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Abstract

Atomic force microscopy (AFM) measures the intermolecular forces between a testing probe and a surface. By measuring these forces as the probe is scanned across a surface, AFM can generate images of the surface on the nanometer length scale, much smaller than is possible with conventional optical microscopy. The extremely small scale of atomic force microscopy intensifies any positional drift over time - such as that due to thermal expansion - that a sample may experience while being scanned, which can lead to image distortion. We report here on a new computational approach for correcting this distortion through warping the image and comparing it to a second, smaller image taken with the scan axes reversed. We address speed enhancements to the algorithm, as well as techniques for incorporating drift parameters in the second image and a two stage technique for optimizing the correction fit parameters. Finally, the future enhancements to this technique shall be discussed. 

II. Background
a. AFM

Atomic force microscopy (AFM) is a type of scanning probe microscopy that can detect the effects of even the smallest of atoms.  Invented in 1985, the atomic force microscope moves a small, sharp tip across the sample surface to detect the influence of atomic forces.  The microscope tip is attached to a cantilever arm which oscillates rapidly (near its natural frequency) above the sample[1].  If there is any feature of the sample under the tip, the short range atomic repulsive force will change the oscillation pattern, via Hooke’s Law[2].  The AFM bounces a laser beam off the microscope tip and measures the deflection between two photodiodes, detecting any change in the oscillation.  This measuring system allows the AFM to measure a variety of surface properties, from height, hardness, and even magnetism.  This information is compiled into an image of the surface as the sample is scanned.  Atomic force microscopy is not perfect and several sources of error are present in output images.
Unlike time dependent drift, systematic error is relatively easy to solve.  Systematic error can come from flaws in calibration and imprecision in probe placement.  These effects are relatively constant between images taken with the same microscope (as opposed to drift, which varies over time).  As Marschallinger and Topa[3] have shown, systematic error can be fixed by scanning a square grid structure and modeling the error via the offset from the expected gridlines.  Any subsequent images can be automatically corrected with the same model of error.  Compared to the scanning electron microscope Marschallinger and Topa used, the amount of systematic error present in AFM output images is relatively small when compared with the time dependent sources of error, and so from here on out we will focus on the time dependent drift. 
The AFM image is not a snapshot of the sample, however.  All scanning probe microscopes form an image over time, and the AFM is no exception, taking anywhere from a few minutes to a few hours to complete a scan.  This introduces error in the image due to changes in the system over time (termed drift, to signify its time dependent nature).  Significant sources of error in an atomic force microscope include piezoelectric creep and temperature changes.
To make the precise movements that an atomic force microscope needs to make, the microscope employs a piezoelectric material in the stage.  Piezoelectric materials respond to applied voltages by expanding or contracting via mechanical stress.  An AFM continuously applies a voltage to the stage to control the exact position and any changes to this voltage will move the sample under the microscope tip.  However, the movement response to voltages is not linear.  The piezoelectric response asymptotically approaches the maximum on a time scale of a few minutes.  This is visually shown in Figure 1-1, and the effect of this on a square grid image as reported by Trawick et al[2]. 
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Figure 1-1 (a) Piezoelectric material response to applied voltages and (b) this effect shown in a square grid image.

Many modern microscopes use closed feedback systems to apply an additional voltage to compensate for this delay.  This creates a faster response to applied voltages at the expense of additional noise in the system[4].
Temperature changes in the microscope environment lead to an effect known as thermal drift.  Materials expand and contract due to changes in thermal energy and though the materials in atomic force microscopes are specially designed to resist this effect, it cannot be eliminated.  An alloy with an extremely small thermal expansion coefficient, invar is used to reduce this effect in the critical components of atomic force microscopes but this expensive alloy cannot be used for the entire microscope.  Temperature changes affect different portions of the microscope differently, particularly in the area of the armature base (See Figure 1-2).  
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Figure 1-2.  Schematic view of an atomic force microscope
Any expansion in this region will move the microscope tip relative to the sample and add drift to any image taken while this expansion progresses.  On the extremely small scale that the atomic force microscope is capable of scanning, even the slightest temperature change produces noticeable drift.  This drift is random and so cannot be solved via a reference grid the way systematic error can, as the visible drift will vary between scans.
Closed feedback systems, though capable of correcting piezoelectric drift, cannot correct thermal drift during a scan.  Piezoelectric drift can be measured and corrected by exact measurements of the sample stage, but the exact position of the armature and base cannot be determined this way.  Instead, thermal drift must be corrected through computer based image analysis after an image is taken. 
b. Drift Features

Though we cannot correct drift during a scan, it is still worthwhile to look at how thermal drift is created and expressed in the images returned from the microscope.  Though the temperature changes surrounding the microscope are random, the motion of the microscope tip is not.  In one direction, the scanning probe rapidly moves back and forth, scanning a single line of the image in a pass.  This direction is known as the fast scan axis and completes a cycle on the order of a second.  Perpendicular to the fast scan axis, the scanning head moves more slowly so that the entire sample space is scanned.  This axis is called the slow scan axis and only has one cycle, completing in roughly a few minutes to hours.  These two axes combine to form an image for the user, but an important distinction is immediately visible.  As the fast scan axis is on the order of a few seconds at most, it is relatively drift free.  Any drift in an image will be a function of the slow scan axis, which we will use to greatly simplify the task of correcting thermal drift.
c. Polynomial Mapping
Before drift in scanning probe microscopy images can be corrected, a model for drift must be established.  A technique known as polynomial mapping has been shown to suitably correct for distortion in microscope images by Marschallinger and Topa[3].  Though they applied this technique to scanning electron microscopy images (and thus did not have a system with significant thermal drift), the same mathematical model works to represent thermal drift.
Polynomial mapping mathematically describes the process by which images are stretched and warped from a set of points {(x,y)} to a new set of coordinates {(x’,y’)}.  True to its name, polynomial mapping describes this with a polynomial as a function of x and y.  In its general form, polynomial mapping can be represented using matrix equations as shown in Equations 3-1.
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	Where N is the degree of the polynomial.
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	where the terms represent dependencies when combined with the terms in the above equations, rather than the actual terms held within the matrix.

	Equations 3-1:  Polynomial mapping equations and example dependency matrix.


Trawick et. Al[2] has demonstrated that N=2 is sufficient to correct major modes of drift exhibited in scanning probe microscopy images.  Frequently, the coefficients of the matrixes P and Q were determined by regression based on identifiable features within the image.  With some forms of scanning probe microscopy, a grid is scanned and a least squares fit performed to find the fit parameters.  Since thermal drift is constantly changing, this is impractical, particularly since many images may be taken in a row.  Another technique is to apply inert (fiducial) markers features to a sample and take an average of their location over many images.  This is a restrictive technique, as the fiducial marker must not affect the system and limits scans to previously analyzed areas of the sample.  These restrictions are not always suitable, and so another technique must be devised to find a general solution to thermal drift.
Fortunately, the features of scanning probe microscopy help simplify the polynomial mapping equations.  Recalling that scanning microscopes have a fast scan axis and a slow scan axis, and time dependency can be simplified to only the slow scan axis.  The fast scan axis, which rapidly forms individual lines of the image, is said to be drift free.  Making this assumption means that polynomial mapping matrix terms depending on the fast scan axis can be eliminated.  If we choose the x-axis to be the fast scan axis, then (with N=2), the above equations simplify to the much simpler form of Equations 3-2. 
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	Which can be represented in matrix form as:
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	Equations 3-2:  Polynomial mapping equations where y represents the slow scan axis.


It is immediately obvious that high order x-dependent terms have been reduced to zero, though x’=x is retained to preserve drift-less position.  The terms A0, A1, A2, B0, B1, and B2 are all independent of the fast scan axis, and are the only terms that can cause any point in an image to deviate.


Simplifying the equations to eliminate cross terms greatly simplifies finding a solution to drift in images.  However, polynomial mapping requires reference points with known locations to find a set of coefficients.  Since the thermal drift is essentially random, no assumptions can be made about the position of features in an image and so the techniques used by Marschallinger and Topa[3] cannot be used.  Before an image can be corrected, a method for discovering these coefficients must be established.


Prior work done by Katz and Trawick[4] found that taking a second pass of the center portion of the image provided an adequate image for drift comparison.  Specifically, the center portion is scanned again with the fast and slow scan axis reversed.  This is shown pictorially in Figure 3-3.

[image: image11]
Figure 3-3.  Main image and second scan example.
In a drift free system, this center sliver would hold the exact same information as the main image.  It is only when drift is introduced to the system that these two deviate, expressing the drift in opposing manners.  To help illustrate this, an example is shown in Figure 3-4. 


[image: image12]
Figure 3-4.  Example case with horizontal drift.  
Notice that as the main image progresses, the checkerboard pattern is slanted as the sample moves in relation to the tip.  In the sliver, the same drift would cause a stretching effect as the sample moves perpendicular to the microscope tip.  One feature of this technique is that the two images be highly different until the right set of correction parameters are applied to them both.  This reduces the chance of “false positive” matches when sampling periodic data and should add to the overall robustness of the algorithm.  To reduce the chance for drift parameters to change between the two images, the sliver is taken immediately after the main image.


It is worthwhile to revisit the mathematical models of drift in both scans.  The polynomial mapping equations for both images are shown in Table 3-5, where the x direction is again the fast axis in the original image (and the slow scan in the sliver).  Not only is the sliver drift a function of its own slow scan axis, the 0th and 2nd order terms are missing from the sliver equations.  The 0th order terms are axis independent and account for shifts between the two images, such as slight time delays or mechanical imprecision between the two scan axes.  To correct this, only one image needs to include the term in its equations of drift.  Furthermore, the sliver is too small to show any adverse effects from a 2nd order drift term and any change is adequately approximated in the 1st order term.
	Main Image
	Sliver
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	Equations 3-5:  Polynomial mapping equations for main image and center sliver where y represents the slow scan axis.


d. Determining a match

The next step to determine the drift in an image is to find when the data matches between the center sliver and the main image.  This “goodness of fit” between the two will be instrumental in determining the best set of polynomial mapping coefficients to characterize the drift in our sample image.  This by summing some arbitrary metric over all pixels shared between the sliver and the main image.  Two such metrics are shown in Table 4-1.
	Eq.1 – Cross-Correlation.
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	Eq. 2 -- Difference Squared
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	Where I(...,…) is the pixel value at that location and the summation is over all pixels shared by the sliver and main image.

	Table 4-1. Image comparison metrics


Though both of these equations find the match between two images, cross-correlation has a nuance that is best described by an example.  If we limit ourselves to 8-bit monochrome images, each pixel in an image takes a value that refers to a specific shade of grey.  These values range from 0 to 255, where 0 is black and 255 is white.  Consider Table 4-2 for two examples that demonstrates the difference between these two equations. 
	The differences reported for values two shades apart at each end of the spectrum


	
	Values 253 and 255
	0 and 2

	Cross-Correlation:
	1016
	4

	Difference Squared:
	4
	4

	

	Table 4-2. Differences reported by the two metrics for two examples.


It is immediately obvious that the cross-correlation function is not a balanced metric.  It will register a lower difference on darker shades than lighter.  This means that the cross correlation equation will preferentially line up bright areas at the expense of dark areas.  For this reason, we choose to use the difference-squared equation, as it is a balanced metric for the difference.
III.
Project and Goals

The primary goal of this project was to create a general solution to thermal drift in scanning probe microscopy images.  Though an atomic force microscope was both the inspiration and the source of images, the computer code for this algorithm will be released to the public for use on any scanning microscope.  As such, a general solution that will work on a variety of images from myriad sources was the primary function of this project.  To be this general, the solution must be able to correct drift in a reasonable time frame and be robust.  While assumptions have been made regarding the types of drift expressed in scanning probe microscopy images, no assumptions were made as the image data to be corrected.  Furthermore, the algorithm must be able to handle the random noise that will appear between the sliver and main image.  Finally, this solution was designed to be integrated with user panels and graphical interfaces, so as to be transparent to the user.  The users should not have to know anything about the computer code that runs the algorithm, and yet still be able to correct any reasonable drift.  These goals were to end with an all inclusive, easy to use package that could be used in an every day laboratory setting.
IV.
Algorithm and Enhancements
a. Basic algorithm.

This project seeks to find the set of parameters that yields the minimum difference between sliver and image.  Given that the project aimed to be as general as possible, no assumptions were made about what parameters would give this minimum.  For example, there might be many local minima surrounding a global maximum or perhaps a relatively smooth slope to a minimum.  Since no intelligent guess for a suitable starting polynomial mapping parameter set can be made, the only option available is to step through all the reasonable parameters in the polynomial mapping equations with some arbitrary coarseness and hunt for the global minimum.


Note that this is substantially different from the previous work done by Katz and Trawick[4].  In their work, they realized that the bottom of the sliver and the bottom of the main image were the closest in time.  Knowing this, they fit the bottom most chunk of the sliver to find the coefficients that found the best match for that chunk.  Then they used this set of parameters as an estimate of the best fit for the next chunk.  In this way, they could predict the drift for small chunks which were pieced together and fitted to via regression to find the polynomial mapping parameters.  This had the advantage of being very fast, but not very robust.  False data or noise toward the bottom of either the sliver or scan would irreparably throw off the sequence of estimates and yield incorrect results.

The most fundamental algorithm used in this project does a full image iterative polynomial mapping parameter search for the global minimum.  This, ideally, will reduce the susceptibility to noise at the expense of speed, but modern computers are fast enough that such a method is not unreasonable to do for small images.  The algorithm “steps” through each of the parameters with a certain precision, which gives suitable control over how fine the parameter search should be.  At each step, the total difference between the two images is computed and the overall minimum is recorded.  Initial testing showed that the algorithm worked on test images, but did not fare well to scaling and so extensive tests could not be performed.  For the image sizes that modern atomic force microscopes are capable of, the iterative search would take an estimated few hundred centuries to complete, though the code is included in Appendix A as it is relatively easy to understand and formed the basis for the rest of this project.  Obviously, seeking a faster algorithm was the first step in advancing this technique.
b. Strips

Analyzing this algorithm revealed that a large number of computations were being repeated.  Specifically, the individual step sizes for each parameter were relatively small, resulting in a pixel or two change from the previous set of parameters.  This meant that the bulk of the difference calculations were the same and being recalculated dozens of times.  To combat this, the technique of using strips was devised.  Strips are based on the central assumption that the fast scan axis is drift free, meaning that any fast scan axis line in the main image moves as an immutable unit.  Drift can cause this line to move, but it can not stretch or bend it.  To help explain the basic function of strips, strips will first be explained as though there were no drift in the sliver.
Imagine for a moment that there is no drift in the sliver, and so the sliver represents the exact data of the main image center.  Drift has caused this line to move in the main image, but the line will still be intact as it is in the fast scan axis.  This is shown graphically in Figure 5-1.

[image: image19]
Figure 5-1. Illustration of strips and their shifted locations.
To take advantage of this, we precompute the differences for each strip for each location.  What this translates to is that the algorithm takes each strip in turn and defines how far it would ever expect that strip to move due to drift.  Though modifiable, the default assumption is that no strip will ever move more than ten percent of the total image.  For each location within those boundaries, the difference between the strip in the sliver and that location in the main image is computed.  This means that, for each strip in the sliver, the algorithm forms a library of the difference for each location that the strip might get drifted to in the main image.


This precomputation step means that once the algorithm begins searching the parameter space for the best fit polynomial coefficients, it only needs to compute (via the polynomial mapping equations) the shifted position of each strip and lookup the difference at that location.  By summing the values of these differences, the algorithm can quickly lookup the difference of the entire sliver without doing a pixel by pixel comparison, saving a large number of recomputations.  The code for this step was written in the IDL language (distributed by ITT Visual Information Solutions), and is included in Appendix B.

If drift in the sliver is taken into account, the algorithm gets slightly more complex.  Recalling that to correct for drift in the sliver (Equations 3-5.), only first order terms are necessary.  After either of these two parameters are changed, the algorithm must warp the sliver and then recreate the strip difference library as per above.    This imposes a logical order the order of the parameter search, as the benefit of using strips is inversely proportional to the number of times the library must be created.  The order of terms is shown in Figure 5-2, in pseudocode. This causes the specific sequence of events: change B1 by one step, then for each possible A1 recompute the strip difference library and search all other parameters before repeating the process.  This technique significantly speeds up the algorithm, but further tricks are used to gain extra speed.
· B1

· A1

· Recompute strip difference library

· -search all other parameters here
· Repeat for all Al’s

· Repeat for all B1’s

Figure 5-2.  Psuedocode representation of the minimal recomputation imposed.
b. Blocks

In a logical extension, the idea of strips moving as units can be extended to blocks.  Katz and Trawick have already demonstrated that fitting blocks of pixels can provide a sufficient approximation to find the minimum difference, and the algorithm described here uses the same logical extension (though again, the algorithm described here is a full parameter space iterative search, rather than the algorithm that Katz and Trawick[4] used and considers drift in the sliver).  Recollecting that the algorithm has the default assumption that drift will not comprise more than ten percent of the image, the algorithm can group strips together into blocks.  Consider the simple case of a 100x100 pixel image, and that drift comprises at most 10%.  To make this example even simpler, consider if only first order drift was expressed in the image.  This means that blocks comprised of at least ten strips would have no more than a single pixel shift relative to each other, due to the slope of the first order shift.  This would give ten blocks of ten strips each, where each block would move as a unit, just like a strip.

