
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

13
6 

97
3

B
1

TEPZZ¥_¥697¥B_T
(11) EP 3 136 973 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
14.08.2019 Bulletin 2019/33

(21) Application number: 15785365.6

(22) Date of filing: 28.04.2015

(51) Int Cl.:
A61B 34/30 (2016.01) A61B 17/34 (2006.01)

A61B 34/20 (2016.01) A61B 90/00 (2016.01)

A61B 8/00 (2006.01) A61B 90/11 (2016.01)

(86) International application number: 
PCT/IL2015/050436

(87) International publication number: 
WO 2015/166487 (05.11.2015 Gazette 2015/44)

(54) ULTRASOUND GUIDED HAND HELD ROBOT

ULTRASCHALLGEFÜHRTER TRAGBARER ROBOTER

ROBOT TENU À LA MAIN ET GUIDÉ PAR ULTRASONS

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 28.04.2014 US 201461996033 P

(43) Date of publication of application: 
08.03.2017 Bulletin 2017/10

(73) Proprietor: Mazor Robotics Ltd.
3088900 Caesarea (IL)

(72) Inventor: SHOHAM, Moshe
17915 Hoshaya (IL)

(74) Representative: Modiano, Gabriella Diana et al
Modiano & Partners (DE) 
Thierschstrasse 11
80538 München (DE)

(56) References cited:  
EP-A1- 0 654 244 EP-A1- 2 147 636
US-A- 4 669 483 US-A- 6 019 724
US-A1- 2002 156 376 US-A1- 2003 233 046
US-A1- 2005 154 302 US-A1- 2006 106 306
US-A1- 2012 277 585  



EP 3 136 973 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of the
use of ultrasound imaging of a surgical site, especially
for the robotic delineation of an access trajectory to a
region of interest within a subject’s tissue, imaged using
an ultrasound system.

BACKGROUND OF THE INVENTION

[0002] Needle insertion to access a target region in a
subject’s tissues, such as a lesion, for instance, is a com-
mon clinical procedure, carried out in order to perform
procedures such as a tissue biopsy, or to perform a minor
surgical procedure, or for the insertion of a diagnostic or
therapeutic probe. Currently, guidance of a surgical nee-
dle insertion into a tissue to a target lesion can be per-
formed manually under ultrasound (US) guidance, by ob-
servation of the lesion in the ultrasound image and by
estimation of the correct insertion point and angle to be
used in order to access the lesion with the needle. The
accuracy of this procedure is highly dependent upon the
skill of the doctor performing the procedure. Computer
assisted guided insertion can also be performed using
ultrasound imaging, by using a navigation system in order
to track both the position of the ultrasound probe, and
the position of the tool guide or the tool itself. The navi-
gation system can then ensure that when the ultrasound
probe is held at such an angle that the target lesion falls
in a predefined position on the screen, the tool guide or
the tool can be directed, either manually or by a robot to
pass through the position of the lesion. Use of a virtual
trajectory of the tool path, or a virtual image of the tip of
the needle, projected onto the ultrasound image, can
make this procedure accurate and simple for the doctor
to execute. However, this system requires a navigation
system which tracks and correlates between two distinct
bodies, and the system is therefore generally complex
and costly.
[0003] There exist a number of systems for catheter
insertion which use ultrasound guidance to ascertain the
position of the catheter or needle during insertion. In US
Patent application published as US 2003/0233046 A1 to
S.L.Ferguson et al, for "Ultrasonic Guided Catheter De-
ployment System," there is described a device to guide
the placement of a catheter needle with an integrated
ultrasound probe for imaging the insertion region. The
imaging probe is co-registered to the co-ordinate system
of the device, such that it always views the region of in-
terest as the device is moved. In US Patent application
published as US 2002/0156376 A1 to Wang et al, for
"Guide and Position Monitor for Invasive Medical Instru-
ment", there is described a passive disposal device for
use in medical procedures such as ultrasound-assisted
biopsies in which a biopsy needle is guided by an ultra-
sound system. An instrument guide is described for

