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ABSTRACT

robotic arm assembly, an end effector assembly and a set of

transducers. The system further includes a cable element that
is used to control the movement of the robotic arm assembly
and the end effector assembly. The cable element is also
connected to the set of transducers, Which measure the force
imparted on the robotic arm assembly and the end effector

assembly during the medical procedures.
20 Claims, 6 Drawing Sheets
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Controlling a robotic manipulator
assembly through a cable element

1
Measuring the force imparted on

the robotic manipulator assembly

l
Transmitting the measured force to
a console

FIG. 6
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METHOD AND SYSTEM FOR PERFORMING
MEDICAL PROCEDURE

SUMMARY

In light of the foregoing discussion, there is a need for a
method and integrated robotic arm system With an ef?cient

CROSS REFERENCE TO RELATED
APPLICATION

drive system for driving the robotic arm and the end effectors,
and an accurate haptic feedback unit so as to provide a virtual

This application claims priority of US. Provisional Appli
cation No. 61/204,838 ?led Jan. 12, 2009 Which is incorpo
rated by reference herein.

surgery environment that is as real as possible. This, in turn,

Will reduce the requirement of human judgment and hence,
the probability of errors.

FIELD OF INVENTION

BRIEF DESCRIPTION OF THE DRAWINGS

The present application relates to the ?eld of robotic instru
ments, and more particularly to robotic instruments for per

The preferred embodiments of the invention Will hereinaf
ter be described in conjunction With the appended draWing
provided to illustrate and not to limit the invention, Wherein

forming medical procedures.

like designations denote like elements, and in Which:
FIG. 1 illustrates a perspective vieW of a robotic motor

BACKGROUND

In the ?eld of medical surgery, conventional processes

involve making long incisions on the patient’s body. For

drive and haptic feedback system, in accordance With an

embodiment of the present invention;
20

example, in a cardiac surgery of the coronary artery, the
patient’s chest is opened and the surgery is performed on the
heart. In the present days, these are being replaced by Mini

mally Invasive Surgery (MIS). In MIS, instead of long inci

FIG. 2 illustrates one of the possible arrangements of the
cable inside the robotic motor drive and haptic feedback
system, in accordance With an embodiment of the present

invention;
25

FIG. 3 illustrates one of the possible arrangements of a
cable element inside a section of the robotic motor drive and

sions, small incisions are made for enabling an operating
equipment to enter the patient’s body and perform the sur

haptic feedback system, in accordance With an embodiment

gery.

FIG. 4 illustrates one of the possible arrangements of a
cable element inside a section of the robotic motor drive and

of the present invention;

MIS is performed by using a robotic instrument assembly

that typically includes straight, elongated shafts (hereinafter

30

referred to as robotic arms), operational and/or monitoring
equipment (hereinafter referred to as end effectors) and a
console. The operational equipment is used to perform the
medical procedures, such as scissors for cutting a tissue.
Monitoring equipment, such as a camera or microphone,
assist the operator in performing MIS. The console is used to
control the motion of the robotic arm and the operational

of the present invention;
FIG. 5 illustrates one of the possible arrangements of the
cable inside the robotic arm of the robotic motor drive and

haptic feedback system, in accordance With an embodiment
35

of the present invention; and
FIG. 6 illustrates a ?owchart of a method for operating a

robotic manipulator assembly, in accordance With an embodi
ment of the present application.

equipment. The inputs for controlling the components of the
robotic instrument assembly are provided through a hand
controller present in the console.
Further, the robotic instrument assembly includes a motor
drive unit and a haptic feedback system. The motor drive unit
is con?gured for inducing tensile forces in the drive element
and articulating the movement of the robotic arms and the end
effectors, thereby enabling the movement of the robotic arm

haptic feedback system, in accordance With an embodiment

40

DETAILED DESCRIPTION OF THE INVENTION

While the preferred embodiments of the invention have
been illustrated and described, it Will be clear that the inven
tion is not limited to these embodiments only. Numerous
45

modi?cations, changes, variations, substitutions and equiva

in multiple degrees of freedom. The haptic force feedback is
used by the operator during the surgical procedure to estimate

lents Will be apparent to those skilled in the art Without depart
ing from the spirit and scope of the invention.

