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Abstract. Surgical simnlators are an integration of many models, capa-
bilities, and functions. Development of a working simulator requires the
Hexibility to integrate various softeare models, to support interoperabil-
ity, and facilitate performance optimizations. An object oriented fraome-
work is devised to support multithreaded integration of simulation, de-
formation, and internction. A demonstration application has been im-
plomented in Java, leveraging the features that are built into the lan-
guage including multithreading, synchronization, and serialization. Fu-
ture work includes expanding the capabilities of the framework with a
broader range of model and interactive capabilities.
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Introduction

Surgical simulators are interactive systems that model surgical procedures an
simulated biological tissues along with other processes relevant to surgical pro-
cedures, The simulation process is complicated by several scientific and techno-
logical limitations. Scientific limitations include an incomplete understanding of
the properties of biological tissues and processes as well as identifving those as-
pects of a simulated procedure most amenable to training transfer. Technological
limitations include the inability to provide real time performance for models at
the desired fidelity. In addition, input devices may not provide a satisfving surro-
gate that is consistent with the manipulations required in a surgical procedure.
In order to provide grounding to manage these issues and facilitate research, a
flexible software architecture 18 necessary to support sinulator system develop-
ment. In light of these issues, an object-oriented framework is proposed to sup-
port straightforward integration of the various functional components composing
a surgical simulator. The work described here is part of a larger project [1]. This
paper is organized in five sections including an introduction, a summary of related
works, an overview ol the software framework, presentation of a demonstration,
and finally a summary and future work.
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1. Related Work

Surgical simulation holds the promise of giving medical practitioners the ability to
perform some of their training on simulators, raising the expertise of practitioners
when they first interact with patients. In Reference 2], a technology independent
language CAML is introduced as a foundation for medical simulation systems.
Specific to the work here. Spring [3] offers a framework for surgical simulation
that includes many models for surgical intervention. a mass-spring maodel for soft
tissne modeling, and distributive collaborative functionality. Finally, the GiPSi
systemn (4] provides a framework with broad capabilities that organ level simula-
tions of physical, functional, and spatial modeling,

2. An Overview of the Software Framework

The software framework is built upon an abstract class structure that holds the
relevant parameters and references to support communication and interaction
among the respective objects. The abstract classes are then extended to provide
a specific functionality. All objects fundamentally share a common link in the
form of the basic geometry which each act upon and update. Communicating
this information among the objects and syuchromizing the updates enables ali
to receive the most current information in a consistent fashion. Further, hav-
ing different objects in separate threads limits the interactions among objects to
the pure geometry information and provides a pathway to a coarse granularity
parallel implementation through the use of threads. Among the geometry linked
objects can include the tissue simulation, dynamic texturing, collision detection,
remeshing, visual rendering, and haptics rendering. Each of these can function
autonomously, updating and responding at its necessary inherenl update rate,
provided up-to-date geometry is available. Figure 1 provides a generic perspective
on the interaction among these threads. The wound debridement simulation com-
panion paper [1]| describes an application where this software framework could be
used.

3. Demonstration Implementation

A prototype implementation of this framework has been developed in Java using
the JavadlDd APL This platform was selected for convenience as it includes all of
the powerful features of Java, i.e. object oriented class structure, multithread-
ing, serialization, and synchronization. Furthermore, the Java platform provides
some inherent capabilities that can be leveraged in collaborative applications.
Among the features of the implementation. abstract classes are defined to hold
information that must be synchronized among threads. Abstract classes define
the generic features for each major thread and are extended to provide the func-
tional implementations desired. Furthermore, different functionalities, i.e. model
enhancements, model evaluation, can be easily replaced and evaluated without
disrupting the rest of the application. Figure 2 shows an example screen capture
of the demonstration application.
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Figure 1. Software Architecture Figure 2. Example Image
4. Summary and Future Work

In this paper, we have presented a software framework that can be used in the
development of surgical simulation virtual environments. We plan to continue
to develop the framework, to investigate its operation on a C++ platform for
enhanced performance, and work towards simpler integration with other libraries
and commercial products.
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