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Abstract: The paper presents the kinematics of an innovataellel structure designed for the manipulation of
surgical instruments in minimally invasive surgeBome advantages of using parallel robots in madiaould be
emphasized: precision of the movements, absertbe tdparoscope operator’'s natural tremor, precistble view of
the internal surgical field for the surgeon, redsaeye fatigue, eliminates the need for a seconglesur to be present
for the entire procedure.
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1. INTRODUCTION endoscope, providing to the surgeon an
accurate tool that may further offers a partial
The paper presents the kinematical model oforce-feedback [3].
a new surgical robot designed for manipulation The DA VINCI robotic system is a robotic
of surgical instruments in laparoscopic surgery.platform designed to enable complex surgery
In recent years, more effort and attention hasising minimally invasive approach. The da
been given to the development of parallelVinci system consist of an ergonomic surgeon’s
structure robots. The basic reference for paralletonsole, a patient-side cart with four interactive
mechanisms is the research by Stewart in 196%pbotic arms, a high-performance three
who used the parallel mechanism as an aircraffimension high definition vision system [4].
simulator motion base, hence the so-called'his robotic system has been approved to be
“Stewart platform” [1]. used on human patients and although it brings
In the past decade, a significant amount ofmany benefits, some drawback are reported [5]
research has been done on developing thehich encourage further researches in this field.
parallel robot for different medical applications.  Another robot designed for minim invasive
A minimally invasive procedures (MIS) surgery is PARAMIS, which has been
refers to the introduction of surgical developed at Technical University of Cluj-
instruments inside the human body throughNapoca, Romania and it used for laparoscope
small incision trying to minimize the damage of camera positioning [6]. The control input
healthy tissue [5]. allows the user to give commands in for the
Tanikawa et al. in 1999 developed a parallepositioning of the laparoscope using different
mechanism on a dexterous micro-manipulatiorinterfaces: joystick, microphone, keyboard,
system for use in assembling micro-machinesmouse and haptic device [7].
manipulating biological cells, and performing  Parallel robots offer higher stiffness and
micro-surgery [2]. smaller mobile mass than serial robots, thus
Merlet developed a micro robot called MIPSthey allow faster and more precise
with a parallel mechanical architecture havingmanipulations. In the field of robotics assisted
three degrees of freedom that allows finesurgery, the drawbacks of serial robots motivate
positioning of a surgical tool. The purpose ofthe search of task oriented robot architectures
MIPS is to act as an active wrist at the tip of an
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that best fit a specific group of medical robot’s position, where each equation have just
applications [9]. one generalized coordinate of the robot as:

2. DESCRIPTION OF ROBOTIC SYSTEM  F(q X, ¥, Z %,8)=0, i=1,2,3,4, (1)

_ The geometry of this parallel surgical robot, g rejation of the system of implicit functions
lllustrated in figure 1, is composed [10] of & agyits from the next system:

fixed base and two guiding kinematics chains
of the platform. The fixed base coordinate [ . _
system is placed on the base with Z-axis G [Lq=%-z0@ —¢

perpendicular to the base plane. The{q (8q=Y¥- zO@ (2)
Iaparosc_ope co_ordinat_e system is Ioc_ated at th g, -h=2z-200

end of kinematics chains. All kinematics chains

are connected by two splined shafts from the .

fixed base. The movements of parallel robot areFi (G, Xc. %.¢.6)= qUSqg- ¥+ Z0 B =0(3)
archived by using a rotational motor and four

linear motors, as seen in the figure 1. Thewhere:

rotational motor is positioned on the fixed base

and moves the splined shaf_t with the.first activeq; =\/( Xe—z0m - @ +( ¥+ zO@G)? (4)
coordinate ¢ The next active coordinates, g

O, Gk, G5 are actuated by linear motors, which Replacing the values @a” andC/S" result:
slide on two ball screws [8].

G =y(Xe- 2O OF- F+( Y+ 4 L€06&°
(5)

Using relation (5) first implicit function is:

_| [Xe-zD09- g7+ |
Fl(qi,XEiYE W.0)= [\/+(YE +z Uy D$)2 :lljsg

Y, - 2. QY0P =0 (6)

The second implicit function of the system is:

F(0,Z:,60)=q,—h- 4+ %DQ/ =0 (7)

Replacing the value oy it result:

F(09,Z:,0)=q,-h- 4+ z0@=0 (8)

Expression ofg, can be written as follows:

[ -(- %) 1=(g-b*
Fig. 1. Kinematic scheme (q3 _ q2)2 — 312 _ ( ql — q)Z (9)

3. KINEMATICS OG-0 =& -(q-h’

— — 2 ¥y o_ 2
To determine the relationships for speed andk "% =Va& (a-h)" =0
acceleration it is used the equations of parallel



