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This document is split into four sections. The first is a general overview of the reason this filter exists, some background information, and some applications of the filter. The second section is a short summary of how to use the filter, without going into any details on the implementation. The third section is a detailed description of exactly how the filter does what it is supposed to. The fourth section is intended to be read only if one intends to change something in the filter either because it does not work as advertised or to add an additional feature.

Purpose of the filter


Due to the irregular nature of many of the micro-CT data sets, conventional imaging methods that one would use do not always work. Special methods must be employed to obtain information from the data. For example, in conventional image registration a program would identify landmarks and based on these scale and transpose the image, whereas in the case of micro-CT data the often irregular nature of the bone forces one to use another method such as autocorrelation.


The purpose of the three year project is to create a semi-automated method of phenotype identification. The first step of this many-step process is to translate the images into a common reference frame. This is already done satisfactorily by another program (MultiResolutionRegistration). The second step is to determine what constitutes a “typical” image. There are many ways to do this with one of them being to “average” the data. This consists of reading in the data to be averaged and writing out what is considered an “average” data set; this is the sole purpose of this filter. Subsequent steps will follow that will then compare this averaged data to another sample whose relationship to the original set is to be determined.

Filter Usage


As of the time of writing, the main packages used to visualize and operate on micro-CT data in the lab are the Visualization Toolkit (VTK) and the Insight Toolkit (ITK). This filter uses VTK only. The filter has only been tested with a “CVS” version of VTK (checked out in May 2005), and may not always perform correctly when used with significantly older (or significantly newer for that matter) versions of VTK.


The filter is part of a package called “vtkMy”, available from Dr. Steven Boyd, and as of the time of writing resides in the subdirectory “src/TestProjects/TestAverage”. The package should compile automatically along with the rest of vtkMy (instructions for configuring and compiling VTK/vtkMy are not intended to be part of this document). In the above mentioned directory there resides a file named “TestAverage.cxx” which demonstrates the most basic use of the filter. The test file uses the following syntax:


./TestAverage infile1.aim infile2.aim [infile3.aim ...]

where any number of input files may be specified (many shell/OS combinations have restrictions on the maximum length and number of arguments – check the OS documentation for details). If no input files are specified, only the above help message appears. By default, the images are averaged and then the result is displayed onto the screen using code identical to that of vtkAIMReader (ImageGaussianSmooth, ImageConstantPad, MarchingCubes @100, PolyDataMapper...). At compile time one can opt to write the output to an AIM file rather than displaying it on the screen. For this purpose there is a #define statement directly after the include files where changing the “0” to a “1” will cause the output to be written to a file called “output.aim” in the current working directory.


The use of this filter is the same as for any other filter. First one adds all the inputs using the ->AddInput(vtkImageData*) method, then one links the output to the input of another filter using ->GetOutput(). When needed, VTK will automatically call an “Update”. There are two useful parameters one can set using standard VTK macros: debug and variance. Turning on the debug flag will cause the output of the program to be quite verbose and often annoying to the average user; it was meant for debugging purposes. Turning on the variance flag will cause the filter to calculate the variance of the input images at each point; caution: use only with more than one input image, as the formula for variance of a sample is undefined when there is only one datum. The variance data can be obtained from the output using the command

->GetOutput()->GetScalars()->SetActiveScalars(“variance”).

EXPERIMENTAL:


Due to the way VTK is implemented, all of the inputs must be read into memory and made up to date before they are passed on to the filter. Quite frequently micro-CT data sets can be several hundreds of megabytes – too large to hold several copies in the memory of a desktop computer. In an effort to alleviate this deficiency, an attempt was made to read in one image at a time. This method is known to be unstable and cause the program to crash at certain times (when the input data are of different dimensions), but not enough time was left to thoroughly test and possibly alleviate the problem.


In order to enable “experimental mode”, one needs to open “vtkImageAverageFilter.h” and change the “1” after #define stable to a 0. This will allow the methods and temporary variables to change in such a way to allow the inputs to be read in one at a time.


To use this feature, one should call ->LowMemoryExecute() after all the images are added using ->AddInput(vtkImageData*) but before any Update() calls are made either implicitly or explicitly. Even when compiled in “unstable” mode, the filter conforms to VTK standards and the usual way of using “AddInput” and “GetOutput” still works.

