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(57) Abstract: Method for ultrasound image acquisition, comprising the fol-
lowing steps. - a) defining a fixed frame of reference, the origin of coordin-
ates being set within atransmitter of atracking system; - b) detecting position
and orientation of aprobe with respect to said frame of reference by means of
a probe sensor of said tracking system coupled to said probe; - c) detecting
position and orientation of abody to be imaged with respect to said frame of
reference by means of areference sensor of said tracking system coupled to
said body; - d) calculating position and orientation of said probe with respect
to said body; - €) acquiring a set of 2D images constituting a 3D image in
Doppler mode by transmitting an ultrasonic beam into said body and receiv -
ing echographic signals from said body by said probe; - f) iterating points b)
to e) for apredetermined number of 3D image acquisitions; - g) generating a
panoramic 3D image by combining the 2D images of the acquired 3D images
on the basis of the information of position and orientation of said probe with
respect to said body calculated for each 2D image acquisition.



WO 2014/060868 A1 |IIIHAL 00N 000 RO A0 A

Declarations under Rule 4.17 — before the expiration d the time limit for amending the

— d inventorship (Rule 4.17(iv)) claims and to be republished in the event d receipt d
dments (R )

Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))




WO 2014/060868

10

15

20

25

30

Applicant: Esaote SpA; MedCom GmbH
Title: Method and apparatus for ultrasound inage

acqui sition

DESCRI PTI ON

The present invention relates to a nethod for
ul trasound i mage acqui sition, conpri sing t he
followi ng steps:

a) defining a fixed frame of reference, the
origin of coordinates being set within a transmtter
of a tracking system

b) detecting position and orientation of a probe
with respect to said frame of reference by nmeans of a
probe sensor of said tracking system coupled to said
pr obe ;

c) detecting position and orientation of a body
to be imaged with respect to said frame of reference
by means of a reference sensor of said tracking
system coupl ed to said body;

d) calculating position and orientation of said
probe with respect to said body;

e) acquiring a set of 2D inmages constituting a
3D image in Doppler node by transmtting an
ul trasonic beam into said body and receiving
ecographic signals from said body by said probe

f) iterating points b) to e) for a predeterm ned
nunber of 3D inmage acqui sitions;

g) generating a panoramc 3D image conbining the
2D images of the acquired 3D images on the basis of
the information of position and orientation of said
probe with respect to said body calculated for each

2D i mage acqui sition.

PCT/IB2013/058283
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The present invention is intended in a nedical
di agnostic framework, and the body to be inaged
conprises the anatom cal structures of a patient, but
can also be applied in other simlar technica
fields.

Currently used nethods for ultrasound i mage
acqui sition generating a panoram c 3D inmage conbining
multiple acquired 3D inmages nust take into account
the relative position and orientation of the probe
and the body to be imaged.

The position and orientation of the probe is
usually tracked with a tracking system conprising a
fixed transmtter defining a frame of reference and a
probe sensor coupled to the probe.

The information of position and orientation of
the probe is associated to each image acquisition, so
that it can be used to correctly conbine the inmages
in a panoram c inmage .

The panoramic 3D image allows a wider field of
view than each single imge and is thus wused in
i magi ng anatom cal structures wth |arger dinensions.

The known nmethods work well when the body to be
i maged does not nobve, i.e. there is no displacenment
of the body relative to the fixed frame of reference
hence the fixed franme of reference defined by the
transmtter is the franme of reference of the body.

That neans that the position and orientation of
the probe relative to the fixed frame are also
relative to the body.

In many occasi ons, however, the body to be
imged can't be naintained noti onl ess and the

reconstruction of the panoram c image can be severely

PCT/IB2013/058283
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conmpronmi sed in case of little novenments or eventually
made inpossible in case of |arge novenents.

In fact if the patient is moved, the coordi nates
of the acquired imges wth respect to the

5 transmtter change and the 3D panoram c conbination
i s not possible.

This applies for exanple in case of pathol ogical
conditions of the patient, 1in particular when the
patient is affected by a neural disease and can't

10 stay motionless for the whole time required for
ul trasound exam nation

Another critical situation 1is represented by
specific exam nations that need the novenent of the
body for i magi ng reasons, for exanpl e t he

15 transcrani al i magi ng, in which the head of the
patient has to be noved in different positions during
the inmage acquisition in order to obtain good inages.

