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Abstract—This paper proposes a control scheme for 

handling surgical instruments by a single port access surgery 

robotic platform. This scheme is based on a Hidden Markov 

Model for detecting interaction with tissue inside the 

abdomen and a Kalman filter measurement fusion method 

for estimating the fulcrum point using forces and torques 

exerted on several instruments. In order to perform 

movements taking into account the estimated fulcrum point, 

a parallel force-position control algorithm is proposed in 

order to minimize exerted forces in the patient’s abdomen. 

At last, proposed control scheme has been implemented in a 

surgical robotics platform composed by two manipulators 

and experimental results are shown in order to demonstrate 

how it works. 

I. INTRODUCTION 

Use of Minimally Invasive Robotics Surgery (MIRS) is 
totally extended in laparoscopic surgery, indeed, more than 
300.000 surgical operations using a robotic system had been 
performed until 2010 [1]. However, most of the surgical 
robotics researching activities are nowadays moving forward 
Single Port Access Surgery (SPAS) [2]. This method uses 
only one incision point (fulcrum point) where the endoscopic 
camera and all the instruments are introduced using a 
multiport trocar. The advantages provided by this method 
compare to classic laparoscopic surgery include: fewer 
incisions, one instead of at least three, better cosmetic results, 
the scar is hidden because the incision is done in the 
umbilicus, and at last, minor postoperative pain and hospital 
stay [3][4]. On the other hand, this approach requires a better 
ability for surgeons, hence more training time, and an 
increment of the operating room time. These issues arise 
because the instruments are inserted by the same trocar and 
they both could collide within and outside the abdomen 
“sword fighting”. Also, an inadequate triangulation between 
them and a reduction of the field of view appear due to 
obstruction by instruments [5]. To solve these issues, many 
robotics platforms for SPAS have been developed. They 
could be classified into two types: flexible robotics 
endoscopes with cameras and instruments [6][7][8], and 
surgical robotics platforms composed by manipulators which 
handle a laparoscopic camera and instruments [9][10].  
Second type introduces several instruments through a 
fulcrum point which represents a constraint for the movement 
because manipulators have to move these instruments around 
it without exerting undesirable forces on the patient’s 
abdomen. Nevertheless, this constraint has been solved using 
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different methods: The da Vinci and other surgical platforms 
use a dedicated kinematic design based on a mechanical 
remote center of motion (RCM) which is matched with the 
fulcrum point [11], and it is assumed that this point is 
invariant during the surgery. The main advantages which 
provide this design is the rigidity and safety, a controller fault 
would not cause any damage to the patient. This is the 
reasons because this method is mainly used in clinical 
applications. For the case of generic kinematic designs, a 
virtual or software RCM is frequently used. This solution 
also provides many advantages such as changeable pivot 
position and increased maneuverability. In this case, location 
of the fulcrum point is usually estimated online during the 
surgery. For this purpose, several contributions have been 
done: Michelin et al. [12] propose a control algorithm based 
on the joint torques which performs movements taking into 
account the fulcrum point. This contribution shows several 
simulations which validate this algorithm. On the other hand, 
Krupa et al. [13] use a hybrid force-position control 
algorithm which uses a Force/Torque (F/T) sensor placed 
between the end effector of the manipulator and the 
instrument, performing movements around the fulcrum point. 
This algorithm was successfully implemented in a 6 DoF 
manipulator. Mentioned algorithms have been recently used 
in different contributions related to force feedback and haptic 
devices [14][15]. However, it is worth mentioning that these 
contributions do not take into account interaction of the 
instrument tip with tissue inside the abdomen. This issue 
could provide errors on the estimation and thus an incorrect 
movement of the instrument. Furthermore, it is needed to 
improve the fulcrum point estimation in order to minimize 
exerted forces on the patient’s abdomen which is very useful 
for providing force feedback to the surgeon using these F/T 
sensors. 

