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(54) Method and apparatus for medical ultrasound navigation user interface

(57) In one embodiment, an ultrasound system
(100) is provided that includes a probe (102) having a
2D array of transducers for acquiring ultrasound infor-
mation along a plurality of scan lines through an object
in real time. The scan lines are arranged to define vol-
umetric data corresponding to a volume of interest (VOI)
in a subject or patient. One such VOI may include the
human heart or some portion of the human heart. The
system includes a beamformer (104) configured with
scan parameter values that define the scan lines. An im-
age buffer (108) stores multiple data volumes acquired
over time that are successively retrieved and processed
by a display processor (110). The display processor
(110) accesses the data volumes stored in the image
buffer (108) successively to control generation of at
least one of 2D and 3D renderings (122) based on dis-

play parameters (118), wherein the display processor
(110) obtains from the image buffer (108) a first data vol-
ume defined based on first scan parameter values, while
the probe (102) acquires ultrasound information for a
second data volume that is entered into the image buffer
(108). The second data volumes defined based on sec-
ond scan parameter values. A navigation view (124)
presents in real time the renderings (122) generated by
the display processor (110) with their corresponding 3D
orientation. A navigator is provided that controls the dis-
play of the navigation view (124) in real time such that,
as the user adjusts (210) a display parameter value to
change a view plane, images (122) presented in the
navigation view (124) are updated to reflect the view
plane. A user interface (120) is provided for adjusting
the scan and display parameter values.
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Description

[0001] The present invention relates to diagnostic ul-
trasound methods and systems. In particular, the
present invention relates to methods and systems for
navigation in ultrasound data.
[0002] Numerous ultrasound methods and systems
exist for use in medical diagnostics. Various features
have been proposed to facilitate patient examination
and diagnosis based on ultrasound images of the pa-
tient. For example, certain systems offer ultrasound vol-
umetric imaging of an object, e.g. the human heart. To
be useful, these systems require a navigator for orient-
ing view planes within the volume data. Typically, the
navigation of the view planes must be done after data
acquisition.
[0003] Heretofore, ultrasound methods and systems
were unable to acquire volumetric ultrasound data at the
same time as an operator navigates in the volumetric
data to generate 2D or 3D rendered images of the ob-
ject.
[0004] A need exists for improved methods and sys-
tems that provide real time navigation in ultrasound vol-
umetric data.
[0005] In one embodiment of the invention, an ultra-
sound system is provided that includes a probe having
a 2D array of transducers for acquiring ultrasound infor-
mation along a plurality of scan lines through an object
in real time. The scan lines are arranged to define vol-
umetric data corresponding to a volume of interest (VOI)
in a subject or patient. One such VOI may include the
human heart or some portion of the human heart. The
system includes a beamformer configured with scan pa-
rameter values that define the scan lines. An image buff-
er stores multiple data volumes acquired over time that
are successively retrieved and processed by a display
processor. The display processor accesses the data vol-
umes stored in the image buffer successively to control
generation of at least one of 2D and 3D renderings
based on display parameters, wherein the display proc-
essor obtains from the image buffer a first data volume
defined based on first scan parameter values, while the
probe acquires ultrasound information for a second data
volume that is entered into the image buffer. The second
data volume is defined based on second scan parame-
ter values. A navigation view presents in real time the
renderings generated by the display processor with their
corresponding 3D orientation. A navigator is provided
that controls the display of the navigation view in real
time such that, as the user adjusts a display parameter
value to change a view plane, images presented in the
navigation view are updated to reflect the view plane. A
user interface is provided for adjusting the scan and dis-
play parameter values.
[0006] In another embodiment, an ultrasound method
is provided that acquires ultrasound information, utiliz-
ing a 2D array of transducers, along a plurality of scan
lines through an object in real time, the scan lines being

