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Ultrasonic diagrostic systems with spatial compounded paneramic imaging

This invention relates to ulteasonic diagnostic imaging systemms and, o
particular, to ultrasenic diagnostic imaging systers which. produee spatially compounded
panoramic images.

. method of processing and displaying ultrasonie images which is presently
commercially available is known as exiended field of view or panoramie imaging. In & basic
realtinee hnaging mode, an vitasonic transducer produces realiime hnages of the arce of the
body immediately in front of the transducer aperture. When the transducer is moved to
another location on the body, the images will be of the area in front of the transducer aperture
at the new location. That js, as the tranaducer i3 moved along the body, the ultrasound system
will continuously produce an image of the area currently in front of the trangducer aperture at
any given moment. Panoramic imaging produces a composite image covering sll of the areas
which were in front of the transducer aperture including its starting and ending locutions and
every location in between. Panaoramic imaging was initially performed over twenty years ago
by B-arm ultrasound scanners, which would send and veceive scanlines as the fransducer was
moved. The spatial location of each seanline was tracked by position sensots in the B-arm
and the scanlings thea assembled 1o form a continuous image under the path of travel of the
transducer, In today’s commercial systems the transducer used is an array fransducer which
continuonsly seans and acquires image frames. The need for the B-arm is obviated by
comelating successive image frames on the hasis of their common (overlapping) image
content. When the array transducer is moved in a path such that shecessive fmage frames are
overlapping and ave co-planar there is gencrally sufficient carrelation to align 1he image

fraroes to each other. The aliened imare. framesarrassembledtoznthec fofom_aconfivmons
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recognizes that the image alignment process could be used in other image improvement
procedures such as compounding, In U.S. Pat. 5,566,674 this extension is made by acquiring
images of the sume anatomy in the body from different transducer positions as demaonstrated
10 fig. 1 of that patent. The images are aligned, then compounded ta form a new image with
reduced shadowing and speckle.

It is desirable to bave an imaging techrique which combines all ef the
favorable attyibutes of the ahove systems, that is, a panoramic image m which shadowing and
speckle are reduced by compounding. The techmque suggested by the ‘004 and ‘674 patents,
acquiring images from different transducer positions, has numerous drawbacks, however.
Many paths along which z transducer is moved for panoramic imaging are substantially
linear, such as the leg when imaging the saphenous veinzs. Whilc points in the image may bo
interrogated by different scanlines of the image frame fiom frame to frame, the apertures of
the two scanlines are usually haghly correlated and produce littls if any compounding effect
because the scanlines in the overlapping image areas are substantiatly parallel. In other arcas
of the hody such a3 the abdomen, the tor50 15 genetally wo large with o much attenuation 1o
be able to view the same anatomy from both sides of the body. Thus the diversity in views of
the anatomy needed for compounding offen cannot be obtained by simply moving the
Lansducer. Even if they can, the transducer displacement required 1o acquire them, the
distortion cansed by tissue deformation from the transducer, and the possibility thai the two
views will not be co-planar and hence not correlated all increase the likelibood that the
panoramic imaging repistration algorithm will fail. It is desirable t be able to produce
spatially compounded panoramis images without these drawbacles.

In aceordance with the principles of the present invention, spatially
cempounded panoramic ultrasound images are produced by acquiring images as an amay
trapsducer is translated in relation to an area to be scanned. As the transducer is moved
scanlings arc elecironically stecred in a plurality of look directions relative to the fransducer
The electronically steered scanlines are combined te form spatially compounded images
which are aligned and combined fo form a spatially compounded panoramic unage. In one
embodiment spatially compounded images are inifially forimed, then aligned and combined to
form the patorantic tnage. In another embodiment component image frames of different
ook directions are aligned and ther combined to form the spabally compounded panoramic
image in one combining step, which reduees blurring from the transducer motion. Tn the first

approach, the spatially compounded imspes may be produced at the rate of once for each full



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

23

30

(19) JP 2004-507298 A 2004.3.11

WO 0216963 PCTTEPOLA63R

3
sequence of look directions, ance for each new look direction, or after a pariiz] new sequence
of lock directions have been scanned.

In the drawings:

Figure 1 iliustrates the scapning of a spatially compounded panoramic image
in accordance with the principles of the presend invention;

Figure 2 illustrates in block diagram fonn an ultrasonic diagnostic imagiag
system construsted in accordanse with the prigciples of the present invention;

Figure 3 iHustrates in block diagram form a preferred inplemendation of the
spatial compounding processor of Figure Z;

Figures 4aand 4b illustrate theee overlapping elemental images which form 2 panoramic
image; and

Figure 5 depicts the organization of & panoramic image history buffer;

Figures 6a-6c illustrate how successive elemental images are entered into the history buffer
of Figure 55

Figures 7a-7d illustraic different techriques for acquiring and combining
component frames from different look directions to form spatially ¢ompounded pancramic
inages 1o accordance with the principles of the present invention;

Figure § illustrates 2 process o1 compounding and repistering componet
frames acquired as shown in Figure Te;

Figure 9 illustrates 2 process for registering and combining component frames
directly into a spatially compounded panoramic image;

Figue 10 illnstrates a process for acquiriog component fames of differing
laok directions which reduces the maximum steering angle difference between suceessive
component frames;

Figure 11 illustrates a spatially compeunded panoramic imaging process in
which partially compounded imapes are used; and

Fipure 12 illustrates a sequence of ftames in which the registration algorithm
only operates on frames of the same steering direciion.

Figure } illustrates panoramic scanning in accordance with the present
invention. A scanhcad 10 is moved along the surface 94 of the body to produce a panoramic
image of the tissue andvessels 92,94,96 beneath the path of travel of the scanhead. Generally
2n ulfzasosic couplant (not shown) is applied between the scanhead and the skin surface to
facilitate sliding the scanhead and the passape of ulirasound between the scanhead and the
body. The scanhead includes an array transducer 12 and the scanbead is moved generally in
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tine with the imege plane of the transducer as indicated at 14 so thai suecessive images will
have some common image content. As the scanhead is translzied the array transducer is
operated to fransrait and receive ultrasonic beams which are electronically steered in 2
pluality of look directions, Figure 1 illustrates three beam steering directions by the
scanlines indicated at A, T, and C. The seanlines at A ae steersd ta the 1eft, the scanlines at
B are steared to the right, and the scanlines at C are steered straight ahead from the array
transducer. While this example only shows three steering directions for clarity of illustation,
i & comstructed embodiment up to nine different steering directions are used. Figure 1
illustrates the use of a steercd linear array ttansducer, but a steered phased array fransducer ot
steered eurved array fransducer as showm in 1.5 patent [application sevial number
09/577,021] may also be used. The beam steering angles differ sufficiently so that points in
the body which are interrogated by multiple bearns are viewed at look directions ditfering
sufficiently 1o give the improved image quality of spatial compeunding when echoes from,
the point arc combined. Transmission aud reception of the differently steered beams may be
interleaved in any order, but in a preferved embodiment cotponent image frames of scanlines
of the samc stecring direction are asquired in succession, as discussed below. As the
scanhead is moved jn the dircction 14 shown i the drawing, the Hissue and vessels beneath
the seanhead ate intesrogated by overlapping scanlines of muliiple lock directions as shown
at the right portion 90 of the drawing, Echoes from cormmon points are combined to produce
spatial compounding, and the scanlines beneath the path of fravel of the scarthead are
assembled in oge image to protuce a spatialiy compounded panoramic fmage.