mounting the instrument to an imaging probe, controlling
its position, monitoring its position, and/or predictively
displaying its position on a user display of the medical
imaging system. Movement of the biopsy needle is re-
stricted to within the imaged plane. In European Patent
Application EP 0654244 A1 to Y. Paltiel, for "Articulated
needle guide for ultrasound imaging and method of using
same", there is described a floor mounting apparatus for
directing a medical needle onto a target as indicated by
an ultrasound imaging device. The system includes an
ultrasound transducer and a needle guide holding the
medical needle, both attached to a vertical post by mov-
able arms, an ultrasound imaging device and a computer-
controller. The physician is able to align the ultrasound
transducer and the needle guide in the desired position
and direction by means of arms with links connected by
controlled universal joints. In US Patent application pub-
lished as US 2006/0106306 A1 to R. Essner et al., for
"Method and Instrument for Minimally Invasive Sentinel
Lymph Node Location and Biopsy", there is described
an apparatus incorporating an ultrasound scanner with
a gamma probe attached thereto by means of a holder
on a passive mechanical hinge arrangement to localize
the target percutaneously. Keeping the ultrasound scan-
ner fixed, the probe can be removed and replaced with
a biopsy apparatus for accessing the target. Instead of
the mechanical hinge arrangement, the relative position
and direction of the gamma probe (and hence biopsy
needle) and the ultrasound transducer can be deter-
mined by means of magnetic optical or acoustic position
sensors enabling the relative position to be registered on
a computer. In European Patent Application EP 2147636
A1, by Esaote S.p.A., for "Device and Method for Guiding
Surgical Tools by Ultrasonic Imaging", there is described
a device for guiding surgical tools by ultrasonic imaging
using tracking transponders to determine the orientation
and position of a needle being inserted by the system.
In US Patent application published as US 2012/0277585
A1 to M.W. Koenig et al, for "Method and Apparatus for
Calibrating and Realigning an Ultrasound Image Plane
to a Navigation Tracker", there is described an ultrasound
imaging system that collects images based on the plane
of image acquisition, which can be calibrated to a tracking
device associated with the ultrasound transducer. No ac-
tuated arm or tool guide appears to be shown in this ref-
erence as being attached to or associated with the ultra-
sound imaging device. US Patent US 6,019,724 to A.
Gronningsaeter et al. for "Method for Ultrasound Guid-
ance During Clinical Procedures", there is described a
method for generating quasi-realtime feedback for the
purpose of guiding surgical procedures by means of ul-
trasound imaging, wherein the location of a surgical tool
is related to the coordinate system of an intraoperative
2D and/or 3D ultrasound imaging system, thus allowing
synchronized relations between data acquisition, tool
movement and image visualizations. However, the sys-
tem is configured only for guiding a handheld tool, and
no controlled actuating arm guide tube is shown in this
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document.
[0004] There therefore exists a need for a ultrasound
guidance system, which enables access to a target point
within the subject’s tissue, and which overcomes at least
some of the disadvantages of prior art systems and meth-
ods.

SUMMARY

[0005] The present disclosure describes new exem-
plary systems and methods for performing insertion of a
surgical tool along a trajectory to a target region in a pa-
tient’s tissues, under the guidance of ultrasound imaging.
The systems are based on a hand-held robot to whose
base the probe of an ultrasound system is rigidly con-
nected. The activated platform of the hand-held robot
may carry a tool guide, through which the surgical tool is
passed. The alignment of the tool guide defines the tra-
jectory which the tool will take on entering the subject’s
body. Such a hand held robot has been described in PCT
International Patent Application published as WO
2011/021192 A1 for "Device for Improving the Accuracy
of Manual Operations" having common inventorship with
the present application. The robot of the present appli-
cation differs in that it has an ultrasound probe firmly at-
tached to its base, and that it does not need any separate
navigation system sensors to define its position in space.
The doctor scans the region of interest with the ultra-
sound probe, until the target region is seen on the display
screen. The target region may typically be a lesion or
another tissue sample which it is desired to access or
treat with the surgical tool, and while a lesion is used an
example in the present application, it is to be understood
that any other physiological feature could also be the
target to be treated. When the doctor has found the target
lesion by manipulation of the ultrasound probe, its posi-
tion can be marked on the screen, such as by use of a
mouse-click, and the ultrasound imaging software is
adapted to record the registered position of the lesion in
the ultrasound image frame of reference for that partic-
ular position of the ultrasound probe. The position of the
lesion is thus now known relative to the position of the
ultrasound probe, and since the ultrasound probe is rig-
idly attached to the base of the robot, the position of the
lesion is thus now also known relative to the co-ordinate
frame of reference of the hand-held robot, and hence of
the tool guide. The system can now align the pose of the
hand held robot such that the tool guide is aimed directly
at the target lesion, and a surgical tool passed through
the tool guide and into the subject’s tissues, will impinge
on the target lesion. As the surgeon moves his hand while
holding the robot and scanning the region of interest, the
system applies a correction feedback signal to the robot
control, and the robot will adjust its pose so that the tool
guide will maintain the tool in the same trajectory relative
to the imaged lesion, and is thus always directed at the
lesion regardless of the position of the probe.
[0006] The system operation depends upon the provi-