Contribution of this paper is a control scheme for 
handling surgical instruments by several manipulators for 
SPAS taking into account interaction with tissue and 
estimating the fulcrum point. The method for detecting 
interaction with tissue is based on a Hidden Markov Model 
and the fulcrum point estimator is based on a Kalman filter 
measurement fusion algorithm. These methods use 
information provided by two F/T sensors placed between the 
end effector and instrument of each manipulator. Also, 
proposed control scheme is based on a parallel force-position 
control algorithm which minimizes exerted forces in the 
patient’s abdomen. In Section II a geometrical model of an 
SPAS scenario and the abdominal and tissue interaction 
model are described. In Section III the interaction with tissue 
detection method is proposed. Section IV describes the 
control scheme using the fulcrum point estimator and the 
tissue interaction detector. Finally, Section V shows the 
experimental results. 
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II. PROBLEM STATEMENT 

A. Geometrical Model 

Fig. 1 shows the geometric model used to represent 
movements of instruments introduced by a multiport trocar 
for SPAS and operated by two manipulators. Fig. 1.b 
represents locations where {𝐵0} is the base of manipulators 
platform, {𝐵1} and {𝐵2} are the base of each manipulators, 
{𝐻1} and {𝐻2} are the end effectors which are holding the 
surgical instrument, {F} is the fulcrum point location for both 
manipulators, and {𝑃1} and {𝑃2}  are the tip location. It is 
worth representing this relation by a kinematic model graph 

which is shown in Fig. 1.a. In this figure, 𝑇𝐻
𝐵  is the 

homogenous transformation matrix represented by the direct 

kinematic model for each manipulator, 𝑇𝐹
𝐻  depends on the 

orientation of each end effector and the distance between this 

one and the fulcrum point 𝐷𝐹
𝐻 , and at last 𝑇𝑃

𝐹  depends on 

the distance between the fulcrum point and the tip. 
Furthermore, {𝐹1} and {𝐹2} have been defined as the 
estimated fulcrum point position for each manipulator and the 
same orientation as {𝐻1} and {𝐻2} respectively. 
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Fig. 1. (a) Kinematic model graph. (b) System locations for a SPAS 

scenario. 

In this contribution, locations are represented using a 
tuple with position and orientation using Euler ZYZ angles, 
i.e. (1), taking {𝐵0} as the Cartesian coordinates origin. Also, 
it can be translated to a homogeneous transformation matrix 

𝑇𝐴
𝐵0  where {A} is the location. 

{𝐴} = (𝑥𝐴
𝐵0 , 𝑦𝐴

𝐵0 , 𝑧𝐴
𝐵0 , 𝜑𝐴

𝐵0 , 𝜐𝐴
𝐵0 , 𝜓𝐴

𝐵0) (1) 

B. Abdominal and Tissue Interaction Model 

Because the fulcrum point {F} is not attached to any 
element of the manipulator, it is located in the trocar which is 
inserted into the patient’s body, for each manipulator the 
distance between the end effector and this point is unknown. 
However, it could be estimated as will be shown below. An 
error on this estimation provides a wrong fulcrum point 
location {F’}, thus if a movement around this point were 
carried out, undesirable forces would be exerted in the 
patient’s abdomen. Furthermore, when instruments interact 
with tissue, another force arises. Fig. 2 represents the 
interaction of the instrument with the patient’s abdomen and 
tissue as mentioned before. It represents a rotation of the 
instrument in the Y axis an angle α using the estimated 
fulcrum point location {F’}. This movement is represented in  
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Fig. 2. Interaction with abdomen and tissue. 

 
the XZ plane and it could be extrapolated to any other 
movement. 

As shown, this movement causes a displacement from 
{F} to {F’’}, the distance between them is represented by 

 𝑟𝑚⃗⃗⃗⃗ . Assuming the abdomen as a spring based model [16], 𝐹𝑚
⃗⃗ ⃗⃗   

represents the lateral forces exerted on the abdomen in {F’’} 
which is calculated by (2), where 𝐾𝑎 is the skin elasticity 
constant. Moreover, when there is interaction with tissue, 

force 𝐹𝑃
⃗⃗⃗⃗  is exerted on the tip of the instrument. Assuming 

that the flexibility of the instrument is negligible, sum of 𝐹𝑚
⃗⃗ ⃗⃗   

and 𝐹𝑃
⃗⃗⃗⃗  are transmitted to the end effector {H’} thus 𝐹𝐻′

⃗⃗ ⃗⃗  ⃗ is 
obtained. This force could be read by an F/T sensor placed on 
{H’}. Besides, because of this movement, an inertial moment 

𝑀𝐻′
⃗⃗ ⃗⃗ ⃗⃗  ⃗ is produced, allowing this information, using the sensor 
mentioned before, to estimate the distance between the end 
effector and the fulcrum point | 𝐷𝐹′′

𝐻′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗| by (3) when there is no 

interaction with tissue (𝐹𝑃
⃗⃗⃗⃗ ≈ 0) and therefore, using (4) {𝐹′′} 

is obtained. 