An advantage of this scanning technique is that the tissue of interest is rapidly
eleotronically soanned from multiple predetermined look directions 5o that the spatial
compounding eftect is reliably obtained. 1t will be appreciated that moving a linear armay
tranzducer without bearn siesring along a flat surface of the body, such 2s down the leg, will
produce no spatial corpounding effect s the points in the image will always be viewed from
the same 1ook direction. If the surface of the body along which the transducer is move is
curved or irregular, some spatial compounding may oceur, but the effect can be extremely
variable as it will be a fonction of the iegulatity of the path of travel and the distance over
which the transducer is moved, and many areas of the image may exhibit no spatial
compounding effect at all. Even the use of a curved arvay without beam, steering can enly
produce a spatial compounding etfect, if any, which is strongly a function of the distance
moved by the transducer. Electronie beam steering can. eliminate mnich of this variability,

reliably producing a moxe undform spatial compounding effect along the entire panoramic

JP 2004-507298 A 2004.3.11
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image. A further advantage is that the compounding of echoes from rapldly electronically
steered look directions need not rely upon the accurste registration of component frames
during panoramic image formation, which is often the limiting factor in using averaging for
panorzmic image combining because of the bluring caused by elementsl imags mis-
regisiration.

Referring to Pigure 2, an ultresonic diagnostic imaging system constructed in
acoordance with the principles of the present invention is shown. A scanhead 10 including an
array ransducer 12 {ransmits beams ai different angles over an image field denoted by the
dashed rectangle and parallelograms. Thres groups of scanlines are indicated in the drawing,
labeled A, B, and C with such group being steered t a different angie relative to the
scanhead. The trapsmission of the bearns is controlled by 2 transmitter 14 which controls the
phasing and time of actuation of each of the elemonts of the array transdeeey 50 a3 fo fransmit
each beam from a predetermined origin along the array and at a predetermined angle, The
echoes returned from along each scanline are received by the elements of the aray, digitized
by analog to dipital conversion, and coupled to a dipiial beamformer 16, The digital
beamformer delays and sums the echocs from the arra); elements to form a sequence of
focused, coberent digital echo samples along each scantine. The transmitter 14 and
beamformer 16 ere operated under control of a systen: controller 18, which i turn is
responsive to the settings of contrels en a user imterface 20 operated by the user of the
ultrasound system., The system controller controls the transmitter to transnsit the desired
number of scanline groups at the desired angles, transmit energies and frequencies. The
systern controller also confrols the digital beamformer to properly delay and combine the
reesived ocho signals for the aperiures and nage depths used.

The seanline echo signals are filtered by a programmable digital filter 22,
which defines the band of fiequencies of interest, When imaging harmonic contrast agents or
performing tissue harmonic imaging the passband of the filier 22 is set (o pass harmonics of
the transmit band. The fikiered signals are then detected by a defector 24, In a preformed
embodiment. the filtzr and detector include muliiple filiers and detectors 5o that the received
signals may b sepatated info multiple passbands, individually detected and recombined to
reduee image speckle by frequency compeunding, For B mode imaging the detector 24 will
perform amplitude detection of the echo signal envelope. For Doppler imaging ensembles of
echoes are detected and asseabled for each point in the intage and are Doppler processed to
estimate the Droppler shift or Doppler power intensiry.

JP 2004-507298 A 2004.3.11
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T accordance with the principles of the present invention the digital echo
sigpals are processed by spatial compounding io a processor 30. The digital echo signals are
inttially pre-processed by a preprocessor 32. The pre-processor 32 can. preweight the sigoal
samples if desired with a weighting factor. The samples can be preweightad with 2 weighting
factor that is a funcrion of the number of component frames used to form a particular
compound image. The pre-processor can also weight edpe lines that are at the edge of one
overlapping image so as to smeoth the transifions where the number of semples or images
which are compounded changes. The pre-processed signal samples may then undergo a
resampling in & resampler 34. The resampler 24 can spatially realign the estimates of one
component frame or to the pixels of the display spacc. This may be desirable when there is
motion befween image frames, thers is motion within an image, or there is scanhead motion
during image acquisition. However, in many of the embodiments described below, this
realignment is bypassed and is performed by the panoramic image processor when slemental
images are sligned to form the panoramic image.

After resampling the image frames are compounded by a combiner 38,
Carobining may comprise summation, averaging, peak detection, or other combinational
means. The samples being combined may also be weighted prior fo combining in this step of
the process. Finally, post-processing is performed by & post-processor 38. The post-processar
vormalizes the combined values to 2 display range of values. Posl-processing can be most
easily implemented by look-up tables and can simultancously perform compression and
mapping of the range of compounded values o & tenge of values suitgble for display of the
compounded image.

The compounding process may be performed in estimate data space or in
display pixel space, The compound images may be stoted in mermory (not shown) in either
estimate or display pixel form. If stored in estimate form the images may be scan copverted
by scan converter 40 wher replayed from the memery for display. The scan converter and
memaory may alse be used to render three dimensional presentations of the spatiatly
compounded images as deseribed in U.S. Patents 5,485,842 and 5,860,924, Following scan
conversion the spatially compounded images are processed for display by a vldeo processor
44 and displayed on an image display 50.

In accordance with the principles of the present invention ihe spatially

compounded image data is used to form a panoramic image. The image data is coupled to an

LFOV image processor 70, The EFOV image processor, which may operate with cither

estimate data (pre-scan converted) images or display data (scan converted pixel datu) images,

JP 2004-507298 A 2004.3.11
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receives each newly acquired image during the pancramic mode of operation and computes
the displacement and rofation between the new impege and a previously acquired elemental
image of the panoramic image, as more fully described below. The EFOV image processor
stores the new image in registration with the previously acquired elemental images in an
extended image memory 72 as described below. Each time the panoramic image is extended
by the additien of new image data, the EFOV image data stored in the extended image
memory 72 is extracted trom the memory and combined by & combiner 74 to form & new
panoraric image, which is coupled to the video processor 44 for viewing on the display 50.

Figure 3 illusirates a preferred implementation of the spatial compounding
processor 30 of Figure 2. The processor 30 is preferably implemenied by a general purpose
microprocessor ar GPU, or one or more digital signal processors 60 which process the image
data in various ways. The processor 60 can weight the received image data and can resample
the image data to spatially align pixels from component frame to comnponent frame, for
instance. The processar 60 directs the processed image frames to a plurality of frame
memoties 62 which buffer the individual image frames. The number of image frames capable
of beieg slored by the frume memeosies 62 is preferably at least equal to the maximum
muwber of image frames 1o be compounded such as sixteen Sames. Preferably the provessor
is responsive to cantrel parameters ineluding image display depth, depth of region of greatest
compounding, clinical application, compound display rate, mode of operaiion, scanhead
motion and acquisition rate for determining the number of images to compound at a given
instant in time. The processor selects component frames stored in the frame memertes 62 for
agsembly 23 a compound image in accumulator memory 64, Various embodiments of the
acenmuiator memory which subtract the oldsst component frame when adding a new
cemponent frame, or which accumulate different compound images simuttaneously, are
described in U.S. patent [application serial number 09/335,159], the contents of which are
incorporated herein by reforence. The compounded image formed 1 the accumulator
memory 64 is weighted or mapped by & normalization circuit 66, then compressed to the
desired number of display bits end, if desired, remapped by a lookup table {LUT} 68. The
fully processed comprounded image is then fransmitted o the scan converter for formatting
and display as an elemental image of a panoramic image.