sion of the correct feedback between the position of the
lesion marked on the screen, and the real-life position of
the lesion as targeted by the tool guide. The currently
described system can achieve this by two methods. One
method is by using image processing techniques on the
position of the lesion in the image on the screen. As the
position of the lesion on the US image changes with
change in the position and orientation of the US probe,
the system analyses the motion of that position and pro-
vides an appropriate feedback signal to the robot in order
to adjust the pose of the tool guide to compensate for the
motion of the robot base, and thus to keep the tool guide
directed at the lesion in real life. This is the preferred
feedback method, since it depends on direct identification
of the position of the lesion in the ultrasound image gen-
erated by the doctor. However, a number of problems
can arise when using this method. Firstly, if the doctor
were to make a sudden movement of the ultrasound
probe, or if the image quality were to degrade temporarily
due to any cause, this may cause the tracking software
to lose its tracked position of the lesion. Furthermore, if
the doctor were to raise the robot such that the ultrasound
probe no longer makes contact with the subject’s skin,
the ultrasound image of the lesion gets lost, and when
contact is again made with the subject’s skin, there is no
guarantee that the lesion will be picked up again within
the image obtained. Therefore, this image processing
method may generally be operable only under conditions
in which the lesion is maintained within the field of view
on the ultrasound image.
[0007] In order to circumvent the above described
problems arising from loss of the position of the lesion in
the ultrasound image, an alternative system based on an
inertial measurement unit (IMU) can be used. The IMU
is mounted in or on the robot in order to keep track of the
position of the robot in space. In this system, the position
of the tool guide relative to the initial image of the lesion
on the screen is registered as the base reference position
of the IMU. As the surgeon changes the position of his
hand, and the robot and its associated ultrasound probe
move, the IMU continually measures the acceleration
and the orientation of the body of the robot, and can thus
provide feedback to the robot control about the absolute
position in space of the robot. The robot control can then
use this absolute position data to adjust the pose of the
robot in order to keep the tool guide directed at its original
position, aimed at the target lesion, regardless of the
change in position and orientation of the robot body. Once
the IMU unit has locked onto the position of the image of
the lesion, there is no longer any need for the lesion to
be visible in the image on the screen. The position of the
robot body is entirely defined by the output signals of the
IMU. The IMU can be MEMS implemented, such that the
size of the IMU can be made sufficiently small that it can
be installed on the circuit board of the hand held robot.
[0008] However, there is a problem in the sole use of
an IMU to track the robot position in space, arising from
the drift which is inherent in such IMU devices. The extent
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of this drift naturally depends on the quality level of the
IMU used, and hence its cost. Furthermore, as indicated
above, the preferred system of tracking is that based on
image processing to follow the actual position of the tar-
get on the US image, but this can be limited by loss of
the US image when the US probe is lifted from the sub-
ject’s skin. Therefore, in order to overcome this problem
of the loss of the lesion position, it is possible to improve
the overall ability of the system to accurately track the
position of the lesion in the robot frame of reference by
combining the two tracking systems, namely, tracking
the lesion on the US image by image processing and
reversion to the IMU to follow the robot position in case
of complete loss of US image by separation of the US
probe from the skin, or in the case of the image process-
ing algorithm itself losing track of the lesion motion. The
IMU maintains the robot in the region of the lesion while
no positive image location is possible, but once good
image processing of the lesion position again becomes
possible, accurate positioning is again made by the im-
age processing tracking algorithm.
[0009] The ultrasound guidance system of the present
disclosure differs from prior art imaging and robotic guid-
ance systems, in that the robot base is physically at-
tached to the imaging system reference frame. As a re-
sult, no registration procedure using an intermediate ob-
ject is required in order to correlate the coordinate system
of the images generated, with the coordinate system of
the robot, and hence of the surgical tool guided by the
robot. This effectively means that the image of the lesion
itself behaves virtually as if it were connected to the base
of the robot, thereby maintaining accurate registration
between the robot coordinates and the real life position
of the lesion itself. Furthermore, the system of the present
disclosure eliminates the need for a separate tracking
system or dynamic referencing fiducials attached firmly
to the patient.
[0010] There is thus provided in accordance with an
exemplary implementation of the system described in this
disclosure, a system comprising:

(i) a hand held robot comprising a base and an ac-
tuated arm,
(ii) an ultrasound imaging probe attached to the base
of the hand held robot, such that when the robot is
moved, the ultrasound imaging probe moves with it,
and such that the co-ordinate system of the field of
view of the ultrasound imaging probe is co-registered
to the co-ordinate system of the robot,
(iii) a tool guide attached to the actuated arm of the
hand held robot, and
(iv) a control system adapted to utilize the co-regis-
tration of the co-ordinate systems of the ultrasound
imaging probe and the robot to adjust the pose of
the robot actuated arm, such that as the ultrasound
imaging probe is moved, the position and orientation
of the tool guide is adjusted by the control system in
order to maintain its direction relative to a feature

imaged by the ultrasound imaging probe.

[0011] In such a system, the control system may utilize
image processing of a real time ultrasound image of the
feature in order to adjust the pose of the actuated arm to
maintain its direction relative to the feature.
[0012] Additionally, the control system may define the
position of the feature in the co-ordinate system of the
field of view of the ultrasound probe, and may be adapted
to utilize the co-registration between the frame of refer-
ence of the ultrasound imaging probe and the robot co-
ordinate system in order to adjust the robot arm to main-
tain its pose directed at the feature imaged using the
ultrasound imaging probe.
[0013] In any of the above described systems, the
hand-held robot may further comprise an inertial meas-
urement unit adapted to track the absolute pose of the
robot in space, and to provide an output to the control
system to enable maintenance of the trajectory of the
actuated arm in space with change in the position and
orientation of the hand held robot. Alternatively, the hand-
held robot may further comprise an inertial measurement
unit adapted to provide an output to the control system
which tracks the absolute pose of the robot in space, and
wherein the control system utilizes the output to enable
maintenance of the trajectory of the actuated arm in
space when the image processing is unable to determine
the feature in the real time ultrasound.
[0014] In any of the above described systems, the fea-
ture may be a lesion in the tissue of a subject. Additionally,
the tool guide may be adapted to accommodate a surgical
tool, which furthermore may be any one of a hypodermic
needle, a biopsy needle, a drug delivery needle, an ab-
lation electrode, a brachytherapy applicator, or an elec-
trode positioning device.
[0015] Yet another implementation described in this
disclosure performs a method of targeting a feature in
the body of a subject, comprising:

(i) providing a hand-held robot having a base and an
actuated arm, and having a probe of an ultrasound
system attached to the base, such that the position
of an object imaged in the ultrasound system is de-
fined relative to the co-ordinate system of the robot,
(ii) identifying the feature in an image generated us-
ing the ultrasound system,
(iii) using the identified position of the feature in the
ultrasound image to register the position of the fea-
ture in the coordinate system of the robot, and
(iv) aligning the robot such that a tool held in a guide
tube attached to the actuating arm is directed at the
feature.

[0016] Such a method may further comprise the steps
of:

(v) tracking the position of the feature in the ultra-
sound image as the ultrasound probe is moved
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across the body of the subject, and
(vi) generating a feedback control signal for the hand
held robot according to any tracked motion of the
feature, so as to adjust the pose of the robot arm
such that the tool remains directed at the feature
despite motion of the ultrasound probe.

[0017] Furthermore, in any of the above-described
methods, the hand-held robot may further comprise an
inertial measurement unit adapted to track the absolute
orientation of the robot in space, and to provide an output
to enable maintenance of the pose of the actuated arm
in space with change in the position and orientation of
the hand-held robot. Alternatively, the hand-held robot
further comprises an inertial measurement unit adapted
to track the absolute orientation of the robot in space,
and to provide an output to enable maintenance of the
pose of the actuated arm in space with change in the
position and orientation of the hand-held robot, and
wherein the method utilizes the output to maintain the
trajectory of the actuated arm in space when the position
of the feature cannot be tracked in the ultrasound image
as the ultrasound probe is moved across the body of the
subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will be understood and
appreciated more fully from the following detailed de-
scription, taken in conjunction with the drawings in which:

Fig.1 shows an exemplary ultrasound guided hand
held robotic system of the type described in this dis-
closure;
Fig. 2 shows a view of the imaging screen of the
ultrasound system, showing a target lesion dis-
played in the image;
Fig. 3 is a view of the region of interest shown in Fig.
1, taken from the direction within the plane of the
drawing of Fig. 1; and
Fig. 4 is a flowchart showing the way in which the
system operates to maintain the tool guide directed
at a target area as the ultrasound probe is moved.