In the case of transcranial acquisitions, there
are anatomcally only few transcranial acquisition

20 windows feasible for imaging, therefore the probe
must be often considerably displaced from one side of
the head to another to be positioned by the few
avail able acquisition w ndows, with the risk of
novenents of the patient.

25 It is inpossible from a practical point of view
to nove the head of the exam ned subject to perform a
first acquisition and then to reposition the head in
the sane exact position in order to acquire a
contral ateral vol une.

30 Usually in these cases the head of the patient
is immobilized to avoid novenents, and this worsen

the confort of the patient.
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The aim of the present invention is to overcone
the problens of the known nethods, providing a nethod
for ultrasound image acquisition which, by nmeans of
relatively sinmpl e and i nexpensi ve arrangenent s,

5 allows to refer the position and orientation of the
probe to the body and is thus imune to errors due to
not i on.

VWhatever be the novenents of the patient, al |
the acquired 2D images can be conbined wthout

10 problenms in a panoramic inmage since every 2D inmmge is
associated to the information relating the position
and orientation of the probe relative to the body and
not to the transmtter.

In case of pathological conditions, this avoids

15 the need of imobilizing the patient wth constrains
to hold himher still.

The nmethod is ained to vascular investigation
and the Doppler node can conprise color Doppler or
power Doppler .In one exanple the user can select what

20 to see, for instance erasing conpletely the B-Mde
information so that only the Doppler information
relative to the vessels is naintained.

The nmethod allows to correct each 2D inmage
position during the 3D scan, so if the patient noves

25 during the scan it is possible to conpensate such
novenent .

In a preferred enbodinent, step d) conprises the
follow ng steps:

h) generating from the detected position and

30 orientation of the probe a rotation matrix RP
indicating the rotation and translation transformng
the fixed frame of reference into the frame of

reference of the probe;
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i) generating from the detected position and
orientation of the body a rotation mtrix RR
indicating the rotation and translation transformng
the fixed frane of reference into the frane of

5 reference of the body;

i) multiplying the rotation matrix RP with the
inverse of the rotation matrix RR in order to obtain
a calculated rotation matrix RP' indicating the
rotation and translation transformng the frame of

10 reference of the body into the frame of reference of
t he probe.

The calculation can be perforned automatically
by a conputer program

The use of rotation matrices allows a powerful

15 mat hemati cal t ool to repr esent rotation and
translation of the different frames of reference
positioned respectively of the transmtter, of the
probe and of the patient and can thus indicate the
position and orientation of the patient with respect

20 to the transmtter and the position and orientation
of the probe wth respect to the transmtter and
eventually to the patient .

According to a further enbodinment, the said body
is the head of a patient, said acquisitions being

25 transcranial acquisitions.

Preferably the reference sensor is coupled to
the forehead of the patient .

This application is particularly advantageous
because the problens I|isted above relating the

30 transcranial acquisitions are solved by referring the
information of position and orientation of the probe

to the body.
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During the acquisitions, the head can be rotated
in the positions needed or convenient for the
operator, wthout |osing correspondence between the
i mge scanned and the det ect ed posi tion and
orientation of the probe.

In transcranial sonography, since the interest
is focused on the vessels and the brain structures,
the bone structures represent a physical limt for
the brain insonation.

The nmethod is particularly advantageous for
stroke detection and simlar intracranial vascul ar
probl ens .

In an enbodi ment the acquisition is perforned by
nmeans of a 2D probe .

Preferably the acquisition by neans of the 2D
probe is perfornmed nmanually.

This allows for an easy scan through the
temporal bone w ndow, which is used by transcranial
Doppl er sonography, and which is difficult to scan
with 3D notorized or matrix probes, due to its
reduced size.

A manual acquisition with a 2D probe also allows
for a slow acquisition, which is necessary in order
to properly reconstruct the vessels wthout artifacts
in Doppler npbde, which artefacts can be due to fast
probe novenents.

In fact, particularly in power Doppler scans,
the probe cannot nmove fast due to limted ultrasound
Doppler node frame rate and the possibility of
generation of artifacts due to probe novenents.

It is inmportant to have high quality since the

vessels to be inmaged are very thin.

PCT/IB2013/058283
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In a further enbodi nent, said panoramic 3D image
is automatically fused with a correspondi ng
volunetric inmage of the same patient acquired in a
different imaging nodality.

5 Different imaging nodalities can be preferably
MRl , but also CT, PET, SPECT or simlar, or a
conbi nation or fusion thereof.