Just like with slivers, the algorithm would precompute the difference library and then lookup the differences for each block during the parameter search.  Establishing what block size to use when all terms are included is obviously more complex, but the task is relatively simple.  The least drift relative to the sliver is exhibited at the bottom of the main scan as the microscope scanned down the image.  Therefore, the most drift will occur at the top of the main image where the most time progressed before the sliver scan began.  Thus, if the parameters are maximized to the full 10% allowed by the algorithm, this gives the worst-case block size at the top of the image.  The worst-case block size is the smallest block size necessary and so it is used throughout all difference library calculations to ensure accuracy.


This technique produces sharp speed gains.  In our example above, only ten lookups would have to be performed for each set of coefficients, whereas the original algorithm would do 10,000 pixel difference calculations for each set.  This factor of 1,000 is reduced somewhat by the need to recalculate block difference libraries, but these libraries can be used thousands of times when using the minimal recomputation order shown in Figure 5-2.  The code for this technique was written in the C++ language and is included in Appendix C.
c. Nelder-Mead refinement
While strips are an entirely accurate algorithmic enhancement, blocks are an approximation.  To overcome this and to further improve the accuracy of the technique described here, the algorithm employs a final refinement step.  In Figure 5-3, an example surface is given to help illustrate why refinement is used (the numbers may be safely ignored).  The figure is an oversimplified example, in which the surface represents the difference between the sliver and image over any two parameters (in reality, there are too many dimensions to show).  Several local minima are visible surrounding a large global minimum.  With a small enough search pattern, the algorithm is relatively assured to find a value close to the absolute global minimum, but rarely will the algorithm find the exact value of the global minimum.
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Figure 5-3. An example surface demonstrating local minima and the goal of refinement.
For this reason, a refinement step using the Nelder-Mead simplex algorithm was included.  The Nelder-Mead simplex algorithm was first published in 1965[7], and remains a popular multidimensional minimization routine.  It is chosen here as it is one of the few direct minimization routines that do not require the derivative of the function being minimized.  Computing the derivative would be difficult, particularly as this algorithm has been kept as general as possible and different images will have wildly different difference topology.  Using a function minimization routine that does not require this is not only easier, but potentially faster.  

The Nelder-Mead algorithm shrinks an initial simplex around the minimum value[5].  A simplex is a convex geometrical construct of nonzero volume consisting of k+1 vertices in a k dimensional space.  The algorithm described in this paper works in k=6 dimensional system, where each of the dimensions is one of the polynomial mapping parameters.  The set of parameters that yields the minimum difference between the two images, as found earlier by the iterative search, forms the root point of the initial simplex.  The other k vertices are formed by taking a single step in the direction of each of the polynomial mapping parameters.  This step is defined to be the step size in the iterative search for that parameter, and hence the initial simplex is defined to be half of a “square” in the coarse grid mapped by the iterative search.  Visually, this would resemble a sixth dimensional tetrahedron, where the non-root vertices lie on the cardinal planes of the root point.  The orientation of the initial simplex is irrelevant as the simplex is allowed to flip, grow, and shrink in the Nelder-Mead algorithm.  To find the minimum, the Nelder-Mead takes each vertex of the simplex and runs from the maximum in that axis[6].  This causes the simplex to slide “downhill” and collapse about the minimum.  Once a suitably small enough volume is enclosed, the algorithm returns with an excellent estimate of the global minimum.
The function that the Nelder-Mead minimizes is similar to a snapshot of the basic iterative search.  The strips and blocks enhancements are not used, as the Nelder-Mead requests wildly varying sets of parameters.  This eliminates the benefit of using the block difference libraries, and so the simplest pixel by pixel comparison is used.  However, the Nelder-Mead performs many orders of magnitude fewer comparisons, and so there is relatively little cost to using the basic comparison here.  Relative to an image that might take a few minutes to perform the iterative search, the Nelder-Mead refinement might take a few seconds, a negligible addition to the overall time.

The value returned by the Nelder-Mead simplex algorithm is the best estimate of the true global minimum, and warping the main image by these parameters yields the best estimate of a drift free image.  By performing the iterative search first, we assure the best chance for the Nelder-Mead algorithm to find to the global minimum, rather than getting caught in a local minimum.  This is highly important, as the combination of these two algorithms are more robust than using just the Nelder-Mead, and more accurate than just the iterative search.  The code for this portion of the algorithm is in Appendix D.
d. Bilinear interpolation

It is worthwhile to consider the technique used to warp images from one set of coordinates to another.  While difference library calculations can be done using mathematics, there are several points during the algorithm that image warps must be done.  The first is during strip (or block) calculations that affect the sliver (see Figure 5-2), and the second is during the Nelder-Mead refinement.  In the first of these, the equations modeling drift in the sliver have changed and the difference libraries must be recalculated, because it is necessary to compare the warped sliver, rather than the original.  In the second case, the Nelder-Mead algorithm is polling different parameter sets in an unpredictable manner and so difference libraries are not used.  However, this means that at every parameter check, the Nelder-Mead algorithm must warp the sliver and image before comparing.

A common technique called bilinear interpolation is used to smoothly warp an image.  Rather than relying on the nearest pixel in the original image to be the new pixel value, bilinear interpolation performs a weighted average based on distance to surrounding pixels.  Most often, the new location lies between pixels in the original image, and so bilinear interpolation estimates what the value of the pixel would be if the data between pixels were linear..  To do this, bilinear interpolation weights each nearby pixel based on the distance in both axes.  Figure 5-4 helps to demonstrate how the two axes are considered.

[image: image21]
Figure 5-4. Bilinear interpolation diagram.

Bilinear interpolation then weights {X1,Y1} and {X1,Y1+1} equally in the horizontal direction, but weights {X1,Y1} more in the vertical direction.  Every point is weighted based on how close it is in both directions, and the pixel value is assigned based on the computed weights.  Rather than write out the equations here, the code (Appendix E) is small and easy to understand, and it is left to the reader to pursue this should they desire the specifics, which are easily located in any graphics textbook.  Interpolating is not without its nuances, as interpolating pixel values causes the data in a warped image to really be computed pixel values, meaning that the algorithm in sections b and c is not comparing the true microscope values.  Interestingly, this is actually more accurate than the nearest neighbor technique as features are not extended artificially by mathematical rounding.  However, every time the main image or sliver is warped, it is warped from the original image so that the bilinear averaging is not compounded.  This means that the algorithm is comparing at most one averaging interpolation and keeps the accuracy roughly constant.  The code for bilinear interpolation is included in Appendix E.
V. User Interfaces
During development, it rapidly became apparent that a graphical user interface was needed for this solution.  The multi-step process of taking an image and sliver, correctly setting computer search variables, and controlling input and output was far too complicated for the average user that did not know the details of how the algorithm operated.  For this reason, development also proceeded on three user interfaces that, when used together, synergized such that the user of this algorithm only needed to know the very basics to control the process.  The user interfaces designed were: the sliver capture panel, the image extraction panel, and the drift correction panel.

a. Sliver capture panel
The sliver capture package was created for two reasons: simplicity and improved accuracy.  It was very difficult for the user to keep track of the exact microscope settings and offsets needed to get the center portion of a sliver scanned in the opposing direction.  Furthermore, it was unreasonable to expect that the user rapidly change settings immediately after a scan completes so that the time between the two images is minimized.  If too much time elapses, then the two scans become dissimilar and the basic assumptions outlined in this project begin to fail.

To combat these issues, the panel shown in Figure 6-3 was designed to automatically take the sliver after the main scan completes.  This has the added bonus of freeing the user to perform other tasks in the laboratory, trusting the panel to perform the necessary tasks.
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Figure 6-3. Sliver Capture Panel.

This panel was written in the IGOR scripting language by WaveMetrics, which is the language used to control the atomic force microscope at the University of Richmond.  Though rather crude looking, the panel allows the user to enter in data related to the sliver and see the settings that will be used for the sliver in the data window.  Once the user presses Do Scan, the panel sends the controlling information to the native microscope software.  The code for this panel is in Appendix F.
b. Image Extraction Panel
The IGOR scripting language used by the microscope saves images in a custom file format that makes interaction difficult.  The microscope software utilizes this custom format to group together the settings and sample information for a particular image.  While potentially useful for the microscope software, this additional information hinders the approach taken in this project.

An additional graphical user interface was written to extract the actual image data from this custom file format and save it in a more common filetype.  The user interface shown in Figure 6-4 yanks the image out the native file format and saves it as a .tiff, the main filetype used for the procedure outlined in section IV of this project.  The code for this panel is contained in Appendix G.
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Figure 6-4. Image Extraction Panel.
c. Drift Correction Panel.

This panel was designed to handle the entire setup for the algorithm explained in section IV of this project.  It is unreasonable to assume that a user knows the exact details of how section IV functions, and so the initial pane shows only the minimum information needed to run the algorithm.  Figure 6-4 shows the left pane, consisting of the basic configurable parameters, and the right half, which contains the image selection list and a preview of the image selected.  Other information shown is an estimate of the time needed to complete the algorithm and a results section underneath the image preview.  While the user does need knowledge of the basic function of the algorithm to understand the different terms in the parameter list, the more complex terms are hidden from the user.  
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Figure 6-4. Drift Correction panel

Should the user want to customize these advanced options, a quick button press expands the panel as shown in Figure 6-5.  A new section opens with configurable settings to control the operation of the Nelder-Mead simplex algorithm.  For most users, these settings do not need to be changed.  The code for this panel is contained in Appendix H.
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Figure 6-5.  Drift Correction panel with Advanced options open.
VI. Initial Results
Though this is an ongoing project, and not completed as of the writing date, it is worthwhile to take a look at the observable behavior of the algorithm and the improvements made over the course of development.  Though the exact details will be left for the next section, it should be noted that in-depth testing and analysis have not been completed.  The code segments explained in Sections IV and V have been completed, and preliminary results are reported here.

In most tests conducted so far, an image and sliver pair are warped (via the simple program in Appendix J) with some known set of coefficients and then passed to the algorithm to see how well it performs against drift components that are exactly described by the polynomial mapping equations.  While this may seem an ideal case, the algorithm consistently finds the correct image.  The parameters found may not match precisely, as extremely small changes (on the order of a single pixel change) in first-order and second-order parameters can undo each other.  Furthermore, bilinear interpolation averages the pixel values somewhat and so the image returned is not precisely the same (though extremely close).  However, preliminary testing shows that features can be returned to within one pixel of their original location.  This is a proof of concept, justifying further testing on this algorithm.
A variety of test images have been fed to the algorithm, including machined images and live data.  A collection of the base images used are included in Appendix I.  The images in Appendix I are not warped, rather these images were purposely warped to see if the algorithm could cope.  The images represent a variety of test cases: sparse sliver regions, feature rich sliver regions, and periodic structures.  All of these need to be handled by the algorithm for it to be a truly general solution to thermal drift in scanning microscopy.  Though thorough testing has yet to be done, preliminary testing has found that it corrects all three of these conditions.
Finally, the algorithm is significantly faster, taking roughly half an hour instead of 200 days to correct the same image.  This advance leads the algorithm to the realm of usability, as the algorithm could actually run in a laboratory setting.  While the algorithm is not finalized, this speed gain is significant, though perhaps not quite to the point of running in real-time with the microscope.

VII. Future Considerations


Though much has been completed, further changes could make this approach even more usable in a laboratory setting.  Extensive testing needs to be completed to ensure the algorithm works correctly and to find the failure modes.  One of the goals of this project was robustness on a variety of images, and noise is a problem that must be dealt with.   Certainly the algorithm will fail at some level of random noise between the image and sample, and understanding these limits is crucial.  To test accuracy, a test should be performed to see how closely the algorithm can return features to their known absolute position.  Lastly, the algorithm needs to be stress tested to find how much drift it can correct before the mathematical assumptions begin to break down.

Further speed improvements could be achieved by scanning the parameter space with a coarser step, and relying on the Nelder-Mead algorithm to quickly collapse on the minimum.  The iterative search should still be extremely close to the absolute minimum, and considering the relative computing time between the two methods, it would be quite advantageous to shift more work to the Nelder-Mead algorithm.  Furthermore, modern multi-core computers provide a way for use to perform the iterative search via parallel computation.  The parameter space could be split into portions and each core could compute the best fit for its parameters and the final result pulled from all the best matches found from among the computer cores.  This would significantly speed the algorithm when compared to the single processor approach, and is quite simple to do.
Lastly, a large image could be broken into smaller image portions and solved sequentially.  Correcting the initial portion would give an excellent estimate of the parameters for the entire original image, and the final polynomial mapping parameters could be tweaked to the best match.  On large images, this is significantly faster, as the number of parameters to search on a large image does not scale well ( big-θ(n6), where n is the size of a square image).  Further speed could be gained by stitching together these small image portions and correcting the previous best parameter set based on the new data.  This could be considered a macro-scale version of the original algorithm designed by Katz and Trawick, though the additional small-scale parameter search and refinement stages should provide additional robustness.
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Appendices Note:  The following code comprises the work done on this project, and is difficult to represent in print form.  It is attached here in the current, though not final, state.  An up-to-date electronic version will be distributed upon request.
Appendix A.  Basic Algorithm (IDL)
;This program is designed to correct for drift exhibited by microscopy images when the coefficients of shift

;are not known.

; MAIN PROGRAM

; Search for current work area to find code changes in progress

; USAGE notes (4/04/06, by Brian Salmons)

; 1.  Start IDL

; 2. At IDL prompt, type: imagemaster, (switches)'

;V.5 notes (as of 4/04/06):

;   By Brian Salmons

;

;   This version of the program still has limits hard coded.  In this version, the maximum amount of shift is based

;on the size, such as 10% of the image size.  This has been replaced in more recent versions with a method based on

;the amount of shift that it is probable we'll see in images.  For instance, it's quite possible that there may be a shift

;of 10%, but we are unlikely to see all of this from the quadratic term.  This is the most recent version of the program

;still implementing the old max shift based code.  In this code, A2 and B2 terms are not implemented, both algorithms

;work correctly.

    ;*****************************************************

       ; Safe Switches :

       ;     /testdiff : uses a difference calculation rather than cross correlation to compute the best image.

       ;       This is usefull if the image is heavy centered around bright or dark images, as the difference ignores

       ;       the actual color values and only looks at the difference between them.  If there are many points of

       ;       the same color, the differences between two cross correlations is reduced and eventually may lead to

       ;       inaccurate results.

    ;*****************************************************

Pro imagemaster,testdiff=testdiff

time0=systime(1)

print,''

Baseimage=Read_Tiff('C:\Research Data\Brian Salmons\2-3-08test.tif')

testsliver=Read_Tiff('C:\Research Data\Brian Salmons\base1sliver.tif')

intcopy=FIX(baseimage)

;---------Testing code here--------------

;TVSCL, Baseimage

;wait,2

;----------------------------------------

imagesize=Size(baseimage,/DIMENSIONS)

sliversize=Size(testsliver,/DIMENSIONS)

Aolowbound=-4

Aohighbound=4

Bolowbound=-4

Bohighbound=4

maxdrift=Floor(.1*imagesize[1])

mindrift=-Floor(.1*imagesize[1])

;best to put this in terms of % of image size (say, 10% of image) --MT.

;Done and done.   --Scooty

bestA0=0

bestA1=0.0

bestB0=0

bestB1=0

bestcorrelation=0

bestdiffA0=0

bestdiffA0=0

bestdiffB0=0

bestdiffB1=0

bestdiff=100000

FOR Ao=Aolowbound,Aohighbound,1 DO Begin

  FOR Bo=Bolowbound,Bohighbound,1 DO Begin

    FOR loopA1=Floor(((mindrift-Ao)*100)/(imagesize[1]*1.0))/100.0,Floor(((maxdrift-Ao)*100)/(imagesize[1]*1.0))/100.0,.01 DO Begin

       FOR loopB1=Floor(((mindrift-Bo)*100)/(imagesize[1]*1.0))/100.0,Floor(((maxdrift-Bo)*100)/(imagesize[1]*1.0))/100.0,.01 DO Begin

       ;Note that previous line is in some sense hard coded.  --MT

       ;Note: and will be until we decide on how precise we want the "resolution" of the algorithm to be.

       ;The step size depends on both the size of the image and our precision.