DETAILED DESCRIPTION

[0019] Reference is now made to Fig. 1, which illus-
trates schematically an exemplary ultrasound-guided
hand held robotic system of the type described in this
disclosure. The body of the robot 10 can be comfortably
gripped by the doctor 11 during the procedure. An ultra-
sound probe 12 is firmly attached to the base of the robot,
so that the doctor can scan the skin 13 of the patient with
the ultrasound probe, to generate an ultrasound image
of the patient’s anatomy. In Fig. 1, the ultrasound scan
19 is shown having detected a lesion 14 in the patient’s
tissue. To the actuated platform 15 of the robot 10, there
is attached an arm 16, to the end of which a surgical

guide or sleeve 17, is attached. A surgical tool, such as
the needle 18, can be directed through this tool guide 17,
such that when the robot is correctly aligned, the needle
will reach the lesion 14. In Fig. 1, the needle is shown for
manual insertion, but it is to be understood that a con-
trolled micro-drive (not shown) can alternatively be
mounted on the tool guide to control the entry of the nee-
dle 18. The ultrasound-guided hand held robotic system
further comprises a control system 22 which receives
information from the ultrasound system display data, and
outputs and inputs information to and from the robot ac-
tuators and encoders, and from any inertial measurement
unit 23 mounted in or on the robot or on the arm 16. The
control unit 22 could be one integrated unit for all of the
functions required by the system, or it could have sepa-
rate modules for ultrasound generation and/or imaging
functions, for trajectory pose calculation by ultrasound
image processing or from the IMU, and for robot control.
[0020] Reference is now made to Fig 2, which illus-
trates schematically a view of an ultrasound image 20
obtained using the ultrasound probe 12 of Fig. 1, with the
lesion 14 shown in the bottom right-hand corner of the
image.
[0021] Reference is now made to Fig. 3, which illus-
trates one of the advantages of using the hand held robot
10 of Fig. 1. Fig. 3 is a view of the system and region of
interest shown in Fig. 1, taken from the direction within
the plane of the drawing of Fig. 1. Unlike other imaging
methods, an ultrasound scan can only view a limited im-
aged field, approximating a two-dimensional plane, as
shown by the limited borders of the scanned field of view
31 in the plane shown. Usually the limits of the imaged
view have a limited cone angle, which can sometimes be
up to about 30 degrees. That approximately two-dimen-
sional plane should include the lesion 14 to be treated,
or different slices thereof. Therefore, the complete ac-
cess path of the surgical tool 18 to the lesion 14 to be
treated, can only be observed using the ultrasound scan,
if that access path falls within the approximately two-di-
mensional plane 31 of the ultrasound scan. However,
that plane may include features such as a bone, or a vital
blood vessel 30 or organ or nerves, through which it is
impossible or dangerous to perform a surgical insertion.
By using the hand held robot system of the present ap-
plication, it becomes possible to keep the lesion 14 within
view in the approximately two-dimensional plane of view
31 of the ultrasound scan, and at the same time to provide
access to the lesion 14 by inserting the surgical tool 18
from a direction 32 other than that within the plane of
view 31 of the ultrasound image, so that the surgical tool
does not have to pass through the region with the ob-
struction. The accuracy of the target position of the lesion
14 as determined in the ultrasound image is thus main-
tained, but without the need to pass through forbidden
regions 30 in the plane of the ultrasound image in order
to insert the surgical tool to the lesion since there is no
need now to maintain the lesion and the surgical tool in
the same ultrasound sensing plane.
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[0022] Reference is now made to Fig. 4, which is an
exemplary flowchart showing one way in which the sys-
tem operates to maintain the tool guide directed at a tar-
get area as the ultrasound probe is moved. In step 40,
the ultrasound probe scans the region of interest until the
position of a lesion has been detected in the US image.
In step 41, the user causes the recording of the position
of the lesion on the US image. In step 42, based on that
recorded position, the control system moves the robot
pose such that the tool guide is directed in real life at the
lesion. In step 43, an image processing software routine
is actuated on the US image, to lock onto the position of
the lesion in that image. In step 44, as the position of the
robot with its attached ultrasound probe is moved, the
image processing software tracks the position of the mov-
ing lesion image. In step 45, the control system uses the
tracked position of the moving lesion image to generate
a correction signal for the robot control to adjust the robot
pose such that the tool guide remains directed at the
lesion as the robot base moves.
[0023] If an inertial measurement unit is used to control
the robot pose, then only steps 40 to 42 need to be per-
formed in the above described method, and at step 43,
the IMU is actuated to lock that position of the tool guide
as the reference position to be maintained as the robot
body moves by means of a feedback signal from the IMU
to the robot control system.
[0024] If a combination of the image processing and
IMU is used to control the robot pose, then after step 42,
the IMU is actuated to register the pose of the robot rel-
ative to the detected position of the lesion in the US im-
age, but the guidance of the robot is continued through
steps 43 to 45 using signal processing of the lesion po-
sition in the US images. The IMU determined pose of the
robot is continued to be recorded in the background, so
that should the image processing lose track of the lesion
at any stage during step 45, then at that point, an addi-
tional step is required after step 45, in which the IMU
feedback is used to take over from the image processing
feedback, and to continue to update the inertial location
of the robot relative to the lesion, until a sufficiently good
image of the lesion is obtained to enable reactivation of
the image processing tracking procedure.
[0025] Use of the present ultrasound guided hand held
robot has an added advantage in that the insertion tra-
jectory is determined ab initio, before commencement of
the insertion, such that the needle is always accurately
directed to the target lesion. Since it is difficult to change
the insertion trajectory of a needle once it is within the
subject’s tissue, this system therefore assists in prevent-
ing the need to change the needle trajectory once inser-
tion has begun.
[0026] Furthermore, while the insertion is being imple-
mented, the surgeon can freely continue to perform ul-
trasound scans around the region of interest, by contin-
uously moving the position or angle of the US probe to
identify the treated area better and more accurately, and
to observe the progress of the insertion or the position

