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Title : Method and apparatus for ultrasound image

acquisition

DESCRIPTION

The present invention relates to a method for

ultrasound image acquisition, comprising the

following steps :

a ) defining a fixed frame of reference, the

origin of coordinates being set within a transmitter

of a tracking system;

b ) detecting position and orientation of a probe

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 a body

to be imaged with respect to said frame 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 images constituting a

3D image in Doppler mode by transmitting an

ultrasonic beam into said body and receiving

ecographic signals from said body by said probe;

f ) iterating points b ) to e ) for a predetermined

number of 3D image acquisitions;

g ) generating a panoramic 3D image 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.



The present invention is intended in a medical

diagnostic framework, and the body to be imaged

comprises the anatomical structures of a patient, but

can also be applied in other similar technical

fields.

Currently used methods for ultrasound image

acquisition generating a panoramic 3D image combining

multiple acquired 3D images must 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 comprising a

fixed transmitter 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 combine the images

in a panoramic image .

The panoramic 3D image allows a wider field of

view than each single image and is thus used in

imaging anatomical structures with larger dimensions .

The known methods work well when the body to be

imaged does not move, i.e. there is no displacement

of the body relative to the fixed frame of reference,

hence the fixed frame of reference defined by the

transmitter is the frame of reference of the body.

That means that the position and orientation of

the probe relative to the fixed frame are also

relative to the body.

In many occasions, however, the body to be

imaged can't be maintained motionless and the

reconstruction of the panoramic image can be severely



compromised in case of little movements or eventually

made impossible in case of large movements.

In fact if the patient is moved, the coordinates

of the acquired images with respect to the

transmitter change and the 3D panoramic combination

is not possible.

This applies for example in case of pathological

conditions of the patient, in particular when the

patient is affected by a neural disease and can't

stay motionless for the whole time required for

ultrasound examination.

Another critical situation is represented by

specific examinations that need the movement of the

body for imaging reasons, for example the

transcranial imaging, in which the head of the

patient has to be moved in different positions during

the image acquisition in order to obtain good images .

In the case of transcranial acquisitions, there

are anatomically only few transcranial acquisition

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

available acquisition windows, with the risk of

movements of the patient.

It is impossible from a practical point of view

to move the head of the examined subject to perform a

first acquisition and then to reposition the head in

the same exact position in order to acquire a

contralateral volume.

Usually in these cases the head of the patient

is immobilized to avoid movements, and this worsen

the comfort of the patient.



The aim of the present invention is to overcome

the problems of the known methods, providing a method

for ultrasound image acquisition which, by means of

relatively simple and inexpensive arrangements,

allows to refer the position and orientation of the

probe to the body and is thus immune to errors due to

motion.

Whatever be the movements of the patient, all

the acquired 2D images can be combined without

problems in a panoramic image since every 2D image is

associated to the information relating the position

and orientation of the probe relative to the body and

not to the transmitter.

In case of pathological conditions, this avoids

the need of immobilizing the patient with constrains

to hold him/her still.

The method is aimed to vascular investigation

and the Doppler mode can comprise color Doppler or

power Doppler .In one example the user can select what

to see, for instance erasing completely the B-Mode

information so that only the Doppler information

relative to the vessels is maintained.

The method allows to correct each 2D image

position during the 3D scan, so if the patient moves

during the scan it is possible to compensate such

movement.

In a preferred embodiment, step d ) comprises the

following steps :

h ) generating from the detected position and

orientation of the probe a rotation matrix RP

indicating the rotation and translation transforming

the fixed frame of reference into the frame of

reference of the probe;



i ) generating from the detected position and

orientation of the body a rotation matrix RR

indicating the rotation and translation transforming

the fixed frame of reference into the frame of

reference of the body;

j ) 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 transforming the frame of

reference of the body into the frame of reference of

the probe .

The calculation can be performed automatically

by a computer program.