The EFOY image processor 70 receives elemental images from the spatial
corapounding processor 30 such as the sequence of partially overlapping clemental images
A’ B, and C* shown in Figure 4a, The processor 70 computes the displacement from one

elemental image to the next on the bhasis of their overlapping {common} image areas. The

JP 2004-507298 A 2004.3.11



20

25

30

(24)

W 02716963 PETIEPOLA6IN
[

registration algorithms for computing this displacement are well known, including block
matching, correlation, narmalized correlation, sum of absolute or squarcd differences,
gradient descent or mutual information techniques. Aliernatively sensors of the motion or
displacement of the scanhead can be used io sense the registration parameters, including
Doppler scnsing. When the displacement necessary to align (register) a new elemental inzage
to a previous elemental image in a panoramic image is known, the new clemental image can
be combined with the others to produce an sxtended image. The overlupping regions of the
elemental images are combined by techniques such as everaging, median filtering, pral
detection, or other Linear, non-linear or adaptive proceases. One way ta do this is te cmploy 2
buffer memory as the extended image memory 72 in which a slogle panoramic imege fermed
frean previonsly acquired elemental images s stored. The pew elemental image is then added
to the panoranyic image in the bufter, generally through some fonm of welghting or
averaging, to produce a new panoramic irage for display, Once the new clemeontal image has
been added to the panuramic image it can no langer be separately identified, as it is blended
into and becomes an integral parl of the panorarnic imaye. In a preferred embodiment of the
present invention, a history buffer is used for the extended image memory 72, in which the
pixels of the individual elemontal images continuc to be separately distinguishable. Figuve 5
depicts the organization of a preferred history buifer 130. The %,y coordinates of the history
buffer 130 shown on the fop surface 132 correspoad to the maximum sight area of &
displayed panoramnic image. The cofuma depth 2 of the history buffer is the maxinmun
pumher of pixels of different elzmental images which can be stored and combined to form
ecach pixcl of the panoraraic image. Lo the illustrated smbodiment the listory buffer is shown
to be six pixels deep as shown by delineations 132. In a constructed embodiment the history
bufler may be eight te sixteen pixels deep.

Referring back to Figure 4a, three cxemplary elemertal images A°, B, and C*
are shown which are acquired as the initial elemental images for a panoramic image. Image
A’ is the first to be nequired as the seanhead moves from lefl 1o right to acquire images A7,
B’, nd C in succession. Image A’ is therefore entered fitst into the history buffer 130 and is
aligned to the lefi edge of the buffer as showm in Figure 5. If the scanhead were 1moving from
right to left, the first image A’ would be aligned at the right side of the buffer so that the
panoramic image counld be extended from right to lefl instead of Som left to right as depicted
in this exatple. When the image A’ is cotered into the history buffer, it completely fills the
pixel storage areas (depth z) beneath its x,y coordinates with image A’ pixel values as shown

in Figure 6. Figurcs 6a-6: depict the history butfer cross-gection irt a plane 140 between

JP 2004-507298 A 2004.3.11
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arrows 7-7 i Figure 5. The remaining pixel storage areas of the history buffer continue o he
3¢t 10 invalid values st this time.

- Image B’ is next acquired and aligeed with image A’ as described above.
Image B’ is stored in the history butfer in its aligned position jn x,y coordinates with respect
to image A’ Where image B overlays tnwage A’ the image A’ pixels are “pushed down” by
one pixe! depth so that the upper pixel is occupied by pixel B’ and the remaining are still
oceupied by image A* pixel values, as shown in Figure §b. In areas where tmage B* does not
overlay image A°, the full pixel depth is filled with image B’ pixel values,

When image C” is acquired and aligned with image B’ the push down precess
is repeated as shown jn Figure 6c. Tn the columns indicated by arrow 142 where all thres
images overlap. the top pixel is from inage C’, the noxt pixel down is from pixel B, and the
remaining pixel depth is filled with image A® pixels. In image areas where only images B
and ©7 overlap, the top pixel in the coluwmm is an image C' pixel, and those below are image
D' pixels.

This process confimies as additional clemendal mages are acquired to extend
the panoramic image, The finite depth of the history buffer, six pixels in this example, it
the nnber of images which can overlap at any pixe! location to the most recent six
overlapping images. Older imege pixels at the location are “pushed out” of the bollony of the
buffer which, in the z direction, operates as a FIFQ {first in, first out) buffer. This is unlike
the ahove-described technigue of simply recursively adding a new clemental image to 2
panoramic image, where an untimited number of everlapping hmages we blended togeiher.
The finite limit of the history buffer provides a benefit of reduced image blurring as
compared to the technique of simply recursively blending a paporamic image, since very old
images in the history buffer overlzy ate removed by the FIFO push-down pracess. This is not
posstble where elemental images arc blended into the panoramic image and arc no longer
separately distinguishable, unless each elemental image is stored and ifs position frackied for
subsequent sabiraction from the panoramic image. In addition the history buffer readily
pormits the seaning direction to be reversed duting a scan. Another benefii is that the
algorithin for combining cleinental images inte 2 panoramic image can be changed and
different algotithms appiied to the same extended image set.

Each time a new elemental image is added to the history buffer the combining
algorithm is applied to the pixel data by combiner 74 to form a pixel of & paneramic image
fromn each colurnn of pixels in the history buffer. It is seen (baf the inilial filling of an entire

cohime with pixels of the first image acquired at an x,y cocrdinale effects a weighting of the

JP 2004-507298 A 2004.3.11
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pixel data in favor of the inilial image. If suck weighling is not desired, the celumus in the
history buffer could only be filled one pixel depth at a time, or by another desired depth
weighting, The combining algorithm may effect 2 summing of the pixel data at each column,
an averaging or median filtering process, or sowe oiber linear or nonlinear filiering function
(FIR, LR, statle, conditional, or adapiive) automatically or adaptively selected or closen by
the user. The panoramic image for elemental images A, B’, and C* would appear as shown
by outline 120 in Figure 4b. In a preferred embodiment the area of the most recently acquired
image, all or sume (e.g., the leading edge) of the area currenily beneath the transducer
aperture, is displayed as a live, realtime image, which assists the user when moving the
scanhead along a selected path of anatomy. The previously acquircd portion of the panoramic
image is generally displayed as a static image, elthough it can also be displayed in motion
when acquired and displayed in a synchronized manner as with the assistance of a heart gate
(HCG signal),

Figures 7a-7d illustrate difforent techiiques for combining conponent frames
from different look directions 1o form spatizlly compounded panoramic images. Fipure 7a
illustrates an acquisition sequence of five component frames acquired from different steering
dirgotions, The first component frame A i5 acquived with the scanlines all stesred n a lock
direction 1, the second component frame B is acquired with the scanlines all siecred i 2
lock direction <2, the thivd compoenent frame C is acquired with the scandines all steered Ina
look direction 23, the fourth component frame D is acquired with the scanlines all steered in
alock direction 4, and the fifth component frame E is acquired with the scanlines all
stecred in alook direction 3. The sequence then repeats with ancther component frame A
steared in alook direction £17, another component frame B steared in a look diveetion £27,
apother component frame C steered in a look direction. £3°, and so on. One way to spatially
compound this acquisition sequence is to wait until a complete new sequence of five
component frames is acquired and then combine them, as shown in Figure 7h, Component
frames A-E ar¢ combined to form one spatiully compounded image 156 whicl isa
combination: of Yook directions £1-£5. Aftcr a new sequence of compenent frames A-E is
acquired they are combined to form & second spatially compounded image (not shown} which
is a new combination of lovk directions £1°-£5°, An udvantage of this technigue is that each
spatially compounded image which is used as an elemental image for » panoramic image is
formed ffom entirely different image data. A disadvaniage of this technique is that the frame

rate at which a pew elemental image is added to the panoramic image is limited in proportion

JP 2004-507298 A 2004.3.11
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to the number of component frames of a spatially compounded image and the time reguired
to acquire them, which can give a discontinuous appearance fe the buildup of the panoramic
image.

Figure 7o illustraies a second compounding technique which provides
clemental images for the panoramic image at a more rapid rate. I this sequence spatially
compounded image 162 combines the first five acquired component frame of look directions
£1-£5. When another component frame is acquired o second spatially compounded image
164 is formed of laok directions £2-.1°. Spatiaily compounded image 166 jg formed of look
directions £3-4£2°, and spatially compounded image 168 is formed of look divections £ 4-
£37. Spatially compounded clemental images for panorarnic imaging are thus produced at the
component frame acquisition rate, with each elemental image including four- fifths of the
jmage data as the preveding elemental image. The tuildup of the panoramic image will
appear much smoother and more continuous as elemental images are added to the paneramic
intage at a rapid rate. This compounding techitique may be carried out by the methods and
apparatus described in the aforementioned 1.5, patent [application serial number
09/335,159], including an imuge accumulater memory from which the oldest compement
frame is subtracted and (he new component frame added, or by the use of multiple insage
accumulator wemories which simoltancously produce compounded images of different sels
of component frames.