arranged to define data volumes within the object. The
method includes defining the scan lines based on scan
parameter values. The method stores multiple data vol-
umes successively acquired over time in an image buff-
er, and includes adjustment of the values for the scan
parameters. At least one of 2D and 3D images is pre-
sented based on the data volumes. The method access-
es the data volumes stored in the image buffer succes-
sively to control presentation of the at least one of 2D
and 3D images based on display parameters, wherein
a first data volume defined based on first scan parame-
ter values is obtained from the image buffer, while ac-
quiring ultrasound information for a second data volume
that is entered into the image buffer, the second data
volume being defined based on second scan parameter
values.
[0007] In yet another embodiment, an ultrasound sys-
tem is provided that includes a probe having a 2D array
of transducers for acquiring ultrasound information
along a plurality of scan lines through an object in real
time, the scan lines being arranged to define data vol-
umes within the object. A beamformer having scan pa-
rameters that define the scan lines is provided, the scan
parameters having parameter values. An image buffer
stores multiple data volumes successively acquired
over time. A display is provided for presenting at least
one of 2D and 3D images based on the data volumes.
A display processor accesses the data volumes stored
in the image buffer successively to control presentation
of the at least one of 2D and 3D images based on display
parameters. A navigator is also provided that controls
display of a navigation view in real time such that, as the
user adjusts a display parameter value to change an ori-
entation view, images presented on the display are up-
dated to reflect the orientation view.
[0008] The invention will now be described in greater
detail, by way of example, with reference to the draw-
ings, in which:-

Figure 1 is a block diagram of an ultrasound system
formed in accordance with an embodiment of the
present invention.

Figure 2 is a flowchart of an exemplary method sup-
porting real time navigation of 2D and 3D rendering
views produced and displayed from acquired volu-
metric data.

Figure 3 is an illustration of a navigation view with
a view plane looking into a volume from the left that
may be produced by the system of Figure 1.

Figure 4 is an illustration of a navigation view with
a view plane looking into the volume of Figure 3
from the top.

Figure 5 is an illustration of the navigation view of
Figure 4 with the view plane translated downwards.
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Figure 6 is an illustration showing a volume ob-
tained with a selected width and elevation, the width
and elevation selected through a user interface of
the system of Figure 1.

Figure 7 is an illustration showing a changed vol-
ume obtained by changing the width and elevation
for the volume of Figure 6.

Figure 8 is an illustration of a navigation view of a
heart as seen from a view plane selected by the us-
er of the system of Figure 1.

[0009] Figure 1 is a block diagram of an ultrasound
system 100 formed in accordance with an embodiment
of the present invention. The ultrasound system 100 is
configurable to acquire volumetric data corresponding
to a volume of interest (VOI) in a subject or patient. One
such VOI may include the human heart or some portion
of the human heart. The ultrasound system 100 is con-
figurable to acquire 3-dimensional (3D) volumes of data,
each volume defined by an azimuth angle and elevation
angle. The ultrasound system 100 includes a 2-dimen-
sional (2D) array/matrix probe 102 that under the guid-
ance of a beamformer 104 scans the VOI and acquires
volumes of data at a rate of 15-30 volumes/sec, depend-
ing on the size of the volume (azimuth angle and eleva-
tion angle). The probe 102 receives backscattered ech-
oes from the scanned object within the VOI and gener-
ates electrical receive signals that are combined in the
beamformer 104 to form each beam/line within each
scan plan. Multiple scan plans (differentiated by their el-
evation angle) combine to form a volume. The beam-
former 104 outputs the beam information to an RF proc-
essor 106 that converts the beam information into ultra-
soundimaging data, e.g. B-mode information. The B-
mode information generated from the RF processor 106
is stored in an image buffer 108. The image buffer 108
is a ring buffer that stores each acquired volume at a
rate depending upon the size of each volume. Each vol-
ume in the image buffer 108 is given a time stamp.
[0010] While B-mode information is stored in the im-
age buffer 108, previously stored B-mode information is
retrieved and made available, a volume at a time, to a
display processor 110 and a navigator 114. The display
processor 110 and the navigator 114 receive the same
set of inputs, e.g. a set of scan parameters 116, a set of
display parameters 118, and volume data from the im-
age buffer 108 for processing. The image buffer 108 is
a ring buffer in that the buffer 108 wraps around on itself.
When the last storage location in the buffer 108 is
reached, the beginning location in the buffer 108 is next
addressed. Volumetric information is retrieved from the
buffer 108 by the display processor 110 and the naviga-
tor 114 at a rate that prevents overwriting of information
in the image buffer 108.
[0011] The display processor 110 processes the vol-
ume information retrieved from the image buffer 108 to