According to an inprovenent, the inmages are
fused by nmeans of an automatic registration algorithm

10 performng a matching of the vessels conprised in the
panoranmic 3D image wth the vessels identified by
segnentation in the volunetric image acquired in said
different imaging nodality.

In an exenplary enbodinment a previously acquired

15 M volunetric imge is automatically registered to
the panoramic 3D imge of the color Doppler or power
Doppler signals of the cerebral vessels of the
exam ned pati ent

The auto-regi stration is | aunched by the

20 operator, which manually roughly detects wthin the
panoranic 3D image an anatom cal rmarker, like for
exanple the <circle of WIIlis and the other main
arteries .

The anatomical mnarker can also be detected in a

25 single 3D inmge, before the generation of the
panor ani ¢ i mage.

The operator also detects within the volunetric
VRI i mge an axial pl ane  contai ning at | east
partially the above nmentioned vessels.

30 After this rough manual detection the automatic
registration algorithm starts to automatically match

the panoramic 3D image, which is a reconstruction of
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Doppl er signals, wth the related vessels present
wWithin the volunetric MI inmage.

The MRI image or other imaging nodality imge
can be advantageously acquired wth contrast nmedium

5 to enhance the contrast of the vessels.

This inprovenent allows to register and fuse the
ultrasound panoramc 3D inage with a volunetric inage
acquired wth a different imaging nodality, which can
have a higher spatial resolution, which is the case

10 of MR images.

Also the <co-registration of the panoramc 3D
image wth the volunetric imge acquired in a
di fferent i magi ng nodal i ty benefits of t he
information of position and orientation of the probe

15 wth respect to the body calculated for each 2D inage
acquisition, so that the voluntary or involuntary
novenents of the patient are enabled and are not a
problem for the acquisition.ln a variant enbodinent,
rather than a volunme to volume registration between

20 ultrasound and nagnetic resonance 3D inmges, it is
possible to acquire a single 2D ultrasound inmage and
to register it wth the nmagnetic resonance inmage
vol une .

Further acquired ultrasound 2D inmages can then

25 be conmbined with the first 2D inmage to form the 3D
imges, and they are automatically registered to the
MRl volune, or they can be treated as single inmages
registered to the MR volune.

The present invention relates also to an

30 apparatus for ul trasound i mage acqui sition,
conprising a probe having at |east one piezoelectric
transducer, a stage for transmtting an ultrasonic

beam by said at l|east one transducer into a body to

-8-
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be inmaged, a stage for receiving and processing
echographic signals returned to the at |east one
t ransducer.

Also in this case, the known apparatuses suffer
of the above nentioned problens since the position
and orientation of the probe can only be referred to
the fixed frame  of ref erence defined by the
transmitter, and the reconstruction of panoramc
images is hence prone to distortions or failures
caused by notion of the patient

These problens are solved providing a tracking
system which conprises a transmtter defining a fixed
frame of reference and a probe sensor coupled to the
probe, said probe sensor detecting the position and
orientation of the probe with respect to said fixed
frame of reference, so that multiple acquisitions in
Doppl er node of 2D images constituting 3D images are

perfornmed, and they are conbined in a panoramc 3D

i mge using said information of posi tion and
orientation of the probe for each 2D i mage
acqui si tion, a reference sensor being provided

coupled to the body to be imaged, said reference
sensor detecting the position and orientation of the
body with respect to said fixed frane of reference,
said tracking system conprising nmeans for calculating
the position and orientation of +the probe wth
respect to the body.

Accor di ng to a preferred enbodi ment , sai d
transmitter, said probe sensor and said reference
sensor are of electromagnetic type.

According to a further enbodinent said probe is

a 2D probe.

PCT/IB2013/058283
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O her type of tracking system can be provided,
for exanple optical or acoustic.

These and other features and advantages of the
present invention wll appear nore clearly from the

5 follow ng descri ption of sone enbodi nent s,
illustrated in the annexed draw ngs, wherein:

Fi g. 1 shows an enbodinent of the apparatus
according to the present invention;

Fi gs. 2 to 4 expl ai n t he coordi nat es

10 transformations provided in the method according to
the present invention.

In Fig. 1 an apparatus for wultrasound inmage
acquisition is shown, which apparatus conprises an
ultrasound probe 1 having at |east one piezoelectric

15 transducer, a stage for transmtting an ultrasonic
beam by said at |east one transducer into a body to
be imaged, a stage for receiving and processing
echographic signals returned to the at |east one
t ransducer.