the magnitude of the pressure that needs to be applied at the
surgical site. The haptic feedback unit measures forces acting

back System 10 for use in a medical procedure, such as a

on the robotic arm and end effector assembly and uses these

FIG. 1 illustrates a Robotic Motor Drive and Haptic Feed
50

measured forces to produce the haptic force feedback char
acteriZed by counter forces and vibrations at the hand con
troller.
The value of the measured forces acting on the robotic arm
and end effector assembly can be affected by several environ
mental and internal factors. These factors include tool-tissue

and 20, and Which, in turn, transmit motion for articulating
the robotic arm (not shoWn) and end effector assembly (not
55

above. In an embodiment, the precision actuators can be
linear actuators. In the same or another embodiment, the
precision actuators can be motors. The term motor and actua
60

lead to injuries such as tissue damage.

tor have been hereinafter used interchangeably. Additionally,
the system 10 makes use of force transducers eg, 16, to
measure forces acting on the joints of the robotic arm and the

end effector assembly and generate signals corresponding to
the measured forces. Furthermore, the signals generated by

estimate the precise pressure required for performing the
procedures. When the operator uses the incorrect estimate,
the procedures may not be performed accurately, and may

shoWn) connected to the robotic arm. An end effector assem

bly is an assembly of medical tools/equipment as described

engagement, tool tip vibrations, and vibrations arising from
the mechanical assembly of the motor drive. Due to these
factors, the measured forces include unWanted noise. In the
present state of the art, the system does not include any
arrangement to remove the noise generated due to environ
mental factors, thus leading to generation of an erroneous
force feedback. Therefore, an operator is not able to correctly

Minimal Invasive Surgery (MIS). The system uses precision
actuators, eg, 12 and 22, to move and induce tensile forces in
a mechanical drive unit comprising cables and pulleys, eg, 18

65

the force transducers are transmitted to a robotic hand con

troller (not shoWn) Where haptic force feedback, in the form
of vibration and counterforces, is generated by motors (not

US 8,306,656 B1
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shown) present in the exoskeleton of the robotic hand con
troller. The said force feedback thus assists the user to apply

manoeuvres or actions and replay them while performing a

optimum pressure on the tissue and sutures. In an embodi
ment, the force transducers are mounted on the same cable

course not only eliminates the need of manual action and the
possibility of any error associated thereof but also performs

elements (shown in FIG. 2) that are used in the drive unit of
the system 10. The force transducers estimate the said forces

the operation quickly and ef?ciently. In other words, the
learned path enables auto-inserting and auto-retracting con

surgical operation whenever a need arises. The learned path

by measuring tension loads acting on the cable elements.

trols which remember the positions of all end effector and

In order to access different points within the site of surgery,
the operator has to articulate the robotic arm, and has to

joint control movements performed manually by the user, and
then enable the performance of the registered steps automati

position it accurately over the localiZation point, i.e., the site

cally. Software control can also remove the unnecessary steps
or wait periods to further accelerate the auto-inserting and

which needs to be operated on. Thereafter, the end effector
assembly has to be positioned and oriented in space in a
manner such that it gets proximal to the localiZation point.

auto-retracting process. Here, auto-retract and auto-insert
controls signify automatic retraction of one existing end
effector out of the patient body and insertion of the next end
effector into the body along the same path. It is also possible

The robotic arms in the current state of the art are known to

comprise joints. These joints can be moved to achieve the
desired articulation of the robotic arm in the available X, Y

to embed software control algorithms to control a coordinated

and Z planes of a co-ordinate system. The joints and the

movement of multiple joints, and to monitor and control joint
force. These algorithms can achieve this directly through

elongated shaft like robotic arm are as depicted in FIG. 5.