Using relation (9) result third implicit function
of the system of implicit equations:

Q- Z + 2 00 b-
2 _ (Xg —z DY UF- 192"'_
=T+ z oy oy

F3(q3,xE'YE' ZW,0)= q- 4+ z0@- Q+

q} =0(10)

2
(X, -z O 0OP- &+

\/alz _[\/+(YE 2 oy 8]

j (11)
From the next relation:
q,=Z.+dd (12)
Result the fourth implicit function:
F,(Q,Z.6)= q,- Z - d0@ =0 (13)

From the next relation:

a=q-d-[-b+ /(% -9+ X a9

Insert in relation (13) the expresion af,,
X, andY, result fifth implicit function:

- Z. - d09-

—\/aj—[—b2+\/(xE +dEy09-

+(Ye - d0y [6)
F(0s Xe Yo, Z0,0)= §- 4.— @~

_\/azz_[_b2+\/(XE+d[8//D$— gu} _o(16)
+(Y, - dQy O9)

?)ZJ’} =0(15)

Using relations (6), (8), (11), (13) and (16)

result five implicit equations:

F(g X, L.00.0)=
Tocame g )
[Sq- Y- z0@08=0,
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Fz(Qz,ZE’e)E - h_ Z ZED(PZO )

F(O Xe, Yo, Z.0,0)= - 4.+ z20@- -
a2 _ (XE‘ZEEBUD??‘ 192"'
= er + 2 09y

Fi(0, Ze,6)= Q- 4. - d0@ =0 ,

2

-h| =0,

FS(qS,XE’YE’ ZE,[//,H)E q- ZE_ dJ@-

| X +dmp0B- 53)2+2:
\/az b2+\/+(YE—dED//DS9) ]
(7)

The first equation of system (17) can be
written:

[JX= %0909~ §+(y+ D@06 |0 59
=Y.+ 7. O OP (18)

By squaring the relation (16) result:

[(Xe-z 09~ g°+( Y+ Z Q0B |0°S g
= (Y + z Dy OF)° (19)

[(Xe-2C908- 9+( Y+ @087 ]|0%5
~(Y, + 2z 0 09)* =0 (20)

The third equation of system (17) can be
written as follows:

q3_ZE+ZEE[H_ h‘:
_ 2 _ | _ (XE_ZE[BUDQ_
_\/a‘ {Q+\/+(YE+zEmﬂD$)Z

By squaring the relation (21) result:

FY +] 1)

(-Z+z0B-h?*= -

| g4 [Xem =W OF- g7 2 22)
+(Ye + 7 O 09F)°
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(G -Zc+7z0¥- )= d- §+2 b0 (G- Ze - dO0g)2- g+ B+( %+ AT
YXe -2 0@- 97 +( Y+ 0 BOB + |6-e)+(Y- @8

(30)

A2
(X -2 (OB g+ ( Y+ o0 @0 B2(29) —4@{“”‘1@“ ? j:o

+(Y. - dO0y 0F)°
(qs_ZE_ZEEm_ h‘)z_ é"' l§+( X -
-~z (BYOF- 2 +( Y+ A @O&*=2 1 Introducing relations (20), (25) and (30) in

the system of the implicit equations (15) result
V(Xe- 209 0F- 9" +( ¥+ 2 g0 @ (24) a new form of the equations as follow:

By squaring the relation (24) result: F(q Xo, Y..0,0)=
{(qg_ZE_ZEw_ A } [(Xe- 2 (09~ g7+ ( Y+ 2100 6°]
*(Xe- Y09~ §°-(y+ DEOS°

: , -1 B'q-(¥+ z0@08)° =0
=42 (X - 22 O 0F- & +( Y+ £ €D
B (X~ %Y 0B~ FH (2 D (255)] F(0,2:.6)= - h-Z+ 20@=0

The fifth equation of the system (17) can beFs(® Xe Ye. Ze.40,0)=
- . 2
written: {(qg_ZE-i- 700~ b~ g+ B+( 4_} — 42T

05— Z, —dCd = ~z. By 0P - 92+( Y+ Q]@D@Z
E Fo(0s X, Ve, Ze,p ,0) =

By squaring relation (26) result: l:(qs —Z -dO®)’ -d+ G+( X+ GT s
Sy0F-¢) ' +(yY- QLS

D(Xe -z 0 0F- §°+( Y+ A €0H° |=0

(0= Ze ~dT)° = & - DX +dB0F- 9°+( Y- A@0H*|=0

_{_bz+\/(XE+d[8/ID$9— gzﬂ o) 31)

+(Y, - dO0y 09)° Deriving the equations of the systems (17) or
(31) in relation with time result:

The relation (27) can be written as follows:

AX +B3=0 (32)
(-Z.-dO)’=g-B-( %+ dI where:
Sy 09- ¢ -( Y- A@OG*+2 ,hb ]
_ a2 X_ | 6 ]
(X +dByOF- g2+ 28) e 9u
+(Y, - dOy 0F)* YE R
X=|Z q=|4; |,
(qs_ZE_dECH)Z_i"'q"'(Xz"' d [/ q4
Sy ¥- ¢ +(Y- A@POY° = A | G |

ZZbZ\/(xEmEs,msy— 97+ 29

+(Y, - d0y CP)?

