((RFMxN) XXpx) X TDlxN) H

n=1

n=1
RF s = cos(2m f,1) X (chkFMxN + chkFLxN)/Z -
SR f0) X (= ) X (chRFypn + chRF 3y 1/2:

10,n = [AK, LK), o Flk), o fulk);

chkFMxNg[fl(fs *foF] (fs *fSRF]

(fs *f”]

and

(fT s}

Thixn = Xp-1 X D1y

wherein (x,, y,, Z,) is 3-D coordinate of said target
position, F 1s a first filtered factor, N is number of said
at least one focused ultrasound receiver, n is an index
of said at least one focused ultrasound receiver, RF,. s
is a first beamformed data matrix with dimension MxN,
tis time, f, is a first re-modulation frequency, chRF
is a first channel data matrix with dimension MxN,
1Q,,.. 1s @ matrix with dimension mxN of a baseband
signal of said second ultrasound signal, m is a natural
number, f,(k) is a column function of a i-th column of
Qx> k and 1 are natural numbers, k=1,2, . . . , m,
i=1,2,. .., N, f;, is a sampling frequency of 1Q,, .,
frrisa resampled frequency of 1Q,,,.n, TD1,y 18 a first
time matrix of said second ultrasound signal moving
from said target position to said at least one focused
ultrasound receivers, T, 1s @ mask-operated matrix
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with dimension MxN comprising binary elements 0 or
1, M is a natural number larger than a largest element
of said first time matrix, X,y, is a vector with dimen-
sion Mx1, chRF, .. »* is a conjugation of ¢chRF, , ®
is convolution operation, and said estimation period
equals a distance between said target position and said
at least one focused ultrasound receiver multiplied by 2
and divided by said sound-traveling speed.

10. The display device for ultrasound energy according to
claim 9, wherein said at least one focused ultrasound
receiver further comprises a plurality of focused ultrasound
receivers arranged into a strip array with one dimension, and
said plurality of focused ultrasound receivers and said at
least one focused ultrasound emitter are arranged on a
curved surface.

11. The display device for ultrasound energy according to
claim 9, wherein said at least one focused ultrasound
receiver further comprises a plurality of focused ultrasound
receivers arranged into a ring array, and said plurality of
focused ultrasound receivers and at least one said focused
ultrasound emitter are arranged on a curved surface.

12. A display device for ultrasound energy comprising:

a focused ultrasound emitting and receiving device con-
figured to emit at least one first ultrasound signal to a
target position of an organism, and said target position
reflects said first ultrasound signal to form at least one
second ultrasound signal,

a processing device comprising hardware, connected with
said focused ultrasound emitting and receiving device
and configured to set an estimation period according to
a distance between said focused ultrasound emitting
and receiving device and said target position and
sound-traveling speed, said processing device is con-
figured to generates a first electrical signal and trans-
mits said first electrical signal to said focused ultra-
sound emitting and receiving device to control said
focused ultrasound emitting and receiving device to
emit said first ultrasound signal, then said processing
device drives said focused ultrasound emitting and
receiving device to start to receive said second ultra-
sound signal only during a preset period after said
estimation period, and said preset period is equal to or
larger than response time of said focused ultrasound
emitting and receiving device; and

a display connected with said processing device, said
processing device is configured to uses said display to
display a first image of said target position according to
said second ultrasound signal, brightness of said first
image is directly proportional to energy intensity of
said first ultrasound signal, said focused ultrasound
emitting and receiving device further comprises at least
one focused ultrasound emitter and at least one focused
ultrasound receiver connected with said processing
device, said at least one focused ultrasound emitter is
surrounded by said at least one focused ultrasound
receiver, or vice versa, said at least one focused ultra-
sound emitter is configured to receive said first elec-
trical signal and generate said first ultrasound signal
according to said first electrical signal, said processing
device drives said at least one focused ultrasound
receiver to receive said second ultrasound signal, said
preset period is equal to or larger than response time of
said at least one focused ultrasound receiver, said
processing device is configured to convert said first
electrical signal into a second electrical signal accord-
ing to a difference between said brightness of said first
image and preset brightness, said at least one focused
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ultrasound receiver is configured to receive said second
electrical signal, said at least one focused ultrasound
emitter is configured to use said second electrical signal
to emit at least one third ultrasound signal whose
energy intensity larger than energy intensity of said first
ultrasound signal to said target position, said target
position reflects said third ultrasound signal to form at
least one fourth ultrasound signal, after generating said
third ultrasound signal, said processing device drives
said at least one focused ultrasound receiver to start to
receive said fourth ultrasound signal only during said
preset period after said estimation period, said process-
ing device is configured to use said display to display
a second image of said target position according to said
fourth ultrasound signal, and brightness of said second
image is directly proportional to energy intensity of
said third ultrasound signal.