The technique of Figure 7¢ is used in the spatially compounded panoramic
imaging process diagrammed in Figure 8. The component frames representing a complete
acquisition sequence (one set of all angles A-B in this example} are first coinhined before
Tegistration into a compounded image by the Compound process. This asgumes thai the
seanhead movement during this sequence is negligible, otherwise the compound image will
be blurred. In this example no component-frame-io-component-frame registation is
performed by the compound image processor. This Compound process is repeated for cvery
seruence of steered frames, ideally at the acquisition frame rate by for example an
accumulator method described above. The sequence of compounded images formed as the
scanthead ig moved are then processed by the registration algorithm “Register” of the EFOV
image processor 70 fo generate a single panoramic image of compounded data. This approach
has the advantage that the artifact redustion resulting from the spatial compounding should
Ielp the regisiration algerithm to be very robust. Also, the real-time component at the leading
cdgs of the pancramic image afready represents a compounded image without the need for

further processing.

JP 2004-507298 A 2004.3.11
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Figure 7d illustrates a compounding technique which is intermediate the
tectiniques of Figures 7b and 7¢, This technique produces spatizlly compounded slementa)
images for pancramic imaging at a faster rate than Figure 7b, teducing the discontinuons
buildup appearance of that technique, but at a lesser rate than Figure V¢, which reduces
computational complexity, In Figure 74 a spatially compounded image 172 is formed of look.
divectionz ~1--5. The next spatially compounded image 174 is formed after a plurality of’
oew lock directions are acquired and iz fonmed of look directions £4-£3". Each spatially
compounded image contains some of the same image data as the preceding spatially
compounded image, and includes a plurality of new look directions (in this cxample, three)
50 that the panoranic image precess is oot processing & large amount of redundant image
data. The interval at which new spatially compeounded Images are produced in the echnique
of Figure 7d is user variable; for instance, if the number of 1ook directions is nine, the nger
might elect to have new spatially compounded images produced every four or five
companent frames. If the number of look directions is only three, the user may prefer to
produce a spatially compounded image every throc frames, the technique of Tigure 7b.

Figure 9 illusirates a spatially compounded pancramic imaging process in
which stesred component frames A-E can be input divectly inio the repistration algozithm
“Register” before they are combined, thus generating a pa.nm'am.ié image with significant
spatial compounding even when scanniag along a flar swrface. In this process a single
registration step vegisiers component frames of different look directions directly into 2
pancramie image to produce the panotamic image and spatial compomding simultaneously.
Note that the panoramic image itscl{ is generated by contimually regisiering each new
component frame with the previous set of registered component frames, traceable back te the
first frame A of the acquisition. Conversely, the real-time component of the panoramic image
would be continuously updated by registering the N previous frames (where N is the number
of unique steering angles) with the most recent frame.

One potential disadvantage of this method is that most algorithms for
dalermining the frame-frame registration. become less reliable when there is a large difference
in view angle between the frames. This is mainly because of the influence of ultrasound
image artifacts, such as anisutropy, which can cause echecs and shadows from some targets
0 appear in different locations or at different intensities in images obiained from different
angles. For the sequence shown in Figure 9, the difference in view angle between frames is
small except for the transitions berween the end of unc complete set of angles (frame B) and

the beginning of the next (frame A7) An ahemative acquisiiion sequence is shown in Figure

JP 2004-507298 A 2004.3.11
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10, which maintains 2 more uniform (and lesser maximum) angle ditference between all
frames at the expense of a higher minimum angle difference. Other angle sequences will have
different advantages and disadvaozages in registration robustness and beam steering
programming.

Figure 11 illustrates a spatially compounded panoramic imaging process that
is a compromise benveen the processes shown in Figures 9 and 10 above. This process
compowunds a sub-set of steered component frames (three of the five, 1n this example) to
produce a tirst partially compounded image (e.g., A,C,E), followed by compounding of the
remaining set of steered frames (e.2., B,C,D) to produce 2 second partially compounded
image. In the iilustrated sieering sequence, & non-steered frame C s aequired for every sub-
sequence to ensure that the real-time (7., most recent image dats) component of the
panoramic icnage always includes non-steered data. This process would be repeated
continuously, with the partially compounded images (A,C,E and B,C,I3) being input
sequentially into the repistration algorithm Register. This approach would allow some
reduction of image arlifacts and hence Improvement in ihe robustness of the regisiration,
while not incurring as much motion blwrring during rapid scanhead movement as for the
process of Figure 8.

In an embudizoent of the present invention it is desirable to register component
frames for spatial compeunding and elementa! irnages of a panoranue inage as accurately as
possible. This ability is made more difficult when component frames exhibiting different
steering directions are being registered bacause, as mentioned above, a target can return
different echoes when intetrogated from different angles, which puts great demand on the
registration algerithm. Figure 12 illustrates a technigue which addresses this problem by
registering cnly component frames of a comnen steering direction. Figure 12 illusiratcs 2
sequence of component Tames A, B, C, ete. which ore acquired as the transducer is moved
along the body. Each component frame is acquired after translation of the transducer and its
irage to a new lecation. It may be seen that the transtation between frames 4 and D is 2
combination of the transtations from frame A to frame B to frame C to frame . This may be
expressed mathematically as

A—D=A—B+BC+C->D
The translations between ather frames of 2 common look direction may similarly be
expressed as

B—E=B-(C+C—D+D-E

C—F=CoD+D>E+E~F

JP 2004-507298 A 2004.3.11
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DG =D—E+E-F + >0
and so on. The transiation between the frames on the left side of each equation ars computed
by the registration algorithim of the panoramic image processer, as each pair of frames is
acquired af the same look direction, easing the demands put on the regisitation algorithin.
The translation between succesively acquired frames is then computed from the simultaneous
equations, For example, the translations C—+F and D—G are computed hy the registration
algorithin, The translation between successively acquired frames F—G is caleulated from

DG -CF=D+E+E+F+F3G-Co»D-DE-E-F

D—+G-C—»F=F>G-C=D

F=3G=C-+D+D=3G-CoF
With D—G and C—F being determined by the registration algonthm and C—D being
determined trom a previous equation, the tronslation from frame F to frame G can be
determined from the last equeiion. Thus, ihe regisietion algorithm is onty called upon to
determine the transiation between commanly steered frames, with the frame-to-frame
displacement between successively acquired frames of differing sicering directions
determined from the sireultaneous equations.

In ezder to start the above provess, the translation between two pairs of
successively acquired frames must be known, A—B and B—C. Once these interframe
displacements are known, the others can all be determined by registering frames of conunen
look directions and use of the simultaneons equations. Thus, at the outset of the process, the
rogistration algorithm can be called upon to determine the translation between frames of
different look directions, in. this example, from A to B and from B {0 C. A variation of this
which eases the tagk of the registration algorithin s for the user to pause momentatily before
beginning to move the transducer in otder to allow the transducer to acquire at least onc full
sequence of frames of the difterent look directions while the fransducer is at rest. The frame
to framne transiations hetween these frames will thus be zero, and consequently the initial
equations will have some frame to frame translation values of zero. Once the transducer
begins to move, the 1onzere vehes will be determined by measuring the translation between
frames of the same steering direction and the process will proceed as described above.

As & third alternative, these translations may be approximated by starting with
three precusor frames A°, B* and C7 as shown in Figure 12, which are acquired at the same
look direction. The translations from A° t6 B* and from B° to C* are determined by the

registration algorithm using these commonly steered trames, then used as the transtations

JP 2004-507298 A 2004.3.11
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from A to B and from B {o C, Given a substantiaily constant rale of ransducer motion avd
high frame acquigition rate, the vse of the transiations between the precursor frames for those
of the first frames in the sequence will be substantially aceurate. The use of 4 sequence of
commonly steered frames may be repeated during the acquisition process 1o estimate
accumulated franslation errors or make adjustments to the registration process as desired,

One skilled in the art will recognize that the foregoing disowssion illustrates
frame o frame transiation computations simply with plus and minus signs, but that in a
consfructed embodiment ih which frame to frame motion includes translation and rotation,
the acutal computations may invelve more complex matrix operations.

