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Abstract: Laparoscopic surgery rapidly evolves as minimally invasive surgery. The lack of the tactile
sense is the most important disadvantage associated with laparoscopy because it limits surgeon abilities
to diagnoses and treatment some surgical problems. The introduction of robots in minimally invasive
surgery will considerably enhance the accuracy of medical interventions. But investigations of current
robot instruments are indicated to have some technological deficiencies the main of which are lack of tac-
tile sense. Research in the area of laparoscopic tools with force measurement capabilities has led to sig-
nificant advancements over the past several years. Researchers have retrofitted conventional laparoscop-
ic instruments with force and position sensors, developed novel laparoscopic tool with sensors incorpo-
rated into their design, and have also developed entire robotic surgical systems with force sens-
ing/reflection capabilities. Several researchers have also incorporated a direct sensing method for tissue
characterization through pressure measurement normal to the surface of the jaws. These methods are ex-
pensive, none sterilizable and not modular which make them difficult to incorporate into laparoscopic
tools. To avoid cardinal problems in direct force measurements in bloodless surgery a mechanical con-
struction was produced where two force sensors by Honeywell USA were incorporated. Our work focuses
on design of novel surgical instrument for laparoscopic Cholecystectomy with force feedback control and
sensors which are incorporated in handle of tool. The paper shows also some variants of rigid and elastic
links for irregular objects manipulations.
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1. INTRODUCTION This problem is result from the instruments cortom
- Fig 1 and character of operation.

Despite the lack of the tactile sense, the apdinaif
laparoscopic interventions is increasing, and fhigurn,
leads to demands for better laparoscopic technjques
methods and toolsThe introduction of robots in mini-
mally invasive surgery (MIS) such asVinchi [2] and
Zeus [3] will considerably enhance the accuracy of medi-
cal interventions. Many surgical procedures perfam
using traditional laparoscopic technique can be- per

Gallbladder removal is one of the most commonly
performed surgical procedures. Frequen@glibladder
surgery is performed laparoscopically. The medicathe
for this procedure is Laparoscopic Cholecystectomy.
Laparoscopic surgery required specialized instrusmenm
handle and manipulation of solid and elastic sroaH
jects. Precision, stability and safety are the sieeicrite-
ria for instruments used in laparoscopy but, semsdand

easy control of the instrument is a basic requirdmer ¢, o4 more quickly and easily with Robot-assis$gd-
successiul patient outcomes [1]. The main problem i tems. Intelligent control can filter hand trenaod in-
Laparoscopic Cholecystectomy, the most common per-

formed laparoscopic procedure, is that the conweati
surgical instruments are too bulky to be used ioroni
surgery but the lack of the tactile sense is malibenost
important problem associated with laparoscopic eyrg
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crease accuracy by motion scaling. Robotic instntene abilities to examine and palpate internal organs.eX-
can have more degrees of freedom yielding high&r de ample is detection of tumors. Since they tend thdreler
terity. CurrentdaVinchi instruments are indicated to have than the surrounding tissue, tactile feedback odicate
some technological deficiencies the main of whiglthie  the presence, size and exact location of a turhereby
different dimension of grasping force ant the sorge enhancing the chances of performing successfulndiag
lacks tactile feedback. This problem can be solegd sis and surgery. There is a similar problem wittnes
introducing small force sensors that enable fonterac-  and sometimes not possible detection them. Alstingut
tion to the surgeons. The sterility is as well idifft for and grasping are similar movements of surgicaleiiag
the variety of plays. The strings are easily weleraimd  Sometimes the surgeon does not distinguish. Théetac
require constant replacement. We intend to intreduc sense in laparoscopy increases the chances of méntp
modularity, hermetically and easy and conveniestilst successful diagnosis and surgery and solves d fwbb-
zation of the new developed instruments. Another im lems in laparoscopy. Therefore one future directdn
portant problem oflaVinchi end-effectors is that they are surgical robots is integration with Haptics devi¢estile
too expensive. By developing novel specialized tebo force feedback devicks Robot-assisted laparoscopic
instruments we have created more compact, simplesystems with tactile force capabilities will be anbed
cheaper and easier robotic instruments than ever. Wthe realism in these systems, and the tactile segsth-
have developed novel smart instruments for robsiic er with the visual information will be transferréal the
gical systems and capability of irregular shapeedisj surgeons. The application of haptic devices interap
manipulation. The use of the force feedback instmis tion rooms allows surgeons to experience a semsafio
will help the surgeon to accurately execute lapasopiE  touch and force feedback when there are an interact
procedures. The expected result of novel end effeés  between tool's tip and organs’ patients Haptic esyst
a radical improvement of the quality and efficienafy  ensure the surgeon’s hand and eye to work together.

