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Abstract—In this study, a new scaling method for force 

feedback is proposed for the surgical robot developed in our 

laboratory, incorporating an analysis of the shaft of the 

forceps based on beam theory. A six-axis force and torque 

sensor is attached to the base parts of the forceps 

manipulator of the surgical robot to detect a force applied at 

the tip or shaft part of the forceps. Then, the detected force 

is amplified using the proposed scaling method and the 

amplified force is realized through the haptic device Omega 

7. Experiments were conducted to verify the effectiveness of 

the proposed scaling method. The results showed that the 

operator of the surgical robot can experience a small force 

that was applied to the forceps more clearly and quickly 

compared with that realized when the conventional constant 

scaling method is used. 

 

Index Terms—forceps manipulator, force feedback, haptic 

device, scaling method, beam theory, force and torque 

sensor 

 

I. INTRODUCTION 

Minimally invasive surgery requires accurate and 

delicate operation in a small workspace and a limited 

field of vision, requiring considerable surgical skill. 

Starting with the first operation over a hundred years ago, 

the field of laparoscopic surgery has significantly 

developed recently due to the development of new 

techniques as well as various surgical robots which are 

proposed in Ref. [1]-[3]. The da Vinci robot developed by 

Intuitive Surgical Inc. is currently the most advanced 

surgical robot. This is a master–slave robot with plural 

robot arms, stereoscopic imaging by the 3D endoscope, 

and manipulators that imitate the movement of human 

wrist with seven degrees of freedom (DOF) by the wire 

drive. Moreover, Ref. [4] described that single-port 

surgery (SPS) has gained significant popularity with the 

increasing development of laparoscopic surgery in recent 

years. This procedure is more cosmetically favorable than 

the conventional laparoscopic surgery. Unfortunately, the 

use of surgical robots for SPS has still not been practical. 

Reference [5] described SPS that was conducted using 

the da Vinci robot by replacing manipulators with those 

with the SPS’s capable shape; however, this robot is not 

yet in practical use. Furthermore, medical accidents have 

been reported during laparoscopic surgery using the da 
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Vinci robot because the robot is unable to provide force 

feedback to the surgeons. As discussed in Ref. [6]-[8] 

force feedback is known to have many benefits such as 

the improvement of the surgeon’s dexterity and the 

enhancement of the operability of surgical robots in 

telesurgery.  

To solve this issue of the current surgical robots, in this 

study, a six-axis force and torque sensor produced by ATI 

Co. is attached on an independently developed SPS 

forceps manipulator. The sensor detects an external force 

at the tip or shaft of the forceps manipulator, enabling the 

realization of force feedback by using haptic function of 

the Omega 7 master device developed by Force 

Dimension Co. Moreover, a new scaling method of the 

haptic function is proposed to enable the improvement of 

the performance of the force feedback in various 

laparoscopic surgical robots beyond the SPS robot. 

Specifically, the operator of the surgical robot clearly 

experiences a small force by the proposed scaling method 

based on the beam theory for realizing feedback of the 

force detected by the sensor.  

II.  LAPAROSCOPIC SURGERY AND SINGLE-PORT 

SURGERY 

Laparoscopic surgery is a surgical technique in which 

a laparoscope and forceps are inserted into 1-2 cm 

incision holes opened on the abdominal surface of the 

patient and performed while observing the laparoscopic 

image on the monitor. SPS is a laparoscopic surgery 

procedure that has seen a rapid spread in recent years. 

This technique is different from the conventional 

laparoscopic surgery in that one incision hole is made by 

the scalpel at only the umbilicus part of the patient for 

mounting an exclusive port, whereas laparoscopic surgery 

is performed by inserting two dedicated forceps and one 

laparoscope into the hole. In the conventional 

laparoscopic surgery, the incision holes are made by the 

scalpel in 3-6 locations on the patient’s body to insert the 

laparoscope and forceps. SPS has a high cosmetic value 

because it does not leave a surgical scar because of the 

integrated nature of the procedure as the scalpel is placed 

only on the umbilicus of the patient. As discussed in Ref. 

