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Abstract. This paper describes a model checking approach for robotic guided
surgical interventions. The execution plan is modeled with a workflow editor as
a petri net. The net is then analyzed for correct structure and syntax with
XMLSchema. Petri nets allow checking for specific constraints, like soundness.
Still the possibility to prove the net with runtime variables is missing. For this
reason model checking is introduced to the architecture. The Petri-Net is trans-
formed to the Model Checking language of NuSMV2, an open source model
checking tool. Conditions are modeled with temporal logic and these specifica-
tions are proved with the model checker. This results in the possibility to prove
the correct initialization of hardware devices and to find possible runtime er-
rors. The workflow editor and model checking capabilities are developed for a
demonstrator consisting of a KUKA lightweight robot, a laser distance sensor
and ART tracking for CO2 laser ablation on bone.

Keywords: Workflow Systems, service oriented architecture, CORBA, knowl-
edge management, temporal logic.

1 Introduction

One important aspect of the AccuRobAs project is to provide a modular system archi-
tecture for robot assisted surgical interventions. This goal of a modular system is hard
to reach combined with the requirements of surgical applications like safety and hard
realtime environments. The realtime problem has to be solved with special protocols
and software environments. The safety problem is more complex and cannot be
solved in general. The reason is the still unsolved problem of understanding a lan-
guage and the underlying semantic as pointed out by[1][2]. But different approaches
to solve this problem partially have been developed. One example is model checking
that is successfully used for circuit design. Model checking is the process of checking
whether a given structure is a model of a given logical formula. The model is often
simplified. The concept is general and applies to all kinds of logics and suitable struc-
tures. A simple model-checking problem is testing whether a given formula in the
propositional logic is satisfied by a given structure. The main drawback of model
checkers is the state explosion problem that is heavily limiting the usage of these
tools. Model checking was already the interest of the NASA project PLEXIL[3].
Plexil offers a special programming language for execution plans. These execution
plans can then be proved by a model checker. PLEXIL uses the LTSA model checker
[4]. This already showed the successful usage of a model checking tool for a planning
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Fig. 1. System Architecture

language. The main drawback is the usage of a special planning language that is not
intuitive for the user. Workflows are more common to field of medical applications.
A workflow formalism that is well proven is the petri net workflow as described by
van der Aalst et al.[5]. A petri net has formal semantics with a clear and precise defi-
nition. Several enhancements for classical petri nets have been developed and defined
formally like colored, timed or hierarchical petri nets. Twenty different workflow
patterns were discovered for workflow nets that are all supported by petri nets, even
the more rarely used implicit or operation [6]. For this reason they were chosen for
the AccuRobAs project for the surgical application field. In figure 1 the system archi-
tecture is shown. In this paper the Validation and Transformation step is described.

2 Transformation and Validation

The validation and transformation step is important to ensure the correct behaviour of
the plan. Validation can be divided into two steps. The first step is to check the syntax
and the corresponding structure of a plan. This part is well known from constructing
compilers in computer science and can be easily adapted to the plans with
XMLSchema. The second step is more challenging. To ensure the correct behavior of
programs a model checker is used to solve this problem partially. The last step is the
transformation into a state machine for real-time execution. The workflow plan is
transferred into a state machine that is executed by the Intervention Manager, cur-
rently an implementation based on SCXML Apache.

2.1 Model Checking

The software NuSMV [7] is used here as a model checker. NuSMV is an updated
version of the SMV symbolic model checker. NuSMV has been developed as a joint
project between ITC-IRST (Istituto Trentino di Cultura, Istituto per la Ricerca
Scientifica e Tecnologica in Trento, Italy), Carnegie Mellon University, the University
of Genoa and the University of Trento. It is a reimplementation and extension of
SMYV, the first model checker based on Binary Decision Diagrams (BDDs).
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The transformation step from a petri net to the model checker NuSMYV is the
following: 1.) the workflow is constructed inside the yawl workflow editor with all
conditions 2.) the yawl workflow is exported to an xml file 3.) the transformation
from the xml petri net to the NuSMV language as an text file is done with an xslt
stylesheet 4.) NuSMV?2 is evaluating the specifications. A similar transformation has
been described by Schaad and Sohr[8§].

The transformation itself is performed in the following way: Every task and
condition is modeled as a variable inside the NuSMV2 language. The variable has two
possible values: ”wait” and ’run”. They indicate the current status of the state.

3 Model Checking Examples

Figure 2 is shows a simple example workflow. Here a robotic device, called LBR, is
used to move to a specific starting position and to measure the distance between TCP
point and the target with a laser distance sensor. Under all circumstances it should be
possible to reach a safe state and to move the robot away from the patient. In this case
the following specifications could be checked: 1.) Is the state “safePos” reachable, 2.)
the state “safePos” should never be activated if the condition is not true and 3.) if the

safePos is desired, the next step is always the safe state, excepting the two cases for
the start and end state.

Reachability: SPEC EF (safePos_8 = runs)

Safety: SPEC AG (!goToSafePos -> AX safePos_8 != runs)
Liveness: SPEC AG (goToSafePos & InputCondition_1 != runs &
Output-Condition_2 != runs) -> AX safePos_8 = runs
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Fig. 2. Simple example workflow

4 Results

In this work an approach for model checking for surgical interventions is presented. A
method is described how to prove constraints inside the workflow. The main problem
however remains, it can only be shown that a workflow satisfies a given specification
or not. It can be shown that a workflow is not violating against a specification but not
that the workflow behaves as expected.
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5 Future Works

The current conversion from petri net to the NuSMV?2 model checker is still very
limited and should be compared to other methods. Even the specifications must be
inserted by the user after the conversion process. This should be done automatically to
show the full potential of this approach. It would be helpful to develop a set of typical
rules that must be satisfied for any kind of surgical procedure.
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