𝐹𝑚
⃗⃗ ⃗⃗  = 𝐾𝑎 · 𝑟𝑚⃗⃗⃗⃗  (2) 

𝑀𝐻′
⃗⃗ ⃗⃗ ⃗⃗  ⃗ = 𝐹𝑚

⃗⃗ ⃗⃗  · 𝐷𝐹′′
𝐻′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ + 𝐹𝑃

⃗⃗⃗⃗ · 𝐷𝑃
𝐻′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ (3) 

𝑇𝐵
𝐹′′ = 𝑇𝐵

𝐻′ ·

[
 
 
 1 0 0
0 1 0
0 0 1

0
0

| 𝐷𝐹′′
𝐻′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗|

0 0 0 1 ]
 
 
 

 

 

(4) 

Finally, using only FH′
⃗⃗⃗⃗⃗⃗  is impossible to know if there is 

interaction with tissue or not. For this reason, a method for 
detecting this interaction is proposed in next section. 

III. INTERACTION WITH TISSUE DETECTOR 

As mentioned before, when there is interaction with 

tissue (𝐹𝑃
⃗⃗⃗⃗ ≠ 0), it is impossible to estimate the fulcum point 

location {F’’} by (3) and (4) using FH′
⃗⃗⃗⃗⃗⃗ . For this reason, it is 

needed to know when this situation happens. This section 
proposes a solution for detecting interaction with tissue using 
both manipulators which is useful in order to estimate the 
fulcrum point location. For this purpose, three cases may be 
taken into account which are represented by Fig. 3. First case 
(a) represents both instruments without interaction with tissue  
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               (a)                                           (b)                                     (c) 

Fig. 3. Tissue interaction using two instruments. 
 

(|𝐹𝑃
⃗⃗⃗⃗ | ≈ 0). In this case, a fusion sensor algorithm may be 

used in order to get more accuracy in the estimation, 
explained in next section. When only one instrument is 
interacting with tissue (b), only one F/T sensor may be used 
for it. At last, when both instruments are interacting with 
tissue, fulcrum point cannot be estimated and previous 
estimation should be used. 

In order to detect if there is interaction with tissue, as 
stated above, a Hidden Markov Model (HMM) based 
algorithm is proposed. It is composed by a set of states 𝑆 and 
observations 𝑒. On the other hand, it is necessary to define 
the state transition distribution matrix A, the observation 
symbol probability distribution matrix for each state B, and 
the initial state distribution 𝜋 [18]. This information can be 
represented using the compact notation 𝜆 = (𝐴, 𝐵, 𝜋). 

In this case, a circular HMM has been used [17]. This 
structure is shown in Fig. 4. Their states provide information 
about if the tip of the instrument is interacting with tissue or 
not and it is based on the observation sequence. For this 
purpose, four states 𝑆 = {𝑆1, 𝑆2, 𝑆3, 𝑆4} and eleven 
observations 𝑒 = {𝑒1, 𝑒2, … , 𝑒11} have been defined. 

Table I shows states which are represented in Fig. 4. 
States 𝑆1, 𝑆2 and 𝑆4 denote a situation when there is no 
interaction with tissue (𝑇𝑖 = 0). State 𝑆2 and 𝑆4 are 
transition states. They have been defined in order to increase 
the number of states and therefore improve the HMM results. 
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Fig. 4. Circular HMM for 4 states. 

 

 

TABLE I.  HMM STATES 

States 
Description 

Abbrev. Description 

𝑆1  NT Not touching tissue 

𝑆2 NTT Near to touch tissue 

𝑆3 TT Touching tissue 

𝑆4 NNTT Near to not touch tissue 

 

On the other hand, set of defined observations V is 
represented in Table II. In this case, each observation 
represents a union of the movement carried out by a 
manipulator and forces read by the F/T sensor attached to this 
manipulator. A vertical movement is defined as a movement 
of the tip outside or inside, and a horizontal movement is 
defined as a movement in a perpendicular plane to the 
orientation of the tip. Also, 𝐹ℎ represents the module of 
forces on the F/T sensor horizontal plane and 𝐹𝑣 represents 
the vertical forces. Also, 𝐹𝑡 represents the module of all the 
exerted forces. 