[9], the low risk of post-surgery complications is an 

additional advantage of SPS. Fig. 1 shows a schematic 

illustration of the SPS. 
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III. FORCEPS MANIPULATOR FOR SPS 

A. Forceps Manipulator and Robot Arms for SPS 

Reference [10] has demonstrated the development of 

the forceps manipulator for conventional laparoscopic 

surgery, which can be remotely operated with an 

independently developed master device for realizing 

force feedback. Furthermore, a forceps manipulator for 

SPS has been developed in Ref. [11] by remodeling the 

ready-made SPS forceps, with the same manipulations of 

rotation, grasping, and bending of the tip part moved by 

the motor drive. In this case, the Omega 7 that is a seven-

DOF haptic device developed by Force Dimension Co. is 

the master device, the developed forceps manipulator is 

the slave device, and the forceps manipulator is remotely 

operated by controlling its tip position by the master–

slave control. The specifications for the developed 

forceps manipulator are as follows. 

1) Rotation: The rotational motion at the tip of the 

forceps is remotely operated by the motor drive. 

2) Grasping: The open-and-close motion of the 

grasping at the tip of forceps is remotely operated 

by the motor drive. 

3) Bending: The omnidirectional bending motion at 

the tip of the forceps is remotely operated by the 

motor drive. 

 

 

Figure 1.  Single-port surgery (SPS). 

Fig. 2 shows the independently developed robot arms 

for SPS. The developed forceps manipulator is mounted 

on the arm of the SPS robot because it cannot be used 

alone as a surgical robot. In a different approach, a new 

surgical tool arrangement called rotation arrangement in 

SPS was evaluated in Ref. [12]. These robot arms have 

been designed for the realization of the rotation 

arrangement. These robot arms can move the developed 

forceps manipulator with three DOF of yaw, pitch, and 

translation by the motor drive. 

 

 

Figure 2.  Robot arms for SPS. 

The size and mass of the developed forceps 

manipulator are limited by the ability of the robot arm to 

support the mounting of the manipulator. Therefore, the 

manipulator must be designed keeping in mind this 

consideration. Fig. 3 shows the developed forceps 

manipulator. In Fig. 3, the mechanisms of the rotational, 

grasping, and bending motions at the forceps tip are 

shown by (a), (b), and (c), respectively.  

 

 

Figure 3.  Forceps manipulator for SPS. 

B. Master-Slave Control using Omega 7 

The SPS forceps manipulator is a slave device, and the 

haptic device Omega 7 is the master device; therefore, 

each operation is controlled by the master–slave system, 

in which the target value of the slave side is calculated 

from the displacement information of the master side. In 

this case, a proportional-integral controller is used to 

construct a tracking control system. Omega 7 is a haptic 

device that is capable of seven DOF operations: 

translation motions along the three Cartesian axes, rotary 

motions around three axes, and the grasping motion along 

a single axis.  

The open-and-close motion of the grasping 

corresponds to the pinching of the grasping part of 

Omega 7, the tip rotation corresponds to the rotation 

around a single upper arm axis of Omega 7, and the 

bending motion in the vertical and transverse directions 

corresponds to the up-and-down and left-and-right 

direction rotations of the operating unit of Omega 7. Fig. 

4 shows the operating unit of Omega 7 and the 

corresponding actions of the developed forceps 

manipulator. 

 

 
(a) Master device (Omega 7). 

 

 
(b) Slave device (forceps manipulator). 

Figure 4.  Manipulations of Omega 7 and forceps manipulator. 
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IV. FORCE FEEDBACK 

A. Force Feedback in Surgical Robot 

Currently, the surgical robots in practical use do not 

have a force feedback function. Therefore, surgical robots 

cannot transmit the senses of touching or holding objects 

with the tip of the forceps manipulator to the operating 

surgeon. Reports on medical accidents that caused organ 

damage due to lack of the force feedback function exist. 

Therefore, the development of force feedback has 

become a key problem in the development of surgical 

robots. The desirable feedback forces in laparoscopic 

surgery or SPS with a surgical robot are the grasping 

force when organs are grasped with the forceps tip, the 

contact force when the organs are touched with the tip, 

and the pressure force when organs are pressed with the 

shaft. Reference [13] has already reported the 

development of force feedback for the grasping force. 

Therefore, this study focuses on the development of the 

feedback of the force added to the tip or shaft of forceps. 

