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1   Introduction {Kevin Cleary draft 16 July 2005}

{first two paragraphs are the same as the other paper but anyone is welcome to edit or re-write this – Kevin 17 July 2005}

The image-guided software toolkit (IGSTK) is an open source project aimed at developing robust software for medical applications. Image-guided surgery involves the use of pre-operative medical images to provide image overlay and instrument guidance during the procedure. Image-guided surgery systems have been commercially available for about ten years now but this is still an active field of research and many researchers are developing prototype systems. These systems are software intensive and a lot of work is needed to develop the software for a prototype system. In addition, it is important that the software be robust and well-tested since it will be used in the medical environment.

The IGSTK project was designed to fill these needs. The toolkit contains the basic software components to construct an image-guided system including a tracker and a four-quadrant view incorporating image overlay. The highest priority in the design of the toolkit has been robustness and quality. The toolkit is based on the existing open source components ITK, VTK, and FLTK. 

Creating robust software is not an easy task. From the earliest stages of the project, the developers discussed possible strategies for meeting this challenge. One of the early architecture decisions was to use a state machine construct for all of the key software components. In this paper, we will describe the overall software architecture and the state machine implementation. While the toolkit is still in a development stage, several key components have been developed including the base state machine, spatial objects, tracker objects and communications, and logging. Each component will be presented and the paper will conclude with a short example application.

2   Architecture

{Luis to write this section: can use architecture diagram and some material from progress report we just submitted}

2.1   Sample sub-header – just kept as a placeholder 

Just in case anyone wants to break into subsections – but not sure we have room in a 4 page paper

2.2   Second sample sub-header- just a placeholder again

Just an example again

3   State Machine

{Luis again}

{just an example figure and figure heading below}
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Fig. 1. One kernel at xs (dotted kernel) or two kernels at xi and xj (left and right) lead to the same summed estimate at xs. This shows a figure consisting of different types of lines. Elements of the figure described in the caption should be set in italics, in parentheses, as shown in this sample caption. The last sentence of a figure caption should generally end without a period

4   Components

{Each person gets ½ a page a most and perhaps just 1/3 a page in final version – but go ahead and write more and we can easily edit – Kevin 6/17}

4.1   Spatial Objects / Viewers 

Julien / Rick

4.2   Tracker / Communication

The IGSTK tracking component was adopted from a set of C++ tracker classes donated to the project by Atamai Inc. [1]. We have reorganized the code to fit our state machine architecture and to connect seamlessly with the spatial object classes described in the previous section.  

Incorporation of a finite state machine into the tracker component is perhaps one of the most remarkable aspects of the IGSTK architecture.  Since the state machine is a mirror of the actual states of the physical tracking device, it ensures that only commands that the device is ready to correctly respond to will be sent to the device.  Furthermore, this safety is provided purely through the design of the state machine transition table, without the need for if/else error checking throughout the code.  The ultimate goal, as far as code safety is concerned, is for unexpected responses from the device to occur only in the unlikely event of a device malfunction.

The tracking component consists of a Tracker base class, with specialized subclasses to support the support the AURORA and POLARIS tracking devices (Northern Digital Inc., Waterloo, Canada).  The Tracker object does not communicate directly with these devices via the serial port, but instead communicates via a SerialCommunication object that acts as a proxy between the Tracker object and the tracking device.  The use of this communication proxy serves several purposes:

1. All platform-dependent serial port control code is contained within the communication object, while the Tracker code is fully platform independent.

2. The communication proxy can be replaced with a “simulator” that replays previously recorded serial data streams for testing or demo purposes.

3. The communication proxy can be replaced with an object that sends the data stream to a remote device over a network via TCP/IP. 

Our goal for the immediate future is to extend these classes to support multi-threading, so that the tracking information can be passed to the display component at the chosen display refresh rate while, simultaneously, a “safety thread” can run at the full data rate of the tracking system for the purpose of collision avoidance. 
References for this section:

1. Gobbi, D.G., Comeau, R.M., Peters, T.M.: "Ultrasound/MRI overlay with image warping for neurosurgery." MICCAI 2000, Pittsburg, PA, October 11-13: 106-114, 2000.

4.3   Logging

Hee-su

5  Example Application

{Luis or his designee to complete this}

5  Conclusion
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