       ;For B1=mindrift+Bo,maxdrift-Bo, DO Begin

         ;Corrects the inherent double imprecision around zero.

         if (abs(loopA1)lt .001) Then Begin

             A1=0

         Endif Else Begin

            A1=loopA1

         EndElse

     if (abs(loopB1)lt .001) Then Begin

             B1=0

         Endif Else Begin

            B1=loopB1

         EndElse

           P=[[Ao, A1, 0],[1, 0, 0],[0, 0, 0]]

           Q=[[Bo, B1, 0],[0, 0, 0],[0, 0, 0]]

           topmod=0

           bottommod=0

           leftmod=0

           rightmod=0

           ; Create a warped image based on P and Q formed from current constants:

           Warpedimage = POLY_2D(intcopy, P, Q,1, MISSING=-1000)

           if (Ao LT 0) Then Begin

               leftmod=0

               rightmod=-1 ;(+Ao)

           Endif Else Begin

               if (Ao GT 0) Then Begin

               leftmod=0   ;(Ao)

               rightmod=-1

               Endif Else Begin

               leftmod=0

               rightmod=-1

               EndElse

           EndElse

           if (Bo LT 0) Then Begin

               topmod=0       ;-Bo

               bottommod=-1

           Endif Else Begin

               if(Bo GT 0) Then Begin

                 topmod=0

                 bottommod=-1    ;-Bo

               Endif Else Begin

                   topmod=0

                   bottommod=-1

               EndElse

           EndElse

;          if (A1 LT 0) Then Begin

;               leftmod=0

;               rightmod=-1+Ao

;           Endif Else Begin

;               if (Ao GT 0) Then Begin

;               leftmod=Ao

;               rightmod=-1

;               Endif Else Begin

;               leftmod=0

;               rightmod=-1

;               EndElse

;           EndElse

;           if (Bo LT 0) Then Begin

;               topmod=-Bo

;               bottommod=-1

;           Endif Else Begin

;               if(Bo GT 0) Then Begin

;                 topmod=0

;                 bottommod=-1-Bo

;               Endif Else Begin

;                   topmod=0

;                   bottommod=-1

;               EndElse

;           EndElse

          WarpedPortion= Warpedimage[imagesize[0]/2-sliversize[0]/2+leftmod:imagesize[0]/2-sliversize[0]/2+sliversize[0]+rightmod,topmod:imagesize[1]+bottommod]

          TestsliverPortion=Testsliver[leftmod:sliversize[0]+rightmod,topmod:sliversize[1]+bottommod]

          warpsize=Size(WarpedPortion,/DIMENSIONS)

         ;---------Testing code here--------------

          ;tv,WarpedPortion

          ;wait,.3

          ;---------------------------------------

         if (keyword_set(testdiff)) then begin

            Diff= WarpedPortion-TestsliverPortion

            positive=(Diff gt -900)

            ;Okay=Diff*(Diff gt -9000)

            Okay=Diff*(Diff*positive)

            Diffintegral=total(Okay)

            perarea=Diffintegral/(total(positive))

         if (perarea lt bestdiff) Then Begin

             bestdiffA0=Ao

                bestdiffA1=A1

                bestdiffB0=Bo

                bestdiffB1=B1

                bestdiff=perarea

            Endif

         endif Else Begin

            mult = (WarpedPortion*1.0)*(TestsliverPortion*1.0)

            positive=(mult gt -1)

           Sumintegral=total(mult*positive)/(total(positive))

          if (Sumintegral gt bestcorrelation) Then Begin

               bestA0=Ao

               bestA1=A1

               bestB0=Bo

               bestB1=B1

               bestcorrelation=Sumintegral

             Endif

        ENDELSE

         ENDFOR ;B1

       ENDFOR ;A1

    ENDFOR ;B0

ENDFOR ;A0

;

if (abs(bestA1)lt .001) Then Begin

    bestA1=0

Endif

print, bestA0, bestA1, bestB0, bestB1

;Print, 'Corrected image is'

;Fixedimage = POLY_2D (Baseimage,[[IX, 0],[1, 0]],[[IY, 1],[0, 0]])

;tv,fixedimage

print,'total time:',systime(1)-time0,'  elapsed seconds'

print, "------End of Program------"

END

Appendix B.  Strips code (IDL – no drift allowed in sliver)

;This program is designed to correct for drift exhibited by microscopy images when the coefficients of shift

;are not known.

; MAIN PROGRAM

; Search for current work area to find code changes in progress

; USAGE notes (4/04/06, by Brian Salmons)

; 1.  Start IDL

; 2. At IDL prompt, type: imagemaster+(#version), (switches)' or press F5 in current builds.

;V.8 notes (as of 5/21/06)

;   By Brian Salmons

;   Currently: implementing blocks, unfinished.

;

;V.7 notes (as of 5/21/06)

;   By Brian Salmons

;   This version of the code is an implementation of the sliver algorithm.  The sliver algorithm does not account for sliver

;drift, but rather is a faster method than the earlier versions.  It precomputes all the possible shifts for each "strip" in

;the sliver so that they are not recomputed several thousand times later on.  The second portion of the program then focuses

;on computing where the strips would be.  After it computes this, it totals all the differences for all the strips.  Largely,

;this build focuses on the new faster method.

;V.6 notes (as of 4/11/06)

;   By Brian Salmons

;

;   This version of the code eliminates the hard coding and makes the program based on movement percentages.

;Each cooefficent has a percentage allowed and the program determines the range allowed for the coefficients

;Furthermore, there is an added flag called /precision, which is the precision of the algorithm along the top line.

;Since the fit is projected from the bottom, we have control over how the top line is affected, and the number of pixels

;to fit too.

;

;   *Unfinished version, some bugs may exist that yield improper results.

;V.5 notes (as of 4/04/06):

;   By Brian Salmons

;

;   This version of the program still has limits hard coded.  In this version, the maximum amount of shift is based

;on the size, such as 10% of the image size.  This has been replaced in more recent versions with a method based on

;the amount of shift that it is probable we'll see in images.  For instance, it's quite possible that there may be a shift

;of 10%, but we are unlikely to see all of this from the quadratic term.  This is the most recent version of the program

;still implementing the old max shift based code.  In this code, A2 and B2 terms are not implemented, both algorithms

;work correctly.

;*****************************************************

; Safe Switches :

;     /testdiff : uses a difference calculation rather than cross correlation to compute the best image.

;       This is usefull if the image is heavy centered around bright or dark images, as the difference ignores

;       the actual color values and only looks at the difference between them.  If there are many points of

;       the same color, the differences between two cross correlations is reduced and eventually may lead to

;       inaccurate results.

;

; Parameters:

;   precision=(1,2,....):  a number that represents how accurate the program should be.  This specifically

;   references how accurate it should be at the TOP line.  This also allows sub-pixel accuracy, for

;   better mid-image control.  A value of two would mean that pixels along the top row would shift by 2

;   through the coefficients, etc.

;*****************************************************

Pro imagemasterv8beta5,testdiff=testdiff,precision=precision,blocksize=blocksize,output=output,displaydiff=displaydiff,testind=testind

print,''

debug=1 ;(1=on)This is a software level flag.  This is simply for convenience to the coder to allow F5 simple runs with full detail and precision.

;Furthermore, all the flags can be set in the below block so if other settings are desired, change the below block.

if (debug eq 1) then begin

precision=1

blocksize=8

output=1

displaydiff=0

testind=1

endif

; This control variable sets the precision to which the algorithm should check.  This is a pixel value,

;and represents the furthest from the base of the image (where the image and sliver should be close).

;As such, this variable controls how accurate the algorithm computes at the top of the image.

;--------------------------------------------------

;Introduced: V.6

;Fixed for A2,B2 : V.8

;Defaults to 1 (most accurate), if no precision is specified, or the program is run via F5

;--------------------------------------------------

if (keyword_set(precision)) Then Begin

Endif Else Begin

precision=1  ;Default

EndElse

; This portion handles the image selection, and unfortunately starts at the selected program path, and so if

;the two images are in the same folder, the user will have to navigate to that folder twice if the program path

;is not specified to be that folder.  Currently, only one image may be run at a time.  Also, the images are being

;rotated around, though I AM NOT SURE THAT IDL ISN'T DOING THIS ALREADY.  This flip, in theory is so that "0" in the y

;axis is at the "bottom," where the two images line up.  I shall make a test image to test this.

Basefile=dialog_pickfile(get_path=ps,title="Please select a base image to transform",filter=['*.tif'])

Baseimage=reverse(Read_Tiff(Basefile),2)

;Baseimage=Read_Tiff(Basefile)

;Baseimage=rot(Read_Tiff(dialog_pickfile(get_path=ps,title="Please select a base image to transform",filter=['*.tif'])),180)

Testfile=dialog_pickfile(get_path=ps,title="Please select a sliver to perform comparisons",filter=['*.tif'])

testsliver=reverse(Read_Tiff(Testfile),2)

;testsliver=Read_Tiff(Testfile)

;testsliver=rot(Read_Tiff(dialog_pickfile(get_path=ps,title="Please select a sliver to perform comparisons",filter=['*.tif'])),180)

intcopy=FIX(baseimage) ;Int so that diffs doesn't explode later on when it tries to subtract and square.

time0=systime(1)   ;Just a timing control

;---------Testing code here--------------

;TVSCL, Baseimage

;wait,2

;----------------------------------------

;records both sizes, which are important in finding the maximum area that the drift could cover.

imagesize=Size(baseimage,/Dimensions)

sliversize=Size(testsliver,/Dimensions)

;Percentages of shifts that are allowed.  These are arbitrary in this version, and will be code driven

;until the implementation of a user interface.

A0percent=.01

A1percent=.07

A2percent=.04

B0percent=.01

B1percent=.07

B2percent=.04

;These record in pixels how far the allowed shift is.  Dynamically computed.

MaxA0drift=Floor(A0percent*imagesize[1])

MaxA1drift=Floor(A1percent*imagesize[1])

MaxA2drift=Floor(A2percent*imagesize[1])

MaxB0drift=Floor(B0percent*imagesize[1])

MaxB1drift=Floor(B1percent*imagesize[1])

MaxB2drift=Floor(B2percent*imagesize[1])

;this takes a smaller chunk of the base image, so that less is slug around in memory.  In general, the amount of drift is

;less than the image size, and so this takes the maximum amount of area covered at the most extreme set.

print,imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift,imagesize[0]/2-sliversize[0]/2+MaxA0drift+MaxA1drift+MaxA2drift+sliversize[0]+(-1),0,imagesize[1]-1

maximage=intcopy[imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift:imagesize[0]/2-sliversize[0]/2+MaxA0drift+MaxA1drift+MaxA2drift+sliversize[0]+(-1),0:imagesize[1]-1]

subsize=Size(maximage,/Dimensions)

;These are the computations to yeild the maximum coefficient settings in terms of the matrix shift.

;These are the actual numbers that the program works with.

MaxA0=MaxA0drift

MaxA1=MaxA1drift/(imagesize[1]*1.0)

MaxA2=MaxA2drift/(imagesize[1]*1.0)^2

MaxB0=MaxB0drift

MaxB1=MaxB1drift/(imagesize[1]*1.0)

MaxB2=MaxB2drift/(imagesize[1]*1.0)^2

;Storage for the "best fit."  Different variables are used by the two algorithms so that they can be tested

;against each other at the same time, if need be.

bestdiffA0=5

bestdiffA1=5

bestdiffA2=5

bestdiffB0=5

bestdiffB1=5

bestdiffB2=5

bestdiff=uint(-1)

;obsolete?

A2=0

B2=0

A1=0

B1=0

;This set of varialbes record how many pixels of drift in either axis that will be encountered by the program.

;This is for matrix offsets.

totaldriftA=MaxA0drift+MaxA1drift+MaxA2drift

totaldriftB=MaxB0drift+MaxB1drift+MaxB2drift

counter=long(0)

;************************

;   Block Calculations

;************************

;   Block size is determined by the maximum drift that may occur at a maximum.  This may be changed

;to become more dynamic in later versions, however, as of now it is separate from the loop,

;and so worst case must be assumed.

if (keyword_set(blocksize)) Then Begin

endif else begin

maxslope=(MaxA1+2*MaxA2*(subsize[1]-1) > MaxB1+2*MaxB2*(subsize[1]-1))  ;< or > ???

blocksize=fix(1/maxslope)

endelse

numblocks=subsize[1]/blocksize+((subsize[1] mod blocksize) gt 0) ;in case we have leftover

remainderexists=((subsize[1] mod blocksize) gt 0)

remainderarea=subsize[1] mod blocksize

;************************

;Begin Strip Calculations

;************************

time1=systime(1)

;These two are  simply how many points along the top there are that are hit in a pass.  NEEDS TO BE FIXED!

;CURRENTLY SEMI-BROKEN!  It doesn't take precision into account.

Apoints=totaldriftA*2+1

Bpoints=totaldriftB*2+1

diffs=ulindgen(numblocks,Apoints,Bpoints)

diffs[*,*,*]=0

areas=intarr(numblocks,Bpoints)+sliversize[0]

areaarr=indgen(numblocks)

areas[*,*]=0

;The limits of to the location of the sliver center on the smaller chunk of the base image

smin=subsize[0]/2-sliversize[0]/2

smax=subsize[0]/2-sliversize[0]/2+sliversize[0]-1

width=smax-smin+1

sminy=0

smaxy=sliversize[1]-1

;********************

;   Diffs Creation

;Cycle through all possible shifts for each block and compute diffs

;********************

for j=-totaldriftB,totaldriftB do begin

for i=-totaldriftA,totaldriftA do begin

for block=0+((j/blocksize)*(j gt 0)),numblocks-1+((j+remainderarea)/(blocksize)*(j lt 0))+((j/remainderarea)*(j lt 0 and remainderarea gt 0)),1 do Begin

diffs[block,i+totaldriftA,j+totaldriftB]=total((maximage[smin+i:smax+i,(((block)*blocksize-j)>(-j*(j lt 0))):(((block+1)*blocksize-1-j)<(smaxy-j*(j gt 0)))]$

- Testsliver[*,((block)*blocksize>(j*(j gt 0))):(block+1)*blocksize-1<(smaxy+j*(j lt 0))]*1.0)^2)

if (block eq numblocks-1) then Begin

endif

counter=counter+1

endfor

endfor ;i

for block=0+((j/blocksize)*(j gt 0)),numblocks-1+((j+remainderarea)/(blocksize)*(j lt 0))+((j/remainderarea)*(j lt 0 and remainderarea gt 0)),1 do Begin

;areas[block,j+totaldriftB]=(width)*(((block*blocksize + j*(j lt 0)) < (smaxy + j*(j lt 0))) - (((block - 1)*blocksize - (j*(j gt 0)) > (j*(j gt 0)))) + (blocksize + j*(j lt 0)*width)*(block eq 0))

areas[block,j+totaldriftB]=(width)*((block+1)*blocksize<(smaxy+j*(j lt 0)+1)-((block)*blocksize>(j*(j gt 0))))

;areas[block,j+totaldriftB]=(smax-smin+1)*((block)*blocksize<(smaxy+j*(j lt 0))-((block-1)*blocksize>(j*(j gt 0)))) + (blocksize + j*(j lt 0)*width)*(block eq 0)

;areas[block,j+totaldriftB]=(smax-smin+1)*((block eq 0 or block eq 0+(j/blocksize))+(block)*blocksize<(smaxy+j*(j lt 0))-((block-1)*blocksize>(j*(j gt 0))))

endfor

if(remainderexists) then BEGIN

areas[numblocks-1,j+totaldriftB]=(smax-smin+1)*((remainderarea+j*(j lt 0))*((smax-smin+1)*(remainderarea+j) gt 0))

endif

endfor ;j

diffs=reverse(diffs,3)

time1=systime(1)-time1

print, "time for setup and completion of step 1",time1

print, "PHASE 1.  loop cycles",counter

;diffs[] should now represent all the possible shifts, in strip form.  It is in [y,deltax, deltay] format.

yarrgen = indgen(numblocks,/ulong)

;yarrgen = indgen(numblocks-60,/ulong)+30

;yarrgen2 = indgen(numblocks-1)-1+remainderarea  ;Possibly obsolete with the new error prevention code.

xarr = ulonarr(numblocks)

yarr = ulonarr(numblocks)

yarrgensize=size(yarrgen,/dimensions)  ;can probably be replaced by numblocks

if (keyword_set(displaydiff)) Then Begin

print,"Handling testing display parameters.