The use of rotation matrices allows a powerful

mathematical tool to represent rotation and

translation of the different frames of reference

positioned respectively of the transmitter, of the

probe and of the patient and can thus indicate the

position and orientation of the patient with respect

to the transmitter and the position and orientation

of the probe with respect to the transmitter and

eventually to the patient .

According to a further embodiment, the said body

is the head of a patient, said acquisitions being

transcranial acquisitions .

Preferably the reference sensor is coupled to

the forehead of the patient .

This application is particularly advantageous

because the problems listed above relating the

transcranial acquisitions are solved by referring the

information of position and orientation of the probe

to the body.



During the acquisitions, the head can be rotated

in the positions needed or convenient for the

operator, without losing correspondence between the

image scanned and the detected position 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 limit for

the brain insonation.

The method is particularly advantageous for

stroke detection and similar intracranial vascular

problems .

In an embodiment the acquisition is performed by

means of a 2D probe .

Preferably the acquisition by means of the 2D

probe is performed manually.

This allows for an easy scan through the

temporal bone window, which is used by transcranial

Doppler sonography, and which is difficult to scan

with 3D motorized 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 without artifacts

in Doppler mode, which artefacts can be due to fast

probe movements.

In fact, particularly in power Doppler scans,

the probe cannot move fast due to limited ultrasound

Doppler mode frame rate and the possibility of

generation of artifacts due to probe movements.

It is important to have high quality since the

vessels to be imaged are very thin.



In a further embodiment, said panoramic 3D image

is automatically fused with a corresponding

volumetric image of the same patient acquired in a

different imaging modality.

Different imaging modalities can be preferably

MRI, but also CT, PET, SPECT or similar, or a

combination or fusion thereof.

According to an improvement, the images are

fused by means of an automatic registration algorithm

performing a matching of the vessels comprised in the

panoramic 3D image with the vessels identified by

segmentation in the volumetric image acquired in said

different imaging modality.

In an exemplary embodiment a previously acquired

MRI volumetric image is automatically registered to

the panoramic 3D image of the color Doppler or power

Doppler signals of the cerebral vessels of the

examined patient .

The auto-registration is launched by the

operator, which manually roughly detects within the

panoramic 3D image an anatomical marker, like for

example the circle of Willis and the other main

arteries .

The anatomical marker can also be detected in a

single 3D image, before the generation of the

panoramic image.

The operator also detects within the volumetric

MRI image an axial plane containing at least

partially the above mentioned vessels.

After this rough manual detection the automatic

registration algorithm starts to automatically match

the panoramic 3D image, which is a reconstruction of



Doppler signals, with the related vessels present

within the volumetric MRI image .

The MRI image or other imaging modality image

can be advantageously acquired with contrast medium

to enhance the contrast of the vessels.

This improvement allows to register and fuse the

ultrasound panoramic 3D image with a volumetric image

acquired with a different imaging modality, which can

have a higher spatial resolution, which is the case

of MRI images .

Also the co-registration of the panoramic 3D

image with the volumetric image acquired in a

different imaging modality benefits of the

information of position and orientation of the probe

with respect to the body calculated for each 2D image

acquisition, so that the voluntary or involuntary

movements of the patient are enabled and are not a

problem for the acquisition .In a variant embodiment,

rather than a volume to volume registration between

ultrasound and magnetic resonance 3D images, it is

possible to acquire a single 2D ultrasound image and

to register it with the magnetic resonance image

volume .

Further acquired ultrasound 2D images can then

be combined with the first 2D image to form the 3D

images, and they are automatically registered to the

MRI volume, or they can be treated as single images

registered to the MRI volume .

The present invention relates also to an

apparatus for ultrasound image acquisition,

comprising a probe having at least one piezoelectric

transducer, a stage for transmitting an ultrasonic

beam by said at least one transducer into a body to



be imaged, a stage for receiving and processing

echographic signals returned to the at least one

transducer.

Also in this case, the known apparatuses suffer

of the above mentioned problems since the position

and orientation of the probe can only be referred to

the fixed frame of reference defined by the

transmitter, and the reconstruction of panoramic

images is hence prone to distortions or failures

caused by motion of the patient .