of the lesion or the location of other objects near the le-
sion, without affecting the accuracy of insertion of the
needle despite the motion of the robot base.
[0027] It is appreciated by persons skilled in the art that
the present invention is not limited by what has been
particularly shown and described hereinabove. Rather
invention includes both combinations and subcombina-
tions of various features described hereinabove as well
as variations and modifications thereto which would oc-
cur to a person of skill in the art upon reading the above
description and which are not in the prior art. The scope
of the present invention is defined by the appended
claims.

Claims

1. A system comprising:

a hand held robot (10) comprising a base and
an actuated arm;
an ultrasound imaging probe (12) attached to
the base of said hand held robot (10), such that
when said robot is moved, said ultrasound im-
aging probe (12) moves with it, and such that
the co-ordinate system of the field of view (31)
of said ultrasound imaging probe is co-regis-
tered to the co-ordinate system of said robot;
a tool guide (17) attached to the actuated arm
(16) of said hand held robot (10); and
a control system (22),

characterized in that said control system is adapted
to utilize said co-registration of said co-ordinate sys-
tems of said ultrasound imaging probe (12) and said
robot (10) to adjust the pose of said robot actuated
arm (16), such that as the ultrasound imaging probe
(12) is moved, the position and orientation of said
tool guide (17) is adjusted by said control system
(22) in order to maintain its direction relative to a
feature (14) imaged by said ultrasound imaging
probe (12).

2. A system according to claim 1 wherein said control
system (22) utilizes image processing of a real time
ultrasound image (20) of said feature (14) in order
to adjust the pose of said actuated arm (16) to main-
tain its direction relative to said feature (14).

3. A system according to claim 1 wherein said control
system (22) defines the position of said feature (14)
in the co-ordinate system of the field of view (31) of
said ultrasound probe (12), and is adapted to utilize
said co-registration between the frame of reference
of the ultrasound imaging probe and the robot co-
ordinate system in order to adjust said actuated arm
(16) to maintain its pose directed at said feature (14)
imaged using said ultrasound imaging probe (12).

9 10 
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4. A system according to any of the previous claims,
wherein said hand-held robot (10) further comprises
an inertial measurement unit (23) adapted to track
the absolute pose of said robot (10) in space, and to
provide an output to said control system to enable
maintenance of the trajectory of said actuated arm
(17) in space with change in the position and orien-
tation of said hand held robot.