The technique of Figure 12 is most accurate when only a few [ook direciions
are used for compounding, that is, when the sequence of component frames is relatively
short. Io the example of Figure 12, the sequence of component frames js only three frames in
duration. This is bevause the lechnique relies upon the capability of aligning commonty
steered framsg betwean which there may be substantial transdueer translation and henes Httls
common image content with which to register the two frames, putting the registration
algorithm o 2 demanding task, Hence if may be desirable ta activate this technique
adaptively when the number of differently steered component frames js small, and to change
to a different technique, such as simply trying .to register successive frames, when the mumber
of differenily steered frames is high, e.g., eight or nine frames,

‘The frames which are registered in the foregoing examples may he entire
irmage fravces, or partial image frames, or image trames of reduced resolution or Hne desity,
or may be reference scanlines transmitted between displayed image frames for registration
purposes &5 described in U.S. patent [application serial number 09/333,060].

The final choice of which method to use in a particular case will depend on the
speed of movement of the probe (znd/or targst), which could be clinical application
dependent, and the inherent rabusiness of the chosen panoramic image registration atgorithm.
te angle dependent artifacts. In general, the accuracy required to register component frares
for spatial compounding is maore demanding than the registration required to form &
panoramic image from elemental images. Thus, when the probe iz being moved slowly, it is
usually preferable to spatially coropound before panoramic iruage registration, When the
prabe is being moved quickly, which can produce a blurred spatially compounded mape, it is
usually preferable to send component frames direotly to the panoramic image registration
process and let the panoramic registration algorithm reduce blutring to the best of its

capability. Iu a preferred embodiment this chelce is made adaptively by deteciing the degree

JP 2004-507298 A 2004.3.11
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of seanhead motion as described in 1.5, patent [application serial ommber 09/335,158] apd
automatically adjusting the spatial compounding and/or panoramic registration processes in
response thereto. The panoramic imaging registration and combining algorithms may alse be
varied adaptively in response (o the degree of scanhead motion, as may the variables of
spatial compounding as described in U.S. patent [application seria} number 08/335,038).

Panoramic images can be formed using all ultrasound imaging modes,
including fundamental and harmonic moedes, power motion mode, Doppler, and grayscale,
and 2D and 3D imaging modes. Spaiial compounding, likewise, can operate in all of these
muodes. Thos, spatially compounded harmonic images of the present invention can be formed

in. all of the ultrasound imaging modes.
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CLAIMS:
L. A method of producing a spatially compounded ulirasonic panoramic image
compriging:

trapsmitting & plurality of electronically steered beams in a plurality of
directions from an atray fransducer aperture as the ransducer aperture ts moved n relation to
an extended image field so as to intercogate points in the extended toage field from multiple
laak directions;

recetving echocg in responsc to the transmitting;

locationally organizing the received echoes; and
combining locationally aligned echoes to produce a panoramic, spatially compounded

ultrasonic image which is larger than the transducer aperture.

2. The method of Claim 1, wherein combining comprises:

combining echoes frem points in the image field which have been interropated
from multiple look directions to produce a spatially compounded image; and

combining the spatially compeunded mage with o previously acquired
spatially compounded image 1o produce & panoramie, spatielly compounded vltragsonic image

which s larger than the transducer aperture.

3, The rmethod of one of Claims 1 or 2, for producing a spaliaily compounded
ultrasopic panoramic image Gomprising:

receiving, from a translating transducer aperture, sequences of component
image frames, different companent image frames of 2 sequence exhibiting scanlines
electionically steered in different look directions;

combining a plurality of the compornent image frames to producs an elemental
spatially compounded image; and

cembiniog the elemental spadially compounded image with a previeusly
acquired elemental spatially compounded image to produce a spatially compounded

uitrasonic pancramic image.

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(34)

W 02/16963 UCTEPOLAG63R
18
4. The method of Claim 3, wherein the first-named combining comprises

combining a plurality of component image frames on u spatizlly aligned basis.

5. The method of Claim 3, wherein aligning utilizes one of block matching,
normalized cortelation, correlation, sum of absolute differences, sum of squared differences,
gradient descent, partug) information processing, Doppler sensing, or position or motion

FCNS0OTS.

6. The method of one of Claims | or 2, for producing & spatially compounded
ultrasonic panoramic imagc comprising:

roceiving, from 2 translating transducer aperture, sequenecs of component
image frames, different component image frames of a sequence exhibiting scankines
electronically steered in different look directions;

registering cormpotent inage frames whick exhibit a common look direction;
registering component image frates which exhibit different look ditections through use of
the registered component boage frames which exhibit o common look: direction; and

combining the repistered component imags frames to produce a spatially

compounded ultrasonic panoramic image.

7. The methed of ane of Claims [ or 2, for determining the translation betweer
successive mage Trames of repetitive sequences of imape frames, each sequence including a
plurality of image frames which exhibit different lnok directionz comprising;

acquiring a plurality of the sequences of image frames;

registering 2n Image frame of one of the sequences with an image fame of
another of the sequences which exfiibits the same lock direction by comparing the
information content of the two frames to determine a registration valuc; and

determining the translation between successive image frames of different lock

directicns by a calcwlaion utilizing the registration value.

8. An ultrasonic imaging system which produces a spatially compounded
panoramic image comprising:

an array transducer;

JP 2004-507298 A 2004.3.11
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a transmit controller, coupled to the array transducer, and operable 10 cause the
ajray iransducer to transmit beams clectronically steered in a plurality of loek directions as
the array wransducer is translated with respect to an image field;

a beamnformer, coupled to the array transducer, which produces coherent cche
signals in response to beams transmilted in a plurality of look directions;

4 registration processor which aligns cebo signals reecived from common
poinis in an image field; and

a combiner which combines aligned echo signals to produce spadially

compourgled panoramic image data.

9. The ultrasonic imaging system of Claim 8. further comprising:

a spatial compounding processor, responsive to the echo signals produced by
the beamformer, which produces spatially compounded echo signals;

whetein the ragistration processor and the conbiner operate upon spanially

compounded echo slgnefs,

10. The ultrasonic imaging systero of Claim 8, wherein the transmit controller is
operable o cause the array transdncer to tranamit beams for component images, wherein

different component images exhibit beamns steered in different look directions.

I1. The ultrasenic imaging system of Claim 8, whercin the spatial compounding
processor includes a pluraliiy of image mernaries which simulianeously sssemble component

images for different spaitally compounded images.



