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ABSTRACT

This paper presents the ASVC (Acquisition, Simulation, Visualization and Controller) framework for integrating
heterogeneous virtual surgery modules. The framework extends the well-known MVC (Model-View-Controller) system
architecture to make virtual surgery systems flexible and efficient. The framework can be used to construct stand-alone or
server-client based virtual surgery systems. The former can be used for pre-surgery practice and planning, and the latter is
suitable for surgical e-training. A stand-alone version has been implemented at the University of Akron and a server-
client based system is under construction.
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1. INTRODUCTION

Innovations in virtual reality and associated technologies have created growing opportunities for applications
in every major discipline. Virtual Reality (VR) is a pseudo space of simulated environment which gives the
user the feeling of being immersed in the environment [2]. Virtual Reality has applications in areas like
entertainment, medicine, engineering and many other disciplines such as rehabilitation [8,9]. Virtual surgical
simulation is one of the most intriguing applications in the medical field. Virtual surgical simulation can be
used in surgical training. VR surgery involves tissue squeezing, tissue cutting, and manipulation [10,12].
Cutting in VR environment requires a dynamic and interactive control of the cutting location, cutting force,
etc on the virtual object (virtual tissue). Song and Reddy [12] have developed a technique of measuring user-
exerted forces and employed them for real time control of cutting, which demonstrated the proof of concept
for VR surgery. The present study extends their work to provide a more comprehensive analysis and realistic
experience. Designing systems for VR surgery is complex and requires integration of various modules for
acquisition of user-exerted forces, real time processing of user-exerted forces and using them to accurately
compute tissue deformations, and rendering of the deformed virtual tissue. The key issue in VR surgery is
that the geometry of the virtual tissue changes constantly, and the deformation should be accurately
computed and rendered in real time. The integration and coordination of all the activities present a complex
problem. The purpose of the present paper is to report on the development of an integration framework.

2. SYSTEM DESIGN AND IMPLEMENTATION

Our framework is designed to integrate three major modules of a virtual surgery system (Figure 1). (1) Data
Acquisition: This module deals with the data acquisition from the surgical tool held by the user, including
the force applied on the tool, and the angle of the tool movement. This acquired user data is forwarded to the



simulation module. (2) Simulation: This module creates the simulated data of the surgery, based on the
acquired user input from the data acquisition module. The data generated by the simulation module includes
the location of the nodal points, cell topology (which could change during the virtual surgery process), and
stresses at each node. The simulation module generates all this data for each time step. (3) Visualization:
This module deals with the rendering of the time-dependent simulated data. Surgical tools are also rendered
for a more realistic animation of the surgery process. The location and orientation of the surgical tools are
controlled by the user data acquired from the data acquisition module. (4) In order to effectively
communicating between different modules, a controller module is added to the framework. It provides
standard application programming interfaces (APIs) and network connections for all other modules to
transmit data to each other. This ASVC (Acquisition-Simulation-Visualization-Controller) framework can be
thought of as an extension to the well-known MVC (Model-View-Controller) [3] software architecture. The
equivalents are: Simulation to Model, Visualization to View and Controller to Controller. The equivalent
modules perform similar functions as defined in the MV C architecture.
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Figure 1. The ASVC Framework.

Using the controller module to bridge the communications between modules works well with the virtual
surgery system which could be composed of heterogeneous modules. Modules in the system may be written
in different programming languages due to the availability of the required software. Data acquisition module
connects to the data input device which often comes with software drivers written in Visual Basic.
Simulation is frequently done using finite element method (FEM) [1,6,7,12,15]. FEM software is commonly
written in Fortran. Popular visualization libraries, for example, the Visualization Toolkit [11], are written in
C++. Special care is needed to transfer data between modules written in different programming languages.
For instance, data arrays are column-major in Fortran, but row-major in C++. As a bridge, the controller
module can translate data from column-major to row-major when it transfers data from a Fortran based
simulation module to a C++ based visualization module.