our healthcare. Haptic devices integrate the capabilities compustes-
Some requires are addressed to this instrumend linktems and the surgeon’s abilities.
when we designed them: Research in the area of laparoscopic tools withefor

1. The instrument links have to have a small dimet measurement capabilities has led to significantade-
—smaller than 10 mm, which can be inputted in tlekw ments over the past several years. Researcheesréav
area and at the same time, be extended to covereson rofitted conventional laparoscopic instruments viiirce

tion larger than 10mm. and position sensors, developed novel laparosdopic
2. To be fitting for manipulation of irregular andri- with sensors incorporated into their design, ancetaso
able-shaped objects. developed entire robotic surgical systems with dorc
3. To be fitting for manipulation of solid and dias  sensing/reflection capabilities.
small objects. Instruments force control can be realized by twe ap
4. The operating links of the instruments are pé4d,  proaches-direct and indirect sensing methods. &kver
5and 10 mm. researchers have also incorporated a direct semnsitig-
5. Instrument tip should be completely open from 250d for tissue characterization through pressuresomea
to 30 mm- movement of the output. ment normal to the surface of the jaws [5]. In me
6. Links are of opened at an angle of 55 to 65 de-and especially for laparoscopy these methods grerex
grees. sive, non-sterilizable, and not modular, which mtiem
When are designed novel surgical instruments fordifficult to incorporate into laparoscopic tools.
laparoscopy it has to solve two main problems: To avoid cardinal problems of direct force measure-
» Tactile force feedback for reliable handling andpo ment the force sensors are incorporated into havfdlee
sibility to force regulation; tools as intermediate link between the linear gotuand
+ Force has to be control in definite range. interchangeable jaws.
Development of family tactile force feedback isiti The Haptics Control System consists: Haptics contro

initial stage and accordingly with current lapamsic ~ device which is direct connected with surgeon fisge
instruments also novel laparoscopic end effectoes a and a smart instrument which interacts with a patie
supplemented.

2. TACTILE FORCE FEEDBACK IN
LAPAROSCOPIC TOOLS

In open conventional surgery the surgeon interdiets
rectly with organs/tissues/tumors. Unless in blesdl
surgery the tools are handled and maneuvered ih suc
way that surgeon must adapt to the instrumentsdiGgii
such an instrument is difficult, requires a lotpractice
and lack of tactile force feedback. The lack of thetile
sense is maybe the most important disadvantageiasso
ated with laparoscopy, because it limits the sumfgeo Fig. 2. Scheme of tactile force feedback in laparoscopy.
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Fig. 3. Haptics control device.

Fig. 5. Excitation Schematics — Excitation 5 Vdc Typ.,
The main components at this scheme are Haptics con- 6 Vdc max

trol device Figure 3 which is in contact with the@geon
and instrument which interacts with the patient. aWh
surgeon moves the handle of haptics device his move
ments are translated in digital signals and coletrgder-
forms signal processing. The Controller determic@s-
trol signals to the laparoscopic instrument. Ouriglen
for Haptics control in Laparoscopic surgery is givey
Fig. 2.

2.1. Force sensor for sensing control

Laparoscopic Haptics systems require an appropriate
force sensor which measurements the interaction be-
tween instrument tip and organs/tumors/tissuesgston
and returns information to the operator’ fingére avoid
cardinal disadvantages of the direct force measeném
of interaction between the laparoscopic instrumaws
and organs/tumors/tissues/stones was produced a me-
chanical construction where are incorporated 2ef@en-
sors by Honeywell USA [6] which are situated oppmsi
each other. Force sensdfSS1500NSBoy Company r
Honeywell USA are very appropriate for medical appl
cation. FSS sensor allows to very precise measureofe
gripping force in the requisite operating rangearfrd to
1500 g and due to their linear - in its convenigmver-
sion constant voltage. Another important functidrihis
sensor is to fix the moment of contact of the jawot-
gans/ tissues/ blood vessels respectively, the tiras
extended. The components are as folows:.cbrpus; 2-
measurement head, 4- Ball-bearings.

The new construction of axial, bi-directional aetiv
force sensor is designed to provide realistic ledptling
for a surgeon as he touches a real object. Figsteows -
the force sensor. The force sensor is inserted timo ‘
handle of the laparoscopic instrument as interntedia Fig. 7. Electronics and Bi-direction force sensor.
link between the linear actuator and interchangeps
used for the implementation of the laparoscopicr@pe and object in the implementation of the laparoscopa-
tions. Force is measured by the force sensor tridiesin  nipulation, creating in him a sense of real tagtikerac-
through haptic interface on the fingers of the sorg  tion with the object- organs/ tissues/ blood vessel
forces of interaction between the laparoscopiaumsent The range of the force sensor is 0 to 1500 grartts wi

sensitivity of 0.12 mV/gram.