For block=0,numblocks-1,1 do begin

tv,bytscl(diffs[block,*,*]),xsize=256,ysize=256

wait,5

endfor

Endif Else Begin

EndElse

if (keyword_set(output)) Then Begin

stringarr=STRSPLIT(Basefile,'.',/extract)

openw,1,stringarr[0]+"_data.txt"

diffsize=size(diffs,/dimensions)

;formatstring="("+string(diffsize[2])+"I)"

;formatstring="("+string(diffsize[1])+"I)"

formatstring="("+string(diffsize[1])+"I7)"

;blockformattemp=strtrim(""+string(diffsize[0])+"I)")

;blockformatstring='("Block: "'+","+strtrim(""+string(diffsize[0])+"I)")

;blockformattwo=

For block=0,numblocks-1,1 do begin

;printf,1,format=blockformatstring,string(""+Block+"("+string((block+1)*blocksize-1<(smaxy+j*(j lt 0)))+"-"+string(((block)*blocksize>(j*(j gt 0))))+")")     ;Only works on square images!

printf,1,+block

;For X=0,diffsize[1]-1,1 do begin

;printf,1,format=formatstring,diffs[block,X,*]

printf,1,format=formatstring,diffs[block,*]

printf,1," "

;EndFor

printf,1,""

EndFor

close,1

Endif Else Begin

print,"Skipping Output  (use /output to produce output files)"

EndElse

counter=long(0)

;Compute the step values based on pixel precision.  These should now be correct

A0increase=precision

A1increase=((1.0)/((subsize[1])*1.0)*precision)

A2increase=((1.0)/((subsize[1]^2)*1.0)*precision)

B0increase=precision

B1increase=((1.0)/((subsize[1])*1.0)*precision)

B2increase=((1.0)/((subsize[1]^2)*1.0)*precision)

;Create a sequence of block counts and find the movement of each of those points using

;Matt's trick.  Then reference the diffs of those.  Loops stay unchanged.

time2=systime(1)

FOR A0=-MaxA0,MaxA0,A0increase DO Begin

FOR B0=-MaxB0,MaxB0,B0increase DO Begin

FOR A1=-MaxA1,MaxA1,A1increase DO Begin

FOR B1=1-MaxB1,1+MaxB1,B1increase DO Begin

xarr_1=A1*((yarrgen)*blocksize)+A0;+totaldriftA

yarr_1=(B1-1)*((yarrgen)*blocksize)+B0;+totaldriftB

FOR A2=-MaxA2,MaxA2,A2increase DO Begin

FOR B2=-MaxB2,MaxB2,B2increase DO Begin

xarr=round(xarr_1 + A2*((yarrgen)*blocksize)*((yarrgen)*blocksize)+totaldriftA)

yarr=round(yarr_1 + B2*((yarrgen)*blocksize)*((yarrgen)*blocksize)+totaldriftB)

ind=yarrgen + yarrgensize[0]*xarr + yarrgensize[0]*Apoints*yarr

perarea=yarrgen + yarrgensize[0]*yarr

totalsum=total(diffs[ind],/integer)/(total(areas[perarea],/integer)*1.0)

counter=counter+1

if (totalsum lt bestdiff) Then Begin

bestdiff=totalsum

bestdiffA0=A0

bestdiffA1=A1

bestdiffA2=A2

bestdiffB0=B0

bestdiffB1=B1

bestdiffB2=B2

if (totalsum lt 0) then BEGIN

print, "booooooooooo we have a negative being saved here!"

endif

endif

EndFor

EndFor

EndFor

EndFor

EndFor

EndFor

time2=systime(1)-time2

print, "Time for setup and completion of stage 2",time2

print, "AVAST YE SCURVY DOG"

Print, 'Coefficients of drift were'

print,"Totaldiff",bestdiff

print,"A0   ",bestdiffA0

print,"B0   ",bestdiffB0

print,"A1   ",bestdiffA1,bestdiffA1*imagesize[1]

print,"B1   ",bestdiffB1,bestdiffB1*imagesize[1]

print,"A2   ",bestdiffA2,bestdiffA2*imagesize[1]*imagesize[1]

print,"B2   ",bestdiffB2,bestdiffB2*imagesize[1]*imagesize[1]

;spawn_inverts(A0,A1,A2,0,B0,B1,B2,0)

;IDL Function run internally

;spawn_inverts

;Spawn Inverse SETUP

b0=bestdiffB0

b1=bestdiffB1

b2=bestdiffB2

b3=0.0

a0=bestdiffA0

a1=bestdiffA1

a2=bestdiffA2

a3=0.0

print,''

print,'Inverse coefficients are:'

print,"A0   ",NewA0

print,"B0   ",NewB0

print,"A1   ",NewA1,NewA1*imagesize[1]

print,"B1   ",NewB1,NewB1*imagesize[1]

print,"A2   ",NewA2,NewA2*imagesize[1]*imagesize[1]

print,"B2   ",NewB2,NewB2*imagesize[1]*imagesize[1]

print,"A3   ",NewA3,NewA3*imagesize[1]*imagesize[1]*imagesize[1]

print,"B3   ",NewB3,NewB3*imagesize[1]*imagesize[1]*imagesize[1]

bestdiffA3=0

bestdiffB3=0

stringarr=STRSPLIT(Basefile,'.',/extract)

Fixedimage = POLY_2D(Baseimage,[[bestdiffA0, bestdiffA1,bestdiffA2,bestdiffA3],[1,0,0,0],[0,0,0,0],[0,0,0,0]],[[bestdiffB0,bestdiffB1,bestdiffB2,bestdiffB3],[0,0,0,0],[0,0,0,0],[0,0,0,0]],2,CUBIC=-.5)

Write_Tiff,strjoin(stringarr,"_result."),reverse(Fixedimage,2)

tv,fixedimage

print,'total time:',systime(1)-time0,'  elapsed seconds'

print,"PHASE 2.  loop cycles ", counter

if (keyword_set(output)) Then Begin

openw,2,stringarr[0]+"_diffdata.txt"

;formatstring="("+string(diffsize[2])+"I)"

;formatstring="("+string(diffsize[])+"I)"

;blockformattemp=strtrim(""+string(diffsize[0])+"I)")

;blockformatstring='("Block: "'+","+strtrim(""+string(diffsize[0])+"I)")

;blockformattwo=

A0=BestdiffA0

A1=BestdiffA1

;A1=-0.0195313

A2=BestdiffA2

B0=BestdiffB0

B1=BestdiffB1

B2=BestdiffB2

xarr_1=A1*((yarrgen)*blocksize)+A0;+totaldriftA

yarr_1=(B1-1)*((yarrgen)*blocksize)+B0;+totaldriftB

xarr=round(xarr_1 + A2*((yarrgen)*blocksize)*((yarrgen)*blocksize)+totaldriftA)

yarr=round(yarr_1 + B2*((yarrgen)*blocksize)*((yarrgen)*blocksize)+totaldriftB)

ind=yarrgen + yarrgensize[0]*xarr + yarrgensize[0]*Apoints*yarr

perarea=yarrgen + yarrgensize[0]*yarr

totalsum=total(diffs[ind],/integer)/(total(areas[perarea],/integer)*1.0)

print, diffs[ind]

;xgen=indgen(

For block=0,numblocks-1,1 do begin

;diffstringformat=

;printf,1,format=blockformatstring,string(""+Block+"("+string((block+1)*blocksize-1<(smaxy+j*(j lt 0)))+"-"+string(((block)*blocksize>(j*(j gt 0))))+")")     ;Only works on square images!

printf,2,block

;For X=0,diffsize[1]-1,1 do begin

;printf,1,format=formatstring,diffs[block,X,*]

printf,2,format=formatstring,diffs[ind[block]]

printf,2,array_indices(diffs,ind[block])-totaldriftA

printf,2," "

;EndFor

printf,2,""

EndFor

close,2

Endif Else Begin

print,"Skipping Output  (use /output to produce output files)"

EndElse

print, "------End of Program------"

print, potatoes

END
Appendix C.  Main algorithm (blocks)
//image_basic.h  (see image_basic.c for source information)

// Header file for image_basic class

// image_basic is a base class for image handling

#include <string>

#include <vector>

#include <valarray>

#include <sstream>

#include <fstream>

#include <iostream>

#include <algorithm>

#define GRAY_8BPP

1

#define GRAY_16BPP

2

#define COLOR_24BPP

3

class point_2d{


public:



point_2d();



point_2d(int x, int y);



void set(int x, int y);



void get(int &x, int &y) const;



point_2d& operator +=(const point_2d& p);



point_2d& operator -=(const point_2d& p);



point_2d& operator *=(int mag);



point_2d& operator /=(int div);



bool operator !=(const point_2d& p);



bool operator ==(const point_2d& p);



double distance(const point_2d& p)const;



int x;



int y;

};

class matrix_2d{


public:



matrix_2d();



void forward(point_2d &p) const;



void reverse(point_2d &p) const;



void unit(void);



int linear(const point_2d &source, const point_2d &destination, double x_zoom, double y_zoom);



void rotation(double degree);



void exchange(void);



void compound(const matrix_2d &m);


protected:



std::valarray<double> matrix_forward;



std::valarray<double> matrix_reverse;

};

class rect_range {

public:


int x1;


int x2;


int y1;


int y2;


rect_range();


rect_range(int ax1, int ax2, int ay1, int ay2);


rect_range(const point_2d &p1, const point_2d &p2);


rect_range& operator +=(const point_2d& p);


rect_range& operator -=(const point_2d& p);


bool operator ==(const rect_range &rect);


bool operator !=(const rect_range &rect);


void set(int ax1, int ax2, int ay1, int ay2);


void set(const point_2d &p1, const point_2d &p2);


int area_get(void){return (x2 - x1 + 1) * (y2 - y1 + 1);}


bool inside(const point_2d &point) const;


int intersect(rect_range &rect);

};

class bmp_info_header{

public:


bmp_info_header(void);


struct {



unsigned long
info_size; 



unsigned long
width; 



unsigned long
height; 



short
plane; 



short
bpp; 



long
compression; 



unsigned long
image_size; 



long
ppm_x; 



long
ppm_y;



long
colors; 



long
important_colors; 


} header;

}; 

#define BMP_INFO_SIZE
sizeof(bmp_info_header)

class image_basic{

public:


unsigned int width;


unsigned int height;


image_basic();


image_basic(unsigned int size_x, unsigned int size_y, int set_color_mode = GRAY_8BPP);


image_basic(const rect_range &range, int set_color_mode = GRAY_8BPP);


~image_basic();


void initialize(unsigned int size_x, unsigned int size_y, int set_color_mode = NULL);


void initialize(const rect_range &range, int set_color_mode = NULL);


void erase(void);


int empty(void);


int file_read(const std::string &filename);


int file_write_bitmap(std::string &filename);


int file_write_tiff(std::string &filename);


int convert(int new_color_mode);


void set_color_mode(int new_color_mode){ color_mode = new_color_mode; }


int get_color_mode(void){ return color_mode; }


int fast_get(int x, int y) const { return data[x + width * y]; };


int fast_get(point_2d &point) const { return data[point.x + width * point.y]; };


int get(int x, int y) const;


int get(point_2d &point) const;


void fast_set(int x, int y, int value){data[x + width * y] = value;}


void fast_set(point_2d &point, int value){data[point.x + width * point.y] = value;}


void set(int x, int y, int value);


void set(point_2d &point, int value);


int clip_rect(rect_range &range) const;


double average(const rect_range &range) const;


void deviation(const rect_range &range, double &deviation, double &average) const;


double correlation(const image_basic &image_destination, const point_2d &offset) const;


double correlation(const image_basic &image_destination, rect_range &region_source, rect_range &region_destination) const;


double correlation_search(const image_basic &image_destination, rect_range &region_source, rect_range &region_destination, int shift_max) const;


void binarize(const image_basic &image_source, const rect_range &range_source, int threshold, int value_positive, int value_negative);


void binarize(int threshold, int value_positive, int value_negative);


void line_draw(const point_2d &p1, const point_2d &p2, int value);


void line_draw(const std::vector<point_2d> &points, int value);


void line_draw(const point_2d &p1, const point_2d &p2, const std::valarray<int> &line);


void line_get(const point_2d &p1, const point_2d &p2, std::valarray<int> &line) const;


void rect_get(rect_range &range) const;


void rect_draw(const rect_range &range, int value);


void cross_draw(const point_2d &p, int size, int value);


int file_read_tiff(const std::string &filename);


int file_read_bitmap(const std::string &filename);


int file_read_pgm(const std::string &filename);


void copy(const image_basic &source, const rect_range &range_source, const point_2d &point_destination);


void copy(const image_basic &source, const matrix_2d &m);


int count_pixel(int value) const;


int point_center(point_2d &point, int value) const;


int transpose(int former, int latter);


int border(const image_basic &source, const rect_range &range_source, int threshold, int value);


int labeling(const image_basic &image_source, const rect_range &range_source, int threshold);


void scale(int minimum, int maximum);


int max_get(int initial = 0) const;


int min_get(int initial = 0x7fff) const;


std::valarray<int> data;

protected:


unsigned short byte_short(unsigned char *buffer, bool endian);


unsigned long byte_long(unsigned char *buffer, bool endian);


void ifd_preparation(unsigned char *byte, unsigned short tag, unsigned short type, unsigned long count, unsigned long value);


int border_trace4(const image_basic &image_source, const rect_range &range_source, const point_2d &point_start, int threshold, int value, int code);


int border_trace8(const image_basic &image_source, const rect_range &range_source, const point_2d &point_start, int threshold, int value, int code);


int color_mode;

};

//This code library was found online (available for free) at 

//http://www.kwasan.kyoto-u.ac.jp/~kamio/archive/image/image_basic.cpp

#include <cmath>

#include "image_basic.h"

#define TIFF_LITTLE_ENDIAN
1

#define TIFF_BIG_ENDIAN
0

#define TIFF_SHORT
3

#define TIFF_LONG
4

#define TIFF_RATIONAL 5

using namespace std;

image_basic::image_basic()

{


color_mode = GRAY_8BPP;


width = 0;


height = 0;


//
data.free();

}

image_basic::image_basic(unsigned int size_x, unsigned int size_y, int set_color_mode)

{


width = size_x;


height = size_y;


data.resize(width * height);


color_mode = set_color_mode;

}

image_basic::image_basic(const rect_range &range, int set_color_mode)

{


width = abs(range.x2 - range.x1 + 1);


height = abs(range.y2 - range.y1 + 1);


data.resize(width * height);


color_mode = set_color_mode;

}

void image_basic::initialize(unsigned int size_x, unsigned int size_y, int set_color_mode)

{


width = size_x;


height = size_y;


data.resize(width * height);


erase();


if(set_color_mode != NULL)



color_mode = set_color_mode;

}

void image_basic::initialize(const rect_range &range, int set_color_mode)

{


width = abs(range.x2 - range.x1 + 1);


height = abs(range.y2 - range.y1 + 1);


data.resize(width * height);


erase();


if(set_color_mode != NULL)



color_mode = set_color_mode;

}

void image_basic::erase(void)

{


data = 0;

}

int image_basic::empty(void)

{


if(width == 0 || height == 0)



return 1;


else



return 0;

}

image_basic::~image_basic()

{


data.free();

}

int image_basic::file_read(const std::string &filename)

{


ifstream file;


unsigned char buffer[4];


file.open(filename.c_str() , ios_base::in | ios_base::binary);


if(file.fail()){



cerr << "[image_basic::file_read] Error opening " << filename << endl;



return -1;


}


file.read((char*)buffer, 4);


if(file.fail()){



cerr << "[image_basic::file_read] Error reading " << filename << endl;



return -1;


}


file.close();


if((buffer[0] == 0x49 && buffer[1] == 0x49) || (buffer[0] == 0x4d && buffer[1] == 0x4d)){



if(file_read_tiff(filename))




return -1;


} else if(buffer[0] == 'B' && buffer[1] == 'M'){



if(file_read_bitmap(filename))




return -1;


} else if(buffer[0] == 'P' && buffer[1] == '5'){



if(file_read_pgm(filename))




return -1;


} else {



cerr << "[image_basic::file_read] " << filename << " format is not supported" << endl;



return -1;


}


return 0;

}

int image_basic::file_read_pgm(const std::string &filename)

{


ifstream file;


unsigned char buffer[256];


int flag, position_begin, position_end, value[3], x, y, offset_row;


std::string line;


file.open(filename.c_str() , ios_base::in | ios_base::binary);


if(file.fail()){



cerr << "[image_basic::file_read_pgm] Error opening " << filename << endl;



return -1;


}


file.getline((char *)buffer, 256);


if(file.fail()){



cerr << "[image_basic::file_read_pgm] Error reading " << filename << endl;



return -1;


}


if(buffer[0] != 'P' || buffer[1] != '5'){



cerr << "[image_basic::file_read_pgm] "<< filename << "is not a raw pgm file"<< endl;



return -1;


}


cout << "[image_basic::file_read_pgm] " << filename << "... ";


flag = 0;


position_begin = 2;


while(flag != 3){



if(buffer[position_begin] == '\0' || buffer[0] == '#'){




file.getline((char*)buffer, 256);




if(file.fail()){





cerr << "[image_basic::file_read_pgm] Error reading " << filename << endl;





return -1;




}




position_begin = 0;




continue;



}



for( ; (isdigit(buffer[position_begin]) == 0) && position_begin < 256 ; position_begin++)




if(buffer[position_begin] == '\0')





continue;



for(position_end = position_begin; isdigit(buffer[position_end]) && position_end < 256; position_end++)




;



value[flag] = atoi((const char*)&buffer[position_begin]);



flag++;



position_begin = position_end;


}


width = value[0];


height = value[1];


if(value[2] < 0 || value[2] > 255){



cerr << "[image_basic::file_read_pgm] Maximum value of " << filename << "should be 0-255" << endl;



return -1;


}


data.resize(width * height);


color_mode = GRAY_8BPP;


for(y = height - 1; y >= 0; y--){



offset_row = y * width;



for(x = 0; x < width; x++){




file.read((char *)buffer, 1);




data[offset_row + x] = (int)buffer[0];



}


}


if(file.fail()){



cerr << "[image_basic::file_read_pgm] Error reading " << filename << endl;



return -1;


}


cout << width << "*" << height <<  " 8bpp" << endl;


return 0;

}

inline unsigned short image_basic::byte_short(unsigned char *buffer, bool endian)

