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Description

[0001] This invention relates to a robot for medical ul-
trasonic examination comprising an articulated robotarm
with a plurality of arm units successively mounted one
on the other to be movable thereon, and a computerised
system for controlling the movements of the arm, the out-
ermost arm unit being arranged to carry a probe.
[0002] Ultrasonic examination is a common method.
Usually, the transducer probe is held by hand. It is pos-
sible to transmit ultrasonic images over internet to an
expert, telemedicine. Itis desirable that the expert himself
controls the positioning of the probe in real time, which
calls for a robot that is convenient to control. Also when
the expert is at hand, it is desirable to have such a robot
instead of having a hand-held probe.

[0003] There are different probes for different ultrason-
ic medical examinations and interchangeability is desir-
able.

[0004] US 4,444,197 discloses an ultrasonic diagnos-
tic probe scanner having an articulated arm carrying the
probe. The probe tip is at a distance from the intersection
of the three axes about which it can be swung. The tip
of the probe will therefore move away from the target
when its angular direction is adjusted which calls for ad-
justment of the entire arm.

[0005] It is an object of the invention to facilitate re-
placement of the probe and to permit for adjustment of
the direction of the probe without repositioning of the
probe.This object is achieved by the robot exhibiting the
features defined in the independent claim 1.

Figure 1 shows in a side view a robot as an example
of the invention.

Figure 2 is a top view of the robot shown in figure 1.
Figure 3 shows in a longitudinal section and en-
larged a detail of the robot.

Detailed description of the illustrated and preferred
embodiment

[0006] As shown in figure 1, the robot has a base 11
on wheels and it has a handle 12. The base is shown cut
up so that its interior is shown. The wheels can be locked
to make the base stand stably. The base has a vertical
mount 13 for a first unit 14 of an articulated arm compris-
ing arm units 14-16 and a probe holder 20. The mount
13 and thereby the arm unit 14 is turnable about the ver-
tical axis | and the arm units 15 and 16 are pivotable
about the respective axes Il and Il which are parallel with
each other and perpendicular to axis I. The arm unit 16
has an outer portion 17 that is turnable about the longi-
tudinal axis IV of the arm. This portion 17 is bifurcated
and between its two extensions 18,19, figure 2, it carries
the probe holder 20 which is pivotable about a transverse
axis V perpendicular to the longitudinal axis IV. The arm
14-16is not shown in the same position in figures 1 and 2.
[0007] The probe holder 20 with its probe 40 is shown
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in figure 3. It comprises a housing 21 with a steel tube
22 rotatable in bearings 23,24 in the housing about the
axis VI of the probe but axially fixed. Another steel tube
25 inside tube 22 is locked to rotate together with the
tube 22 by means of a bearing 27 that is fixed to the tube
25 and slideable in an axial groove 38 in the tube 22 so
that the inner tube 25 will be axially slideable a limited
length of one or a few mm in the outer tube 22. The bear-
ing 27 ensures that there will be no friction that hinders
axial movement of the inner tube 25 if there is a tangential
force between the two tubes 22,25. Inside the inner tube
25is alongitudinally split insert 26 of plastic that is adapt-
ed to the form of the probe and holds the probe fixed in
it An annular cap 28 is screwed to the outer tube 22 and
engages with an annular shoulder 29 on the insert 26 to
prevent the insert from falling out. The inner tube 25 has
an axial groove for an axial ridge 43 on the insert 26 so
that the insert cannot turn in the inner tube.

[0008] When there is an axial force on the probe 40,
the shoulder 29 on the insert 26 transmits the axial force
to the tube 25 which transmits the force to a pin 30 that
exerts the force onto a force sensor 31 that provides an
electric signal via a non-illustrated line to an electronic
unit 34 in the base 11.