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(36)

WO 02716963 PCT/EPOLNGOIR

111

FIG. 1

—= 70 Baamformer

14

94 12

a0

JP 2004-507298 A 2004.3.11



JP 2004-507298 A 2004.3.11

37

PCT/EPOLNGOIR

WO 02716963

HOSSD20I4-180d

>

7 T

RGN

2/11

g

Jsjduiessy

re

[e—9

10888204 Amourapy
abeuly afew)
AOHZ Pepueixg

wwogy |l
usos

o]

rr

122

A0S5300.0d
o5piA

A085800J0-8id

e e

L L L L L L L L L L L L L L L L L L L L L L L L L L L L

Ja{joNuos
WwepsAg

JeLONNESS
e

|




JP 2004-507298 A 2004.3.11

(38)

PCT/EPOLNGOIR

usd( jo Bpopy
183 Apidsig
ddy ui
tdegy don ¥
apey by

j yidag

Jojoeied
— Y

ot
« FOUBALO] SI0§5000I
ugog < in7 ] 1eudis
7] Teygiy
B9 a9

SAUOLWBN BUIEIy

WO 02716963

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02716963

FIG. 5

z

S

AJ
Bl Cl

471

FIG. 4a

FIG. 4b

(39)

PCT/EPOLNGOIR

132

130
V/
8 1%

} 132

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(40)

WO 02716963 PCT/EPOLNGOIR

5/11

FiIG. 6a

140
s

¢ Inv.

in

132{

LI[II

FIG. 6b
s 7

1

A |B] inv,

FIG. 6¢

142 ’ 120
B C
\ ) /

inv.

v b

144

JP 2004-507298 A 2004.3.11



JP 2004-507298 A 2004.3.11

(41)

B7p7 G7-LT

PCT/EPOLNGOIR

PL "OIA

9L "9Id

611

q. "92id

W 0216963
B TR
%
g
[1a]
=N
~
b
— N
[T}
%m
~
(]
="
~N
(4
=—LF
"-I
fs]
==
~
o
-
o -
Na
&
i

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02716963

(42)

PCT/EPOLNGOIR

711

FIG. 8

Comp{}und/

Compound -

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02716963

|

811

FIG. 9

(43)

PCT/EPOLNGOIR

BISNARIRIN

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02716963

9/11

(44)

PCT/EPOLNGOIR

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(45) JP 2004-507298 A 2004.3.11

WO 02716963 PCT/EPOLNGOIR

1011

FiG. 11

o

;Registerz

C GCompound

:




—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02716963

FIG. 12

e el [] [N [of L] AN [ [ 1

—y
—
=
—_
—_

(46)

PCT/EPOLNGOIR

JP 2004-507298 A 2004.3.11



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(47)

oooooooboboOooooooooobDboooad

WO 02/016963 A3

(I INTERNATIONA L APPLICATION PHBLISHED UNDER THE PAT]

(19 World Intellectunt Prope rty Organization
lmermational Burcan

{43) Interuational Publication Date

28 February 2(H2 (28.02.2002)

FCT

' COOPERATION TREATY {POTT)

(OISO AN IO

(10) Iutermalional Fublicalion Number

WO 02/016963 A3

{51y lorernatinnal Patenr Classificatio CGHHS 1884

120y Tatermativaal Application Number:  PCT/RPO1ARRIR
{21y Lutermativoal Filing Dates 13 Augus) 2001 L3 0820011
(25) Filiag Language: Crlish

(26) Pubicari

Lunguage: Tirglish

{0 Priority Date:
o0/l 112 7 Aoyt 000 (ORI TS

(F1) applumnt; KONINKILLIKE PHILIPS FLECTRON-
1€8 MY, [NLAL]: Graeneweudswey |, NC-SR2LBA
Feirwlbasven (M1

172 Toventor AL Bames, R Pral 1l i 5h
Ad Hindhie (HL). (RLESON, Lars, 1: Pral, Hoksizan
NSt AA lindhoven [NLL ENTREKIN, Robert,

R.: Priel. Hulstlaar £ N 3658 AA Tindhover: OST 5.

(34) Desiguuted States rregionalsr Luvopean pelent (AL BLL

CHLCN I 1R, TS PLEFR, GH, GROTE T 1T M
NT . PT.SILTR:
Published:

— il R O S repent
—  hafere the apination af the v T g amonding e
bty arkd o e eepmindiched 1nohe wven! ol B o

smeralinesis

(383 Date of publi

ion of the Interuatlonal search repori:
o duly S

For reveleiter ook
e Vet ot
ning of cack wegnlar

b breviarions, rger ic the “Gind-
At BB it & 1R e
e of tie PUT Gazedte,

{54y Title: ULTRASORIC DIAGN

p — To Beamformer

—e

WS WITH 81

CUTAL COMPOUR DL BANORAMIC INAGING

{ST) Absteagt: A methad znd apparams cre
Jeseribed nhich mwaduee sputially compounded
Pz ull o by electonizally
wcering

acquicad echo nle
cempotnded peeermi i
fved vl Prfanm

d
I sequinem] echu i
Ly vombined e produe. spaal comperdine
Ml 4 PLRORIMIC IMALE 1) ene prosess,

R

wilt reviansly

JP 2004-507298 A 2004.3.11



(48)

oooooooboboooooooooobobooodd

L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{
L
C
L

L]
-
g
&
=
i
S
=
5

(12) INTERNATICONAL AFPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY PCT)

(19} World Intellactial Property Grganization
Imemational Boreav

{43) International Publication Date
28 February 2002 (28,02,2002}

PCT

IR G AT N

{10] International Publication Number

WO 02/016963 A3

(51) Iuternational Patent Classification™

g 15/80

(21) Intermational Application Number:  PCT/EPOIA063%

(27) Internationzl Filing Date: 13 August 2001 (13082001}

{2%) Filing Language: English

(26) Publication Language: English

{30} Priorily Data:
09/644,133 22 Avgust 2000 (220820000 US

(71) Applicant: KOMINKLIJKE PHILIPS ELECTRON-
TCS NV, [NL/NL]; Groonewoudseweg 1, NI-5621 Ba
Eindhoven (M1},

(72} Toventars: JAGQ, James, R.; Prof. Helstlasn 6, M1L-5G56
AA Eindhoven (ML), OLSSOM, Larg, J.; Prof. Hilstlaan
6, NL-365G AA Findhoven (NL). ENTREKIN, Robert,
R.; Pl [Tplsiaan §, NL-5656 AA Bindhoven (NL).

(74) Agent: LOTTIN, Claudine; Tmemationas) Ostroniburcau
B.V., Brof Holstlaan &, NL-5656 AA Efncioven (NT).

(81} Designated State fravionalk JE:

{84) Desiganted States {ragionai) 1furopesn patent (AT, BB,
CH, CY, DE, 1K, ES, F1. FR, GB, GR, IE, IT, L1, MC,
N1, PT, SE. TR).

Puhlished:

—-  with international search vapert

—  before the exprration of vhe finie fimit for amending the
claims and o be republishad in the evewt of receipt of
emyndments

{58) Date of publicating of the internationsl search repert:
25 Tuly 2002

Fow two-Refter codes and other oblreviations, rafer (o the "Guid-
angg Notes an Codes and Abbreviations* appearing ut the regin-
wing af each reguler tssie of tee PCT Gazette

(54) Titler ULTRASOMIC DIAGROSTIC SYSTEMS WITH SPATIAL COMPOUNDED PANORAMIC RMAGING

——> To Beamigrmer

10

4

22 12

a0

{57) Abstract: A mecthod and apparats are
destribed which produce spatially componnd:]
panorataic ylimsomic images by elecironically
slezring beams in a plumalily of different
look directionz as & trangduger is maved in
reletion te a panorsmic image fleld.  The
received coho information 5 componnded,
then aligned wnd combined with proviously
aequired echa information be formo a spatially
ic image. Al i

he received coho infarmation may be sligned
wilh previopsly acguired eche infanmation,
ihea combined lo produce spatial compaunding
and a pmoramic image in one process.,

{L}60202242560

LM

L

JP 2004-507298 A 2004.3.11



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

oooooooao

INTERNATICNAL SEARCH REPORT

(49)

P 01/09638

lMcmul‘pplbﬁwnr Ho
PCT/

4. CLASSIFGATION OF SHEJECT MATTFR
0 7 &Q1515/89

B. FIELDZ SEARCHED

Aot 3 namallorsl Palent Clasafication {IPG) of tv bath ritional clussl caken urd IPG

TPC 7 ROLS

Min ML urmenialiar SeATHEd (GAGSTM 0N SySient Foiowed Dy CA158 15A10R 5/Taols)

CoreTw I Ldion I

"R SUEN TRCLAIGRS AT MEUTE] an M BT RARRD

ERSING OR1B D356 Congited Quring 1 Iermanional sean il inarme of ala (s and. wikine pratiic s, search lenns used]

EPQ-Internal, WPI Data, PAJ, INSPEC, COMPENDEX

€. DOCUMENTS CONSIDERED TC BE RELEVANT

Catogery * | Colatiun of docuz@nl. wih mEal on, where axpropnale, of the relesant passages