These problems are solved providing a tracking

system which comprises a transmitter 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

Doppler mode of 2D images constituting 3D images are

performed, and they are combined in a panoramic 3D

image using said information of position and

orientation of the probe for each 2D image

acquisition, 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 frame of reference,

said tracking system comprising means for calculating

the position and orientation of the probe with

respect to the body.

According to a preferred embodiment, said

transmitter, said probe sensor and said reference

sensor are of electromagnetic type .

According to a further embodiment said probe is

a 2D probe .



Other type of tracking system can be provided,

for example optical or acoustic.

These and other features and advantages of the

present invention will appear more clearly from the

following description of some embodiments,

illustrated in the annexed drawings, wherein:

Fig. 1 shows an embodiment of the apparatus

according to the present invention;

Figs 2 to 4 explain the coordinates

transformations provided in the method according to

the present invention.

In Fig. 1 an apparatus for ultrasound image

acquisition is shown, which apparatus comprises an

ultrasound probe 1 having at least one piezoelectric

transducer, a stage for transmitting an ultrasonic

beam by said at least one transducer into a body to

be imaged, a stage for receiving and processing

echographic signals returned to the at least one

transducer.

The probe 1 is of 2D type and acquires

subsequent 2D images in order to generate 3D images

from a scan volume 10, said stage for receiving and

processing echographic signals being comprised in a

unit for generation of 3D ultrasound images 3 .

The tracking system 2 comprises 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

probe sensor 21.

The probe sensor 21 detects its position and

orientation with respect to said fixed frame of

reference 23 and consequently detects the position of



the probe 1 with respect to said fixed frame of

reference 23.

The probe sensor 21 is preferably mounted to the

probe shaft .

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

orientation with respect to said fixed frame of

reference 23 and consequently detects the position of

the body with respect to said fixed frame of

reference 23.

The reference sensor 22 is preferably mounted to

the head of the patient, in particular to the

forehead, for example by means of an elastic strap or

of a strap provided with closing means such as

Velcro® endings .

Preferably the transmitter 20, the probe sensor

21 and the reference sensor 22 are of electromagnetic

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

perpendicular to one another.

The current causes each wire to work as an

electromagnet while the current is flowing through

it.

By sequentially activating each of the wire

coils of the transmitter 20, and measuring the

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



sensor 21 and of the reference sensor 22 with respect :

to the transmitter 20.

The tracking system 2 comprises means for

calculating the position and orientation of the probe

sensor 21 with respect to the reference sensor 22,

hence calculating the position and orientation of the

probe 1 with respect to the body.

Multiple acquisitions of 3D images are then

performed, each 3D image being composed by a

plurality of 2D images, and for each 2D image the

position and orientation of the probe 1 with respect

to the body is calculated.

The acquired images are combined in a panoramic

image by a panoramic image combinator 4 , using said

information of position and orientation of the probe

1 for each 2D image acquisition to correct the

position of each 2D image.

The panoramic image obtained is visualized onto

a display 6 by means of a display driver 5 .

The method 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

transmitter 20 to being based on the position of the

reference sensor 22 placed on the patients head.

The reference sensor 22 also has

transmitter coordinate system, and these coordinates

change continuously with any patient movement because

the sensor is fixed to the head.

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

sensor 21 with respect to the transmitter 20 are read

and a rotation matrix RP is generated.



The rotation matrix RP contains both the

rotation and translation of the probe sensor 21 in

the frame of reference 23 with origin in the

transmitter 20.

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

in the frame of reference 23 with origin in the

transmitter 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 .

Multiplying the coordinates of the reference

sensor 22 with its inversion puts the reference

sensor back to the origin of the frame of reference

23 where the transmitter 20 is, i.e. RR · RR - 1 = 1 .

As shown in Fig. 4 , the coordinates of the probe

sensor 21 are multiplied with the inverted

coordinates 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 with

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 example, if both sensors experience the same

translation and rotation, as they were fixed to each

other, during the motion the calculation means will

yield the same coordinates for the probe sensor 21,

no matter where it is positioned with respect to the

transmitter 20.



