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Problem Definition 
Although the development of minimally invasive surgery 
(MIS) has reduced the sense of touch compared to open 
surgery, surgeons still rely on the feeling of net forces 
resulting from tool-tissue interactions and need more haptics 
training to successfully operate on patients [1]. Much of the 
art of MIS and training for a particular procedure depend on 
the education and refinement of the trainee’s haptic 
sensorimotor system [2]. The benefits of using haptics in 
MIS training through virtual simulations have already been 
recognized by several research groups and many of the 
companies working in this area. Though haptic fidelity has 
been increasingly emphasized in these simulators, the real 
benefits of the simulated environments are mostly under-
exploited for MIS Simulation and Training. A computer 
simulated environment can not only enhance a training 
process with realistic forces, but also with augmented 
forces, such as haptic guidance. In this paper, we discuss 
such a use of augmented forces in our haptic guided 
laparoscopic simulator for improving learning curve. Haptic 
guided MIS simulation is not known in the literature. 
 
Our laparoscopic Simulation System 
The experimental setup uses two generic haptic devices 
Phantom Omni® from Sensable Technologies Inc. The ends 
of two trocars are attached to the stylus of the haptic 
devices. These trocars were inserted in a 20 inch 
hemispherical dome to simulate the inflated abdomen. The 
virtual environment consists of movable spheres, attached to 
their original position through a spring. The spring constant 
of the movable spheres can be varied by the trainer 
depending upon the simulation task and the experience of 
the trainee. This simple virtual environment is used to 
simulate advanced surgical tasks such as cutting. If the 
anatomical sphere is manipulated from its original position, 
the trainee experiences a resisting force, calculated with a 
simple force law f=kx, where k is the spring stiffness and x 
is the displacement from its original position. While the 
trainee manipulates the sphere with one tracor, they can cut 
the sphere using the other tracor, permanently moving its 
original anatomical location. A simple haptic guidance 
system providing a guiding force pulls a novice trainee 
along the ideal motion path for manipulating the 
laparoscopic tool. For generating guiding force, the system 
implements a spring whose anchor point is located at the 
target location. The quantum of force used for haptic 
guidance can be varied by the trainer using the GUI. The 
system has provision to provide guidance in three different 
ways: Visual guidance alone, Haptic Guidance alone, and 
Visual + Haptic Guidance. The guiding can be turned on/off 
by the trainer as needed. An anatomical sphere is drawn at a 
random location to be picked using right tracor.  

Methodology 
Ten participants were randomly chosen and were divided in 
two groups: haptic guidance group and control group. None of 
the participants had previous experience of working with 
haptic device or laparoscopy. The haptic guidance group was 
given visual and haptic guidance, and the control group was 
not given any guidance. The participants had to cut the sphere 
displayed and place the freed point inside a transparent cube 
drawn in the bottom left corner of the screen. Both the groups 
repeated the procedure for ten times during which their time 
taken was recorded (Table 1 and 2). On a second day, both the 
groups carried out same procedure with ten randomly drawn 
anatomical locations, instead of one at a time. No visual or 
haptic guidance was provided for both the groups. Time taken 
for this procedure was recorded (Table 3 and 4). Three trails 
of this procedure were made. 
 
Results and Discussion 
The experiment results for both the groups were compared 
using T-test and found that the means of the haptic guidance 
group is more than that of the control group, with a confidence 
level of (1/20). This indicates that the guidance group took 
less time, on an average, than the control group. The mean 
time taken for each trial by haptic guidance group was also 
less than control group. Thus it can be said that the haptic 
guidance has assisted in learning of motor skills in its 
cognitive and associative stage of learning.  
 
Conclusion and Future works 
An experiment has been designed to compare simple metrics 
such as the time taken by two groups of participants with and 
without guidance for an advanced laparoscopic procedure such 
as cutting. The haptic guidance system pulls the trainees on 
the ideal motion path. The results indicate that the haptic 
guidance has assisted participants in learning of motor skills in 
its cognitive and associative stage of learning. In our 
experiment the amount of the guiding force decreases as 
laparoscopic tool moves towards the target location. The effect 
of constant guidance force is not the scope of the current 
study. The effect of haptic guidance on experts can be 
different. 
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Table 1 Time taken for single sphere by control group 

Test Timing (seconds) Subjects 

1 2 3 4 5 6 7 8 9 10 

Average  
(seconds) 
 

1 29.1 28.2 14.6 18.2 19.1 17.1 19.6 21.2 17.3 17.6 20.2 
2 14.9 14.9 14.9 19.4 15.5 15.0 22.4 18.8 16.0 16.6 16.8 
3 18.5 18.7 2.8 21.7 19.7 17.2 17.7 15.8 10.7 16.1 15.9 
4 29.8 27.6 21.8 26.5 22.6 17.3 19.0 15.5 18.5 18.9 21.7 
5 26.6 19.3 15.7 19.1 21.1 18.7 21.8 28.2 23.5 19.5 21.3 

Table 2 Time taken for single sphere by haptic guidance group 

Test Timing (seconds) Participant 

1 2 3 4 5 6 7 8 9 10 

Average  
(seconds) 
 

1 28.5 20.0 9.5 15.3 16.6 10.8 8.6 13.7 15.9 13.1 15.2 
2 7.7 11.7 10.7 15.6 8.1 15.4 7.7 8.9 9.6 7.4 10.3 
3 11.9 15.7 15.6 9.9 11.2 9.8 17.8 11.1 11.4 10.0 12.4 
4 14.9 15.9 11.5 16.3 12.3 8.4 13.1 12.4 12.1 8.2 12.5 
5 14.5 14.9 11.9 8.4 5.5 5.0 11.4 8.8 9.0 9.6 9.9 

 

Table 3 Time taken for ten spheres by control group 

Participant Time Taken 
              (seconds) 

1 226.9 

2 163.7 

3 177.1 

4 200.3 

5 210.3 

Average Time(seconds) 195.66 
 

Table 4 Time taken for ten spheres by haptic guidance group 

Participant Time Taken 
        (seconds) 

1 98.3 

2 117.8 

3 90.1 

4 79.1 

5 103.7 

Average Time (seconds) 97.8  
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