Filter internal structure


The insides of this filter are not very intuitive as an effort was made to have the program run with as little memory as possible and using as little processor time as possible. The code is much clearer in sections that run only once or twice, where the gain in speed did not warrant a pitfall in clarity.


The class inherits from vtkMultipleInputFilter, and most of the methods typical of a filter are already implemented by one of the parent classes. A detailed description of each method implemented by the filter and what it does follows.

 1. PrintSelf(ostream& os, vtkIndent indent)

(a) Tells the superclass to print itself first (and up the chain)

(b) Prints the current status of “variance”

 2. vtkImageAverageFilter* New()

(a) This is the standard format for a “New()” function. Nothing was changed from the default.

 3. vtkImageAverageFilter()

(a) The constructor initializes all the variables to the necessary values (null for pointers, false for internal booleans), with “variance” being set to false by default.

 4. ~vtkImageAverageFilter()

(a) The destructor frees the two arrays (if they are allocated):

 i. Sumx = integer array holding a running sum of the data

 ii. Sumx2 = float array holding running sum of sqares

 5. void ExecuteInformation(vtkImageData**, vtkImageData*)

(a) Get how many inputs there are, set default to first one

(b) Gather data about first image

(c) Set defaults for extents etc.

(d) Cycle through the images

 i. Get information about image #i

 ii. Compute the physical extents (in mm) of image #i

 iii. Verify spacing and scalar type matches first image

 iv. Adjust physical extents (convert to voxels) of output

(e) Set the attributes of the output image

 6. void LowMemoryExecute() ---> “Unstable” only

(a) This filter is not part of the supported build. For documentation see “Filter development” or refer to source.

 7. void ThreadedExecute(vtkImageData**, vtkImageData*, ...)

(a) (assuming stable build throughout). First check if we have already computed the sums. For reason, see “Filter development.” If we do not have the sums:

 i. Find out how large the output is and allocate sufficient room in memory. Memory is automatically zeroed on allocation.

 ii. Cycle through the inputs

 A. Get dimensions of input and compute offsets

 B. Get pointer for input data, depending on data type

 C. Using low-level pointer manipulation, add the input data to the running sum.

(b) Try to get the output image scalars. If failed, allocate output scalars.

Filter development


This is organized into three subsections. The first one explains why certain things are written the way they are, the second explains what LowMemoryExecute does differently than a normal “Update”, and the third explains what further improvements can be done.


For some reason, both ExecuteInformation and ThreadedExecute run twice. In the case of ExecuteInformation, the first run gives invalid input and the second run gives valid input. This is fine – processor power is wasted the first time needlessly in an attempt to process invalid data, and the situation is rectified in the second pass. In the case of ThreadedExecute, the first pass has valid data, but the output is not used. The second pass has completely garbage data, but it is this second output that is used. In the testing stages, the two methods have  always run exactly twice, but it may not always be that way. In order to produce valid output, the data is read in the first time and written out each time.


Included as “unstable” is a method “LowMemoryExecute”. This contains the first part of “ThreadedExecute”, namely the processing of the data. The difference being that when “ThreadedExecute” is called, all the input data is already in the memory, whereas “LowMemoryExecute” asks the inputs to update one at a time. For some reason, this causes undesired side effects in the form of the program crashing if the input data is of different sizes. It has something to do with the way VTK does update extent. This flaw was discovered too late to be corrected, and the code was moved into “ThreadedExecute” and assigned a “STABLE” vs. “!STABLE” flag.


There are really only two things that can be done to improve the filter. The first being trying to get the “LowMemoryExecute” to work (or find another way to read in one input at a time) and the second being to get the variance tested and finalized. A suggestion for the first one is to muck around in vtkExecutive and find out what is updated when and how the data gets passed around. The variance “should” work. It was never written with the intent of not working, but it has not gone through any testing as it was always secondary. A potential problem with the way it is right now is that it is kept as a float; our data sets tend to be char or short, and vtkAIMReader or vtkAIMWriter might not be tested to the same extent with the float data type.