TABLE II.  HMM OBSERVATIONS 

Obs. 
Description 

Abbrev. Description 

𝑒1  V Vertical movement without force (𝐹𝑣 < 𝐹𝑚𝑖𝑛) 

𝑒2 Vf+ 
Vertical movement with higher force (𝐹𝑣 >

𝐹𝑚𝑎𝑥) 

𝑒3 Vf- 
Vertical movement with lower force 

(𝐹𝑚𝑖𝑛 > 𝐹𝑣 > 𝐹𝑚𝑎𝑥) 

𝑒4 H Horizontal movement without force (𝐹ℎ < 𝐹𝑚𝑖𝑛) 

𝑒5 Hf+ 
Horizontal  movement with higher force 

(𝐹ℎ > 𝐹𝑚𝑎𝑥) 

𝑒6 Hf- 
Horiz. movement with lower force 

(𝐹𝑚𝑖𝑛 > 𝐹ℎ > 𝐹𝑚𝑎𝑥) 

𝑒7 Q No movement without force (𝐹𝑡 < 𝐹𝑚𝑖𝑛) 

𝑒8 Qf+ No movement with higher force (𝐹𝑡 > 𝐹𝑚𝑎𝑥) 

𝑒9 Qf- 
No movement with lower force 

(𝐹𝑚𝑖𝑛 > 𝐹𝑡 > 𝐹𝑚𝑎𝑥) 

𝑒10 O Instrument tip opened 

𝑒11 C Instrument tip closed 

 

Once defined states and observations, to complete the 
specification of a HMM, it is necessary to define 𝜆. In the 
case of 𝜋, it is known because the initial state is always the 
first one. On the other hand, A and B can be estimated using a 
sequence of observations with known states which can be 
obtained observing movements of instruments during the 
surgery and training the HMM using the Baum-Welch 
method [18]. 

Finally, current status, which defines if there is interaction 
with tissue or not, is obtained as explained below. Starting 
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with a sequence of n previous observations with the current 
observation 𝑂 = 𝑜𝑘−𝑛 … 𝑜𝑘−1 𝑜𝑘 , and the 𝜆 model stated 
above. The objective is to find a state sequence 𝑄 =
𝑞𝑘−𝑛 …𝑞𝑘−1 𝑞𝑘 which is the highest likelihood 𝛿𝑘(𝑖) (optimal 
state sequence) associated with the given observation 
sequence (5). 

𝛿𝑘(𝑖) = 𝑚𝑎𝑥 𝑃(𝑞𝑘−𝑛 … 𝑞𝑘 = 𝑖, 𝑜𝑘−𝑛 … 𝑜𝑘|𝜆) (5) 

The Viterbi algorithm [18] provides a solution for this 
problem and 𝑞𝑘 provides the current status of the tip of the 
instrument, if it is interacting with tissue or not. It is worth 
mentioning that this algorithm may be implemented for each 
manipulator in order to use it for improving the fulcrum point 
estimation. 

IV. CONTROL SCHEME 

Proposed control scheme is based on a parallel position-
force control algorithm. This algorithm is able to move the 
instrument to a desired orientation {F’}, taking into account 
the estimated fulcrum point using the interaction with tissue 
detector stated above and a Kalman filter measurement fusion 
method which merge fulcrum point estimations obtained by 
both manipulators. 

Fig. 5 represents the proposed control scheme. A 
trapezoidal trajectory generator provides different position 
reference every cycle time on each manipulator, configuring 
velocities and accelerations without saturate their joints 
actuators. In the case when there is no interaction with tissue 
𝑇𝑖 = 0, each manipulator receives this reference with the 
increment induced by the force feedback, and they perform 
the planned trajectory taking into account this force using a 
Fuzzy Gain Tuner as controller which improves the system 
response due to the hysteresis effect by the space between 
instruments and trocar [19]. In order to perform this 
movement correctly, the estimated distance between the end 
effector and fulcrum point | 𝐷𝐹′′