form a rendering such as, for example, a volume ren-
dering or a slice (cut) plane rendering, that is displayed
in a rendering view 122 of a computer display 112. The
rendering view 122 displays an image of the scanned
object as would be seen from a desired orientation or
view plane (direction of view) as determined by the dis-
play parameters 118. The orientation or view plane from
which the rendering view 122 is formed and displayed
may be displayed to the user by a navigation view 124
in the computer display 112. The navigator 114 gener-
ates and controls the navigation view 124 that is dis-
played on the computer display 112. The navigation
view 124 may show a high level view of the scanned
object and the orientation or direction of view of the
scanned object by positioning the scanned object with
respect to a set of planes or slices, such as a set of or-
thogonal planes or slices that form a Cartesian refer-
ence system.
[0012] The user through a user interface 120 may
change the scan parameters 116 and/or the display pa-
rameters 118. The navigator 114 controls the orientation
shown in the navigation view 124 based on the values
of the display parameters 118. When changing the nav-
igation view 124 by changing the display parameters
118, the display of the rendering view 122 is correspond-
ingly changed to show the scanned object as formed
and seen from the new view direction and/or orientation.
Thus, the user may navigate and change the direction
of view and/or orientation of the scanned object as is
displayed in the navigation view 124, and in so doing,
change the view of the scanned object that is displayed
in the rendering view 122. The display of the scanned
object shown in rendering view 122 is aligned to agree
and correspond with the new view orientation that is
shown in the navigation view 124. Direction of view (the
navigation view 124) may be changed while new volume
data is being acquired and stored in the image buffer
108. The user is able to navigate in real time the view
or perspective being displayed of the scanned object
while the object is being scanned. The lag time to see
changes made in the display parameters 118 (changes
in the viewing direction and/or orientation) update the
rendering view 122 and the navigation view 124 de-
pends on the time required to generate new renderings.
Unlike changing the scan parameters 116, changing the
display parameters 118 does not affect the configuration
of the beamformer 104.
[0013] Figure 2 is a flowchart 200 of an exemplary
method supporting real time navigation of 2D and 3D
rendering views 122 produced and displayed in the
computer display 112 from acquired volumetric data. At
202, a plurality of scan planes is defined based on val-
ues assigned to the scan parameters 116. The scan pa-
rameters 116 include such variables as, for example,
scan depth, width (azimuth angle), elevation angle,
number of beams (beam density) in elevation and in az-
imuth, number of samples/beam, and mode. The user
may define the values for the scan parameters 116
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through the user interface 120, such as through the use
of a keyboard, trackball, and/or mouse, and may update
the scan parameters 116 in real time during the ultra-
sound scanning. New scan parameter values are pro-
vided to the display processor 110 and the navigator
114. The lag time for seeing the effect of having changed
the values of the scan parameters 116 is from 1 to 2
seconds, time being needed to configure the beamform-
er 104 with the new scan parameters 116.
[0014] At 204, ultrasound information is acquired by
utilizing a probe with a 2D array of transducers to collect
scan information along a plurality of scan plans through
a scanned object. The scanning is performed in real time
in that no manual repositioning of the probe is needed
in order to acquire all the scan planes that form a data
volume. Each scan plan of the volume is differentiated
from another by the elevation angle of the beam lines
producing the scan plan. The width of the scan plan is
determined by an azimuth angle. A volume of scan data
may be produced by varying the elevation angle of the
scan to generate a plurality of scan planes through the
scanned object at different elevations.
[0015] At 206, multiple data volumes are successively
stored as acquired over time in the image buffer 108. As
related for Figure 1, the image buffer 108 is a ring buffer
with data volumes being extracted and used by the dis-
play processor 110 and the navigator 114 while data vol-
umes are being stored in the image buffer 108.
[0016] At 208, the 2D or 3D rendering view 122 is pre-
sented in the computer display 112 as formed by the
display processor 110 based on the scanned volume,
the scan parameters 116, and the display parameters
118. At 210 the user may adjust the scan parameters
116 to obtain a wider or narrower scan of the scanned
object, or to obtain a scan with a greater density of
beams/lines in a scan plane or the elevation (number of
scan planes/per volume).
[0017] At 210, the user adjusts the scan parameters
116 and, as the user makes adjustments, the effects of
the adjustments as displayed in the rendering view 122
are presented 208 in the computer display 112. The ef-
fects of the adjustments to the scan parameters 116 may
be viewed in about 1 or 2 seconds from having entered
the adjustments.. The time of 1 or 2 seconds may be
needed in order to reconfigure the beamformer 104 with
the new scan parameters 116, acquire and store new
volume data in the image buffer 108, retrieve and proc-
ess the new volume data from the image buffer 108 by
the display processor 110, and present the updated ren-
dering view 122 in the computer display 112. When the
user is satisfied with the size and quality of display of
the scanned object in the rendering view 122, the user
may want to view the scanned object from a different
direction and/or orientation.
[0018] At 212, data volumes are successively ac-
cessed from the image buffer 108, and with the current
valuing of the scan parameters 116 and the display pa-
rameters 118, the rendering view 122 and the navigation