13. The display device for ultrasound energy according to
claim 12, wherein said second image is displayed according
to second beamformed filtered data Ff(x,.y,. z.)', and said
second beamformed filtered data f(x,,y,, z,)' satisfies fol-
lowing formulas:

N
N
~ ' at T _
g, ygr2g) =F'® E [§ ((BFyran) XXy xTD )

) n=1

i

RAF;V,/X,\, = cos(2r f 1) X (ch??F;V,/XN +ch??F‘;:,/)LN)/2—
sin(2f, 1) X (- j) X (chkF;WXN + chkF;:,/XNj/&

W 2 L0, B, o [0, s fiR);
T ! ! k ! 2| k ‘2
ChRF 1y = [fl(_fllQ * sRF]~ fz(—f/IQ # :RF]’ SR
k '
*J;RFH?

4 k / 1
f"(f;,Q *f”]’ ’f”(f;,g

and

’ o —_—
Ty sw = Xurrsa X TD s

wherein (X,,y,, z.) 15 3-D coordinate of said target position,
F' is a second filtered factor, N is number of said at least one
focused ultrasound receiver, nis an index of said at least one
focused ultrasound receiver, RF',,. , is a second beam-
formed data matrix with dimension M'xN, t is time, £, is a
second re-modulation frequency, chRF',., is a second
channel data matrix with dimension M'xN, 1Q' . is a
matrix with dimension mxN of a baseband signal of said
fourth ultrasound signal, m is a natural number, f/(k) is a
column function of a i-th column of 1Q',.», k and i are
natural numbers, k=1,2, . .., m,i=1,2, ... , N, { ;' is a
sampling frequency of 1Q', ... Tz, is a resampled fre-
quency of 1Q',.n» TD',y is a second time matrix of said
fourth ultrasound signal moving from said target position to
said at least one focused ultrasound receiver, T';. 1 @
matrix with dimension M'xN comprising binary element 0
or 1, M' is a natural number larger than a largest element of
said second time matrix, X'y, is a vector with dimension
M'x1, chRF',,.* is a conjugation of chRF',, ., ® is
convolution operation, and said estimation period equals a
distance between said target position and said at least one
focused ultrasound receiver multiplied by 2 and divided by
said sound-traveling speed.

14. The display device for ultrasound energy according to
claim 12, wherein said at least one focused ultrasound
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receiver further comprises a plurality of focused ultrasound
receivers arranged into a strip artay with one dimension, and
said plurality of focused ultrasound receivers and said at
least one focused ultrasound emitter are arranged on a
curved surface.

15. The display device for ultrasound energy according to
claim 12, wherein said at least one focused ultrasound
receiver further comprises a plurality of focused ultrasound
receivers arranged into a ring array, and said plurality of
focused ultrasound receivers and at least one said focused
ultrasound emitter are arranged on a curved surface.

16. The display device for ultrasound energy according to
claim 12, wherein said third ultrasound signal and said
fourth ultrasound signal are burst waves.

17. The display device for ultrasound energy according to
claim 16, wherein said first ultrasound signal and said
second ultrasound signal are burst waves.

18. The display device for ultrasound energy according to
claim 16, wherein said first ultrasound signal and said third
ultrasound signal penetrate through cranial bone to reach
said target position, and frequency of said first ultrasound
signal and said third ultrasound signal is inversely propor-
tional to thickness of said cranial bone.
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