A six-axis force and torque sensor Mini40 produced by 

ATI Co. is attached to the root portion of the previously 

developed SPS forceps manipulator and is used to detect 

the external force added to the forceps’ tip or shaft. The 

detected sensor value is then transmitted to the robot 

operator through Omega 7, which is the input device with 

the force feedback function, thus realizing the feedback 

of the force added to the forceps. Fig. 5 shows the 

corresponding forces for the sensed force on the forceps 

manipulator and force feedback to Omega 7. An external 

force along the three axes of the forceps shaft is realized 

on the three orthogonal axes of Omega 7. 

 

 

Figure 5.  Force sensing and its realization in Omega 7. 

B. Attachment of the 6-axis Force and Torque Sensor 

Mini40 

Fig. 6 shows a general view of the six-axis force and 

torque sensor Mini40 produced by ATI Co. and the 

directions of measurable force and torque. This sensor 

can detect forces on three orthogonal axes and rotational 

torques for each axis added to the measurement surface. 

In Ref. [14], a six-axis force and torque sensor is 

attached to the tip of forceps for detecting the external 

force. However, this is not best choice since insertion of 

electric sensor into the abdominal cavity is not desirable 

due to the safety reason.  

In our system, since Mini40 has a hole in the center, it 

can be attached to the root portion of forceps through the 

shaft in that hole. Therefore, the external force added to 

the tip or shaft of forceps can be detected without 

inserting electric sensors into the patient’s body. Fig. 7 

shows the attachment view of the six-axis force and 

torque sensor. A cylindrical part (green) is pressed into a 

disk-like part (red), and these parts are attached to the 

measurement surface of the Mini40 through the forceps 

shaft in the sensor’s center hole. Mini40 is fixed at the 

root portion of the manipulator shaft with an angle-

shaped part (blue) and a plate-like part (purple). 

 

 

Figure 6.  Mini40 and measurable force and torque 

 

Figure 7.  Attachment of six-axis force and torque sensor. 

C. Force Detection Using Six-axis Force and Torque 

Sensor 

We verified that the force added to the tip or shaft of 

forceps was actually detected with the six-axis force and 

torque sensor. An external force was applied several 

times to the forceps tip in the horizontal direction (x-

direction is Fx), the vertical direction (y-direction is Fy), 

and the shaft direction (z-direction is Fz) with the finger. 

Figs. 8, 9, and 10 show the detected results for each 

direction. Inspection of these figures indicates that 

detection of the Fx and Fy components of the force added 

to forceps was stable; however, Fz was not detected 

stably. Detection of the force for the shaft direction was 

difficult because the attachment parts of six-axis force 

sensor were fixed at the forceps shaft only at the screwing 

point in the mounting structure, leading to deviation in 

the detected force value for the applied shaft direction 

force. It is investigated that the detected sensor value 

does not necessarily return to zero for Fx, Fy, and Fz 

results, returning to the unloaded state after a single 

application of an external force. This indicates the 

occurrence of drift in the force detection by some of the 

strain gauges built into the sensor. 

 

 

Figure 8.  Force sensing in x direction. 
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Figure 9.  Force sensing in y direction. 

 

Figure 10.  Force sensing in z direction. 

V. FORCE SCALING 

A. Scaling of Force for Force Feedback 

The Fx and Fy values detected stably by the six-axis 

force and torque sensor were directly fed back to the 

robot operator through Omega 7. However, the operator 

could not recognize the force well because the value of 

the force detected by the sensor was small. Therefore, the 

detected value of Fx and Fy are scaled up a magnitude 

that can be recognized by the operator and displayed in 

Omega 7.  

If the detected sensor value is multiplied by a large 

constant value, the operator can recognize the force even 

if the detected force is small. However, this may 

adversely affect the surgical operation because the force 

feedback is too strong then. Thus, it is necessary to scale 

the force up to a magnitude for which the robot operator 

can recognize even a small detected value without 

adversely affecting the surgical operation.  

Therefore we used beam theory to calculate the 

deflection amount of the forceps shaft due to the applied 

external force. Furthermore, we proposed a method for 

scaling up the small detected value for the force applied 

by the touch of the tip or shaft of the forceps, using the 

dynamics of the forceps tip by the external force. Thereby 

the detected sensor value increases rather than constant 

multiple, while ensuring that the value is not sufficiently 

large to adversely affect the surgical operation. The 

following configurations are used for the proposed 

scaling method. 

Configuration I): The shaft of forceps manipulator is 

considered a cantilever, and the 

deflection and deflection angle are 

calculated.  