20 The probe 1 is of 2D type and acquires
subsequent 2D inmages in order to generate 3D inmages
from a scan volune 10, said stage for receiving and
processing echographic signals being conprised in a
unit for generation of 3D ultrasound inmages 3.

25 The tracking system 2 conprises a transmitter 20
defining a fixed frame of reference 23 and a probe
sensor 21 coupled to the probe 1 in a fixed way so
that a rotation and/or translation of the probe 1
corresponds to a rotation and/or translation of the

30 probe sensor 21.

The probe sensor 21 detects its position and
orientation wth respect to said fixed frame of

reference 23 and consequently detects the position of

-10 -
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the probe 1 with respect to said fixed frame of
reference 23.

The probe sensor 21 is preferably nmounted to the
probe shaft .

5 A reference sensor 22 is coupled to the body to
be imaged in a fixed way so that a rotation and/or
translation of the body corresponds to a rotation
and/or translation of the reference sensor 22.

The reference sensor 22 detects its position and

10 orientation wth respect to said fixed frame of
reference 23 and consequently detects the position of
the body wth respect to said fixed frame of
reference 23.

The reference sensor 22 is preferably nmounted to

15 the head of the patient, in particular to the
forehead, for exanple by neans of an elastic strap or
of a strap provided wth <closing nmeans such as
Vel cro® endi ngs .

Preferably the transmitter 20, the probe sensor

20 21 and the reference sensor 22 are of electronmagnetic
type, i.e. they function by measuring the strength of
the magnetic fields generated by the electric current
which flows through three small wire coils, oriented
per pendi cul ar to one another.

25 The current causes each wire to work as an
el ectromagnet while the current is flowing through
it.

By sequentially activating each of the wre
coils of the transmtter 20, and neasuring the

30 magnetic fields generated on each of +the three
perpendicular wire coils of the probe sensor 21 and
of the reference sensor 22, it is possible to

determine the position and orientation of the probe

11 -
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sensor 21 and of the reference sensor 22 with respect .
to the transmtter 20.
The tracking system 2 conprises neans =for™
calculating the position and orientation of the pr'obe.;
sensor 21 with respect to the reference sensor 22,7

hence calculating the position and orientation of the

~probe 1 with respect to the body.

Multiple acquisitions of 3D inmages are then

'perforrred, each 3D imge being conposed by a

plurality of 2D inmages, and for each 2D inmage the
position and orientation of the probe 1 with respect
to the body is calcul ated.

The acquired images are conbined i n. a panor am c.
image by a panorami c inmage conbinator 4_,!: usi ng: -sA‘ai d’"
information of position and orientation:of" the probe *.
1 for each 2D image acquisition to-correct the:,
position of each 2D image. ‘

The panoramic imge obtained is visualized onto

a display 6 by neans of a display driver 5.

The nethod steps carried out by the tracking -

system 2 are shown in figures 2 to 4.

The coordinates of the probe sensor 21 have--to
be converted from being based on the position of :the.
transmtter 20 to being based on the position of-:af'gh__e.v
reference sensor 22 placed on the patients head. - |

The reference sensor 22 also has coordinatesseim
transmitter coordinate system and these coordinates::
change continuously with any patient novenent because:
the sensor is fixed to the head.

As shown in Fig. 2, the coordinates of the probe

~sensor 21 with respect to the transmtter 20 are read:

and a rotation matrix RP is generated.

-12- :
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The rotation matrix RP contains both the
rotation and translation of the probe sensor 21 in
the frame of reference 23 wth origin in the
transmtter 20.

5 Also the coordinates of the reference sensor 22
with respect to the transmitter 20 are read and a
rotation matrix RR is generated.

The rotation matrix RR contains both the
rotation and translation of the reference sensor 22

10 in the frame of reference 23 wth origin in the
transmtter 20.

As shown in Fig. 3, the coordinates of the
reference sensor 22 represented by matrix RR are
inverted and saved in matrix RR?1.

15 Multiplying the <coordinates of the reference
sensor 22 wth its inversion puts the reference

sensor back to the origin of the frame of reference

23 where the transmtter 20 is, i.e. RR-RR-1=1.
As shown in Fig. 4, the coordinates of the probe
20 sensor 21 are mul tiplied with t he i nverted
coordi nates of the reference sensor 22.
This puts the probe sensor 21 to a position
relative to the reference sensor 22, creating a

rotation matrix RP of the probe sensor 21 wth

25 respect to the reference sensor 22, i.e. RR-RR-1. RP',
and can thus identify the position and orientation of
the probe 1 with respect to the body.