{


if(endian) // == TIFF_LITTLE_ENDIAN



return ((short)buffer[1] << 8) | (short)buffer[0];


else



return ((short)buffer[0] << 8) | (short)buffer[1];

}

inline unsigned long image_basic::byte_long(unsigned char *buffer, bool endian)

{


if(endian) // == TIFF_LITTLE_ENDIAN



return ((long)buffer[3] << 24) | ((long)buffer[2] << 16) | ((long)buffer[1] << 8) | (long)buffer[0];


else



return ((long)buffer[0] << 24) | ((long)buffer[1] << 16) | ((long)buffer[2] << 8) | (long)buffer[3];

}

int image_basic::file_read_tiff(const std::string &filename)

{


ifstream file;


unsigned long ifd_offset, parameter_offset, height_strip;


unsigned char buffer[12];


unsigned short ifd_tag, ifd_count, strip_count;


valarray<unsigned long> strip_offset;


int i, j, x, y, y_strip, offset_row;


bool endian;


file.open(filename.c_str() , ios_base::in | ios_base::binary);


if(file.fail()){



cerr << "[image_basic::file_read_tiff] Error opening " << filename << endl;



return -1;


}


file.seekg(0, ios_base::beg);


file.read((char*)buffer, 4);


if(file.fail()){



cerr << "[image_basic::file_read_tiff] Error reading " << filename << endl;



return -1;


}


if(buffer[0] == 0x49 && buffer[1] == 0x49){



endian = TIFF_LITTLE_ENDIAN;



cout << "[image_basic::file_read_tiff] " << filename << "(little endian)..." << endl;


} else if(buffer[0] == 0x4d && buffer[1] == 0x4d){



endian = TIFF_BIG_ENDIAN;



cout << "[image_basic::file_read_tiff] " << filename << "(big endian)..." << endl;


} else {



cerr << "[image_basic::file_read_tiff] " << filename << " is not a TIFF file" << endl;



return -1;


}


if(byte_short(&buffer[2], endian) != 0x002a){



cerr << "[image_basic::file_read_tiff] " << filename << " is not a TIFF file" << endl;



return -1;


}


file.read((char*)buffer, 4);


ifd_offset = byte_long(buffer, endian);


file.seekg(ifd_offset, ios_base::beg);


file.read((char*)buffer, 2);


ifd_count = byte_short(buffer, endian);


for(j = 0; j < ifd_count; j++){



file.seekg(ifd_offset + 2 + j * 12, ios_base::beg);



file.read((char*)buffer, 12);



ifd_tag = byte_short(buffer, endian);



switch(ifd_tag){




case 0x0100: // TIFF image width





if(byte_long(&buffer[4], endian) != 1){






cerr << "[image_basic::file_read_tiff] Number of width paramerter should be 1" << endl;






return -1;





}





switch(byte_short(&buffer[2], endian)){




case TIFF_SHORT:





width = byte_short(&buffer[8], endian);





break;




case TIFF_LONG:





width = byte_long(&buffer[8], endian);





break;




default:





cerr << "[image_basic::file_read_tiff] Width should be either long or short integer" << endl;





return -1;





}





// cout << "width " << width << endl;





break;




case 0x0101: // TIFF image height





if(byte_long(&buffer[4], endian) != 1){






cerr << "[image_basic::file_read_tiff] Number of height paramerter should be 1" << endl;






return -1;





}





switch(byte_short(&buffer[2], endian)){




case TIFF_SHORT:





height = byte_short(&buffer[8], endian);





break;




case TIFF_LONG:





height = byte_long(&buffer[8], endian);





break;




default:





cerr << "[image_basic::file_read_tiff] Height should be either long or short integer" << endl;





return -1;





}





// cout << "height " << height << endl;





break;




case 0x0102: // TIFF image BPP





if(byte_short(&buffer[2], endian) != TIFF_SHORT){






cerr << "[image_basic::file_read_tiff] BPP should be short integer" << endl;






return -1;





}





switch(byte_long(&buffer[4], endian)){




case 1:





color_mode = byte_short(&buffer[8], endian);





if(color_mode == 8){






color_mode = GRAY_8BPP;






// cout << "Grayscale 8bpp" << endl;





} else if(color_mode == 16){






color_mode = GRAY_16BPP;






// cout << "Grayscale 16bpp" << endl;





} else {






cerr << "[image_basic::file_read_tiff] Color mode not supported" << endl;






return -1;





}





break;




case 3:





parameter_offset = byte_long(&buffer[8], endian);





file.seekg(parameter_offset, ios_base::beg);





file.read((char*)buffer, 6);





if((byte_short(buffer, endian) == 8) && (byte_short(&buffer[2], endian) == 8)






&& (byte_short(&buffer[4], endian) == 8)){







color_mode = COLOR_24BPP;







// cout << "True color 24bpp" << endl;





} else {






cerr << "[image_basic::file_read_tiff] Color mode not supported" << endl;






return -1;





}





break;




default:





cerr << "[image_basic::file_read_tiff] Color mode not supported" << endl;





return -1;





}





break;




case 0x0103: // TIFF compression





if(byte_short(&buffer[2], endian) != TIFF_SHORT){






cerr << "[image_basic::file_read_tiff] Compression flag should be short integer" << endl;






return -1;





}





if(byte_short(&buffer[8], endian) != 1){






cerr << "[image_basic::file_read_tiff] Compressed image is not supported" << endl;






return -1;





}





break;




case 0x0106: // TIFF photometric interpretation





if(byte_short(&buffer[2], endian) != TIFF_SHORT){






cerr << "[image_basic::file_read_tiff] Photometric interpretation should be short integer" << endl;






return -1;





}





switch(byte_short(&buffer[8], endian)){




case 0:





// cout << "Grayscale negative" << endl;





break;




case 1:





// cout << "Grayscale positive" << endl;





break;




case 2:





// cout << "True color 24bpp" << endl;





color_mode = COLOR_24BPP;





break;




case 3:





cerr << "[image_basic::file_read_tiff] Pallet color not supported" << endl; 





return -1;




default:





cerr << "[image_basic::file_read_tiff] Unknown photometory" << endl; 





return -1;





}





break;




case 0x0111: // TIFF strip offset(s)





if(byte_short(&buffer[2], endian) != TIFF_LONG){






cerr << "[image_basic::file_read_tiff] Strip offset should be long integer" << endl;






return -1;





}





strip_count = byte_long(&buffer[4], endian);





if(strip_count == 1){






strip_offset.resize(1);






strip_offset[0] = byte_long(&buffer[8], endian);






// cout << "Single strip" << endl;





} else {






strip_offset.resize(strip_count);






parameter_offset = byte_long(&buffer[8], endian);






file.seekg(parameter_offset, ios_base::beg);






for(i = 0; i < strip_count; i++){







file.read((char*)buffer, 4);







strip_offset[i] = byte_long(buffer, endian);






}






// cout << strip_count << " strips" << endl;





}





break;




case 0x0115: // TIFF Sample per pixel





if(byte_short(&buffer[2], endian) != TIFF_SHORT){






cerr << "[image_basic::file_read_tiff] Sample per pixel should be short integer" << endl;






return -1;





}





switch(byte_short(&buffer[8], endian)){




case 1:





// cout << "Grayscale" << endl;





break;




case 3:





// cout << "True color 24bpp" << endl;





color_mode = COLOR_24BPP;





break;




default:





cerr << "[image_basic::file_read_tiff] Sample per pixel should be either 1 or 3" << endl; 





return -1;





}





break;




case 0x0116: // TIFF strip height





if(byte_long(&buffer[4], endian) != 1){






cerr << "[image_basic::file_read_tiff] Number of strip height paramerter should be 1" << endl;






return -1;





}





switch(byte_short(&buffer[2], endian)){




case TIFF_SHORT:





height_strip = byte_short(&buffer[8], endian);





break;




case TIFF_LONG:





height_strip = byte_long(&buffer[8], endian);





break;




default:





cerr << "[image_basic::file_read_tiff] Strip height should be either short or long integer" << endl; 





return -1;





}





// cout << "strip height " << height_strip << endl;





break;




case 0x011c: // TIFF Planar Configulation





if(byte_short(&buffer[2], endian) != TIFF_SHORT){






cerr << "[image_basic::file_read_tiff] Planar configuration should be short integer" << endl;






return -1;





}





if(byte_short(&buffer[8], endian) != 1){






cerr << "[image_basic::file_read_tiff] Planer format is not supported" << endl;






return -1;





}





// cout << "RGB chunky format" << endl;





break;




case 0x0140: // TIFF Pallet data





if(byte_short(&buffer[2], endian) != TIFF_SHORT){






cerr << "[image_basic::file_read_tiff] Pallet data should be short integer" << endl;






return -1;





}





cout << "[image_basic::file_read_tiff] Pallet data is ignored" << endl;





break;





//


default:





//



cout << "Tag " << ifd_tag << " is ignored" << endl;



}


}





file.read((char*)buffer, 4);


if(byte_long(buffer, endian) != 0)



cout << "[image_basic::file_read_tiff] Next IFD is ignored" << endl;


if(width == 0 || height ==0){



cerr << "[image_basic::file_read_tiff] Image geometry should be specified" << endl;



return -1;


}


if(strip_offset.size() == 0){



cerr << "[image_basic::file_read_tiff] Strip offset(s) should be specified" << endl;



return -1;


}


data.resize(width * height);


for(i = 0; i < strip_count; i++){



file.seekg(strip_offset[i], ios_base::beg);



for(y_strip = 0; y_strip < height_strip; y_strip++){




y =  height - i * height_strip - y_strip - 1;




if(y < 0)





break;




offset_row = y * width;




for(x = 0; x < width; x++){





if(color_mode == GRAY_8BPP){






file.read((char*)buffer, 1);






data[offset_row + x] = (int)buffer[0];





} else if(color_mode == GRAY_16BPP){






file.read((char*)buffer, 2);






data[offset_row + x] = (int)byte_short(buffer, endian);





} else if (color_mode == COLOR_24BPP){






file.read((char*)buffer, 3);






data[offset_row + x] = (int)buffer[0] | (((int)buffer[1]) << 8) | (((int)buffer[2]) << 16);





}




}



}


}


if(file.fail()){



cerr << "[image_basic::file_read_tiff] Error reading file." << endl;



return -1;


}


cout << width << "*" << height;


if(color_mode == GRAY_8BPP)



cout << " grayscale 8bpp" << endl;


else if(color_mode == GRAY_16BPP)



cout << " grayscale 16bpp" << endl;


else if (color_mode == COLOR_24BPP)



cout << " true color 24bpp" << endl;


return 0;

}

int image_basic::file_read_bitmap(const std::string &filename)

{


ifstream file;


unsigned long filesize, data_offset, i, x, y, offset_row;


unsigned long fill_null, count_row;


unsigned char buffer[4];


file.open(filename.c_str() , ios_base::in | ios_base::binary);


if(file.fail()){



cerr << "[image_basic::file_read_bitmap] Error opening " << filename << endl;



return -1;


}


file.seekg(0, ios_base::beg);


file.read((char*)buffer, 2);


if(file.fail()){



cerr << "[image_basic::file_read_bitmap] Error reading " << filename << endl;



return -1;


}


if(buffer[0] != 'B' || buffer[1] != 'M'){



cerr << "[image_basic::file_read_bitmap] File is not a bitmap file" << endl;



return -1;


} 


cout << "[image_basic::file_read_bitmap] " << filename << "...";


// file length : offset 2


file.read((char *)&filesize, 4);


// reserved: offser 6


file.read((char *)&i, 4);


// data offset: offset 10


file.read((char *)&data_offset, 4);


// Bitmap info header


bmp_info_header info;


file.read((char *)&info.header, BMP_INFO_SIZE);


/*


cout << "Info size: " << info.header.info_size << " (should be 40)\n";


cout << "Image geometry: " << info.header.width << '*' << info.header.height << endl;


cout << "Plane: " << info.header.plane << " (should be 1)\n";


cout << "Bit per pixel: " << info.header.bpp << endl;


cout << "Compression: " << info.header.compression << endl;


cout << "Image size: " << info.header.image_size << endl;


cout << "Pixel per meter: " << info.header.ppm_x << ',' << info.header.ppm_y << endl;


cout << "Colors: " << info.header.colors << endl;


cout << "Important:" << info.header.important_colors << endl;


*/


if(info.header.compression != 0){



cerr << "[image_basic::file_read_bitmap] Compressed bitmap is not supported" << endl;



return -1;


}


width = info.header.width;


height = info.header.height;


data.resize(width * height);


if(info.header.bpp == 24){



fill_null = 3 - (width * 3 - 1) % 4;



count_row = width * 3 + fill_null;



for(y = 0; y < height; y ++){




file.seekg(data_offset, ios_base::beg);




offset_row = width * y;




for(x = 0; x < width; x++){





file.read((char*)buffer, 3);





data[offset_row + x] = (((int)buffer[0]) << 16) | (((int)buffer[1]) << 8) | (int)buffer[2];




}




data_offset += count_row;



}



color_mode = COLOR_24BPP;



cout << width << "*" << height << " 24bpp true color" << endl;


} else if(info.header.bpp == 8){



fill_null = 3 - (width - 1) % 4;



count_row = width + fill_null;



for(y = 0; y < height; y ++){




file.seekg(data_offset, ios_base::beg);




offset_row = width * y;




for(x = 0; x < width; x++){





file.read((char *)buffer, 1);





data[offset_row + x] = buffer[0];




}




data_offset += count_row;



}



color_mode = GRAY_8BPP;



cout << width << "*" << height << " 8bpp gray scale" << endl;


}


if(file.fail()){



cerr << "[image_basic::file_read_bmp] Error reading file." << endl;



return -1;


}


return 0;

}

void image_basic::ifd_preparation(unsigned char *byte, unsigned short tag, unsigned short type, unsigned long count, unsigned long value)

{


byte[0] = (unsigned char)(tag & 0xff);


byte[1] = (unsigned char)((tag >> 8) & 0xff);


byte[2] = (unsigned char)(type & 0xff);


byte[3] = (unsigned char)((type >> 8) & 0xff);


byte[4] = (unsigned char)(count & 0xff);


byte[5] = (unsigned char)((count >> 8) & 0xff);


byte[6] = (unsigned char)((count >> 16) & 0xff);


byte[7] = (unsigned char)((count >> 24) & 0xff);


byte[8] = (unsigned char)(value & 0xff);


byte[9] = (unsigned char)((value >> 8) & 0xff);


byte[10] = (unsigned char)((value >> 16) & 0xff);


byte[11] = (unsigned char)((value >> 24) & 0xff);

}

int image_basic::file_write_tiff(std::string &filename)

{


ofstream file;


unsigned char buffer[12];


unsigned long offset_data, offset_row;


int x, y;


if(color_mode == GRAY_8BPP || color_mode == GRAY_16BPP)



// header and IFD of 12 tags



offset_data = 8 + 2 + 12 * 12 + 4 + 8 * 2;


else if(color_mode == COLOR_24BPP)



// header, IFD of 12 tags, and RGB depth data



offset_data = 8 + 2 + 12 * 12 + 4 + 8 * 2 + 8;


else {



cerr << "[image_basic::file_write_tiff] Color mode " << color_mode << " is not supported" << endl;



return -1;


}


file.open(filename.c_str() , ios::out | ios::binary | ios::trunc);


if(file.fail()){



cerr << "[image_basic::file_write_tiff] Error opening " << filename << endl;



return -1;


}


// Little endian TIFF file header


buffer[0] = 0x49;


buffer[1] = 0x49;


buffer[2] = 0x2a;


buffer[3] = 0x00;


// IFD starts at offset 8


buffer[4] = 8;


buffer[5] = 0;


buffer[6] = 0;


buffer[7] = 0;


// Number of IFD is 12


buffer[8] = 12;


buffer[9] = 0;


file.write((char*)buffer, 10);


// IFD Width


ifd_preparation(buffer, 0x0100, TIFF_LONG, 1, width);


file.write((char*)buffer, 12);


// IFD Length


ifd_preparation(buffer, 0x0101, TIFF_LONG, 1, height);


file.write((char*)buffer, 12);


// IFD BPP


if(color_mode == GRAY_8BPP){



ifd_preparation(buffer, 0x0102, TIFF_SHORT, 1, 8);


} else if (color_mode == GRAY_16BPP){



ifd_preparation(buffer, 0x0102, TIFF_SHORT, 1, 16);


} else if (color_mode == COLOR_24BPP){



ifd_preparation(buffer, 0x0102, TIFF_SHORT, 3, 8 + 2 + 12 * 12 + 4 + 8 * 2);


}


file.write((char*)buffer, 12);


// IFD Compression


ifd_preparation(buffer, 0x0103, TIFF_SHORT, 1, 1);


file.write((char*)buffer, 12);


// IFD Photometric Interpretation


if(color_mode == GRAY_8BPP || color_mode == GRAY_16BPP)



ifd_preparation(buffer, 0x0106, TIFF_SHORT, 1, 1);


else if (color_mode == COLOR_24BPP)



ifd_preparation(buffer, 0x0106, TIFF_SHORT, 1, 2);


file.write((char*)buffer, 12);