view 124 are displayed in the computer display 112. The
navigator 114 uses the display parameters 118 to define
the orientation or direction of view (view plane) and to
display the view plane as part of the navigation view 124
in the computer display 112. The user may adjust the
display parameters 118 through the user interface 120
similarly to how the scan parameters 116 are adjusted.
Examples of display parameters may include view di-
rection, rotation translation, tilt, zoom factor, and
number of images viewed. Both the display processor
110 and the navigator 114 read the display parameters
118. The navigator 114 produces a view plane or angle
of view with a view of the scanned object in the naviga-
tion view 124. The rendering view 122 may be an en-
larged view of the scanned object in comparison to the
scanned object shown in the navigation view 124. The
rendering view 122 and the navigation view 124 may
each be displayed in a quadrant of the computer display
112.
[0019] Real time navigation is obtained by succes-
sively accessing data volumes stored in the image buff-
er 108 and scan parameter values stored in 116 and pre-
senting at least one of 2D and 3D images based on dis-
play parameters 118, wherein each image that is dis-
played is defined based on separate display parameter
values stored in display parameters 118.
[0020] Figure 3 is an illustration of a navigation view
300 with a view plane 310 looking into a volume 308
from the left that may be produced by the system 100
of Figure 1. The navigation view 300 shows an image
of a heart valve 306 generated as seen from viewing
into a volume 308 from the left. The view plane 310, is
shown as a table top with four arrows for legs, and indi-
cates to the user that the image of the heart valve 306
is produced by looking perpendicularly through the view
plane 310 (perpendicularly through the table top) into
the volume 308. The image of the heart valve 306 may
be formed by use of various techniques, such as slice
(cut plane) imaging, surface rendering, and the like. The
user may change the orientation of the view plane 310
with respect to the volume 308 by rotating and/or trans-
lating the view plane 310. For example, the view plane
310 may be reoriented about the volume 308 to obtain
a view plane 312 and view of the heart valve 306 as
shown in Figure 4.
[0021] Figure 4 is an illustration of a navigation view
302 with a view plane 312 looking into the volume 308
from the top. A translation and/or rotation of the view
plane 310 of Figure 3 obtains the view plane 312 of Fig-
ure 4. Shown in Figure 4 is an object 314 between the
view plane 312 and the heart valve 306. The view from
the view plane 312 includes the object 314 which may
obstruct the view of a portion of the heart valve 306. The
generated image of the heart valve 306 has the object
314 obstructing the view of the heart valve 306. The ob-
structed view may be resolved by translating the view
plane 312 downward as shown in Figure 5.
[0022] Figure 5 is an illustration of the navigation view