5. A system according to any of claims 1 to 3 wherein
said hand-held robot further comprises an inertial
measurement unit adapted to provide an output to
said control system (22) which tracks the absolute
pose of said robot in space, and wherein said control
system utilizes said output to enable maintenance
of the trajectory of said actuated arm (17) in space
when said image processing is unable to determine
said feature (14) in said real time ultrasound image.

6. A system according to any of the previous claims
wherein said feature (14) is a lesion in the tissue of
a subject.

7. A system according to any of the previous claims
wherein said tool guide (17) is adapted to accommo-
date a surgical tool (18).

8. A system according to claim 7, wherein said surgical
tool (18) is any one of a hypodermic needle, a biopsy
needle, a drug delivery needle, an ablation electrode,
a brachytherapy applicator, or an electrode position-
ing device.

Patentansprüche

1. Ein System, das Folgendes umfasst:

einen tragbaren Roboter (10), der eine Basis
und einen angetriebenen Arm umfasst;
eine Ultraschall-Bildgebungssonde (12), befes-
tigt an der Basis des tragbaren Roboters (10),
so dass die Ultraschall-Bildgebungssonde (12)
sich mit dem Roboter bewegt, wenn dieser be-
wegt wird, und so dass das Koordinatensystem
des Bildfeldes (31) der Ultraschall-Bildgebungs-
sonde mit dem Koordinatensystem des Robo-
ters abgeglichen wird;
eine Werkzeugführung (17), befestigt am ange-
triebenen Arm (16) des tragbaren Roboters (10);
und
ein Steuerungssystem (22);
dadurch gekennzeichnet, dass das Steue-
rungssystem ausgebildet ist, um die Abglei-
chung der Koordinatensysteme der Ultraschall-
Bildgebungssonde (12) und des Roboters (10)
zur Anpassung der Position des angetriebenen
Arms (16) des Roboters zu nutzen, so dass,

wenn die Ultraschall-Bildgebungssonde (12)
bewegt wird, die Position und Ausrichtung der
Werkzeugführung (17) von dem Steuerungs-
system (22) angepasst wird, um ihre Richtung
relativ zu einem Objekt (14), das von der Ultra-
schall-Bildgebungssonde (12) abgebildet wird,
beizubehalten.

2. Ein System gemäß Anspruch 1, worin das Steue-
rungssystem (22) die Bildverarbeitung eines Echt-
zeit-Ultraschallbildes (20) des Objekts (14) nutzt, um
die Position des angetriebenen Arms (16) anzupas-
sen, um seine Richtung relativ zu dem Objekt (14)
beizubehalten.

3. Ein System gemäß Anspruch 1, worin das Steue-
rungssystem (22) die Position des Objekts (14) im
Koordinatensystem des Bildfeldes (31) der Ultra-
schallsonde (12) bestimmt und ausgebildet ist, um
den Abgleich zwischen dem Bezugsrahmen der Ul-
traschall-Bildgebungssonde und dem Roboter-Ko-
ordinatensystem zu nutzen, um den angetriebenen
Arm (16) einzustellen, um seine Position mit Bezug
auf das Objekt (14), das mit Hilfe der Ultraschall-
Bildgebungssonde (12) abgebildet wird, beizubehal-
ten.

4. Ein System gemäß einem beliebigen der obigen An-
sprüche, worin der tragbare Roboter (10) weiter eine
Trägheitsmesseinheit (23) umfasst, ausgebildet, um
die absolute Position des Roboters (10) im Raum zu
verfolgen und dem Steuerungssystem eine Ausgabe
zu liefern, um die Beibehaltung der Trajektorie des
angetriebenen Arms (17) im Raum bei Änderung der
Position und Ausrichtung des tragbaren Roboters zu
ermöglichen.

5. Ein System gemäß einem beliebigen der Ansprüche
1 bis 3, worin der tragbare Roboter weiter eine Träg-
heitsmesseinheit umfasst, ausgebildet, um dem
Steuerungssystem (22) eine Ausgabe zu liefern, die
die absolute Position des Roboters im Raum ver-
folgt, und worin das Steuerungssystem die Ausgabe
verwendet, um die Beibehaltung der Trajektorie des
angetriebenen Arms (17) im Raum zu ermöglichen,
wenn die Bildverarbeitung das Objekt (14) in dem
Echtzeit-Ultraschallbild nicht bestimmen kann.