// IFD Strip Offsets


ifd_preparation(buffer, 0x0111, TIFF_LONG, 1, offset_data);


file.write((char*)buffer, 12);


// IFD Samples per pixel


if(color_mode == GRAY_8BPP || color_mode == GRAY_16BPP)



ifd_preparation(buffer, 0x0115, TIFF_SHORT, 1, 1);


else if (color_mode == COLOR_24BPP)



ifd_preparation(buffer, 0x0115, TIFF_SHORT, 1, 3);


file.write((char*)buffer, 12);


// IFD Rows per strip


ifd_preparation(buffer, 0x0116, TIFF_LONG, 1, height);


file.write((char*)buffer, 12);


// IFD Strip byte counts


if(color_mode == GRAY_8BPP){



ifd_preparation(buffer, 0x0117, TIFF_LONG, 1, width * height);


} else if (color_mode == GRAY_16BPP){



ifd_preparation(buffer, 0x0117, TIFF_LONG, 1, width * height * 2);


} else if (color_mode == COLOR_24BPP){



ifd_preparation(buffer, 0x0117, TIFF_LONG, 1, width * height * 3);


}


file.write((char*)buffer, 12);


// IFD X Resolution


ifd_preparation(buffer, 0x11a, TIFF_RATIONAL, 1, 8 + 2 + 12 * 12 + 4);


file.write((char*)buffer, 12);


// IFD Y Resolution


ifd_preparation(buffer, 0x11b, TIFF_RATIONAL, 1, 8 + 2 + 12 * 12 + 4 + 8);


file.write((char*)buffer, 12);


// Resolution Unit


ifd_preparation(buffer, 0x128, TIFF_SHORT, 1, 2);


file.write((char*)buffer, 12);


// End of IFD section


buffer[0] = 0;


buffer[1] = 0;


buffer[2] = 0;


buffer[3] = 0;


file.write((char*)buffer, 4);


// X and Y Resolution value 96dpi


buffer[0] = 96;


buffer[4] = 1;


buffer[5] = 0;


buffer[6] = 0;


buffer[7] = 0;


file.write((char*)buffer, 8);


file.write((char*)buffer, 8);


if(color_mode == COLOR_24BPP){



buffer[0] = 8;



buffer[2] = 8;



buffer[4] = 8;



file.write((char *)buffer, 8);


}


for(y = height - 1; y >= 0; y--){



offset_row = width * y;



for(x = 0; x < width; x++){




if(color_mode == GRAY_8BPP){





buffer[0]= (unsigned char)data[offset_row + x];





file.write((char *)buffer, 1);




} else if(color_mode == GRAY_16BPP){





buffer[0]= (unsigned char)(data[offset_row + x] & 0xff);





buffer[1]= (unsigned char)((data[offset_row + x] & 0xff00) >> 8);





file.write((char *)buffer, 2);




} else if(color_mode == COLOR_24BPP){





buffer[0] = (data[offset_row + x] & 0xff); // Red





buffer[1] = (data[offset_row + x] & 0xff00) >> 8; // Green





buffer[2] = (data[offset_row + x] & 0xff0000) >> 16; // Brue





file.write((char *)buffer, 3);




}



}


}


if(file.fail()){



cerr << "[image_basic::file_write_tiff] Error writing " << filename << endl;



return -1;


}


cout << "[image_basic::file_write_tiff] " << filename << endl;


return 0;

}

int image_basic::file_write_bitmap(std::string &filename)

{


ofstream file;


unsigned char header[] = "BM", buffer[4];


unsigned long filesize, data_offset;


unsigned int i, x, y, offset, offset_row, fill_dword, count_row;


bmp_info_header info;


info.header.width = width;


info.header.height = height;


if(color_mode == GRAY_8BPP){



info.header.bpp = 8;



data_offset = 14 + BMP_INFO_SIZE + 256*4;



fill_dword = 3 - (width - 1) % 4;



count_row = width + fill_dword;


} else if(color_mode == COLOR_24BPP){



info.header.bpp = 24;



data_offset = 14 + BMP_INFO_SIZE;



fill_dword = 3 - (width * 3 - 1) % 4;



count_row = width * 3 + fill_dword;


} else {



cerr << "[image_basic::file_write_bitmap] Color mode " << color_mode << " is not supported" << endl;



return -1;


}


info.header.image_size = count_row * height;


filesize = data_offset + info.header.image_size; 


file.open(filename.c_str() , ios::out | ios::binary | ios::trunc);


if(file.fail()){



cerr << "[image_basic::file_write_bitmap] Error opening " << filename << endl;



return -1;


}


file.write((char*)header, 2);


file.write((char *)&filesize, 4);


i = 0;


file.write((char *)&i, 4);


file.write((char *)&data_offset, 4);


file.write((char *)&info.header, BMP_INFO_SIZE);


if(color_mode == GRAY_8BPP){



unsigned char pallet[256 * 4];



for(i = 0;i < 256;i++){




offset = i << 2;




pallet[offset] = (unsigned char)i; // Blue




pallet[offset + 1] = (unsigned char)i; // Green




pallet[offset + 2] = (unsigned char)i; // Red




pallet[offset + 3] = 0;



}



file.write((char *)pallet, 256 * 4);


}


i = 0;


for(y = 0; y < height; y++){



offset_row = width * y;



for(x = 0; x < width; x++){




if(color_mode == GRAY_8BPP){





buffer[0]= (unsigned char)data[offset_row + x];





file.write((char *)buffer, 1);




} else if(color_mode == COLOR_24BPP){





buffer[0] = (data[offset_row + x] & 0xff0000) >> 16; // Blue





buffer[1] = (data[offset_row + x] & 0xff00) >> 8; // Green





buffer[2] = (data[offset_row + x] & 0xff); // Red





file.write((char *)buffer, 3);




}



}



if(fill_dword)




file.write((char *)&i, fill_dword);


}


if(file.fail()){



cerr << "[image_basic::file_write_bitmap] Error writing " << filename << endl;



return -1;


}


cout << "[image_basic::file_write_bitmap] " << filename << endl;


return 0;

}

int image_basic::convert(int new_color_mode)

{


int count, i;


if(color_mode == COLOR_24BPP && new_color_mode == GRAY_8BPP){



count = width * height;



for(i = 0; i < count; i++){




data[i] = ((data[i] & 0xff) * 299 + ((data[i] & 0xff00) >> 8) * 587 + ((data[i] & 0xff0000) >> 16) * 114) / 1000;



}



color_mode = GRAY_8BPP;


}


return 0;

}

int image_basic::get(int x, int y) const

{


if(x >= 0 && x < width && y >= 0 && y < height)



return fast_get(x, y);


else



return 0;

}

int image_basic::get(point_2d &point) const

{


if(point.x >= 0 && point.x < width && point.y >= 0 && point.y < height)



return fast_get(point);


else



return 0;

}

void image_basic::set(int x, int y, int value)

{


if(x >= 0 && x < width && y >= 0 && y < height)



fast_set(x, y, value);

}

void image_basic::set(point_2d &point, int value)

{


if(point.x >= 0 && point.x < width && point.y >= 0 && point.y < height)



fast_set(point, value);

}

int image_basic::clip_rect(rect_range &range) const

{


int i;


if(range.x1 < 0) range.x1 = 0;


if(range.x1 >= width) range.x1 = width - 1;


if(range.x2 < 0) range.x2 = 0;


if(range.x2 >= width) range.x2 = width - 1;


if(range.x1 > range.x2){



i = range.x1;



range.x1 = range.x2;



range.x2 = i;


}


if(range.y1 < 0) range.y1 = 0;


if(range.y1 >= height) range.y1 = height - 1;


if(range.y2 < 0) range.y2 = 0;


if(range.y2 >= height) range.y2 = height - 1;


if(range.y1 > range.y2){



i = range.y1;



range.y1 = range.y2;



range.y2 = i;


}


if(range.x1 == range.x2 && range.y1 == range.y2)



return -1;


return 0;

}

int image_basic::max_get(int initial) const

{


int v;


v = initial;


for(int i = data.size() - 1; i >= 0; i--){



if(data[i] > v)




v = data[i];


}


return v;

}

int image_basic::min_get(int initial) const

{


int v;


v = initial;


for(int i = data.size() - 1; i >= 0; i--){



if(data[i] < v)




v = data[i];


}


return v;

}

double image_basic::average(const rect_range &range) const

{


int x, y, offset_row;


double average = 0.0;


rect_range calc = range;


if(clip_rect(calc) == -1)



return 0.0;


if(color_mode == GRAY_8BPP || color_mode == GRAY_16BPP){



double total = 0.0;



for(y = calc.y1; y <= calc.y2 ;y++){




offset_row = y * width;




for(x = calc.x1; x <= calc.x2; x++){





total += (double)data[x + offset_row];




}



}



average = total / (double)calc.area_get() ;


}


return average;

}

void image_basic::binarize(const image_basic &image_source, const rect_range &range_source, int threshold, int value_positive, int value_negative)

{


int x, y, x_range, y_range;


x_range = range_source.x2 - range_source.x1;


if(x_range >= width)



x_range = width - 1;


y_range = range_source.y2 - range_source.y1;


if(y_range >= height)



y_range = height - 1;


for(y = 0; y <= y_range ;y++){



for(x = 0; x <= x_range; x++){




if(image_source.get(x + range_source.x1, y + range_source.y1) >= threshold)





fast_set(x, y, value_positive);




else





fast_set(x, y, value_negative);



}


}

}

void image_basic::binarize(int threshold, int value_positive, int value_negative)

{


rect_range range;


image_basic::rect_get(range);


image_basic::binarize(*this, range, threshold, value_positive, value_negative);

}

int image_basic::count_pixel(int value) const

{


int count = 0;


for(int i = data.size() - 1;i >= 0; i--){



if(data[i] == value)




count++;


}


return count;

}

int image_basic::point_center(point_2d &point, int value) const

{


int count = 0, x, y, offset_row;


double x_center = 0.0, y_center = 0.0;


for(y = 0; y < height; y++){



offset_row = y * width;



for(x = 0; x < width; x++){




if(data[offset_row + x] == value){





x_center += (double)x;





y_center += (double)y;





count++;




}



}


}


if(count != 0){



point.x = (int)(x_center / (double)count);



point.y = (int)(y_center / (double)count);


}


return count;

}

void image_basic::line_draw(const point_2d &p1, const point_2d &p2, int value)

{


int x, y;


double a, c;


if(p1.x != p2.x){



a = ((double)(p2.y - p1.y)) / ((double)(p2.x - p1.x));



c = (double)p1.y - a * (double)p1.x;



for(x = p1.x; x <= p2.x; x++){




y = (int)(a * (double)x + c);




set(x, y, value);



}



for(x = p1.x; x >= p2.x; x--){




y = (int)(a * (double)x + c);




set(x, y, value);



}


}


if(p1.y != p2.y){



a = ((double)(p2.x - p1.x)) / ((double)(p2.y - p1.y));



c = (double)p1.x - a * (double)p1.y;



for(y = p1.y; y <= p2.y; y++){




x = (int)(a * (double)y + c);




set(x, y, value);



}



for(y = p1.y; y >= p2.y; y--){




x = (int)(a * (double)y + c);




set(x, y, value);



}


}

}

void image_basic::line_draw(const std::vector<point_2d> &points, int value)

{


for(int i = 1; i < points.size(); i++){



image_basic::line_draw(points[i -1], points[i], value);


}

}

void image_basic::rect_draw(const rect_range &range, int value)

{


point_2d p1, p2, p3, p4;


p1.set(range.x1, range.y1);


p2.set(range.x2, range.y1);


p3.set(range.x2, range.y2);


p4.set(range.x1, range.y2);


image_basic::line_draw(p1, p2, value);


image_basic::line_draw(p2, p3, value);


image_basic::line_draw(p3, p4, value);


image_basic::line_draw(p4, p1, value);

}

void image_basic::cross_draw(const point_2d &p, int size, int value)

{


point_2d p1, p2;


p1.set(p.x - size, p.y);


p2.set(p.x + size, p.y);


image_basic::line_draw(p1, p2, value);


p1.set(p.x, p.y - size);


p2.set(p.x, p.y + size);


image_basic::line_draw(p1, p2, value);

}

int image_basic::transpose(int former, int latter)

{


int count = 0;


for(int i = data.size() - 1;i >= 0; i--){



if(data[i] == former){




data[i] = latter;




count++;



}


}


return count;

}

int image_basic::labeling(const image_basic &image_source, const rect_range &range_source, int threshold)

{


int count = 0, x_range, y_range, i, count_outer;


point_2d point, offset;


rect_range range = range_source;


x_range = range_source.x2 - range_source.x1;


if(x_range >= width)



x_range = width - 1;


y_range = range_source.y2 - range_source.y1;


if(y_range >= height)



y_range = height - 1;


for(point.y = range.y1; point.y <= range.y2; point.y++){



for(point.x = range.x1; point.x <= range.x2; point.x++){




if(image_source.get(point) >= threshold){





if(get(point.x - offset.x, point.y - offset.y) == 0){






if(image_source.get(point.x - 1, point.y) < threshold){







count++;







// cout << "[image_basic::labeling] outer bondary " << count;







// cout << " [" << (point.x - offset.x) << ", " << (point.y - offset.y) << "]";







border_trace8(image_source, range_source, point, threshold, count, 3);






} else if(image_source.get(point.x + 1, point.y) < threshold) {







count_outer = 0;







for(i = point.x; i >= range_source.x1; i--){








if(image_source.get(i, point.y) < threshold)









break;








if(get(i - offset.x, point.y - offset.y) != 0){









count_outer = get(i - offset.x, point.y - offset.y);









break;








}







}







if(count_outer == 0){








for(i = point.x; i <= range_source.x2; i++){









if(image_source.get(i, point.y) < threshold)










break;









if(get(i - offset.x, point.y - offset.y) != 0){










count_outer = get(i - offset.x, point.y - offset.y);










break;









}








}







}







if(count_outer == 0){








cout << "[image_basic::labeling] no outer boundary" << endl;







} else {








//cout << "[image_basic::labeling] inner border [" << (point.x - offset.x) << ", " << (point.y - offset.y) << "] " << count_outer;








border_trace8(image_source, range_source, point, threshold, count_outer, 7);







}






}





}




}



}


}


for(point.y = range.y1 + 1; point.y < range.y2; point.y++){



for(point.x = range.x1 + 1; point.x < range.x2; point.x++){




if(image_source.get(point) >= threshold && get(point.x - 1, point.y) != 0){





set(point, get(point.x - 1, point.y));




}



}


}


return count;

}

int image_basic::border(const image_basic &image_source, const rect_range &range_source, int threshold, int value)

{


int count = 0;


point_2d point, offset;


rect_range range = range_source;


offset.x = range_source.x1;


offset.y = range_source.y1;


range -= offset;


for(point.y = range.y1; point.y <= range.y2; point.y++){



for(point.x = range.x1; point.x <= range.x2; point.x++){




if(image_source.get(point) >= threshold){





if(get(point.x - offset.x, point.y - offset.y) == 0){






if(image_source.get(point.x - 1, point.y) < threshold){







border_trace8(image_source, range_source, point, threshold, 255, 3);







count++;






} else if(image_source.get(point.x + 1, point.y) < threshold) {







border_trace8(image_source, range_source, point, threshold, 128, 7);







count++;






}





}




}



}


}


return count;

}

int image_basic::border_trace4(const image_basic &image_source, const rect_range &range_source, const point_2d &point_start, int threshold, int value, int code)

{


int count = 0, code_start = code;



point_2d point, point_current = point_start;


do{



point = point_current;



switch(code){



case 0:




point.y--;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 6;




} else {





code = 2;




}




break;



case 2:




point.x++;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 0;




} else {





code = 4;




}




break;



case 4:




point.y++;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 2;




} else {





code = 6;




}




break;



case 6:




point.x--;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 4;




} else {





code = 0;




}




break;



}



if(point_current == point_start && code == code_start){




set(point.x - range_source.x1, point.y - range_source.y1, value);




count++;




break;



}



if(image_source.get(point) >= threshold && range_source.inside(point)){




point_current = point;




if(get(point.x - range_source.x1, point.y - range_source.y1) == 0){





count++;





set(point.x - range_source.x1, point.y - range_source.y1, value);




}




code_start = code;



}


} while(point != point_start);


return count;

}

int image_basic::border_trace8(const image_basic &image_source, const rect_range &range_source, const point_2d &point_start, int threshold, int value, int code)

{


int count = 0, code_start = code;



point_2d point, point_current = point_start;


do{



point = point_current;



switch(code){



case 0:




point.y++;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 6;




} else {





code = 1;




}




break;



case 1:




point.x--;




point.y++;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 7;




} else {





code = 2;




}




break;



case 2:




point.x--;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 0;




} else {





code = 3;




}




break;



case 3:




point.x--;




point.y--;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 1;




} else {





code = 4;




}




break;



case 4:




point.y--;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 2;




} else {





code = 5;




}




break;



case 5:




point.x++;




point.y--;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 3;




} else {





code = 6;




}




break;



case 6:




point.x++;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 4;