5 6



EP 1 609 424 A1

5

5

10

15

20

25

30

35

40

45

50

55

302 of Figure 4 with the view plane 312 translated down-
ward. The view plane 312 of navigation view 302 has
been lowered down (translated downward) to be closer
to the heart valve 306 in Figure 5. The new view plane
316 is positioned below the obstructing object 314 to re-
sult in an image of the heart valve 306 that is no longer
obstructed by the object 314. By translating the view
plane 312 downward to obtain the view plane 316, the
user has eliminated use of the volumetric scan data that
contains the obstructing object 314 in forming the view
or image of the heart valve 306. The user may change
the values of display parameters 118 through the use of
the user interface 120 of Figure 1 to reorient the view
plane 312. Reorientation may result in a view of the
heart valve 306 from a different angle and/or without ob-
structing objects within the view.
[0023] Figure 6 is an illustration 400 showing a vol-
ume 401 obtained with a selected width 410 (azimuth
angle θ) and elevation 408 (elevation angle ϕ), the width
410 and elevation 408 selected by the user through the
user interface 120 of the system 100 of Figure 1. The
volume 401 is determined from the width 410 (the azi-
muth angle θ) of a scan slice 416 and the elevation 408
(the elevation angle ϕ) for the scan slice 416. Figure 6
shows a view plane 404 through which an image of a
heart valve 406 is defined and displayed. When observ-
ing the display of the heart valve 406, the user or sonog-
rapher may desire to display more of the heart valve 406
or more area surrounding the heart valve 406, but with
the view remaining unchanged. A larger view of the
heart valve 406 may be obtained as shown in Figure 7.
[0024] Figure 7 is an illustration 402 showing a
changed volume 403 obtained by changing the width
410 and elevation 408 for the volume 401 of Figure 6.
In Figure 7, a shortened width 414 and increased ele-
vation 412 through which scan slices 416 are obtained
is specified by the user to obtain the changed volume
403. Without changing the view plane 404 of Figure 6,
a larger view of the heart valve 406 is obtained by in-
creasing the volume 403 of the scan.
[0025] Figure 8 is an illustration of a navigation view
500 of a heart 506 as seen from a view plane 502 se-
lected by the user of the system 100 of Figure 1. The
heart 506 is shown with an aortic structure 510 facing
the view plane 502. The image of the heart 506 in the
navigation view 500 may be generated as a surface ren-
dering. In an alternative embodiment, the image shown
of the heart 506 may not be a generic surface model,
but instead may be a calibrated model of a heart.
[0026] The system 100 may generate a model of a
heart constructed from a plurality of polygons and posi-
tion the heart model in the location of the heart 506. To
be useful, the heart model is scaled based on data from
the patient. Data may be manually measured or auto-
matically determined to scale the size of the heart model
based on actual size of the patient's heart. For example,
the actual size of the patient's heart may be determined
based on three landmarks in data (e.g. two points on the

mitral ring and the aortic output) and apex. The gener-
ated heart model is positioned and oriented within the
volume 508 according to the landmarks in the volume
data. Thus, the navigation view 500 may show a heart
506 that is a calibrated scale model of the patient's heart
positioned and oriented correctly within the volume 508.
Corresponding to the view plane 502 of the navigation
view 500, a rendering view (not shown in the figure) may
show 2D or 3D images derived from the ultrasound scan
data. The view plane 502 may intersect the heart model.
[0027] Exemplary embodiments of diagnostic ultra-
sound systems and methods are described above in de-
tail. The systems and methods are not limited to the spe-
cific embodiments described herein, but rather, compo-
nents of each system may be utilized independently and
separately from other components described herein.
Each system component can also be used in combina-
tion with other system components.

Claims

1. An ultrasound system (100), comprising:

a probe (102) having a 2D array of transducers
acquiring (204) ultrasound information along a
plurality of scan lines through an object (314)
in real time, said scan lines being arranged to
define (202) data volumes (308, 401, 508) with-
in the object (314);
a beamformer (104) having scan parameters
(116) that define (202) said scan lines, said
scan parameters (116) having parameter val-
ues;
an image buffer (108) storing (206) multiple da-
ta volumes (308, 401, 508) successively ac-
quired (204) over time;
a display processor (110) accessing (212) said
data volumes (308, 401, 508) stored (206) in
said image buffer (108) successively to control
generation of at least one of 2D and 3D render-
ings (122) based on display parameters (118),
wherein said display processor (110) obtains
(204) from said image buffer (108) a first data
volume (308, 401, 508) defined (202) based on
first scan parameter values, while said probe
(102) acquires (204) ultrasound information for
a second data volume (308, 401, 508) that is
entered into said image buffer (108), said sec-
ond data volume (308, 401, 508) being defined
(202) based on second scan parameter values;
a navigation view (124) presenting (208) in real
time the said renderings (122) generated by
said display processor (110) with their corre-
sponding 3D orientation;
a navigator controlling display (112) of said nav-
igation view (124, 300, 302, 500) in real time
such that, as the user adjusts (210) a display
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parameter value to change a view plane imag-
es (310, 312, 316, 404, 502), presented (208)
in said navigation view (124, 300, 302, 500) are
updated to reflect said view plane (310, 312,
316, 404, 502); and
a user interface (120) for adjusting (210) said
scan and display parameter values.

2. The ultrasound system (100) of Claim 1, wherein
said user interface permits a user to adjust (210)
said scan parameters (116) from said first parame-
ter values to said second parameter values while
viewing said at least one of 2D and 3D renderings
(122) based on volume data being acquired (204)
in real time.