Additionally, the end effectors are capable of generating a

pitch, yaw, roll and pincer action. Combining the motion of

force transducers present on the cable element for the joint, or
20

effector control procedure is performed to move the end
effector, with the help of one or more motors from the tool

surgery is done by actuating the ?rst and second set of motors

present in the joint drive assembly 24 and tool drive assembly
14, respectively. The motors in turn achieve the proper posi
tioning by transmitting the motion through the cable elements

25

drive assembly 14, to the operating point within the site of
surgery. This is performed by pre-tensioning all end effector
control cable elements by raising the force to a level (Z) and
then moving the one or more motors to actuate the roll, pitch,

(not shown) in the system, which are as described with the

help of subsequent ?gures. First, the robotic arm joints,
described below with reference to FIGS. 2 and 5, are driven
with the help of one or more of the motors from the joint drive

indirectly through control of the motor winding current.
In a manner similar to the joint control procedure, an end

the robotic arm and the end effectors, motion in numerous
degrees of freedom can be achieved.
The positioning for reaching the exact area at the site of

30

yaw, open/clo se movements (pincer) of the end effector. After
the end effector has been moved to the correct position, the
tension in the cable is increased to a level (A) to lock the end
effector in that position. Here, the levels Z and A are similar

actuator assembly 24 which vary the tension in the cable
element to drive the joints. The movement of the joints, in

to levels X andY, respectively, of the joint control procedure,

turn, takes the robotic arm proximal to the site of surgery.
Hence, it can be said that the cable element controls the
movement of the robotic arm. The driving of the robotic arm
joints with the help of one or more motors is achieved by

rithms can be embedded in the system to synchroniZe the
pincer movements of various end effectors to create coupled

but can have a varying magnitude. Software procedural algo
35

pincer movement.

Further, after appropriate positioning of the end effector,

performing a joint control procedure. At ?rst, the tension in

and as the surgical intervention commences, a haptic force
feedback signal is generated to provide the user a real feel of

the cable elements, passing through the joints, is decreased by
moving the one or more motors from a high locking tension

40

level (X) to another appropriate unlocking low tension level
(Y) according to the intended motion. This procedure is
called “unlocking” since this enables the joint cable elements
to lower their inertia to be pulled easily in a certain direction.

the forces acting at the site of surgery. This is accomplished
by measuring the differential force between each end effec
tor-cable element pair using the force transducers, e.g., 16.
Software procedural algorithms can be provided to map the
forces measured by the force transducers to the real-time

Thereafter, the one or motors are further actuated and the 45 3-dimensional model of the articulated robotic arm con?gu

ration. The compared output haptic force is thus resolved

robotic arm joint is moved to reach its desired position. After
the robotic arm has been positioned, the one or more motors

through a set of co-ordinate transformations and is ?ltered to

are actuated again to increase the tension in the cables from a
Level Y to Level X in order to lock the assembly in that

provide a decoupled haptic feedback for the various degrees

position. The locking is desirable to provide a sturdy and
stable platform to position the end effector to perform the
surgical procedure. The tension level or the magnitude of

50

following discussion.
As can be seen from the above discussion, the cable ele
ments used in the present invention have dual usage, i.e., to

tensile forces which needs to be induced in the cable elements

drive the robotic arm or the end effector and to achieve force

ranges from a level X to a level Y and is a pre-determined

value. In an embodiment, software procedural algorithms can
be embedded in the system to automate numerous operations

55

which the operator performs manually. Software procedural
algorithms can be used to replicate a given set of instructions
similar to the joint control procedure described above to
predict joint movements to ease the manoeuvring of the