} else {





code = 7;




}




break;



case 7:




point.x++;




point.y++;




if(image_source.get(point) >= threshold && range_source.inside(point)){





code = 5;




} else {





code = 0;




}




break;



}



if(point_current == point_start && code == code_start){




set(point_start.x - range_source.x1, point_start.y - range_source.y1, value);




count++;




break;



}



if(image_source.get(point) >= threshold && range_source.inside(point)){




point_current = point;




if(get(point.x - range_source.x1, point.y - range_source.y1) == 0){





count++;





set(point.x - range_source.x1, point.y - range_source.y1, value);




}




code_start = code;



}


} while(point != point_start);


return count ;

}

void image_basic::deviation(const rect_range &range, double &deviation, double &average) const

{


int x, y, rect_area, offset_row;


rect_range calc = range;


if(clip_rect(calc) == -1)



return;


average = image_basic::average(calc);


if(color_mode == GRAY_8BPP || color_mode == GRAY_16BPP){



double accum = 0.0, difference;



for(y = calc.y1; y <= calc.y2 ;y++){




offset_row = y * width;




for(x = calc.x1; x <= calc.x2; x++){





difference = (double)data[x + offset_row] - average;





accum += difference * difference;




}



}



rect_area = (calc.x2 - calc.x1 + 1) * (calc.y2 - calc.y1 + 1);



deviation = sqrt(accum / (double)rect_area);


}

}

void image_basic::rect_get(rect_range &range) const

{


range.x1 = 0;


range.x2 = width - 1;


range.y1 = 0;


range.y2 = height -1;

}

double image_basic::correlation(const image_basic &image_destination, const point_2d &shift_destination) const

{


rect_range region_source, region_destination;


rect_get(region_source);


image_destination.rect_get(region_destination);


region_destination += shift_destination;


return correlation(image_destination, region_source, region_destination);

}

double image_basic::correlation(const image_basic &image_destination, rect_range &region_source, rect_range &region_destination) const

{


int x, y, offset, offset_destination, length_x, length_y;


double cross, ave, ave_destination, dev, dev_destination, value, value_destination;


point_2d shift_destination;


shift_destination.x = region_destination.x1 - region_source.x1;


shift_destination.y = region_destination.y1 - region_source.y1;


clip_rect(region_source);


image_destination.clip_rect(region_destination);


region_destination -= shift_destination;


if(region_source.intersect(region_destination) == -1)



return 0.0;


region_destination += shift_destination;


ave = average(region_source);


ave_destination = image_destination.average(region_destination);


length_x = region_source.x2 - region_source.x1 + 1;


length_y = region_source.y2 - region_source.y1 + 1;


if(length_x * length_y == 1)



return 0.0;


cross = 0.0;


dev = 0.0;


dev_destination = 0.0;


for(y = 0; y < length_y ; y++){



offset = (y + region_source.y1) * width;



offset_destination = (y + region_destination.y1) * image_destination.width;



for(x = 0; x < length_x; x++){




value = ((double)data[x + region_source.x1 + offset] - ave);




value_destination = ((double)image_destination.data[x + region_destination.x1 + offset_destination] - ave_destination);




cross += value * value_destination;




dev += value * value;




dev_destination += value_destination * value_destination;



}


}


return cross / sqrt(dev * dev_destination);

}

double image_basic::correlation_search(const image_basic &image_destination, rect_range &region_source_initial, rect_range &region_destination_initial, int shift_max) const

{


rect_range region_source = region_source_initial;


rect_range region_destination = region_destination_initial;


double correlation_max = 0.0, correlation_value;


int x, y;


point_2d shift, position_best;


for(y = 0 - shift_max; y <= shift_max; y++){



for(x = 0 - shift_max; x <= shift_max; x++){




region_destination = region_destination_initial;




region_source = region_source_initial;




shift.set(x, y);




region_destination += shift;




correlation_value = correlation(image_destination, region_source, region_destination);




if(correlation_value > correlation_max){





correlation_max = correlation_value;





position_best.set(x, y);




}



}


}


if(correlation_max == 0.0)



return 0.0;


cout << "[image_basic::correlation_serach] " << position_best.x << "," << position_best.y << endl;


region_destination_initial += position_best;


return correlation_max;


//return correlation(image_destination, region_source_initial, region_destination_initial);

}

void image_basic::copy(const image_basic &source, const rect_range &range_source, const point_2d &point_destination)

{


int x, y, span_x, span_y;


span_x = range_source.x2 - range_source.x1 + 1;


span_y = range_source.y2 - range_source.y1 + 1;


for(y = 0; y < span_y; y++){



for(x = 0; x < span_x; x++){




set(x + point_destination.x, y + point_destination.y, source.get(x + range_source.x1, y + range_source.y1));



}


}

}

void image_basic::copy(const image_basic &source, const matrix_2d &m)

{


int x, y;


point_2d p;


for(y = 0; y < height; y++){



for(x = 0; x < width; x++){




p.x = x;




p.y = y;




m.reverse(p);




fast_set(x, y, source.get(p.x, p.y));



}


}

}

void image_basic::scale(int minimum, int maximum)

{


int x, y, row_offset, value, top_value, range;


if(color_mode == GRAY_8BPP)



top_value = 0xff;


if(color_mode == GRAY_16BPP)



top_value = 0xffff;


if(maximum > minimum){



range = maximum - minimum;


} else {



range = 1;



top_value = 0;


}


for(y = 0; y < height; y++){



row_offset = y * width;



for(x = 0; x < width; x++){




value = data[row_offset + x];




if(value < minimum)





value = 0;




else if(value > maximum)





value = top_value;




else





value = (value - minimum) * top_value / range;




data[row_offset + x] = value;



}


}

}

void image_basic::line_get(const point_2d &p1, const point_2d &p2, std::valarray<int> &line) const

{


int i;


if(p1.x < p2.x && p1.y == p2.y){



line.resize(p2.x - p1.x + 1);



for(i = p1.x; i <= p2.x; i++)




line[i - p1.x] = get(i, p1.y);


} else if(p1.x == p2.x && p1.y < p2.y){



line.resize(p2.y - p1.y + 1);



for(i = p1.y; i <= p2.y; i++)




line[i - p1.y] = get(p1.x, i);


}

}

void image_basic::line_draw(const point_2d &p1, const point_2d &p2, const std::valarray<int> &line)

{


int i;


if(p1.x < p2.x && p1.y == p2.y){



for(i = 0; i < line.size(); i++)




set(p1.x + i, p1.y, line[i]);


} else if(p1.x == p2.x && p1.y < p2.y){



for(i = 0; i < line.size(); i++)




set(p1.x, p1.y + i, line[i]);


}

}

bmp_info_header::bmp_info_header(void)

{


header.info_size = 40;


header.width = 0;


header.height = 0;


header.plane = 1;


header.bpp = 8;


header.compression = 0;


header.image_size = 0;


header.ppm_x = 0;


header.ppm_y = 0;


header.colors = 0;


header.important_colors = 0;

}

rect_range::rect_range()

{


x1 = 0;


x2 = 0;


y1 = 0;


y2 = 0;

}

rect_range::rect_range(int ax1, int ax2, int ay1, int ay2)

{


x1 = ax1;


x2 = ax2;


y1 = ay1;


y2 = ay2;

}

rect_range::rect_range(const point_2d &p1, const point_2d &p2)

{


x1 = p1.x;


x2 = p2.x;


y1 = p1.y;


y2 = p2.y;

}

void rect_range::set(int ax1, int ax2, int ay1, int ay2)

{


x1 = ax1;


x2 = ax2;


y1 = ay1;


y2 = ay2;

}

void rect_range::set(const point_2d &p1, const point_2d &p2)

{


x1 = p1.x;


x2 = p2.x;


y1 = p1.y;


y2 = p2.y;

}

rect_range& rect_range::operator +=(const point_2d& p)

{


x1 += p.x;


x2 += p.x;


y1 += p.y;


y2 += p.y;


return *this;

}

rect_range& rect_range::operator -=(const point_2d& p)

{


x1 -= p.x;


x2 -= p.x;


y1 -= p.y;


y2 -= p.y;


return *this;

}

bool rect_range::operator ==(const rect_range &range)

{


return (x1 == range.x1 && x2 == range.x2 && y1 == range.y1 && y2 == range.y2);

}

bool rect_range::operator !=(const rect_range &range)

{


return !(x1 == range.x1 && x2 == range.x2 && y1 == range.y1 && y2 == range.y2);

}

int rect_range::intersect(rect_range &rect)

{


if(x1 < rect.x1)



x1 = rect.x1;


else



rect.x1 = x1;


if(x2 > rect.x2)



x2 = rect.x2;


else



rect.x2 = x2;


if(y1 < rect.y1)



y1 = rect.y1;


else



rect.y1 = y1;


if(y2 > rect.y2)



y2 = rect.y2;


else



rect.y2 = y2;


if(x1 == x2 && y1 == y2)



return -1;


return 0;

}

bool rect_range::inside(const point_2d &point)const

{


return point.x >= x1 && point.x <= x2 && point.y >= y1 && point.y <= y2;

}

point_2d::point_2d()

{


x = y = 0;

}

point_2d::point_2d(int ax, int ay)

{


x = ax;


y = ay;

}

point_2d& point_2d::operator +=(const point_2d &p)

{


x += p.x;


y += p.y;


return *this;

}

point_2d& point_2d::operator -=(const point_2d &p)

{


x -= p.x;


y -= p.y;


return *this;

}

point_2d& point_2d::operator *=(int mag)

{


x *= mag;


y *= mag;


return *this;

}

point_2d& point_2d::operator /=(int div)

{


if(div != 0){



x /= div;



y /= div;


}


return *this;

}

bool point_2d::operator !=(const point_2d& p)

{


return (x != p.x) || (y != p.y);

}

bool point_2d::operator ==(const point_2d& p)

{


return (x == p.x) && (y == p.y);

}

void point_2d::set(int xa, int ya)

{


x = xa;


y = ya;

}

void point_2d::get(int &xa, int &ya) const

{


xa = x;


ya = y;

}

double point_2d::distance(const point_2d &p) const

{


return sqrt((double)((x - p.x) * (x - p.x) + (y - p.y) * (y - p.y)));

}

matrix_2d::matrix_2d()

{


matrix_forward.resize(9);


matrix_reverse.resize(9);

}

void matrix_2d::unit(void)

{


matrix_forward[0] = 1.0;


matrix_forward[1] = 0.0;


matrix_forward[2] = 0.0;


matrix_forward[3] = 0.0;


matrix_forward[4] = 1.0;


matrix_forward[5] = 0.0;


matrix_forward[6] = 0.0;


matrix_forward[7] = 0.0;


matrix_forward[8] = 1.0;


matrix_reverse = matrix_forward;

}

int matrix_2d::linear(const point_2d &source, const point_2d &destination, double x_zoom, double y_zoom)

{


if(x_zoom == 0.0 || y_zoom == 0.0)



return 0;


matrix_forward[0] = x_zoom;


matrix_forward[1] = 0.0;


matrix_forward[2] = destination.x - source.x * x_zoom;


matrix_forward[3] = 0.0;


matrix_forward[4] = y_zoom;


matrix_forward[5] = destination.y - source.y * y_zoom;


matrix_forward[6] = 0.0;


matrix_forward[7] = 0.0;


matrix_forward[8] = 1.0;


matrix_reverse[0] = 1.0 / x_zoom;


matrix_reverse[1] = 0.0;


matrix_reverse[2] = source.x - destination.x / x_zoom;


matrix_reverse[3] = 0.0;


matrix_reverse[4] = 1.0 / y_zoom;


matrix_reverse[5] = source.y - destination.y / y_zoom;


matrix_reverse[6] = 0.0;


matrix_reverse[7] = 0.0;


matrix_reverse[8] = 1.0;


return 0;

}

void matrix_2d::forward(point_2d &p) const 

{


point_2d temp(p);


p.x = matrix_forward[0] * temp.x + matrix_forward[1] * temp.y + matrix_forward[2];


p.y = matrix_forward[3] * temp.x + matrix_forward[4] * temp.y + matrix_forward[5];

}

void matrix_2d::reverse(point_2d &p) const

{


point_2d temp(p);


p.x = matrix_reverse[0] * temp.x + matrix_reverse[1] * temp.y + matrix_reverse[2];


p.y = matrix_reverse[3] * temp.x + matrix_reverse[4] * temp.y + matrix_reverse[5];

}

void matrix_2d::compound(const matrix_2d &m)

{


std::valarray<double> temp_f = matrix_forward;


std::valarray<double> temp_r = matrix_reverse;


matrix_forward[0] = temp_f[0] * m.matrix_forward[0] + temp_f[1] * m.matrix_forward[3] + temp_f[2] * m.matrix_forward[6];


matrix_forward[1] = temp_f[0] * m.matrix_forward[1] + temp_f[1] * m.matrix_forward[4] + temp_f[2] * m.matrix_forward[7];


matrix_forward[2] = temp_f[0] * m.matrix_forward[2] + temp_f[1] * m.matrix_forward[5] + temp_f[2] * m.matrix_forward[8];


matrix_forward[3] = temp_f[3] * m.matrix_forward[0] + temp_f[4] * m.matrix_forward[3] + temp_f[5] * m.matrix_forward[6];


matrix_forward[4] = temp_f[3] * m.matrix_forward[1] + temp_f[4] * m.matrix_forward[4] + temp_f[5] * m.matrix_forward[7];


matrix_forward[5] = temp_f[3] * m.matrix_forward[2] + temp_f[4] * m.matrix_forward[5] + temp_f[5] * m.matrix_forward[8];


matrix_forward[6] = temp_f[6] * m.matrix_forward[0] + temp_f[7] * m.matrix_forward[3] + temp_f[7] * m.matrix_forward[6];


matrix_forward[7] = temp_f[6] * m.matrix_forward[1] + temp_f[7] * m.matrix_forward[4] + temp_f[7] * m.matrix_forward[7];


matrix_forward[8] = temp_f[6] * m.matrix_forward[2] + temp_f[7] * m.matrix_forward[5] + temp_f[7] * m.matrix_forward[8];


matrix_reverse[0] = temp_r[0] * m.matrix_reverse[0] + temp_r[3] * m.matrix_reverse[1] + temp_f[6] * m.matrix_reverse[2];


matrix_reverse[1] = temp_r[1] * m.matrix_reverse[0] + temp_r[4] * m.matrix_reverse[1] + temp_f[7] * m.matrix_reverse[2];


matrix_reverse[2] = temp_r[2] * m.matrix_reverse[0] + temp_r[5] * m.matrix_reverse[1] + temp_f[8] * m.matrix_reverse[2];


matrix_reverse[3] = temp_r[0] * m.matrix_reverse[3] + temp_r[3] * m.matrix_reverse[4] + temp_f[6] * m.matrix_reverse[5];


matrix_reverse[4] = temp_r[1] * m.matrix_reverse[3] + temp_r[4] * m.matrix_reverse[4] + temp_f[7] * m.matrix_reverse[5];


matrix_reverse[5] = temp_r[2] * m.matrix_reverse[3] + temp_r[5] * m.matrix_reverse[4] + temp_f[8] * m.matrix_reverse[5];


matrix_reverse[6] = temp_r[0] * m.matrix_reverse[6] + temp_r[3] * m.matrix_reverse[7] + temp_f[6] * m.matrix_reverse[8];


matrix_reverse[7] = temp_r[1] * m.matrix_reverse[6] + temp_r[4] * m.matrix_reverse[7] + temp_f[7] * m.matrix_reverse[8];


matrix_reverse[8] = temp_r[2] * m.matrix_reverse[6] + temp_r[5] * m.matrix_reverse[7] + temp_f[8] * m.matrix_reverse[8];

}

void matrix_2d::rotation(double degree)

{


double value_cos, value_sin;


const double pi = 3.14159265;


if(degree == 0.0 || degree == 360.0){



value_cos = 1.0;



value_sin = 0.0;


} else if(degree == 90.0){



value_cos = 0.0;



value_sin = 1.0;


} else if(degree == 180.0){



value_cos = -1.0;



value_sin = 0.0;


} else if(degree == 270.0){



value_cos = 0.0;



value_sin = -1.0;


} else {



value_cos = cos(degree / 180.0 * pi);



value_sin = sin(degree / 180.0 * pi);


}


matrix_forward[0] = value_cos;


matrix_forward[1] = value_sin;


matrix_forward[2] = 0.0;


matrix_forward[3] = -value_sin;


matrix_forward[4] = value_cos;


matrix_forward[5] = 0.0;


matrix_forward[6] = 0.0;


matrix_forward[7] = 0.0;


matrix_forward[8] = 1.0;


matrix_reverse[0] = value_cos;


matrix_reverse[1] = -value_sin;


matrix_reverse[2] = 0.0;


matrix_reverse[3] = value_sin;


matrix_reverse[4] = value_cos;


matrix_reverse[5] = 0.0;


matrix_reverse[6] = 0.0;


matrix_reverse[7] = 0.0;


matrix_reverse[8] = 1.0;

}

void matrix_2d::exchange(void)