Relevaiil 16 Gl o,

NY) 13 Apr1 700D (2000-04-13)
abstract; figure 1

page 6, line & - 1ine 9

page 4, line 14 -page 5, line 2

21 July 1998 (1998-07-21)
cited 7n the application
abstract; figure 2

column 10, 11ne 31 - 11n2 46

¥ US B 782 766 A (NDCK LEVIN ET AL}

Y W0 00 20884 A (KONINKL PHILLIPS ELECTRONICS 1,8

F Anis A Iedee 7 the aux G

Pl by g bacs e st i e

= Special caluparies of elted dosuments -

*4" dhoumen! el e genetal stie of the & wiich 8 not

NSl rEa 0 e of PRIt lelevEnce

arbr SOEUMEN U pUbIESPCa 0™ 0" aicr The memadonal

1ang aale

L' cpcumeenl which fy theow Seub™s. ah foarity Haws}a”
\whICh 15 CART10 XADE) 1he pubhesin o3ts o Ancna:
GAIION. B CERAT ADACIRI TERSAN (AR B PREITIRY

O ducanvan: 1etemng Lo an oral dzdizsute ues, axkibinen 3r

a3

YP* doc it pibished prem 10 INE Ifieriarsi Hing eAle bul
ot than N proaty Al caimao

¢ Bl GOCLIMENT PO Hishad ANET IRe INreMAtiGhal Niing aale

o prenty daia 213 nol in conlle] wilh ine Agpkcalian but
e o enrisrsland the privizle or thesry Urdsehving (ke

mnlicn

o sment of pashieu 1 rulevence: Ihe olwome mvrdion
GARGL GG GONSHIIN ROVEICT EONFOI 36 ECABASIOY 10
WAL AN AR 0P WO 1 W DOCUMONT 15 LRGN M

Homeant il paticu s ralavance: ihe clTA ANz
AN B onskIRTe 1n MTvare an venive sien whan A
dacumant = combined wilh 0né or morm clbar such dogu=
menks suzh combinalion bewg obvizus 10 & persan sidlied
inhg an

0T MGME0E 3 INe £ ol Tt ol

Dale ol 11 aciUal cempletian of tha inermalonal saarch

16 May 2002

T-atm of maling o' the intar-ialoi. Easch repan

31/05/2002

M and P ing aadness of Lie 1ISA
Luropean I'alen! Cihics. 1.0 5610 Palertlaer 2

- Hiayi
Tl (47170, 340-2341, T, 51 651 apo .
Fax :31-70) M0-5016

AURINZE O Car

Niemeijer, R

Famn GCTASATZI bancomdsinsl) (b 1HB2)

page 1 of 2

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATICNAL SEARCH REPORT

(50)

PCT/EF 01/09638

=

COCUMEN 70} BE AELEVANT

Gawegory © " Gamon of dacumenl, with ndieaton whars appropate. of 2 roievant prssacss

Fealmean in cialm No

]

CCSGROVE D G £T A "Breast”
ULTRASOUND IN MEDICINE AKD BIOLOGY, NEW
YURK, NY, US,

vol. 26, May 2000 (2000-03), pages
§110-5115, XPO04295574

TSSN. C301-5629

Sectior "Technical Advances". page SL10

PRAGER K ET AL: "Stradx: real-time
acquisition and visualization of freehand
three-cimenstonal ultrascund*

MEDICAL [MAGE AMA_YSIS, OXFORD UNIVSERSITY
PRESS,

val. 3, no. 2, 1998, pages 129-140,
¥PO02199116

Section 3.2 "Panoramic ultrasound”

page 130, left-hand column

1.8

1,8

i PO AGAZ 16 {0 150 31 SIS0 By ity 18722}

page 2 of 2

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATIONAL SEARCH REPCRT

1ARernat

Patent tamily

(51)

palcalien Ha

PCT/EP 01/09638

Salent docurrent ‘ Publication T Publication

clied In seaicn reporl date merber:s) cale

WC 0DPN8R4 A 13-04-2000 WO 0420884 Al 1 3-04-2000
WO 0020885 Al .3-04-2000
Wo 0020886 Al 13-04-2000
Wo (020887 Al 13-04-2008
Wo 00208838 Al 13-04-2006
Wo 0020889 Al 13-04-2000
un 0420890 AY 13-04-2000
EP 1046057 Al 25-10-2000
EP 1046058 A1 25-10-2000
EP 1046059 Al 25-10-2000
EF 1046060 Al 25-10-2000
EP 1046061 A1 28-10-2000
EP 1046062 A1 28-10-2000
EP 1046063 A} 28-10-2000
g 6210378 RY 03-04-2001
us 6283917 Bl 04-09-2001
us 6117081 A 12-09-2006
us 6224652 Bl 01-05-2001
us €126598 A 33-10-2000
us 6126599 A 03-10-2000
us 6135856 A 24-10-2000
Us 2001414773 Al 16-08-2001

us 578276k A 21-07-1998 US| 5575286 A 19-11-1996
us 5655535 A 12-08-1997
DE 19611990 Al 02-10-1996
JP 8280688 A 29-10-1996
us 5499861 A 04-05-1999

Farm FEVIATZ I (D t0n T iy SO A (1LY K21

JP 2004-507298 A 2004.3.11



INTERNATIONAL SEARCH REPORT

(52)

PCT/EF 0L/09638

’ lnlemi\l‘pplﬂuln e

A. CLASSIACATION OF JECT HATTER

e 7

&D1515/83

Sepdring to Intemulionat Paien] Clasaitloetion [PE) ot o boib jon and PG

Wi60202230365

I

0. FRLDS SEARCHED

MINTANE Coturmandatinn skl ehed flasslicalion sysham lofiowed by clicafkalibn snmdoby]

IFC 7 G018

= man et lhad augie Inchuded in e el sewrched
bage nama of dala basa and, wha m ovacticsl. 2aarch o wed]

EFO-Internal, WPI Data, PAJ, INSPEC, COMPENDEX

€. DX

OWSIDERED 10 BE RELEVANT

Garegory *

GRYOR O GEgymon), wih ndicaion, whara ppropriske. of Iha ieRvart pratages

Futrvem 10 cavm e

HD 00 20884 A (KONIRKL PHILIPS ELECTRORICS
MV) 13 Apr{i 2000 (2000-04-13)

abstract; figure 1

.page 6, line 6 — Ting 9

page 4, line 14 -page 5, line 8

Us 5 782 766 A (NOCK LEYIN ET AL}
21 July 1998 (1998-07-21)

cited o the application

abstract; figure 2

cotumn 10, line 31 — line 45

1,8

%3

IZ‘ Further arg Bl [ tho Pox G, E Potent tamily membare. ave (laed ln panex

* Spotial calegains of s documanta ;

“ar gocumens oalining tha ganeal s1e.0f 1he 2 which I§ nat
‘conmarad 1o be of panicutar TERANGe
6 m:;mmw ul pUDIhUK] of 0 Y (e Lraoralionel

clation of ORI PSRN (63 apke
0 daumart sk (o sn cra echorure. use. axiiton or

T har docliiie M, pubished dier

ik . Spgtkaton put
mﬂerﬁy date and nollnconm mn m Applicaion bul

invordon
x da:umnunm-nmw (hi gleimad Infmlon

be conicared nived of CL ba consicead ko
“L* documen! which may Ihiw mmo»pmu clalmis) o imwnn Tvwalhap 3top vendn L ﬂwﬂmla wun aione
i 5 G161 GraaDlSh o PUCAEN |t of aolhar o docyment of parklar KIvancs: the clakmed

a0l b peAG(0 10 Vot a0 el uqlnnln tha
OnutAM 15 Lombingd wilh one or mos other
meus.s.um wmtnaden being pbvious o & pltnn iﬂil#