Configuration II): The motion equation of the mass 

point at the tip of the cantilever 

when the external force is added to 

the tip is considered. 

Configuration III): The motion equation of Omega 7 

corresponding to the motion 

equation in the configuration II is 

introduced, and the force value 

realized by Omega 7 is calculated. 

In the configuration I, the shaft of forceps manipulator 

is divided into a cylindrical stainless steel section, which 

is the shaft of the remodeled original SPS forceps and a 

cylindrical aluminum section attaching the six-axis force 

and torque sensor on the forceps manipulator. Next, the 

shaft of the forceps manipulator is considered as two 

connected cantilevers, assuming the screwing point that 

fixes the cylindrical stainless steel part and the cylindrical 

aluminum part, and the portion attaching the sensor are 

the fixed ends. It is assumed that a concentrated load is 

only added to the cantilever tip. Fig. 11 shows the model 

for which the shaft of forceps manipulator is assumed to 

be the cantilever. The x-direction deflection on the x-z 

plane and the y-direction deflection on the y-z plane are 

considered in the same manner, because the cross-

sectional shape of the cantilever is a hollow circle. 

 

 

Figure 11.  Cantilever beam model of shaft of forceps manipulator. 

In Fig. 11, 𝑤 is the value detected by the six-axis force 

and torque sensor (Fx or Fy). Since the load added to the 

cantilever is constant for all positions of the cross-section, 

the following relationship is established for 𝑤 and 𝑤′. 

𝑊 = 𝑊′  ,                                   (1) 

where 𝑙 is the distance of the fixed end from the point 

fixed with screw on the aluminum part attaching the force 

and torque sensor, 𝐸𝐴𝑙 is the longitudinal elastic modulus 

of aluminum part, and 𝐼𝑧𝑝 is the geometrical moment of 

inertia. The deflection 𝛿  and deflection angle 𝜃  of the 

cylindrical aluminum part are given by (2) and (3). 

𝜃 = −
𝑊𝑙2

2𝐸𝐴𝑙𝐼𝑧𝑝

                                       (2) 

𝛿 =
𝑊𝑙3

3𝐸𝐴𝑙𝐼𝑧𝑝

                                              (3) 

𝐿 is the distance from the point fixed with the screw on 

the aluminum part to the forceps tip and 𝛿′ is given by (4). 

δ′ = 𝐿 sin 𝜃                                         (4) 

𝐸𝑓 is the longitudinal elastic modulus of the cylindrical 

stainless steel part that is the shaft of the remodeled 

original forceps, 𝐼𝑧𝑓 is the geometrical moment of inertia, 

and the deflection 𝛿′′ is given by (5). 

𝛿′′ =
𝑊′𝐿3

3𝐸𝑓𝐼𝑧𝑓

                                          (5) 
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Then, the deflection ∆ of the cantilever model in Fig. 

11 is given by (6). 

𝛥 = δ + δ′ + δ′′ cos 𝜃                          (6) 

In the configuration II, it is assumed that there is a 

mass point of mass 𝑚 on the tip of the cantilever model 

in Fig. 11. The motion of this mass-point when the force 

𝑓  is added to the mass-point is considered as the 

movement of mass-spring-damper system in which a 

damper and a combined spring linked to two different 

springs in series are connected to the mass-point 𝑚. Fig. 

12 shows the motion model for mass-spring-damper 

system of the cantilever in Fig. 11. 

 

 

Figure 12.  Mass-spring-damper model of cantilever beam. 

In Fig. 12, spring constants (flexural rigidity) 𝑘1 

and  𝑘2  are calculated using 𝑙 , 𝐸𝐴𝑙 , 𝐼𝑧𝑝 , 𝐿 , 𝐸𝑓 , and 𝐼𝑧𝑓  by 

the following equation.  

𝑘1 =
3𝐸𝐴𝑙𝐼𝑧𝑝

𝑙3       ,      𝑘2 =
3𝐸𝑓𝐼𝑧𝑓

𝐿3                     (7) 

Furthermore, since the two springs are connected in 

series, the combined spring constant 𝐾  of 𝑘1  and  𝑘2  is 

given by the following equation. 