By squaring relation (29) result:
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OF, OF, OF, OF OF] By multiplying with A™ andB™, from

0Xg 0Y. 0Z o0y 06 relation (32) obtain:

oF, OF, OF, OF, OF, .

oX. 0Y, 0Z oy 08 X =-A"[By (35)
T|oX. aY. 9z Ay 46| qg=-BT'AX (36)
oF, OF, OF, OF, OF,

X, dY, 0Z. oy a6 Detailed forms of the expressions (35) and (36)
OF, OF. OF, OF, OF. are given by the next relation:

oXe O, 0Z oy 06

[OF, 0F, 0F OF, OF,
[OF, oF, oF, OF, oF,] 0Xy 0Y 0Z dy 06
dq, 0q, 0q, 0q, 00q S oF, OoF, OoF, OF, OF,
X, oY. 9Z. oy 06
oF, OF, OF, OF, OF,
| OF OF, OF, oF, oF,|  (33) oX. oY, 0z oy 0@
, oF, OF, oOF, OF, OF,
————— LY 1 ax. aY. 9z, oy 06
OF, OF, OF, OF, OF,

a a_q2 a a a 10X 0Y. 0Z oy 00

X
m

rn-< .

N.
m
I
[

Y
)
Y
2
Sy
S
Y
=
Y
e
> &

Expression (32) can be written as follow: oF, 0F OF OF, OF,]
og, 0g, 0g, 0q, 0G
_aFl i aFl ﬁ a_Fl_ ai E E E E_Oﬂ_
oX. dY. 0Z. doy 06 04 0q, 0g; 0q, 0G| .
an an an an an Mvw ] % E E E E (:12 (37)

OX. oY. 9Z. oy 06
OF, OF, OF, OF, OF,
oX. oY. 0Z. oy 06

d,

oF, oF, oF, oF, oF,|| Y oF, OF, OF, OF, OF,
ox. oY, 0z. oy 096 |L?] |0q, 9q, 0q, 9q, g
OF,  OF, OF; OF; OF,
OX. Y. 0Z Ay 06| [OF, oF, OF, OF, oF]"
] _ o, 04, 0g, dq, g,
oF OF oF OF OF, -~ |0F, oF, oF, oF, oF,
oq, 9q, g 0q, 0 % 1%q 9q, 0q 0q da
oF, oF, oF, oF, OF,| .- % oF, oF, OF, oF, OF,
oq, 99, 9q, 0q, oq||." %7\ 5q 0q 0q 04 0q| -
6, . ¢ 09, dg dq, Jq
S| O OF OF, OF, .|, W |or, R oF, R, oF,
0g, 0g, 0g, 0q, 0¢ 4 % dq, 9q, dg, dq, Jq
oF, OF, OF, 0OF, OF, |’ OF. OF. OF, oF, OF,
oq g, 0g Oq, Og |- 9, 09, 0g, 09, 0]
OF, OF OF, OF; OF,
|00, 09, 0g; 0q, 00|

(34)
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(44)

A few of partial derivatives written in system of
(45)

Matri&, B

andA, B given the relations (31) and (40)

become:

oF, oF,
w96

0o %

26

oF, OF,

9Z. oy 06|
0o %

6

OF, OF,

dZ. oy 06

0
oF,
dZ,
oF,
oF,
dZ.
oF,

oF,

dY.
0
OF,
oY,
0
oF,

oY,
0

oF,

0q,
0
0
0

Fliau _._.zauFOnFJon ul =
o o T ol ©

oF,

X,
0
oF,
X,
0
oF,
X,
oR
0y
0
0
0
0

A=
B=

implicit equation (29) are null.