𝐻′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗| is needed. For this purpose, 

three cases stated in Fig. 3 are taken into account. In the case 
when there is no interaction with tissue (Fig. 3.a), a fusion of 
fulcrum point estimations provided by both manipulators 
improves this estimation and therefore reduces the exerted 
forces in the abdomen. For this purpose, a discrete Kalman 
filter measurement fusion method is used [20]. This method 
combines measurements in order to obtain an estimated final 
state based on the fused observations. In this case, the 
estimated fulcrum point coordinates for each manipulator are 
modeled by a discrete-time state-space model (6) and (7), 
where k represents the discrete-time index, 𝑝𝐹

𝐵0 =

[𝑥𝐹
𝐵0 𝑦𝐹

𝐵0 𝑧𝐹
𝐵0]

𝑇
 is the state-vector which represents the space 

coordinates for the fused estimated fulcrum point, [𝑝𝐹1′

𝐵0 𝑝
𝐹2′

𝐵0 ]
𝑇
 

is the measurement vector which represent the space 
coordinates of the fulcrum point estimated by each 
manipulator, and at last, 𝑤𝑘 and 𝑣𝑘 are zero-mean white 
Gaussian noise with covariance matrices 𝑄𝑘 and 𝑅𝑘. As will 
be demonstrated in the experimental results, this algorithm 
improves the fulcrum point estimation accuracy and therefore 
reduces exerted forces in the abdomen. 
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Fig. 5. Control scheme for two manipulators. 
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(7) 

Position control for each manipulator (orange block in 
Fig. 5) is represented in Fig. 6. This scheme represents the 
orientation and position control for the reference orientation 
of the instrument at the fulcrum point {F’} and the position 
increment ∆𝑃𝐹 . The difference between the sum of {F’} and 
∆𝑃𝐹 with the current orientation of {F’’} provides the 

cartesian and rotational velocities 𝑃̇ and 𝜔 represented by 

𝑟̇ = (𝑃̇, 𝜔) in Fig. 6. Joint velocities 𝜃̇ are obtained using the 
inverse Jacobian matrix. Also, the 𝐾𝐽 gain is used in order to 

fix a dynamic for the manipulator which is approximated by a 
first-order system with time constant 1/𝐾𝐽 as demonstrate in 

[19]. Using an integrator, joint positions 𝜃 are achieved, and 
using the direct kinematic model, the new fulcrum point 
location {F’’} is calculated. Using the F/T sensor, the 

fulcrum point exerted force 𝐹𝐻′
⃗⃗ ⃗⃗  ⃗ and torque 𝑀𝐻′

⃗⃗ ⃗⃗ ⃗⃗  ⃗ are obtained.  

V. EXPERIMENTS 

The aim of this section is to demonstrate experimentally 
how described algorithms work in a real environment: On the 
one hand, interaction with tissue detector and, on the other 
hand, the proposed control scheme using the Kalman filter 
based fusion sensor algorithm stated above. For this purpose, 
the CISOBOT platform has been used. This platform has 
been developed by the University of Malaga, and it is 
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Fig. 6. Position control scheme for each manipulator. 
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Fig. 7. Experimental scenario. 

 
composed by two customized 6 DOF manipulators attached 
to a base with a weight compensation system. Also, F/T 
sensors have been placed between each end effector and 
experimental instruments. These instruments have been 
introduced through an abdomen simulator using a multiport 
trocar (Fig. 7). 

A. Implementation 

The CISOBOT platform is composed by six PRL 
Powercube system from Schunk Corp for each manipulator. 
This PRL has its own PID controller. Communications 
between it and the master controller are carried out using the 
standard CAN bus which provides a real-time interface. 
Moreover, this system performs movements using position or 
speed control. Based on the proposed control scheme, speed 
control has been used for performing movements. 

Fig. 8 shows the implementation architecture which is 
described below. Matlab-Simulink environment with Real-
Time Windows Target (SRTWT) has been used for both 
runtime and simulations. This software provides a real time 
environment for executing Simulink models on a Microsoft 
Windows Operative System. Due to the limited 
communications interface for SRTWT, another real time 
system, PXI from National Instruments, has been required. 
This system allows communications between SRTWT 
(limited to UDP protocol) and the PRLs (CAN Bus). Thus, a 
15ms cycle time has been achieved.  

Force sensors attached to manipulators are the Gamma 10 
Netb SI-65-5 from ATI Automation. This sensor provides a 
UDP interface which enables it to connect directly to 
SRTWT. Also, it includes an internal noise filter and a 
gravity filter has been developed [21] which is needed for 
taking information only about the interaction with the 
abdomen and tissue.  

