Prasad V. Suryawanshi Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 5, Issue 7, ( Part - 1) July 2015, pp.63-66

RESEARCH ARTICLE OPEN ACCESS

A Simulation Method of Soft Tissue Cutting In Virtual
Environment with Haptics

WWWw.ijera.com

Prasad V. Suryawanshi*, Dr. N. N. Mhala**

*(Department of Electronics Engineering, B. D. College of Engineering, RTM Nagpur University, Maharashtra,
India)

** (Head, Department of Electronics Engineering, B. D. College of Engineering, RTM Nagpur University,
Maharashtra, India)

ABSTRACT

Currently, virtual simulation has an increasing role in the medical field. Now virtual surgery simulation has been
largely explored in medical field. Virtual surgery is a good complement to traditional Surgical Training.
Modeling effects of soft tissue during cutting is quite complex, hence the concept of virtuality is used to develop
realistic surgical instruments for providing exact force feedback to the surgeon during surgical operation and
simulation of soft tissue processes. Scalpel is a basic instrument required for soft tissue simulation. Hence we

will design a virtual organ to cut by using Scalpel in Haptic Environment.
Keywords - Haptic Environment, Surgery Simulation, Virtual Environment, Virtual Surgery.

I. INTRODUCTION

Surgery simulators are generally used to train
medical students and surgeons in specific types of
procedures without the use of animals or cadavers
before working with live patients. They are best
suited for two types of skills needed for
surgery, eye-hand co-ordination and the ability to
perform three dimensional actions using a two-
dimensional screen as a guide. Haptic technology or
haptics is tactile feedback technology which creates
the sense of touch by applying motions, vibrations or
forces to the user. We are using haptics in virtual
surgery simulation for obtaining force-feedback.
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Fig. 1 Haptic Operation

This kind of virtual reality is most often used in the
training of surgeons in laparoscopic procedures, as
in reality it is not possible to see the operation being
performed. The simulator uses a computer screen
displaying a three-dimensional graphic of
the organs being operated on. Various surgical tools
are connected to motion sensors and haptic or tactile
feedback mechanisms where the user can physically
feel the difference in simulated tissue and organs.

Virtual surgery as a means to simulate procedures
and train surgeons grew out of the videogame

industry. Videogames for entertainment has been
one of the largest industries in the world for some
time. In this paper virtual reality is explained in
more detail which is used in .surgical training.

Il. PROBLEM DEFINATION

Surgical Dissection requires proper handling and
understanding of instruments like Scalpel, Scissors
etc for operation purpose. Hence the User must be
expertise in dissection operation for proper surgical
activity. Currently students are educated in soft
tissue cutting techniques in the operating room or in
lecture.  This work will help to illustrate their
knowledge in Virtual World in more Simple Way.

111. OBJECTIVE

Our main objective is to create a 3D organ (Ear)
in Virtual World and also to create 3D Scalpel
associated with it. After that we will perform the
Operation of Soft Tissue Cutting in Virtual
Environment. During the cutting of soft tissue user
will also experienced the force feedback from the
haptic device. In this way the user can interact to the
virtual world with the help of haptics.

IV. THE DESIGN OF THE SYSTEM

a. Platform and Communication Process

For cutting simulation research, we established
a complete hardware platform which includes
computer display and haptic device. We are using a
Phantom Omni as haptic force feedback device to
connect with the virtual world.
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b. Software Programming of the System

Virtual Surgery System consists of various
interconnected parts. First part is a haptic device
which is used to provide haptic force-feedback. This
device provides simple interface to user. After that
3D model (Ear) is constructed so that user can cut it
into Virtual Environment.

We are using 3DsMax software for developing 3D
modeling, VC# for programming and Unity software
for performing Cutting operation,.

V. VIRTUAL MODEL
A. Physical Model

For soft tissue cutting there must be a physical
model to achieve the physical simulation like
deformation and force feedback. As shown in Fig. 2,
we establish the physical model for ear.

Fig. 2 — 3D Modeling of Ear

We use surgical instrument like scalpel to validate
the correctness of the physical model. On the surface
of ear, a scalpel results in a long and narrow
deformation. The experimental results prove that the
physical model can reflect the basic feature of the
ear deformation. In the virtual surgery, lack of force
feedback will not only make the virtual simulation
system anamorphic, but can also cause an incorrect
operation. So we can say that force feedback is
essential for surgery simulation. Today, Virtual
surgical simulation is getting more and more interest
from all over the world. It is a good complement to
old surgical training, it provides a safe, economical
way in medical training in which the surgeons can
control the haptic devices to interact with the virtual
3D organs, acquire the tissues pathological
information from some phenomena like surface
rendering.

B. Scalpel

Fig. 3 — Model of a Scalpel

For cutting operation to be performed there must be
a requirement of any surgical instrument. We
designed the 3D Scalpel in 3DsMax.Cutting surgery
simulation is done with the help of this scalpel. User
can experience the force feedback when this scalpel
cuts the physical model.

V1. EXPERIMENT AND RESULTS

Here, we are performing experiment in unity
software itself. We design 3D model of human ear
and associated 3D scalpel (in 3dsMax software as
mentioned earlier) in order to cut it. As we moves
the pen of the haptic device or pointer of the mouse,
the scalpel moves in the virtual environment. We
can cut the ear in multiple ways like in horizontal, in
vertical or in an inclined direction. After cutting ear
with the scalpel, the parts of the ear are fell down
while the scalpel remained in virtual medium.