Figure 5 shows the Excitation Schematics of theefor
sensors.

3 1 2 4 Figures 6 and 7 show control module for the laparo-
scopic device.

Optimal control is defined as the optimization efc
tain predefined performance indices. Sometimesa-par
metric objective functions may be applied, for epéan
the linear quadratic optimal regulator problem vehi&vo

Fig. 4. Axial, bi-directional active force sensor. weighting matrices need to be defined. Manynogt

Fig. 6. Control module for the laparoscopic device.




208

n
o

TR
By 1 T
BT T

— Qe
— e

ol rsdds

UlllMI‘I‘!‘I‘I‘N‘Nm”IIIlH‘IIIlHm””””m#J‘Ll””‘,'JJ‘LlH“IllAJI,Iﬁ'IM‘I,IM’IﬁMmmmnnrrrrlrrlrll“"’”"

Fig. 8. Example for System witR Force control regulator for
novel laparoscopic tool.

control problems can be conversedto conventional
optimization problems by the powerful tools prodde
MATLAB interface. Theoretical control solutions eft
neglected considerations on implementation of the- c
troller. The following example (Fig. 8) is designéa
illustrate the application of testing model Bf- control
for the family tools for laparoscopic surgery whea
noise. Linear, quadratic and cubic methods areiegpl

We have X =[0: 0.1500:15.0008]input data,

Y =[0:0.1500:15. 0000t} output data.

In that (ideal) case Output date has to equal patin

date (Output Force has to equal to input Force).

3. FAMILY LAPAROSCOPIC INSTRUMENTS

World trend in medical technology is the develop-

ment of a new type of tools and accessories, todug
the performance of medical staff and increase tafi

care for patients! Two main streams on which thekwo

in recent years, reducing the number of ports tese
the patient's body and restoring visibility in thargical
arm or tactile feedback. Researchers plan to rethee
number of ports and their sizbe working parts of in-
struments remains rigid. Universal tools have bden

veloped with many degrees of freedom to manage en-
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forcement units and the camera [8 and 9]. The main
problems are a difficult control and coordinatiofi o
movements, time delay, which is undesirable fogsoy.
Long thin tools with rigid jaws and lack of 3-dinsonal
image by feedback control from the place of medical
treatment to remain major problems inherent inttuds
developed so far in surgery. Flexible robotic negzl
which can reach to any point of the work area $igni
cantly increased maneuverability, thereby increasire
quality of execution of the procedure itself.

The incorporation of cameras for three dimensional
monitoring tools in the work area is a great chajke for
modern researchers. Also, the tool can be modifted
control actuators whose interface is connected ¢ora-
puter. Different programs can be written for vagqaro-
cedures performed by physicians

3.1. Syntheses of elastic and rigid linksfor family
toolsfor robot-assisted surgery.

Elastic links can be applied for manipulation ofico
irregular shapes object such as gallbladder st¢@ps
which are shown on Fig 9. By now there are devalope
robots for a regular shapes object manipulatioregular
sections. Rigid irregular shape objects can be ledrialy
special and specialized robot gripers that throocigie-
matic control when they perform a desired actiorthzy
operator. Universal grippers with a lot of degreéfee-
dom can be used also. The application of elastiorde
mations for handling of solid regular shape objexts
small size is widespread [10, 11, and 12]. To iasee
range, and to satisfy the Force-deformation anckroth
requirements to proceed to the synthesis of more-co
plex structures where conventional relationshipsvbeen
the links are commuted with monolithic flexible it
integrated actuators. The capabilities of thesecguhes
to achieve significant displacements and hence demwi
range of the catcher is very limited.

At this work are proposed the application of etasti
links to handle solids irregular shape objects tedre-
quired force to grasp and adapt to the form obthama
result of mechanical elastic deformation. In thase
flexible links are those which, due to linear amans-
verse dimensions, material and allow mechanicaily i
duced significant releasable distortions (be extentb
cover concretion larger than 10 mm). The choic¢hef
deformation value must comply with the necessargefo
to hold other specific conditions, which are subjtr
special design.

The elastic links can be classified:

- The type of internal stress induced - bendingsttw
ing and complex.

- Cross section of the link- continuously variable
(continuous and / or discrete) and other foriFig 10

T
i

Fig. 9. Syntheses of elastic links for
irregular shape objects.
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Fig. 10. Elastic link with normal open structure.

shows an elastic link with normal open structurénevé
| the length of the link is), is the length of the elastic

link before contact with object, is the length of elastic

link when there is a contact with object.