𝐾 =
𝑘1𝑘2

𝑘1+𝑘2
=

𝐸𝐴𝑙𝐸𝑓𝐼𝑧𝑝𝐼𝑧𝑓

𝐸𝐴𝑙𝐼𝑧𝑝𝐿3+𝐸𝑓𝐼𝑧𝑓𝑙3                        (8) 

Moreover, it is assumed that the model of mass-spring-

damper system in Fig. 12 does not vibrate by critical 

damping. Therefore, the damping coefficient 𝑐  of the 

damper is expressed by following equation because the 

damping ratio is 1. 

𝑐 = 2√𝑚𝐾                                      (9) 

The motion equation for the mass-spring-damper 

system in Fig. 12 is given by the following equation. 

𝑓 − 𝐾𝛥 − 𝑐𝛥̇ = 𝑚𝛥̈                           (10) 

In the configuration III, the motion equation of (10) is 

applied to the master device Omega 7. For operating the 

SPS robot, the displacement 𝛥  and the mass 𝑚  are 

replaced respectively by the operation amount 𝜆  of 

Omega 7 and the mass 𝑀 of forearm of operating human. 

The motion equation of the operating unit in Omega 7 is 

then given by the following equation 

𝐹 − 𝐾𝜆 − 𝐶𝜆̇ = 𝑀𝜆̈     ,                     (11) 

where 𝐹 is the force which Omega 7 should realize. Fig. 

13 shows the model for the motion model of mass-spring-

damper system in Fig. 12 which is adapted to Omega 7. 

 

Figure 13.  Application of mass-spring-damper model to Omega 7. 

In the motion equation of operating unit in Omega 7 of 

(11), the unit is assumed not to vibrate by critical 

damping as well as the damping expressed by (9). Thus, a 

coefficient 𝐶 is given by the following equation. 

𝐶 = 2√𝑀𝐾                                   (12) 

It is also assumed that the ratio of the displacement of 

the slave side, which is the tip movement displacement of 

the SPS robot and the displacement of master side, which 

is the operating amount of Omega 7 (position control 

magnification rate of the SPS robot) is 1:𝛼 , then the 

displacement of operating unit in Omega 7 𝜆 is expressed 

by the following equation. 

𝜆 = 𝛼𝛥                                      (13) 

By substituting (13) into (11), the force value 𝐹 which 

Omega 7 should realize is derived by (14). Because 

Omega 7 has a function to ensure gravity when force is 

applied, the effect due to the weight of the operating unit 

is not considered. 

𝐹 = 𝑀𝛼𝛥̈ + 𝐶𝛼𝛥̇ + 𝐾𝛼𝛥                      (14) 

B. Force Feedback to Omega 7 

The detected sensor force value was scaled up using 

the proposed scaling method and compared with the 

standard constant multiple scaling. A maximum of 1.0 N 

force was applied several times to the forceps tip in the 

horizontal direction (x-direction) and the vertical 

direction (y-direction) with the finger. Fig. 14 shows a 

graph of scaled force in the horizontal direction (x-

direction), Fig. 15 shows a graph of scaled force in the 

vertical direction (y-direction); the detected sensor force 

value, the scaled value obtained by the proposed scaling 

method and the scaled value obtained using a constant 

multiple (two times) are shown in both figures. Since the 

mass of human forearm is about 3.1% of body weight, the 

mass 𝑀 of the forearm was 2.17 kg as the weight of the 

operator was 70 kg. The ratio of the displacement of slave 

side to the displacement of master side was 1:2, and the 

value of 𝐹 was calculated for 𝛼 = 2. 

The data presented in Figs. 14 and 15 do not exhibit 

large differences between the scaled sensor values 

obtained using a constant multiple and the scaled values 

obtained by the proposed scaling method. However, since 

the feedback force to the operator obtained by the 

proposed scaling method considers the dynamics 

(deflection) generated by the load added to the forceps 

shaft, it is considered that the proposed scaling method 

can provide force feedback to the operator more clearly 

and quickly for the small value than the normal constant 
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multiple scaling when the applied force varies rapidly. 

The value for which humans can recognize the force is 

approximately 1 N. Henceforth, the superiority of the 

proposed scaling method is verified by applying a force 

that can be noticed by humans and changing a speed of 

the force. 

 

Figure 14.  Scaling of force in x direction. 

 

Figure 15.  Scaling of force in y direction. 