3. The ultrasound system (100) of Claim 1, wherein
said image buffer (108) simultaneously stores (206)
at least one data volume (308, 401, 508) defined by
said first parameter values and at least one data vol-
ume (308, 401, 508) defined (202) by said second
parameter values.

4. The ultrasound system (100) of Claim 1, wherein
said image buffer (108)

is substantially simultaneously accessed
(212) by said display processor (110) to read said
data volumes (308, 401, 508) from said image buff-
er (108) and by said beamformer (104) to write said
data volumes (308, 401, 508) to said image buffer
(108); and

stores (206) a time stamp with each of said
data volumes (308, 401, 508), said time stamp iden-
tifying a time at which said data volume (308, 401,
508) was acquired (204).

5. The ultrasound system (100) of Claim 1, wherein
said display (112) presents (208) at least one of vol-
ume rendered images (122), surface rendered im-
ages (122) and cut plane images (310, 312, 316,
404, 502).

6. The ultrasound system (100) of Claim 1, further
comprising a navigator controlling display (112) of
a navigation view (124, 300, 302, 500) indicating at
least one of view planes (310, 312, 316, 404, 502),
object (314) models and landmarks relative to the
said data volume (308, 401, 508), said navigation
view (124, 300, 302, 500) being defined (202)
based on said data volume data, scan and display
parameter values.

7. The ultrasound system (100) of Claim 1, wherein
said probe (102) continues to acquire (204) new da-
ta volumes (308, 401, 508) as display parameters
values for said display parameters (118) are
changed.

8. The ultrasound system (100) of Claim 1, wherein a
lag time after changing display parameter values
before displaying (208) updated images based on
new display parameter values is no more than ϖ
second.

9. The ultrasound system (100) of Claim 1, wherein a
lag time after changing scan parameter values be-
fore displaying (208) updated images based on new
scan parameter values is no more than 2 seconds.

10. An ultrasound system (100) comprising:

a probe (102) having a 2D array of transducers
acquiring (204) ultrasound information along a
plurality of scan lines through an object (314)
in real time, said scan lines being arranged to
define data volumes (308, 401, 508) within the
object (314);
a beamformer (104) having scan parameters
(116) that define (202) said scan lines, said
scan parameters (116) having parameter val-
ues;
an image buffer (108) storing (206) multiple da-
ta volumes (308, 401, 508) successively ac-
quired (204) over time;
a display (112) for presenting (208) at least one
of 2D and 3D images (122) based on said data
volumes (308, 401, 508);
a display processor (110) accessing (212) said
data volumes (308, 401, 508) stored (206) in
said image buffer (108) successively to control
presentation (208) of said at least one of 2D and
3D images (122) based on display parameters
(118); and
a navigator controlling display (208)) of a nav-
igation view (124, 300, 302, 500) in real time
such that, as the user adjusts (210) a display
parameter value to change an orientation view,
images (122) presented on said display (112)
are updated to reflect said orientation view.
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摘要(译)

在一个实施例中，提供了一种超声系统（100），其包括具有2D换能器
阵列的探头（102），用于沿着通过物体的多个扫描线实时采集超声信
息。扫描线被布置成限定对应于受试者或患者中的感兴趣体积（VOI）的
体积数据。一种这样的VOI可以包括人的心脏或人的心脏的某些部分。该
系统包括波束形成器（104），其配置有定义扫描线的扫描参数值。图像
缓冲器（108）存储随时间获取的多个数据量，这些数据量由显示处理器
（110）连续检索和处理。显示处理器（110）连续访问存储在图像缓冲
器（108）中的数据量，以基于显示参数（118）控制2D和3D渲染
（122）中的至少一个的生成，其中显示处理器（110）获得从图像缓冲
器（108），基于第一扫描参数定义的第一数据量当探测器（102）获取
进入图像缓冲器（108）的第二数据量的超声信息时，值。基于第二扫描
参数值定义的第二数据量。导航视图（124）实时呈现由显示处理器
（110）生成的渲​​染（122）及其对应的3D方向。提供导航器，其实时控
制导航视图（124）的显示，使得当用户调整（210）显示参数值以改变
视平面时，导航视图（124）中呈现的图像（122）更新以反映视图平面。提供用户界面（120）用于调整扫描和显示参数值。
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