For exanple, if both sensors experience the sane
translation and rotation, as they were fixed to each

30 other, during the notion the calculation neans wll
yield the same coordinates for the probe sensor 21,
no matter where it is positioned with respect to the

transmtter 20.

-13-
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This happens due to the fact that the reference
sensor 22 coordinates are translated to the origin
and orientated in such a way that their axes match

the transmtter 20 coordinate system axes.

-14 -
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CLAI M5

1. Method for ultrasound image acquisition,

characterized in that,

it conprises the follow ng steps:

a) defining a fixed frane of reference, the
origin of coordinates being set within a transmtter
of a tracking system

b) detecting position and orientation of a probe
with respect to said frame of reference by nmeans of a
probe sensor of said tracking system coupled to said
pr obe ;

c) detecting position and orientation of a body
to be imaged with respect to said frane of reference
by means of a reference sensor of said tracking
system coupled to said body;

d) calculating position and orientation of said
probe with respect to said body;

e) acquiring a set of 2D inmges constituting a
3D image in Doppler node by transmtting an
ul trasonic beam into said body and receiving
ecographic signals from said body by said probe;

f)y iterating points b) to e) for a predeterm ned
nunber of 3D inmage acquisitions;

g) generating a panoram c 3D inmage conbining the
2D images of the acquired 3D images on the basis of
the information of position and orientation of said
probe with respect to said body calculated for each
2D i mage acqui sition.

2. Method as clained in claim 1, wherein step d)
conprises the follow ng steps:

h) generating from the detected position and
orientation of the probe a rotation matrix RP

indicating the rotation and translation transform ng

-15 -
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the fixed frane of reference into the franme of
reference of the probe;

i) generating from the detected position and
orientation of the body a rotation mtrix RR
indicating the rotation and translation transformng
the fixed frane of reference into the frane of
reference of the body;

i) multiplying the rotation matrix RP with the
inverse of the rotation matrix RR in order to obtain
a calculated rotation matrix RP' indicating the
rotation and translation transformng the frame of
reference of the body into the frame of reference of
t he probe.

3. Method for wultrasound image acquisition as
claimed in one or nore of the preceding clains,
wherein the said body is the head of a patient, said
acqui sitions being transcranial acquisitions.

4. Method as clained in one or nore of the
pr ecedi ng cl ai ns, wherein t he acqui sition is
perfornmed by nmeans of a 2D probe.

5. Method as clained in one or nore of the
preceding clainms, wherein said panoramc 3D inmage is
automatically fused with a corresponding volunetric
imge of the same patient acquired in a different
i magi ng nodality.

6. Method as clained in claim 5, wherein the
i mages are fused by neans of an automatic
registration algorithm performng a matching of the
vessels conprised in the panoramic 3D inage with the
vessels identified by segnentation in the volunetric
image acquired in said different imaging nodality.

7. Apparatus for wultrasound image acquisition,

conpri si ng a probe (1) havi ng at | east one

-16 -
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pi ezoel ectric transducer, a stage for transmtting an
ultrasonic beam by said at |east one transducer into
a body to be inmged, a stage for receiving and
processing echographic signals returned to the at
| east one transducer,

characterized in that

it conprises a tracking system (2 whi ch
conprises a transmtter (200 defining a fixed frane
of reference (23) and a probe sensor (21) coupled to
the probe (1), said probe sensor (21) detecting the
position and orientation of +the probe (1 wth
respect to said fixed franme of reference (23, so
that multiple acquisitions in Doppler node of 2D
i mges constituting 3D imges are performed, and they
are conmbined in a panoramc image using said
information of position and orientation of the probe
for each 2D inage acquisition, a reference sensor
(22) being provided coupled to the body to be inmaged,
said reference sensor (22) detecting the position and
orientation of the body with respect to said fixed
frame of reference (23), said tracking system (2
comprising neans for calculating the position and
orientation of the probe (1) wth respect to the
body.

8. Apparatus for ultrasound image acquisition as
claimted in claim 7, wherein said transmtter (20) ,
said probe sensor (21) and said reference sensor (22
are of electromagnetic type.

9. Apparatus as clainmed in claim 7 or 8, wherein
the said probe is a 2D probe.

10. Apparatus for wultrasound image acquisition

as clained in one or nore of <claine 7 to o,

-17 -

PCT/IB2013/058283



WO 2014/060868 PCT/IB2013/058283

characterized in that it wrks according to the

met hod clained in one or nore of the clains 1 to 6.

-18 -
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