C. Advantageous Validation of Scaling Method 

The following simulations were performed to verify 

the superiority of the proposed scaling method. When the 

force imitating the detected sensor value was gradually 

increased from 0 to 0.5 N, the difference indicated was 

simulated in the proposed scaling method and the normal 

constant multiple (two times) scaling. The times for 

reaching the maximum force of 0.5 N are simulated for 

the three time intervals of 1.0 s (Slow), 0.50 s 

(Intermediate), and 0.25 s (Quick). The mass 𝑀  of the 

forearm was 2.17 kg, the ratio of operating amount of 

Omega 7 to the forceps tip movement displacement of the 

SPS robot, 𝛼 was 2. 

Figs. 16, 17, and 18 show the simulation results for 

time until the detected sensor value reached 0.5 N in the 

case of 1.0, 0.50, and 0.25 s. 

 

 

Figure 16.  Simulation result (Slow). 

 

Figure 17.  Simulation result (Intermediate). 

 

Figure 18.  Simulation result (Quick). 

In Figs. 16, 17, and 18, as the time interval of the force 

imitating the detected sensor value becomes small, 

response of the proposed scaling method becomes quick 

as compared with that of the constant multiple scaling.  

Moreover, the maximum value scaled by the proposed 

method is larger than constant multiple scaling. Therefore, 

in the scaling using the proposed method, when the 

amount of change of the detected sensor value per unit 

time is increased, the maximum scaled value becomes 

large. Since it is possible to strongly feedback the 

operator to the force variation when touched with the tip 

or shaft of forceps, the operator can clearly and quickly 

experience the small force detected by the sensor using 

the proposed method. 

D. Advantage Validation Experiment of Scaling 

Method 

The SPS robot was moved periodically by sinusoid 

input in horizontal direction, which was the “yaw” 

direction in Fig. 2, the tip of forceps manipulator was hit 

to a building block such that the detected sensor value of 

the horizontal direction (x-direction) was approximately 

0.5 N. Next, this force was fed back to the subject who 

held the operating unit of Omega 7. During this 

experiment, the subject was not given visual information; 

however, only force information was given. Then, when 

the tip of forceps manipulator hit the building blocks, the 

time until the subject experienced the force feedback was 

measured using a stopwatch. Furthermore, using the 

proposed scaling and constant multiple scaling methods, 

experiments were performed 10 times each in 2 subjects. 

Fig. 19 shows the scenario of the experiment.  

The measurement times with constant multiple scaling 

and with proposed scaling were compared. Table I. shows 

the measurement times of each subject. Fig. 20 shows a 
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graph of detected sensor value of the horizontal direction 

(x-direction), the value scaled up with constant multiple 

(two times), and the value using the proposed scaling 

method.  

 

 

Figure 19.  Experiment for verification of superiority. 

TABLE I.  EXPERIMENTAL RESULTS 

 
 

 

Figure 20.  Comparison of scaling of force. 

Table I. indicates that both subject, A and B,  

recognize the force quicker using the proposed method 

than the constant multiple scaling when the tip of forceps 

manipulator hit the building block. In Fig. 20, it is 

indicated that the maximum value of the force using the 

proposed scaling method is larger than constant multiple 

scaling.  

Therefore, the proposed scaling method can transmit 

the force more quickly than constant multiple scaling 

method. Moreover, the robot operator can clearly 

experience the small force, since the proposed scaling 

method can feedback strongly the force.  

VI. CONCLUSION 

In this study, a six-axis force and torque sensor was 

attached in the root of the independently developed 

forceps manipulator for SPS. Then, the external force 

added to the tip or shaft of forceps was detected, and 

force feedback was conducted to the robot operator 

through Omega 7. The added force of horizontal and 

vertical directions can be detected stable. However, the 

force of shaft direction cannot be detected stably. 

The forceps shaft was assumed as cantilever, the 

movement by external force added to the cantilever tip is 

replaced by the operating unit of Omega 7, and it is 

proposed as a new scaling method, in which the detected 

force added to the tip or shaft of forceps in horizontal and 

vertical directions, is scaled up and fed back to the 

operator. Since the dynamics of the forceps shaft was 

considered, the small detected sensor force value could be 

fed back more quickly and strongly to the operator using 

this scaling method compared with that of the constant 

multiple scaling. 

As future challenges, it is raised that the external force 

in the shaft direction should be detected stably, scaled up 

using the proposed scaling method, and fed back to the 

operator through Omega 7. Other than that, a system 

which removes an interference force caused by the SILS 

port should be constructed when performing the forceps 

operation using the SILS port. 
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