Synthesis of elastic links of irregularly shapedeab
manipulation can be realized by known structureth wi
rigid sections are replaced with appropriately celé
elastic and suitable forms of contact-selection addp-
tation. Another case is when synthesis of new &iras,
moving elastic links as the result of elastic defations.
When the tool includes 3 elastic links the requideiy-
ing force before the realization of contact witke thbject
is:

F, =3R, (sina +cos) (1)

Where a is an angle of the elastic linR, is normal
component of the reaction.

If we accept a rectangular cross-section of thstiela

link, which at one end is bend the beam, the norma

component of the reaction is calculated:

(I-1,)sina, (2)

3EJ,
R =%

where E is Young's modulus (modulus of elasticity),
which depends on the material of the elastic Ilmkiade.
J, is moment of inertia for the cross-section of ¢festic
link. .If we accept the beginning of contact withject
the current value of =1, the calculation of the normal

component of the Force of gripping is associateth wi
further movement of the link and additional defotioa
at the second contact point. At the beginning oftact
with the object, the radial distanée is calculated with
k,=(, +1,)sina+r. 3)
At the end when the object is gripped reliability (
this case normal and frictional force are of thmeaval-

ue) the radial distance is calculated with follogviequa-
tion:

JuFxv" = Fa . (4)

209
J .,
( 1
Fig. 11. Tool with 3 elastic links.
+ 3
k=k, +M . (5)
9uEJ,

The ratio between the lengthgand |, is changed, but
in this case to a negligible value and we acdept, .

Driving force for 3 executive links equally deforche
is calculated from:

_ | R/(sina+pcosn)

= , (6
¢ 1 +F,, (sin(@+Aa) +pcos@ + Aa)) ©

where for anglea is calculated:
Aa = arctar{K[—OK“]. (7)

If the driving force is produced by a screw mecha-
nism converting rotational movement into linear,tano
Point of the screw is calculated from:

M, = Fdd—;tany, (8)
wherey is angle of inclination of a treading.
Engine torque at the presence of a reduction KHtio
i is:
P

My =—. 9)

Angular velocity of the engine is chosen accordimg
the required speed of the gripping, according w@ilakle
(produced) engines.

To provide a reliable holding of the object the esig
of the tool are made round (Fig. 11). When it isgibly
slip it has to be formed new contact points andddhat
restricts movement and promotes grip. If the oheciot
covered, it is appropriate to develop forms of eont
parts in desired patterns hold for a group of dsjec

In laparoscopic surgery are mostly known instru-
ments with 2 rigid links. Figures 12 and 13 showaya-
thesis of an end —effector with 3 rigid links apaat of
family tactile tools for laparoscopic surgery.

where F, is the influence of the force upon the object 4 FUTURE WORK

(gravitational and inertial forde, Z m(g+a)the worst

case is when the forces lie along the axes ofdbkedp-
posite to the driving force).

The gripping forcd-xv" is obtained from elastic de-

formation of the link; therefore the radial distarcis
calculated:

Further developments should provide elaborateg sol
tions to soft-tissue modeling and interaction witigh
application accuracy and human-machine interfages.
computer program should include information abaart v
ious models of tissue. The information obtainedmfro
sensors in the handle can be used to find the pppte
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Fig. 12. End effector with 3 rigid links

Fig. 13. Gripping with 3 rigid links.

tissue model and submitting the necessary comr@nd [9)

force interaction between instrument and tissueanéso

experiments with the modular synthesized elastid an

rigid links (family tools for robot-assisted surggrcan
be realized by the new method for sensitive confrbk
investigation can be made with materials of simplerp-
erties of human tissues and to compare results.

5. CONCLUSIONS

It is very important for surgeons to be able toctou
and feel the tissue/organs/ stones while operatinge
the sense of touch is one of the primary sourcesfof-
mation that guides the surgeon during surgery. eddirr
research is mainly focused on a problem in lapaisc
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surgery. This problem was solved in an original way
Both direct and indirect control algorithms showibdir
effectiveness but and disadvantage. To avoid disad-
vantage of direct force measurement (expensive, non
sterilizable and not modular method) a mechaniocal ¢
struction was produced where two force sensors doy-H
eywell Company were situated. The force senson-s i
serted into the handle of the laparoscopic instninas
intermediate link between the linear actuator ameri
changeable jaws. Syntheses of elastic and rigikislin
were done. The presented family tactile tools areia
tempt to offer a solution that satisfies in someeakthe
complex requirements towards the robot-assistedomic
surgery for tactile and force information. The minget

of these instruments is to provide adequate tesli#
force information to the surgeon so that he caairethe
sense of touch that has been lost through lapgpgsco
There are many areas in surgery where innovaéuk-
nigues such as robotics, and methods where can eake
difference for the better.
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