60

joints. The Software procedural algorithms enable the differ
ent functionalities to be programmed and subsequently used
to follow both planned and learned paths for auto-inserting
and auto-retracting the end effector. Essentially, the planned
path is the manual course of instruction as given by a user to
move the end effector, whereas the learned path course pro

vides the user with the ability to record the frequently used

of freedom of the robotic arm assembly. The need for ?ltering
the measured and mapped force signal is described in the

transduction for the degree of freedom in question. As the
cable element drives the robotic arm, inherent friction arises
from the mechanical sources present in the drive system 10.
Some mechanical sources present are the guide pulleys and
the cable elements themselves. Further, friction arises from
the end effector toolitissue interface. In the present inven
tion, as the force transducers connected to the cable element
sense and measure forces acting at the end effector, the inher
ent friction forces that are imparted by the environment and
the mechanical sources are ?ltered out to get an error free

65

signal. For this purpose, signal ?lter 15 can be used in the
system 10 to separate noise from the measured force signal. In
an embodiment, the signal ?lter 15 is a band-pass ?lter. In

US 8,306,656 B1
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another embodiment, the signal ?lter 15 is a high pass ?lter
readily known to a person of ordinary skill in the art. The
signal measured by the force transducers is given to a control

selected from a group of cable elements (not shoWn). The

accepts an overall signal drift from the force transducer and

selected end effector actuator is connected to the cable ele
ment to drive the end effector, as described earlier. The force
transducer 16 is also attached to the cable element. Further,
the cable element is made to pass through the pulleys, such as

provides only ‘spikes’ of signal change to the robotic hand
controller by performing high-pass ?ltering. The high pass

connects to the robotic arm and the end effector Which it

system including the high-pass ?lter. The control system

18 and 20, into the middle of a guide tube 32, and ?nally

?lter lets the high frequency present in the signal pass to the

controls. One of the possible paths of a cable element through
the system 10 has been depicted in FIG. 2. The force trans

robotic hand controller and attenuates the loW frequencies.
Thereafter, the signal is fed to a haptics capable hand control
ler Where it is interpreted and an accurate force feedback is
given to the user. The compensations made for the frictional

ducer 16, as described earlier, measures any environmental

forces imparted on the end effector pertaining to the degree of
freedom being controlled, converts the measured forces to a

signal, and relays the signal to a robotic console Where the
user sits. An appropriate haptics capable hand unit converts
the signal received into vibrations and counter forces to pro
vide the force feedback signal to the operator. Therefore, to
drive each individual degree of freedom of the multiple

forces can also be learned or predicted for a certain con?gu
ration of the articulating arm in a manner similar to the joint

control procedure. In other embodiments, the placement of
the signal ?lter 15 can be different from that shoWn in FIG. 1.
In yet another embodiment, the signal ?lter 15 can be external
to the system 10.
It should be appreciated that, in an embodiment of the

present invention, a single cable element is responsible for

20

degrees of freedom of a robotic arm, a separate triad unit is
preferably present in the system. Hence, one or more such
units are housed Within the Robotic Motor Drive and Haptic

driving a robotic arm joint and the end effector associated
With it. Further, the transducers are also mounted in connec

Feedback System 10 depending on the total degree of free
dom articulating capability of the robotic arm.

tion to the same cable element and sense the force acting on it

For the articulation of the robotic arm around its pivot axis
in the translational planes (X, Y, Z of a three dimensional

that acts as an input for generation of the haptic force feed
back.

25

embodiment, the robotic arm actuator Will be connected to
one of the force transducers e.g., 16 and a cable element

the cable element. The tWo independent motors (linear actua

tors) can then be electronically coupled through a precision
drive system and softWare to synchroniZe their motions and

passing through the cable clamp 26 to form a triad unit, and
30

dynamically adjust the cable element tensions. The dynamic
tensioning of the cables during synchronized movement may
alloW for improved haptics isolation from the static friction
forces. In another embodiment, each motor of the tool drive
assembly 14 or the joint drive assembly 24 can independently

35

move and tension one cable element. In yet another embodi

ment, the set of motors can be completely replaced With
passive springs Which can tension the cable elements.
In one embodiment the present invention, haptic feedback
resolution can be enhanced by providing minimum length
conduit paths, minimal contact/friction points, PTFE or other
loW friction coatings on cables and conduits, and internal

coordinate system), a robotic arm actuator from the set of

joint driving actuators, represented by 24, is used. In one

In an embodiment, a cable element can have one motor for
tensioning and one motor to drive a pivoting arm that moves

thus articulate, sense and measure force for haptic feedback
as mentioned above in the case of the end effector assembly.