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 transmitter 20 coordinate system axes.



CLAIMS

1 . Method for ultrasound image acquisition,

characterized in that,

it comprises the following steps :

a ) defining a fixed frame of reference, the

origin of coordinates being set within a transmitter

of a tracking system;

b ) detecting position and orientation of a probe

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 a body

to be imaged with respect to said frame 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 images constituting a

3D image in Doppler mode by transmitting an

ultrasonic beam into said body and receiving

ecographic signals from said body by said probe;

f ) iterating points b ) to e ) for a predetermined

number of 3D image acquisitions;

g ) generating a panoramic 3D image 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.

2 . Method as claimed in claim 1 , wherein step d )

comprises the following steps :

h ) generating from the detected position and

orientation of the probe a rotation matrix RP

indicating the rotation and translation transforming



the fixed frame of reference into the frame of

reference of the probe;

i ) generating from the detected position and

orientation of the body a rotation matrix RR

indicating the rotation and translation transforming

the fixed frame of reference into the frame of

reference of the body;

j ) 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 transforming the frame of

reference of the body into the frame of reference of

the probe .

3 . Method for ultrasound image acquisition as

claimed in one or more of the preceding claims,

wherein the said body is the head of a patient, said

acquisitions being transcranial acquisitions .

4. Method as claimed in one or more of the

preceding claims, wherein the acquisition is

performed by means of a 2D probe .

5 . Method as claimed in one or more of the

preceding claims, wherein said panoramic 3D image is

automatically fused with a corresponding volumetric

image of the same patient acquired in a different

imaging modality.

6 . Method as claimed in claim 5 , wherein the

images are fused by means of an automatic

registration algorithm performing a matching of the

vessels comprised in the panoramic 3D image with the

vessels identified by segmentation in the volumetric

image acquired in said different imaging modality.

7. Apparatus for ultrasound image acquisition,

comprising a probe (1) having at least one



piezoelectric transducer, a stage for transmitting an

ultrasonic beam by said at least one transducer into

a body to be imaged, a stage for receiving and

processing echographic signals returned to the at

least one transducer,

characterized in that

it comprises a tracking system (2) which

comprises a transmitter (20) defining a fixed frame

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) with

respect to said fixed frame of reference (23) , so

that multiple acquisitions in Doppler mode of 2D

images constituting 3D images are performed, and they

are combined in a panoramic image using said

information of position and orientation of the probe

for each 2D image acquisition, a reference sensor

(22) being provided coupled to the body to be imaged,

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 means for calculating the position and

orientation of the probe (1) with respect to the

body.

8. Apparatus for ultrasound image acquisition as

claimed in claim 7 , wherein said transmitter (20) ,

said probe sensor (21) and said reference sensor (22)

are of electromagnetic type .

9 . Apparatus as claimed in claim 7 or 8 , wherein

the said probe is a 2D probe .

10. Apparatus for ultrasound image acquisition

as claimed in one or more of claims 7 to 9 ,



characterized in that it works according to the

method claimed in one or more of the claims 1 to 6.
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摘要(译)

用于超声图像获取的方法，包括以下步骤：a）定义固定的参考系，坐标
原点设置在跟踪系统的发射器内; ·b）通过耦合到所述探针的所述跟踪系
统的探针传感器检测探针相对于所述参照系的位置和方向; ·c）借助于耦
合到所述主体的所述跟踪系统的参考传感器，检测相对于所述参照系成
像的身体的位置和方向; d）计算所述探针相对于所述体的位置和方向; 
·e）通过将超声波束发射到所述主体中并通过所述探测器从所述主体接
收回波描记信号，以多普勒模式获取构成3D图像的一组2D图像; ·f）针对
预定数量的3D图像采集迭代点b）至e）; ·g）通过基于所述探针相对于针
对每个2D图像获取计算的所述身体的位置和取向的信息，组合所获取的
3D图像的2D图像来生成全景3D图像。
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