[0009] There are different probes for different ultrason-
ic medical examinations and the probes are easily inter-
changeable. For replacing a probe for the one mounted,
one removes the cap 28, and pushes out the tube 25
forwards. Then, the insert 26 with the probe is pushed
out of the tube 25 and the splitinsert 26 is separated from
the probe and the probe is pulled backwardly in its cable
41 out of the tube 22 and out of the housing 21. The
opening 42 at the back of the housing 21 and the tube
22 are dimensioned to permit for this withdrawal of the
probe. The cable extends sideways out through one of
the lateral openings 32 that are provided between the
two extensions 18,19 of the bifurcated portion 17, and
the probe can be pulled through the opening 32.

[0010] Now another probe can be moved through the
outer tube 22 and mounted in the inner tube 25 with in-
serts adapted for this particular probe. Then, the inner
tube 25 with inserts and probe are inserted in the outer
tube 22 and the cap 28 is screwed on. The probe is thus
moved through the point where the three axes IV, V, and
Vlintersect and the distance between the axis V and the
point of the probe, when the probe is in place, is small.
The probes are normally elliptical and, therefore, such
probes need not be held against rotation in the inserts
solely by friction.

[0011] The robot includes built-in motors, electric mo-
tors, for carrying out the pivoting or rotation about the
axes |-VI. The motors and their transmissions are not
illustrated. The two motors for pivoting about the axes V
and VI are placed inside the portion 17 of arm 16 and
they transmit movement via transmission belts, one belt
in each extension 18,19. The transmission belt for rotat-
ing the outer tube 22 rotates a non-illustrated gear that
engages with a ring gear 33 on the tube. Thus, in order
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for maintaining the outer tube fixed in the housing 21, the
motor for rotating the outer tube must be actuated when
the housing 21 is pivoted about the axis IV by the other
motor in order to counteract the rotation of the tube 22
that otherwise would occur.

[0012] The computerised system for controlling the
movements of the arm and probe includes the compu-
terised electronic unit 34 in the base 11 coupled to a
control unit for example in the form of a joystick 35 and
some buttons or a joystick and a keyboard. The force
sensed by the force sensor will appear on a display (mon-
itor) 36. The ultrasonic image from the probe will also
appear on the same display or on a separate display.
The line between the electronic unit and the operator’s
panel is indicated with dashed lines 37. The operator,
that is, the medical expert can be in the room or he can
remote control the robot via internet or other communi-
cation means (telemedicine examination).

[0013] The computerised system includes two control
systems:

The first programmed control system controls the
probe in cartesian coordinates which means that the
probeis movedin X, Y andZ coordinates inresponse
to movement of the joystick, that is the joystick con-
trols the movements about all the axes and the di-
rection of the probe is maintained constant during its
movement

[0014] The second programmed control system con-
trols the probe in an Euler angle system, which means
that the direction of the probe is controlled by the joystick
but the point of the probe is not moving sideways.

[0015] In both control systems, the medical expert
need not control the individual movements about the ax-
es |-VI but he simply uses the joystick to move the probe.
[0016] The programming is not described since it can
be carried outin various ways by any skilled programmer.

Description of the operation of the illustrated robot
in a telemedicine examination.

Step 1:

[0017] The assistant on site helps the patient to right
position for the examination and moves the robot to po-
sition and locks the wheels of the robot. The medical
expert may have real time video contact so that he/she
can instruct the assistant.

Step 2:
[0018] The medical expert remote controls the robot

and chooses the pre-programmed start position suitable
for the examination to be carried out.
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Step 3:

[0019] The expert chooses the cartesian control sys-
tem and moves the robot arm by means of the joystick
and chooses a suitable force applied by the probe to the
patient. When the point of the probe is at the right place,
the expert switches to the Euler angle control system and
adjusts the direction of the probe with the probe point not
moving sideways. The expert may also alternate be-
tween the two control systems several times for carrying
out an examination in order to get the best possible po-
sitioning and to get the desired images. The distance
between the axis V and the point of the probe is small,
which facilitates its positioning. He may also switch to
another pre-programmed start position and start over
again with the probe at another position on the patient.