Wiho 3,
P docnment lahed tlmlhml 1 IWing cate bul
uulhmp\:g“pmdm D g eitoral fing ete w MMMIMWWWHNNMI faraky
D o 1ha actnl camglelion o Iny ialamatianel search Da1a o Mk of Ihe inle rnd IBhal Sodr ok rApost
16 May z002 31/05/2002

timme and mating adireas of Lhe LSA AAhar LeT pIncet

Eumpem F‘Hcfﬁ Lfice, P8, 5048 Peicriigan 2

\'d ‘{LSS‘I~TFDJJ¥D:?:?51L I ESEpo . NiEmEiJel", R

Faan ST A2 | 1aed 60 re) oty 1982]
page 1 of 2

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATIONAL SEARCH REPORT

(53)

m.mmu.nwuunn Ho

FCT/EP 03/09638

C{Cantinuaiion} OOCUMENTS CONSIDERED TO BE RELEVANT

Catmgory*

Ehaiion xehora o oassages

RS G TRIM MO

A

COSGROVE D © ET AL:  “"Breast"
ULTRASOUND IN MEDICINE AND BIOLOGY, NEW
YORK, WY, Us,

vol. 26, May £000 (2000-05), pages
5110-5115, XFR04295574

I55N: G301-5629

Section “Technical Advances”, page 5110

PRAGER R ET AL: “Stradx: real-itime
acquisition and visualization of freehand
three-dimensfonal ultrasound™

MEDICAL IMAGE ANALYSIS, OXFORD UNIVSERSITY
PRESS,

vol. 3, no. 2, 1938, pages 129-149,
AFGO2159116

Section 3,2 "Pan¢ramic ultrasound"

page 130, left-hand column

1,8

o PCTRSAZ 19 [EIANURIN 0 3w zham ) Ly 19320

page 2 of 2

JP 2004-507298 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATIONAL SEARCH REPORT

Tnte rmsy

(54)

ppikalon Ke

PCT/EP 01/09638

Paient documenl I Publication | Pz femily ‘ Pugitcation

cited in search repor date ambar{s} data

KO 0020884 A 13-04-2060 WO 0020E84 A 13-04-2000
Wo 0020ERS Al 13-04-2000
Wo 0020885 Al 13-04-2000
Wa oo2p8a7 Al 13-04-2000
Wa 0020888 Al 1342000
Wo G)Z0889 A2 13-04-2000
WG 0020880 A1 13-04-2000
EP 10460567 Al 25-10-200¢
EP 1046058 Al 26-10-2000
EF 1046059 Al 26~10-2000
EP 1046060 Al 25-10-2000
EF 1045061 Al 25-10~2000
EP 1046062 Al 25~10~-2000
EF 1048063 A1 25-10-200¢
us 5210328 31 03-04-2001
Us 6283917 B. 04-08-2001
us 6117081 A 12-09-2000
us 6229552 Bl 01-05-ZG01
us 6126598 A 03-10-2000
us 8126589 A 03-10-2000
us 6135356 A 24-16-2000
Us 2001014773 Al 16-08-2061

USs 5782766 A 21-07-1698 Ls | 5575286 A 19-11-1996
Us 5655535 A 12-08-1997
DE 19611990 Al 02-10-1996
JF 8280688 A 20-10-1995
s GB998EY R 04-05-139%

Fomn PCTASAZI0 doatenl toriis #rubow) (uy 1962)

JP 2004-507298 A 2004.3.11



(55) JP 2004-507298 A 2004.3.11

ooooogooooo

(74000 100121083
ooooooooo
(72) 000 0OO0O0O0OOoOoOOO0oOo
ooooooooooooobooboboOoOoObOOo0oooooooooobooooboDoon
(72000 OO0OOoOoOooooOOoOogo
ooooooooooooboobobooooboooooooooooooooooon
(2000 OOoooooooboDboDOoOCoOoOoO
oooooooooooooobobooooboooooooooooooboooooboon
ODOD0O0O@DO) 2F068 AA39 CCO7 DDO9 DD11 DD12 FF0O4 FF12 GGO1 HHO1 JJ02

0oooo OO0 JJ11 KKI2 LLO4 QQ05 QQI12 QQ16 QQ18 QQ21 QQ25
0000 OO 4C301 AAO2 BBO5 BB12 BB14 BB26 EE07 EE0O8 GBO4 HHI1 HH38
oooo OO0 JB28 JB29 JC14 LLO3

0000 OO 4C601 BBO5 BBO9 BB17 BB27 EEO4 EEO5 GBOL GBO3 GBO4 HH14
0oooo OO0 HH31 JBO1 JB34 JB41 JB45 JC15 JC20 JC21 JC22 LLOL
0oooo OO0 LLO2 LLO4

U000 OO 5J083 AA02 AB17 ACO6 AC12 AC29 AD13 AEO8 BAO1 BCO2 BD12
ooog oo BEO8 BE53 CA01 CA12 DCO5 EAO7 EA10 EC19



S
[ i (S RIR) A ()
e (S IR) A (%)

FRI&R BB A

EHA

IPC5 %5
CPCH %5
FIH3S

F-TERMZ %S

REA(F)
L5
AN

BEG®F)

EEZHERESEGNES LIRS

JP2004507298A ASIHUN=!
JP2002522000 BiE A
ERFIFHEFROBRLA

ERKFHBFROBERLANVie
DYADITALAT I

ANV IZ=ATIA

IVKLFEON=KT7—=I

SYAPIALARAT—IL

ANV I Z—ATIA
IALF>ON=bT—

G01B17/00 A61B8/00 G01B17/06 G01S7/52 G01S15/89
G01S7/52065 A61B8/4245 G01S15/8995

A61B8/00 G01B17/00.C G01S15/89.B

patsnap

2004-03-11

2001-08-13

2F068/AA39 2F068/CC07 2F068/DD09 2F068/DD11 2F068/DD12 2F068/FF04 2F068/FF12 2F068
/GG01 2F068/HHO1 2F068/JJ02 2F068/JJ11 2F068/KK12 2F068/LL04 2F068/QQ05 2F068/QQ12
2F068/QQ16 2F068/QQ18 2F068/QQ21 2F068/QQ25 4C301/AA02 4C301/BB05 4C301/BB12 4C301
/BB14 4C301/BB26 4C301/EE07 4C301/EE08 4C301/GB04 4C301/HH11 4C301/HH38 4C301/JB28
4C301/JB29 4C301/JC14 4C301/LLO3 4C601/BB0S 4C601/BB09 4C601/BB17 4C601/BB27 4C601
/EE04 4C601/EE05 4C601/GB01 4C601/GB03 4C601/GB04 4C601/HH14 4C601/HH31 4C601/JB01
4C601/JB34 4C601/JB41 4C601/JB45 4C601/JC15 4C601/JC20 4C601/JC21 4C601/JC22 4C601
/LLO1 4C601/LLO2 4C601/LLO4 5J083/AA02 5J083/AB17 5J083/AC06 5J083/AC12 5J083/AC29 5J083
/AD13 5J083/AE08 5J083/BA01 5J083/BC02 5J083/BD12 5J083/BE08 5J083/BE5S3 5J083/CA01 5J083

/CA12 5J083/DCO5 5J083/EA07 5J083/EA10 5J083/EC19
BIRHZ

09/644193 2000-08-22 US

Espacenet

HTHREEREN T 22 RBEX B AR T —HATE£EZ
HEBYXRASES N TEANNE L AN EFRIALIEFRERN
FEMEE, ZRARFEEMHASUERZAERNEREE , RE
EMARENEFESASHNT. XE , AARDFEEAUEMER

ENEEFEEXNT , AEREGUE-—MEIRPERZAHAENERE

o

g

— To Beammio:

L0



https://share-analytics.zhihuiya.com/view/4d960f4b-44bb-4b8d-8456-08ad7f3db1da
https://worldwide.espacenet.com/patent/search/family/024583846/publication/JP2004507298A?q=JP2004507298A