6. Ein System gemäß einem beliebigen der obigen An-
sprüche, worin das Objekt (14) eine Läsion im Ge-
webe eines Individuums ist.

7. Ein System gemäß einem beliebigen der obigen An-
sprüche, worin die Werkzeugführung (17) ausgebil-
det ist, um ein chirurgisches Werkzeug (18) aufzu-
nehmen.

8. Ein System gemäß Anspruch 7, worin das chirurgi-
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sche Werkzeug (18) eines von Folgendem ist: einer
subkutanen Nadel, einer Biopsienadel, einer Nadel
zur Medikamentenverabreichung, einer Ablationse-
lektrode, einem Brachytherapie-Applikator oder ei-
ner Elektrodenpositioniervorrichtung.

Revendications

1. Système comprenant :

un robot tenu à la main (10) comprenant une
base et un bras actionné ;
une sonde d’imagerie par ultrasons (12) fixée
sur la base dudit robot tenu à la main (10), de
telle manière que quand ledit robot est déplacé,
ladite sonde d’imagerie par ultrasons (12) se dé-
place avec lui, et de telle manière que le système
de coordonnées du champ de vision (31) de la-
dite sonde d’imagerie par ultrasons est co-réfé-
rencé avec le système de coordonnées dudit
robot ;
un guide d’outil (17) fixé sur le bras actionné (16)
dudit robot tenu à la main (10) ; et
un système de commande (22), caractérisé en
ce que ledit système de commande est adapté
pour utiliser ledit co-référencement desdits sys-
tèmes de coordonnées de ladite sonde d’ima-
gerie par ultrasons (12) et dudit robot (10) pour
ajuster la position dudit bras actionné (16) de
robot, de telle manière que quand la sonde
d’imagerie par ultrasons (12) est déplacée, la
position et l’orientation dudit guide d’outil (17)
est ajustée par ledit système de commande (22)
afin de maintenir sa direction relativement à un
élément (14) imagé par ladite sonde d’imagerie
par ultrasons (12).

2. Système selon la revendication 1 dans lequel
ledit système de commande (22) utilise un traitement
d’images d’une image par ultrasons en temps réel
(20) dudit élément (14) afin d’ajuster la position dudit
bras actionné (16) pour maintenir sa direction rela-
tivement audit élément (14).

3. Système selon la revendication 1 dans lequel ledit
système de commande (22) définit la position dudit
élément (14) dans le système de coordonnées du
champ de vision (31) de ladite sonde d’imagerie par
ultrasons (12), et est adapté pour utiliser ledit co-
référencement entre la trame de référence de la son-
de d’imagerie par ultrasons et le système de coor-
données du robot afin d’ajuster ledit bras actionné
(16) pour maintenir sa position dirigée vers ledit élé-
ment (14) imagé en utilisant ladite sonde d’imagerie
par ultrasons (12).

4. Système selon l’une quelconque des revendications

précédentes, dans lequel ledit robot tenu à la main
(10) comprend en outre une unité de mesure iner-
tielle (23) adaptée pour pister la position absolue du-
dit robot (10) dans l’espace, et pour fournir une sortie
audit système de commande pour permettre de con-
server la trajectoire dudit bras actionné (17) dans
l’espace avec le changement de la position et de
l’orientation dudit robot tenu à la main.

5. Système selon l’une quelconque des revendications
1 à 3 dans lequel ledit robot tenu à la main comprend
en outre une unité de mesure inertielle adaptée pour
fournir une sortie audit système de commande (22)
qui piste la position absolue dudit robot dans l’espa-
ce, et dans lequel ledit système de commande utilise
ladite sortie pour permettre de conserver la trajec-
toire dudit bras actionné (17) dans l’espace quand
ledit traitement d’image ne peut pas déterminer ledit
élément (14) dans ladite image par ultrasons en
temps réel.

6. Système selon l’une quelconque des revendications
précédentes, dans lequel ledit élément (14) est une
lésion dans le tissu d’un sujet.

7. Système selon l’une quelconque des revendications
précédentes, dans lequel ledit guide d’outil (17) est
adapté pour accueillir un outil chirurgical (18).

8. Système selon la revendication 7 dans lequel ledit
outil chirurgical (18) est l’un quelconque d’une
aiguille hypodermique, une aiguille de biopsie, une
aiguille de délivrance de médicament, une électrode
d’ablation, un applicateur de brachythérapie, ou un
dispositif de positionnement d’électrode.
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