Claims

1. A robot for medical ultrasonic examination compris-
ing:

- an articulated robot arm comprising a plurality
of arm units (14-16) successively mounted one
on the other to be pivotable one on the other,

- a carrying member (17,18,19) forming part of
the outermost one of the arm units (16) so as to
be rotatable about the longitudinal first axis (V)
of the carrying member,

- a probe holder (20) carried by the carrying
member so as to be pivotable about a second
axis (V) perpendicular to said first axis (IV) and
comprising a holder sleeve (25) which carries
the probe (40) and is rotatable about its longitu-
dinal third axis (V1) which is perpendicular to said
second axis (V),

said first, second and third axes intersecting
each other at a single point, and

- a computerised system (34) for controlling the
movements of the arm,

characterised in that

the probe holder (20) comprises a housing (21) piv-
otable about the second axis (V), in which housing
the probe holder sleeve (25) is positioned, and the
probe holder housing (21) has an opening (42)
through which the probe (40) is insertable from the
back into the probe holder and is to be locked in
position in the holder sleeve (25).

2. Arobot according to claim 1, characterised in that
the holder sleeve (25) has an insert (26) adapted to
the form of the probe so as to hold the probe (40)
fixed in it, said insert being configured to be pushed
out of the holder sleeve (25) with the probe (40) and
to be separated from the probe (40).
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A robot according to claim 2, characterised in that
the insert (26) is split into longitudinal parts so that
it holds the probe.

A robot according to anyone of the preceding claims,
characterised in that said carrying member
(17,18,19) has a lateral opening (32) through which
a cable (41) from the rear end of the probe (40) ex-
tends when the probe is mounted.

A robot according to anyone of the preceding claims,
characterised by a force sensor (31) in the housing
(21) arranged to sense the axial force on the probe
(40).

A robot according to 5, characterised in that the
holder sleeve (25) is axially movable in the housing
(21) and the force sensor (31) is coupled between
the holder sleeve (25) and the housing (21).

Patentanspriiche

Roboter fiir medizinische Ultraschalluntersuchun-
gen, umfassend:

- einen Gelenkroboterarm, umfassend eine Viel-
zahl von Armeinheiten (14 bis 16), die nachein-
ander aneinander montiert sind, um aneinander
schwenkbar zu sein,

- ein Tragerelement (17, 18, 19), das einen Teil
der auersten der Armeinheiten (16) bildet, da-
mit es um die erste Langsachse (1V) des Trage-
relements drehbar ist,

- einen Sondenhalter (20), der vom Tragerele-
ment getragen wird, damit er um eine zweite
Achse (V) senkrecht zu der ersten Achse (IV)
schwenkbar ist, und der eine Halterhilse (25)
umfasst, die die Sonde (40) tragt und um ihre
dritte Langsachse (V1) drehbar ist, die senkrecht
zu der zweiten Achse (V) verlauft,

wobei die erste, zweite und dritte Achse einan-
der in einem einzigen Punkt schneiden, und

- ein computergestiitztes System (34) zum Steu-
ern der Bewegungen des Arms,

dadurch gekennzeichnet, dass

der Sondenhalter (20) ein Gehduse (21) umfasst,
das um die zweite Achse (V) schwenkbar ist, wobei
in dem Gehause die Sondenhalterhiilse (25) plat-
ziert ist, und das Sondenhaltergehause (21) weist
eine Offnung (42) auf, durch die die Sonde (40) von
hinten aus in den Sondenhalter schiebbar ist und in
ihrer Position in der Halterhllse (25) arretiert werden
soll.