The cable element is made to pass through its corresponding
pulleys, such as 28 and 30, into the middle of the guide tube
32, and then is connected to the robotic arm joint Which it
intends to control. In another embodiment of the present
invention, the cone plate nose assembly 34 may contain force
transducers Within the cone plate nose 34 to sense the forces

acting in the translational planes X, Y, and Z of the robotic

accurate.

arm. The output signal from the force transducers present in
the cone plate nose 34 is passed to the control system for
?ltering any noise present. This process of ?ltering has been
described above. It Will be readily apparent to a person of
ordinary skill in the art that force sensing, the placement of the
transducers and joint articulation can be achieved by a
method other than those described above.
FIG. 2 is a perspective vieW of the Robotic Motor Drive and

The method for transmitting motion from the motor drive
to the robotic arm and the end effector, and sensing force

Haptic Feedback System 10 illustrating one of the possible
paths of the cable element through the various components of

40

roller bearings at pulley guides. These features help to reduce
the inherent friction caused by the environment and the
mechanical assembly and thus make the force feedback more

45

feedback through the same cable element is accomplished by
using system 10 as shoWn in FIG. 1 Which includes a plurality
of triad units. The triad unit is formed by a linear actuator, a
force transducer and a cable element. The Robotic Motor
Drive and Haptic Feedback System 10 of FIG. 1 includes tWo

50

connected to an end effector actuator 36 selected from a set of

tool drive linear actuators 14, and a force transducer 38
selected from a group of force transducers. Further, the cable

element 48 is shoWn to be passing through the pulleys 40 and

sets of linear actuators, the ?rst set (represented by 24) for
providing transmission to the robotic arm joints and the sec

the system 10. The cable element 48 is a part of the triad unit
Which is described above. The cable element 48 is shoWn to be

ond set (represented by 14) for articulating the end effector. A

42 Which are selected from a group of pulleys, into the middle
of the guide tube 44, and to a corresponding robotic arm and

single degree of freedom of movement of the robotic arm and

end effector assembly, collectively represented by 46, Which

the corresponding end effector can be achieved by actuating

are controlled by the triad unit of Which the cable element 48
is a part. The principles corresponding to the articulation of
the robotic arms and the end effectors and the sensing of
forces acting at the end effector have been described in regard

55

either or both of the ?rst set of motors or/ and the second set of

motors. Further, each degree of freedom has a separate triad
associated With it.
As shoWn in FIG. 1, a triad unit used for articulating the end
effector in one of its degrees of freedom and sensing the
forces associated With that degree of freedom is composed of

60

an end effector actuator selected from a set of tool drive linear

65

actuators, represented by 14, a force transducer selected from
a group of force transducers including 16, and a cable element

to FIG. 1.

FIG. 3 illustrates a magni?ed vieW of area A depicted in
FIG. 2. FIG. 3 depicts one of the possible arrangements of the
cable element 48 inside the Robotic Motor Drive and Haptic
Feedback System 10. The cable element 48 is shoWn to be
connected to a force transducer 50, and thereafter passing

US 8,306,656 B1
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through tWo pulley arrangements 52 and 54. Similarly, FIG. 4
illustrates magni?ed vieW of area B depicted in FIG. 2.
FIG. 5 illustrates one of the possible arrangements of the

eliminates noise that is created by the use of multiple cables.
In addition, the system can also be employed Where a single
cable element is required to control multiple units, such as a

cable element 48 inside the Robotic arm 56 of the Robotic

crane for lifting and holding multiple items.