_ sevcsinliNeeie. 0

Fig. 4 — Ear and scalpel in Virtual environment
before cutting

Fig. 5 — Scalel above the ear before cutting
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Fig.7 — After cutting ear fell down.

VIlI. CONCLUSION

Based on the haptic device, a surgery simulation
system is put forward. A cutting model is proposed
in the paper and is tested based on the simulation
system. A model is used as the internal physical
model of the surgery object; deformation and force
feedback in the virtual surgery are realized by the
physical model. And a surface model associated with

the physical

model is constructed. Hence it

concluded that the proposed method in the paper is
feasible.

(1]

(2]

(3]

(4]

References

M. Cavusoglu, T. Goktekin, and F. Tendick,
Gipsi: A framework for open source/open
architecture soft-ware development for
organ-level surgical simulation, IEEE
Transactions on Information Technology
inBiomedicine 19 (2006), 312-322.

J. Allard, S. Cotin, F. Faure, P.-J.
Bensoussan, F. Poyer, C. Duriez, H.
Delingette, and L. Grisoni, Sofa- An open
source framework for medical simulation,
Studies in health technology and informatics
125(2007), 13-18. Published by 10S Press.
L. Je* r ~ abkov’ a and T. Kuhlen, Stable
cutting of deformable objects in virtual
environments using XFEM, IEEE Computer
Graphics & Applications 29 (2009), 61-71.

H. Courtecuisse, H. Jung, J. Allard, C.
Duriez, D. Lee, and S. Cotin, GPU-based
real-time soft tissue de-formation with

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

cutting and haptic feedback, Progress in
Biophysics and Molecular Biology 103
(2010),159-168.

L. Je" r " abkov’ a, G. Bousquet, S. Barbier,
F. Faure, and J. Allard, Volumetric modeling
and interactive cutting of deformable bodies,
Progress in Biophysics and Molecular
Biology 103 (2010), 217-224

D. W. Lin, J. R. Romanelli, J. N. Kuhn, R.
E. Thompson, R. W. Bush, and N. E.
Seymour, "Computer-based laparoscopic
and robotic surgical simulators:
performance characteristics and perceptions
of new users,"” Surgical Endoscopy and
Other Interventional Techniques, vol. 23, pp.
209-214, Jan 20009.

Y. M. Zhong, B. Shirinzadeh, G. Alici, and
J. Smith, "Soft tissue modelling through
autowaves for surgery simulation,” Medical
& Biological Engineering & Computing, vol.
44, pp. 805-821, Sep 2006.

N. Suzuki, A. Hattori, A. Takatsu, A.
Uchiyama, T. Kumano, A. lkemoto, and Y.
Adachi, "Virtual surgery simulator with
force feedback function,” in 10th Annual
International Conference of the IEEE-
Engineering-in-Medicine-and-Biology-
Society, Hong Kong, Peoples R China, 1998,
pp. 1260-1262.

G. Sankaranarayanan, H. Lin, V. S. Arikatla,
M. Mulcare, L. K. Zhang, A. Derevianko, R.
Lim, D. Fobert, C. Cao, S. D. Schwaitzberg,
D. B. Jones, and S. De, "Preliminary Face
and Construct Validation Study of a Virtual
Basic Laparoscopic Skill Trainer," Journal
of Laparoendoscopic & Advanced Surgical
Techniques, vol. 20, pp. 153-157, Mar 2010.
Y. Zhong, B. Shirinzadeh, and J. Smith,
"Soft tissue deformation with neural
dynamics  for  surgery  simulation,”
International Journal of Robotics &
Automation, vol. 22, pp. 1-9, 2007.

L. W. Sun and C. K. Yeung, "Port
placement and pose selection of the da Vinci
surgical system for collision-free
intervention  based on  performance
optimization," 2007 leee/Rsj International
Conference on Intelligent Robots and
Systems, Vols 1-9, pp. 1957-1962,
2007.Basdogan C., Sedef M., and Stefan W.
VR-based simulators for training in
minimally  invasive surgery [J].IEEE
Computer Graphies and Applications.2007,
27(2):54-66.

Basdogan C. and De S. Haptics in minimally
invasive surgical simulation and training [J].
IEEE Computer Graphics and
Applications.2004, 24(2):56-64.

WWW.ijera.com 65|Page



Prasad V. Suryawanshi Int. Journal of Engineering Research and Applications WWWw.ijera.com
ISSN : 2248-9622, Vol. 5, Issue 7, ( Part - 1) July 2015, pp.63-66

[13] Meier U., L'opez O., and Monserrat C., et al.
Real-time deformable models for surgery
simulation: a survey [J].Computer Methods
and Programs in  Biomedieine.2005,
77(3):183-197.

[14] Marescaux J., Clement J. M., Cotin S,
Russier Y., et .Virtual reality applied to
hepatic surgery simulation: the next
revolution. Ann Surg. 1998, 228: 627-34.

[15] Tianmiao Wang, Da Lin, Lei Hu, Hongho
Lv. A Simulation and training system of
Robot Assisted Surgery Based on Virtual
Reality. High technology letters. 2001
VO0Il.11 No.11 pp. 88-92.

[16] M Held, J. T. Klosowski, J. S. B Mitchell.
Evaluation of Collision detection Methods
for Virtual Reality Fly-
Throughs. Proeessings Seventh Canadian
Conference on Computational Geometry,
pp205-210, 1995.2.

WWW.ijera.com 66|Page