Roboter nach Anspruch 1, dadurch gekennzeich-
net, dass die Halterhilse (25) einen Einsatz (26)
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aufweist, der an die Form der Sonde angepasst ist,
um die Sonde (40) fest darin zu halten, wobei der
Einsatz eingerichtet ist, mit der Sonde (40) aus der
Halterhulse (25) geschoben zu werden und von der
Sonde (40) getrennt zu werden.

3. Roboter nach Anspruch 2, dadurch gekennzeich-
net, dass der Einsatz (26) in Langsteile aufgeteilt
ist, sodass er die Sonde halt.

4. Roboter nach einem der vorhergehenden Anspri-
che, dadurch gekennzeichnet, dass das Trage-
relement (17, 18, 19) eine seitliche Offnung (32) auf-
weist, durch die ein Kabel (41) vom hinteren Ende
der Sonde (40) verlauft, wenn die Sonde montiertist.

5. Roboter nach einem der vorhergehenden Anspri-
che, gekennzeichnet durch einen Kraftsensor (31)
im Gehause (21), der angeordnet ist, um die Axial-
kraft auf die Sonde (40) zu erfassen.

6. Roboter nach Anspruch 5, dadurch gekennzeich-
net, dass die Halterhilse (25) in dem Gehause (21)
axial beweglich ist und der Kraftsensor (31) zwi-
schen der Halterhilse (25) und dem Gehause (21)
gekoppelt ist.

Revendications
1. Robot d’examen ultrasonore médical comprenant :

- un bras robotisé articulé comprenant une plu-
ralité d’'unités de bras (14 a 16) montées suc-
cessivement les unes sur les autres pour pou-
voir pivoter les unes sur les autres,

- un élément porteur (17, 18, 19) formant une
partie de I'unité de bras (16) la plus a I'extérieur
de fagon a étre rotatif autour du premier axe lon-
gitudinal (IV) de I'élément porteur,

- un support de sonde (20) porté par I'élément
porteur de fagon a pouvoir pivoter autour d’'un
second axe (V) perpendiculaire audit premier
axe (IV) et comprenant un manchon de support
(25) qui porte la sonde (40) et est rotatif autour
de sontroisieme axe longitudinal (V) qui est per-
pendiculaire audit second axe (V),

lesdits premier, second et troisieme axes s’en-
trecoupant les uns les autres a un point unique,
et

- un systéme informatisé (34) pour contrdler les
mouvements du bras,

caractérisé en ce que

le support de sonde (20) comprend un boitier (21)
pouvant pivoter autour du second axe (V), le man-
chon de support de sonde (25) étant positionné dans
ledit boitier, et le boitier (21) de support de sonde
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présente une ouverture (42) atravers laquelle la son-
de (40) peut étre insérée par I'arriere dans le support
de sonde et doit étre verrouillée en position dans le
manchon de support (25).

Robot selon la revendication 1, caractérisé en ce
que le manchon de support (25) présente un insert

(26) adapté a la forme de la sonde de fagon a main-
tenir la sonde (40) fixée dans celui-ci, ledit insert
étant configuré pour étre poussé hors du manchon 70
de support (25) avec la sonde (40) et pour étre sé-
paré de la sonde (40).

Robot selon la revendication 2, caractérisé en ce
que l'insert (26) est divisé en portions longitudinales 75
de sorte qu’il maintient la sonde.

Robot selon I'une quelconque des revendications
précédentes, caractérisé en ce que ledit élément
porteur (17, 18, 19) présente une ouverture latérale 20
(32) a travers laquelle un cable (41) s’étend depuis
I'extrémité arriére de la sonde (40) quand la sonde

est montée.

Robot selon I'une quelconque des revendications 25
précédentes, caractérisé par un capteur de force
(31) dans le boitier (21) agencé pour capter la force
axiale sur la sonde (40).

Robot selon la revendication 5, caractérisé en ce 30
que le manchon de support (25) est mobile axiale-
ment dans le boitier (21) et le capteur de force (31)
est couplé entre le manchon de support (25) et le

boitier (21).
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