B. Interaction with Tissue Experiment 

Regarding to the interaction with tissue detector, a 
grasping action has been carried out in order to demonstrate 
how it works. In this case the manipulator performs a 
downward movement, it picks up tissue, and while it is 
moving upward tissue is released. Fig. 9 shows this 
experiment. First row represent position of the end effector in 
the Z axis, second row is the force read by F/T sensor, third 
and fourth rows represent detected observation based on  
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Fig. 8. Implementation architecture. 
 
proposed HMM. For this experiment Fmin and Fmax has been 
fixed to 1N and 2N respectively. 

Results of this experiments show when the manipulator is 
grasping tissue (𝑇𝑖𝑚𝑒 ≈ 0.75 𝑠𝑒𝑐.), state three is activated, 
and when manipulator leaves tissue (𝑇𝑖𝑚𝑒 ≈ 1.25 𝑠𝑒𝑐.), 
state changes to four and one. It does not match exactly with 
the instant when tissue is picked up and released, but this 
difference is not meaningful. 

C. Control Scheme Experiment 

For the case of the control scheme, stated experiment 
performs a movement which starts at location {𝐻1}=(532.1,-
72.6,-307.2,2.2,2.142,-1.745) mm and radians, and 
{𝐻2}=(545.4,126.77,-277,-2.513,2.315,1.748). The fulcrum 
point location is {F}=(433,63.4,-415.3, 0, 0, 0) and there is 
no interaction with tissue. The performed movement is a 𝜋/6 
rad rotation by the Y axis from the fulcrum point with 
duration of 1.5 seconds. This movement implies all the joints 
in order to evaluate the behavior of the manipulator described 
below. Fig. 7 represents the experimental scenario with both 
manipulators at the initial position. Each manipulator handles 
an instrument with different anchor, the instrument attached 
to the first manipulator has a diameter of 10mm and the 
second one has 5mm. The used multiport trocar is the SILS 
Port manufactured by Covidien. 

Results of this experiment are shown in Fig. 10. In this 
figure, first and second rows show the abdominal exerted 

forces read by sensors |𝐹𝐻
⃗⃗ ⃗⃗  

1
| and |𝐹𝐻

⃗⃗ ⃗⃗  
2
| where oscillations are 

because of the space between instruments and trocar. The 
maximum peak level is 3.18N in manipulator 2, and the 
steady state measurement is lower than 1.5N. On the other 
hand, third and fourth rows represent the fulcrum point 
estimation error for each manipulator. At the end of 
simulation, this error is 6.3mm for manipulator 1 and 6.5mm 
for manipulator 2. It is worth mentioning that the Kalman 
Filter parameters have been tuned offline simulating the F/T 
sensors. 

In order to compare obtained results, another three 
experiments have been carried out combining force feedback 
and Kalman filter estimation which are shown in TABLE III.  
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TABLE III.  EXPERIMENTAL RESULTS 

Exp. 

Description 

Force 

Feedback 

Kalman 

Estimation 

Peak 

Force 

Steady 

State 

Force 

Steady 

State Est. 

Error 

1 Disabled Disabled 6.5N >6.5N 35mm 

2 Disabled Enabled 4.84N >4.84N 21.6mm 

3 Enabled Disabled 3.87N 1.5N 36mm 

4 Enabled Enabled 3.18N 1.5N 6.5mm 

 

 
Fig. 9 Interaction with tissue detector experiment. 

 

Fig. 10 Control scheme experiment. 

VI. CONCLUSION 

Results of this paper allow handling surgical instrument 

by two manipulators for SPAS using a multiport trocar. The 

main advantage which provides this method is the ability to 

orientate the surgical device in the correct way avoiding 

undesirable forces in the abdomen and improving the 

fulcrum point estimation using a Kalman filter based 

algorithm. Also, a HMM based method for detecting 

interaction with tissue has been defined and a grasping 

experiment has been carried out. However, a comparative 

between different HMM types and its experimental results 

with different actions (grasping, pushing, etc.) should be 

carried out. Furthermore, it is necessary to use instruments 

with distal joints in order to research about tissue interaction 

with these types of instruments. Finally, a haptic surgeon 

interface may be developed in order to teleoperate these 

manipulators and provide force feedback to the surgeon. 

These issues are proposed as future work. 
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