Motor Drive and Haptic Feedback System 10. The cable
element 48 is shoWn to be passing through the robotic arm 56

What is claimed is:
1. A system for performing a medical procedure, the sys

tem comprising:

and connects to an end effector assembly 58. The robotic arm

56 is shoWn to have joints, represented by 60 While the end

at least one robotic arm having one or more joints;

effector assembly is shoWn to have an end effector 62.
In an embodiment, the motors used for the movement of the
end effector and robotic arm joints are the series 28000, SiZe
11 Double Stack Linear Actuators from Haydon SWitch &

at least one end effector for performing the medical proce
dure, the end effector being connected to the robotic arm

assembly;
a ?rst set of actuators for driving the one or more joints;

a second set of actuators for driving the end effector; and
a cable element connecting the ?rst set of actuators to the
one or more joints and connecting the second set of
actuators to the end effector, the cable element being
con?gured to control the movement of the robotic arm
and the end effector and to provide a force feedback
signal to a user operating the system, the force feedback

Instruments. The motors for the end effector movement use

the model 28M41-05-912, 5V DC, 0.42A per phase, 0.001"
step, 1.25" stroke Linear Actuators. This motor provides
excellent speed at moderate force levels. The motors for
robotic arm joint movement use the 28M47-05-910, 5V DC,

0.42A per phase, 0.000125" per step, 1" stroke LinearActua
tors. The smaller step siZe version gives much higher force for
tensioning the joint cables at the expense of sloWer joint
movement. Hence, joint control speed can be made sloWer
than end effector control speed.

20

signal being generated on the basis of forces acting on

25

the robotic arm and the end effector, and the force feed
back signal con?gured to generate a vibration at a hand
unit.
2. The system according to claim 1 further comprising one
or more transducers for measuring the forces acting on the

In an embodiment, the force transducers used in the system

for force feedback signal generation are the Omega LCMFL
50N, Sub-miniature tension compression load cell. In this
embodiment, Omega LC201-50, Sub-miniature tension com
pression load cell is used for measuring force/tension levels
on the joint cables and AL312BL, Sensotec Model 34 load

robotic arm and the end effector, the one or more transducers

being connected to the cable element.
3. The system according to claim 1 further comprising a
signal ?lter for ?ltering an unWanted signal from the force

cell is used in the form of three sensors arranged in a triangle
to measure the force at the cone as described above.

30

feedback signal.

35

4. The system according to claim 3 Wherein the signal ?lter
is a high pass ?lter.
5. The system according to claim 3 Wherein the signal ?lter
is a band-pass ?lter.
6. The system according to claim 1, Wherein the movement

It Will be readily apparent to a person of ordinary skill in the
art that the shape and form of the motor drive and haptic
feedback system can be obtained from several options. Fur

ther, details of cable placement, transducer placement, hous
ing and arrangement of the motors and cables, and overall
Weight and dimensions can be changed on a case by case

of the robotic arm is controlled by driving the one or more

basis. In an embodiment, the robotic motor drive and haptic
feedback system is mounted proximal to the robotic arm end
effector assembly. In another embodiment, the system is at a
remote location. In the latter case the length and routing of the
joint and end effector control cables can be completely vari
able and can be changed accordingly.

joints.
40

8. The system according to claim 1, Wherein the cable
element connects the ?rst set of actuators to the one or more

joints of the robotic arm through one or more pulleys.

FIG. 6 illustrates a ?owchart of a method for operating a

robotic manipulator assembly, in accordance With an embodi
ment of the present application. The method 64 includes
controlling a robotic manipulator assembly, such as one rep
resented by system 10, through a cable element, such as cable
element 48, for performing a medical procedure. The control
procedure is as described for the ?gures above and is repre
sented at step 66. The method further includes measuring the
force imparted to the robotic manipulator assembly While it is

9. The system according to claim 1, Wherein the cable
45

10. The system according to claim 1, Wherein the ?rst and
11. The system according to claim 1, Wherein the ?rst and
50 second set of actuators are motors.