More importantly, the controller module can set up the software interface standards for all other modules.
One of the main advantages of the MVC architecture is that by enforcing such interface standards, other
modules can be easily changed. For example, one can replace a FEM based simulation module by a fuzzy
logic [4,5,13,14] based simulation module as long as both were written to follow the same interface standard
set by the controller.

The proposed ASVC framework can be used to construct two types of virtual surgery systems: the stand-
alone system and the server-client system. In a stand-alone system, all modules are integrated into one
compact program running on a single computer. Such a system is good for a surgeon to conduct pre-surgery
practice and pre-surgery planning. An important issue for this type of systems is to make sure the modules
collaborate with each other but don’t block each other at run-time. This requires the modules to be threaded
such that each module is running as a parallel thread and all the modules in the system can carry out their
tasks simultaneously. The motion of the surgical tool is captured at regular time intervals by the data
acquisition module while the simulation module simulates the surgical operation as fast as it can using the
most current input data from the acquisition module. At the meantime, the visualization module either
renders the newly generated simulation data when it’s available or waiting for the user to interact with the
current display (zooming into a specific surgical region, changing viewing angle, etc.)



In an ASVC server-client virtual surgery system, a server program containing the data acquisition and
controller modules is hosted on a server computer while the client software containing the visualization
module is running on other networked client computers. The server-client virtual surgery system is ideal for
an expert surgeon to demonstrate a surgical procedure to a number of trainee surgeons who may not even
reside at the same location. The surgical tool is attached to the server computer for the expert surgeon to
operate and the visualization module on the client computers renders the simulated surgical process for the
trainee surgeons to view. The main issue of a SAVC server-client virtual surgery system is where to leave the
simulation module: the server or the client? If the simulation module is on the server but not on the client,
massive simulated data will have to be transmitted over the network, which will drastically delay the viewing
at the clients. The problem will multiply as the number of clients increases. We propose to have the
simulation module on the client side so that only the user data from the data acquisition model needs to be
transmitted. User data is many thousands of times less than the simulated data. Transmitting of only user data
makes it possible to visualize a virtual surgery demonstration in real time.

Figure 2 illustrates the architecture of a ASVC server-client system. The simulation module is also
included in the server software so that the expert surgeon who demonstrates the surgery procedure could
interactively operate the surgical tool. The addition of the Network Communication module on both the
server and client sides isolates other modules from the details of the network connection and data
transmission. The Global Data module in the controller captures the state of the surgery and stores the latest
simulated data including the current geometric configuration of the operating subject. This enables a client to
join an ongoing session. The most recent simulated data with the current geometric configuration are fetched
over to the client as the correct initial conditions for the client simulation module to get started. After that
only new user data (the movement of the surgical tool) needs to be sent to the client to continue the
animation.

An ASVC stand-alone system has been implemented at The University of Akron to simulate tissue
cutting. Two simulation modules have been constructed. One of them uses the finite element method and was
written in Fortran. The other uses fuzzy logic and was written in C++. Experiments have been conducted
using the fuzzy logic modules. Initial results showed the system can simulate tissue cutting in real time.
Figure 3 is a screenshot of the display from a tissue cutting experiment simulated by the system. Further
quantitative experiments are being conducted to measure the accuracy of the system.
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Figure 2. The ASVC Server-Client Architecture.

3. CONCLUSION

A new framework, the ASVC (Acquisition-Simulation-Visualization-Controller) framework, for integrating
heterogeneous virtual surgery modules has been presented. The ASVC framework, which extends the well-
known MVC (Model-View-Controller) system architecture, makes virtual surgery systems flexible and



efficient. A stand-alone implementation of the framework has demonstrated that real time simulation of
tissue cutting is possible. Quantitative experiments are being conducted to measure the accuracy of the
system. A server-client implementation is under way at the University of Akron.

Figure 3. Virtual Tissue Cutting.
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