G
9,
U
q,
Us
(43)
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= TP o~ T < T | T L s
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d(oF ) d(oF d(oF, d(aFj
dt(0X. ) dtloy dt oy ) dt oo
0 0 d(aFZJ 0 E(Ej
dt\ 0z, dt\ 96
A=|d[OF | dfoR) dfoF ) dfoF J[LF]
dt\ox. ) dtloy) diaz) diaw) dtae
0 0 d(aF] 0 Q(aj]
dt{ 0z, dil 06
d[0oF | dfoF ) dfoF) dfoF E[LFJ
dt\oX. ) dt\loy) dlaz) dtoay) dtag)
_d[a':lj 0 0 0 0 ]
dt{ dq
0 d(anj 0 0
dt| ag,
B=| 0 d[aaj 0 0
dt{ oq,
0 0 0 d(aF“j
dt{ oaq,
0 0 0 ﬂ E
I dt\ o ) |
(46)
Relations (37), (38), (43) and (44) become:
X, dY, oy 096
X | o o & o %
v 0Z, 00
z'E __| 9% R OF OF OF |
wE ~ |oX. dY. 0Z. Ay a6
P o o & o K
L& ] 0Z, 06
oF, OF, OF, OF, OF,
0X. dY., 0Z. oy 96|
% 9 0 0 o
00,
% o 0o o [q, ]
0q, 4
2
3o o & o ol (47)
00, g
4
0 0 % 4
aq4 -
o o o o %
L 00 |

%

d,

G

: < _UN: n—<; 13><:

[ oF,

X,

oF,
X

oF,
X,

[Cist

g,

o,
oa,

-1

A,

d,

LG5

-1

(48)
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o &

d(oF ) dfoF d(oF, g(aj]
diloX. ) dtlay dloy) dtog
0 d[oF, 0 Q(GLJ
dt| 0z, dt\ 06
J|9[0F ) dfoR) dfoF) dfoF, J(LF)
diloX. ) dt\oy) diaz) diay) dtag
0 d [ oF, 0 Q[aj]
dtl 0z, dil 9@
df0oF ) dfoF | dfoF ) dfoF ELEJ
|dtloX. ) dt(dY.) dioz) dtow) dtad)|
9o o o o
dt{ aq
d ( oF, )
0 a[a] 0 0 0 Uu
9,
0 ‘(%) o |be
dt{ dq, q
0 0 E[ﬁj %
dt{ aq,
0 0 0 0 d(an]
dt\ dg; ) |
r 1-1
9 0 0 O
o
4, | P o 0 o
G da,
2
oF.
g |=-| O 0 6_3 L
q O
4
4 0 0 %y
L5 | aq4
0 0 0 ?
L G
(OF OF o OF OF]
oXe Y, oy 08
o o & o % X, ]
0Z, 26 | |y
J| OF OF OF OFy ORI} |,
oX. Y, 0Z. dy a8 ¢/P
o o F o % o
0Z, 06 | LY
oF, OF, OF, OF, 9F,
X, dY. 9Z. Ay 06|

(49)
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(d(or) d(oR d(oF, g(@j]
dt{ax. ) dtlov dioy ) dtog
0 o 4[F) g(éj) «
dt{ 0z dtl 06 YE
L d[oF) dfor) dfoF) dfoF g(ajj 7
dtlax. ) dilay) dioz) diay) diad l;
0 0 d|( oF, 0 E(@j 9
dt{ 0z dtl 06
dfoF | dfoF| dfoF ) dfoF, E[aj]
|dt{ox.) dtloy.) dloz) dtoy) dtas)]
afof 0 0 0 0
dt| aq
0 df ok, 0 0 0 G
dt{ oq, )
d (oF. e
+ 0 0 —| = 0 4
dt{ oq, .
4,
0 0 0 d[oF, 0 G
dt{ aq,
0 0 0 g ﬁ
| dt\ dq, ) |
(50)

4. CONCLUSION

The paper presents the concept of an
advanced parallel robot designed for medical
application. The relations presented give the
equations for the kinematic model of this
parallel mechanism. Unlike other robots
designed for minimally invasive surgery, this
robot can position the laparoscope without
support on the abdominal wall. The design of
this robot allows a large working space. Also,
this robot can have attached an orientation
system designed for active surgical instruments.
Then, two parallel robots would act as the right
hand and left hand of the surgeon and the third
one can be used for laparoscopic camera
positioning in surgery field. This robotic
structure is the objective of a patent presented
in [10].
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MODELAREA CINEMATICA A UNUI NOU ROBOT PARALEL CU CINCI GRADE DE LIBERTATE
DESTINAT CHIRURGIEI MINIM INVAZIVE

Abstract: Lucrarea prezini cinematica unei structuri paralele inovative desti pentru manipularea instrumentelor
chirurgicale Tn chirurgia minim invazik Printre avantajele utilizarii robotilor paralelin chirurgie ar putea fi
subliniate: precizia mistrilor, absenra tremourului natural, precizie, o btrvizualizare a campului operator détee
chirurg, reduce oboseala ochilor, nu mai este nsare prezema celui de al doilea chirurg in timpul procedurii
chirurgicale.
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