12. The system according to claim 1 Wherein the end effec
tor is one of forceps, scissors, a needle driver, and an imaging
device.
13. A system for performing a medical procedure, the
55

a robotic arm comprising one or more joints;

assembly;
60

a ?rst set of actuators for driving to the one or more joints;

65

a second set of actuators for driving the end effector;
a cable element connecting the ?rst set of actuators to the
one or more joints and connecting the second set of
actuators to the end effector, the cable element being
con?gured to control the movement of the robotic arm

operator in accurately estimating the forces that are required
for performing medical procedures, as the noise generated
due to environmental factors is removed. This also helps in
precise automation of the process, thereby saving a lot of time
and effort. Further, the system makes use of a single cable

element for transmitting and measuring forces imparted dur
ing the medical procedure. This simpli?es the system and

system comprising:
at least one end effector for performing the medical proce
dure, the end effector being connected to the robotic arm

for previous ?gures and is depicted at steps 68 and 70.
Various embodiments of the present application offer one
or more advantages. The present application enables the

element connects the second set of actuators to the end effec
tor through one or more pulleys.
second set of actuators are linear actuators.

performing the medical procedure. The force is measured by
using a set of transducers, such as transducers 16 and 38,
Which along With an associated circuitry transform the mea
sured force into a force feedback signal Which is then trans
mitted to a user. The process of measuring the force and
providing the force feedback signal to the user is as described

7. The system according to claim 5, Wherein the one or
more joints are driven by the ?rst set of actuators through the
cable element.

and the end effector, the cable element also being
con?gured to provide a force feedback signal to an

US 8,306,656 B1
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operator operating the system, the force feedback sig

a ?rst set of actuators for driving to the one or more

joints;

nal being generated on the basis of forces acting on the
robotic arm assembly and the end effector assembly,
and the force feedback signal con?gured to generate a
vibration at a hand unit;
one or more transducers for measuring the forces acting on
the robotic arm and the end effector assembly, the one or

an end effector assembly comprising:
at least one end effector for performing the medical
5

robotic arm assembly;
a second set of actuators for driving the end effector; and
the cable element connecting the ?rst set of actuators to the
one or more joints and connecting the second set of

more transducers being connected to the cable element;
and
a signal ?lter for ?ltering an unWanted signal from the force

actuators to the end effector.

feedback signal.

16. The method according to claim 14 Wherein controlling

the robotic manipulator assembly further comprises:

14.A method for operating a robotic manipulator assembly

comprising:

controlling a robotic arm of the robotic manipulator assem

controlling the robotic manipulator assembly through a
cable element, the robotic manipulator assembly being

bly, the robotic arm being controlled through the cable
element; and
controlling an end effector of the robotic manipulator
assembly, the end effector being controlled through the

controlled for performing a medical procedure;
measuring the force imparted on the robotic manipulator

assembly during the medical procedure, the force being

cable element.
17. The method according to claim 14 Wherein the force is

measured by a set of transducers connected to the cable

element; and

20

robotic manipulator assembly, the force feedback signal

15. The method according to claim 14, Wherein the robotic

manipulator assembly is controlled by:

measured by one or more transducers connected to the cable

element.
18. The method according to claim 14 further comprising

providing a force feedback signal to a user operating the

being based on the measured force, and the force feed
back signal con?gured to generate a vibration at a hand
unit.

procedure, the end effector being connected to the
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?ltering an unWanted signal from the force feedback signal.
19. The method according to claim 18 Wherein the ?ltering
is done using a high pass ?lter.
20. The method according to claim 18 Wherein the ?ltering
is done using a band-pass ?lter.

a robotic arm assembly comprising
a robotic arm comprising one or more joints;
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