{


double temp[3];


temp[0] = matrix_forward[0];


temp[1] = matrix_forward[1];


temp[2] = matrix_forward[2];


matrix_forward[0] = matrix_forward[3];


matrix_forward[1] = matrix_forward[4];


matrix_forward[2] = matrix_forward[5];


matrix_forward[3] = temp[0];


matrix_forward[4] = temp[1];


matrix_forward[5] = temp[2];


temp[0] = matrix_reverse[0];


temp[1] = matrix_reverse[1];


temp[2] = matrix_reverse[2];


matrix_reverse[0] = matrix_reverse[3];


matrix_reverse[1] = matrix_reverse[4];


matrix_reverse[2] = matrix_reverse[5];


matrix_reverse[3] = temp[0];


matrix_reverse[4] = temp[1];


matrix_reverse[5] = temp[2];

}

/*********************************************************************

*Image Master procedural image registration and stabilization routine*

*Coded by: Brian Salmons & Dr. Matthew Trawick                       *

**********************************************************************

*Dr. Matthew Trawick                                                 *

*University of Richmond                                              *

**********************************************************************

*/

//#define WINVER 0x0501 

#include <iostream>

#include <math.h>

#include <time.h>

#include <stdio.h>

#include <fstream>

#include <IStream>

#include <valarray>

#include <algorithm>

#include "image_basic.h"

#include "simplex.h"

using namespace std;

#define SLIVERDRIFT

//#define SANITYCHECKS

#define codefold

#ifdef codefold

// returns pixel value from float x,y by bilerping

float interp_pixel(image_basic *baseImage, float x, float y) {

        float s, t;



int image_width = baseImage->width;



int image_height = baseImage->height;

        float left_val, right_val, top_val, bottom_val;

        // Get integer coordinates for top left corner

        int left_index = (int)x, top_index = (int)y;



int right_index;



int bottom_index;

        // Get integer coordinates of bottom and right edges

        if ( left_index > image_width )

          right_index = left_index;             // Don't fall off the edge!

        else

          right_index = ceil(x);//left_index + 1;

        if ( top_index > image_height )

          bottom_index = top_index;             // Don't fall off the edge!

        else

          bottom_index = ceil(y);//top_index + 1;

        // Interpolate across the top edge

        s = x - (float)left_index;

        t = y - (float)top_index;



left_val = baseImage->get(left_index,top_index);



right_val = baseImage->get(right_index,top_index);

        // Linear interpolation recoded to only one multiply

        top_val = s*right_val + (1-s)*(left_val);//right_val + s * (left_val-right_val);

        // Interpolate across the bottom edge



left_val = baseImage->get(left_index,bottom_index);



right_val = baseImage->get(right_index,bottom_index);

        bottom_val = right_val + s * (left_val-right_val);

        // Interpolate between top and bottom

        return (t*bottom_val + (1-t)*top_val);//(bottom_val + t * (top_val-bottom_val));

} 

void warp_image(image_basic *baseImage,int sizex, int sizey, float aterms[], float bterms[], int dominantAxis, image_basic *warpedImage)

{


//we have to retain the integrity of the old image, so we have to make a new, unwarped version.


//image_basic warpedImage(sizex,sizey,1);


int pixelx=0;


int pixely=0;


float newx=0;


float newy=0;


int pixelvalue=0;


if (dominantAxis==1)


{



for (pixely=0;pixely<sizey;pixely++)



{





for
(pixelx=0;pixelx<sizex;pixelx++)




{





//math.pow() is slightly slower than explicit multiplication.  Since this will be happening thousands of times, 





//this IS slightly faster.  Please note that since 





newx=pixelx+aterms[0]+aterms[1]*pixely+aterms[2]*pixely*pixely;//+aterms[3]*pixely*pixely*pixely;





newy=bterms[0]+bterms[1]*pixely+bterms[2]*pixely*pixely;//+bterms[3]*pixely*pixely*pixely;





if (newx < 0 || newx >= baseImage->width || newy <0 || newy >= baseImage->height){






warpedImage->set(pixelx, pixely, -1);





}





else





{






pixelvalue=interp_pixel(baseImage, newx, newy);     //where the new value is actually computed.






warpedImage->set(pixelx,pixely,pixelvalue);





}




}



}


}


else


{



for (pixely=0;pixely<sizey;pixely++)



{





for
(pixelx=0;pixelx<sizex;pixelx++)




{





//math.pow() is slightly slower than explicit multiplication.  Since this will be happening thousands of times, 





//this IS slightly faster.  Please note that since 





newx=aterms[0]+(aterms[1]+1)*pixelx + aterms[2] * pixelx*pixelx + aterms[3]*pixelx*pixelx*pixelx;





newy=pixely+bterms[0]+(bterms[1]-1)*pixelx+bterms[2]*pixelx*pixelx+bterms[3]*pixelx*pixelx*pixelx;





if (newx < 0 || newx >= baseImage->width || newy <0 || newy >= baseImage->height){






warpedImage->set(pixelx, pixely, -1);





}





else





{






pixelvalue=interp_pixel(baseImage, newx, newy);     //where the new value is actually computed.






warpedImage->set(pixelx,pixely,pixelvalue);





}




}



}


}


//return warpedImage;

}

//This method makes an array of pixelvalues, rather than the image_basic inhouse valarray usage, which, while fast, is also highly confusing.

void val2Array(image_basic *baseImage, int **image)

{



int sizex=baseImage->width;


int sizey=baseImage->height;


int pixelx=0;


int pixely=0;


for (pixely=0;pixely<sizey;pixely++)


{




for
(pixelx=0;pixelx<sizex;pixelx++)



{




image[pixelx][pixely]=interp_pixel(baseImage, pixelx, pixely);



}


}

}

//Compute the array index in an x-contiguous array.

int compute1D(int sizex, int sizey, int x, int y){


return (x + sizex * y);

}

//This method makes an array of pixelvalues, rather than the image_basic inhouse valarray usage, which, while fast, is also highly confusing.

void val21DArray(image_basic *baseImage, int image[])

{



int sizex=baseImage->width;


int sizey=baseImage->height;


int pixelx=0;


int pixely=0;


for (pixely=0;pixely<sizey;pixely++)


{




for
(pixelx=0;pixelx<sizex;pixelx++)



{




image[compute1D(sizex,sizey,pixelx,pixely)]=baseImage->get(pixelx, pixely);



}


}

}

//This method makes an array of pixelvalues, rather than the image_basic inhouse valarray usage, which, while fast, is also highly confusing.

void val22DArray(image_basic *baseImage, int image[])

{



int sizex=baseImage->width;


int sizey=baseImage->height;


int pixelx=0;


int pixely=0;


for (pixely=0;pixely<sizey;pixely++)


{




for
(pixelx=0;pixelx<sizex;pixelx++)



{




image[pixelx,pixely]=baseImage->get(pixelx, pixely);



}


}

}

int round(double a) {


return int(a + 0.5);

}

void nearestneighbor (double x, double y, double* newx, double* newy)

{


*newx=round(x);


*newy=round(y);

}

int min (int x, int y)

{


if (x < y)



return x;


else



return y;

}

int max (int x, int y)

{


if (x < y)



return y;


else



return x;

}

int main(int argc, char *argv[]){

#ifdef codefold


//Starting declarations


int precision;


int blocksize;


double growthParam=1;


double contractParam=1;


double reflectParam=1;


char c;


bool output;


bool displaydiff;


bool testind;


time_t time0,time1,time2,time3;


//;Percentages of shifts that are allowed.  These are arbitrary in this version, and will be code driven


//;until the implementation of a user interface.


double A0percent=.1;


double A1percent=.07;


double A2percent=.04;


double B0percent=.1;


double B1percent=.07;


double B2percent=.04;


precision=1;


blocksize=8;


string rundata1="Y:\\Brian Salmons\\Test Images\\512base.tif";


string rundata2="Y:\\Brian Salmons\\Test Images\\512basesliver.tif";


if ((argc < 27) || (argc > 27)) {



//perror("Error: Usage is ImageMaster -i: ImagePath -s: SliverPath -A0: value -A1: value -A2: value -B0: value -B1: value -B2: value -p: precision -b: blocksize -g: growth -c: contract -r: reflection\n");




printf("%d",argc);



getchar();



//return 0;


}

  for (int i = 1; i < argc; ++i) {

    if (argv[i][0] == '-') {

      c = argv[i][1];

      /* found an option, so look at next

       * argument to get the value of 

       * the option */

      switch (c) {

      case 'i':

        rundata1 = argv[i+1];



for (int x=0;x<rundata1.length();x++){




if (rundata1[x]=='|')





rundata1[x]=' ';



}

        break;

      case 's':



  rundata2 = argv[i+1];



  for (int x=0;x<rundata2.length();x++){




if (rundata2[x]=='|')





rundata2[x]=' ';



}



  break;


  case '0':



  A0percent = atof(argv[i+1]);



  break;


  case '1':



  A1percent = atof(argv[i+1]);



  break;


  case '2':



  A2percent = atof(argv[i+1]);



  break;


  case '3':



  B0percent = atof(argv[i+1]);



  break;


  case '4':



  B1percent = atof(argv[i+1]);



  break;


  case '5':



  B2percent = atof(argv[i+1]);



  break;


  case 'p':



  precision = atoi(argv[i+1]);



  break;


  case 'b':



  blocksize = atoi(argv[i+1]);



  break;


  case 'g':



  growthParam = atof(argv[i+1]);



  break;


  case 'c':



  contractParam = atof(argv[i+1]);



  break;


  case 'r':



  reflectParam = atof(argv[i+1]);



  break;

      default:

        break;

        }

      }

    }


//Note, this program is currently set up to request a file to open.  This may be changed to windows style


//or .NET usage, should the need arise.


//string rundata1="Y:\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\ImageMaster\\256abstractb.tif";


//string rundata2="Y:\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\ImageMaster\\256abstractsliverb.tif";


FILE *stream;


char line[100];


if (   (stream=fopen("Y:\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\ImageMaster\\testing\\run_data.txt","r")) !=NULL)


{



if (fgets(line,100,stream)==NULL)




printf("fgets error\n");



else




printf("%s",line);



if (fgets(line,100,stream)==NULL)




printf("fgets error\n");



else




printf("%s",line);



fclose(stream);


}


if (argc!=1){



for (int i=1; i<argc;i++)



{




if(argv[i]=="/testdiff" || argv[i]=="testdiff"){





//this is an obselete flag, should be removed in final v8




}




if(argv[i]=="/precision" || argv[i]=="precision"){




}




if(argv[i]=="/blocksize" || argv[i]=="blocksize"){




}




if(argv[i]=="/output" || argv[i]=="output"){




}




if(argv[i]=="/displaydiff" || argv[i]=="displaydiff"){




}




if(argv[i]=="/testind" || argv[i]=="testind"){




}



}


}


//This is a software level flag.  This is simply for convenience to the coder so that simple runs within


//the IDE spawn full detail and precision.  Furthermore, all the flags can be set


//this statement.


bool debugmode=false;


if (debugmode){



precision=1;



blocksize=8;



output=true;



displaydiff=true;



testind=true;


}


/*If precision has not been specified, this tells the algorithm to spawn the code at maximum


*precision (see above for variable descriptions)


*/


if (precision==0)



precision=1;


//HANDLE FILE INPUT HERE!


//Remember, this "image_basic" is actually quite useful, and as such, we will keep this around.


image_basic base_Image;


base_Image.file_read_tiff(rundata1);


int *baseArray=new int[base_Image.width,base_Image.height];


val22DArray(&base_Image,baseArray);


int imagesize[2];


imagesize[0]=base_Image.width,



imagesize[1]=base_Image.height;

  /*//WARP TESTING CODE




float aterms[4];




aterms[0]=-1.0;




aterms[1]=0.0;




aterms[2]=0.0;




aterms[3]=0.0;




float bterms[4];




bterms[0]=-1.0;




bterms[1]=1.0;




bterms[2]=0.0;




bterms[3]=0.0;

image_basic warpedbase2 = warp_image(&base_Image,base_Image.width, base_Image.height, aterms,bterms, 1);

warpedbase2.file_write_tiff(string("C:\\512testa.tiff"));

warpedbase2.~image_basic();*/


image_basic sliver_Image;


sliver_Image.file_read_tiff(rundata2);


int *sliverArray=new int[sliver_Image.width,sliver_Image.height];


val22DArray(&sliver_Image,sliverArray);


int sliversize[2];


sliversize[0]=sliver_Image.width;


sliversize[1]=sliver_Image.height;


time(&time0);


//
;records both sizes, which are important in finding the maximum area that the drift could cover.


//


//


//


//;These record in pixels how far the allowed shift is.  Dynamically computed.


double MaxA0drift=floor(A0percent*imagesize[1]);


double MaxA1drift=floor(A1percent*imagesize[1]);


double MaxA2drift=floor(A2percent*imagesize[1]);


double MaxB0drift=floor(B0percent*imagesize[1]);


double MaxB1drift=floor(B1percent*imagesize[1]);


double MaxB2drift=floor(B2percent*imagesize[1]);


//;this takes a smaller chunk of the base image, so that less is slug around in memory.  In general, the amount of drift is


//;less than the image size, and so this takes the maximum amount of area covered at the most extreme set.


printf("%lf,%lf,%d,%d\n",imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift,imagesize[0]/2-sliversize[0]/2+MaxA0drift+MaxA1drift+MaxA2drift+sliversize[0]+(-1),0,imagesize[1]-1);


//create the "maximage" image.  This image is basically the smaller subset.  This is relevant so that we aren't shifting the whole image, etc.


//it's just the smallest subset that has data that will be compared.  The rest of the image is just dependant on this "maximage".


int maxArrayWidth=(imagesize[0]/2-sliversize[0]/2+MaxA0drift+MaxA1drift+MaxA2drift+sliversize[0]+(-1))-(imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift);


int maxArrayHeight=sliversize[1];


int subsize[2];


subsize[0]=maxArrayWidth;


subsize[1]=maxArrayHeight;


int *maxArray=new int[maxArrayWidth,maxArrayHeight];



for (int x=imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift;x<imagesize[0]/2-sliversize[0]/2+MaxA0drift+MaxA1drift+MaxA2drift+sliversize[0]+(-1);x++)


{



for(int y=0;y<imagesize[1]-1;y++)



{




maxArray[x-imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift,y]=baseArray[x,y];



}


}


//These are the computations to yeild the maximum coefficient settings in terms of the matrix shift.


//These are the actual numbers that the program works with.


double MaxA0=MaxA0drift+1;


double MaxA1=MaxA1drift/(imagesize[1]*1.0);


double MaxA2=MaxA2drift/pow((imagesize[1]*1.0),2);


double MaxB0=MaxB0drift+1;


double MaxB1=MaxB1drift/(imagesize[1]*1.0);


double MaxB2=MaxB2drift/pow((imagesize[1]*1.0),2);


//


//;Storage for the "best fit."  Different variables are used by the two algorithms so that they can be tested


//;against each other at the same time, if need be.


double bestdiffA0=5;


double bestdiffA1=5;


double bestdiffA2=5;


double bestdiffB0=5;


double bestdiffB1=5;


double bestdiffB2=5;


unsigned long bestdiff=-1;//essentially infinity


//;This set of varialbes record how many pixels of drift in either axis that will be encountered by the program.


//;This is for matrix offsets.


long totaldriftA=MaxA0drift+MaxA1drift+MaxA2drift;


long totaldriftB=MaxB0drift+MaxB1drift+MaxB2drift;


long counter=0;

#endif

#ifdef SLIVERDRIFT


//;************************


//;   Block Calculations


//;************************


//;   Block size is determined by the maximum drift that may occur at a maximum.  This may be changed


//;to become more dynamic in later versions, however, as of now it is separate from the loop,


//;and so worst case must be assumed.


//


//   This means that the size used for the worst case (the max blocks needed) is used for the whole


// program, regardless of what iteration it may be on (in which it might be able to use fewer).  Thus,


// this is outside of the main loop.


//


int maxslope=1;


if (blocksize==0) {



maxslope=max((MaxA1+2*MaxA2*(subsize[1]-1) ),( MaxB1+2*MaxB2*(subsize[1]-1)));  //< or > ???



blocksize=(int)(1/maxslope);


}


int numblocks=subsize[1]/blocksize+((subsize[1] % blocksize) > 0); //;in case we have leftover


int remainderexists=((subsize[1] % blocksize) > 0);


int remainderarea=subsize[1] % blocksize;






//remember, this is not necessarily the same as the final remainder area



















//when we have sliver drift.  Remainder area is NOT calculated into the final area



















//it is for the purpose of detection only.


//*****************/


//Begin main algorithm!


//


//Block comments here.


//


//


//


/***************/


double A0increase=precision;


double A1increase=((1.0)/((subsize[1])*1.0)*precision);


double A2increase=((1.0)/((subsize[1]^2)*1.0)*precision);


double B0increase=precision;


double B1increase=((1.0)/((subsize[1])*1.0)*precision);


double B2increase=((1.0)/((subsize[1]^2)*1.0)*precision);


unsigned long *yarrgen=new unsigned long[numblocks];


for (int i=0; i<numblocks;i++)



yarrgen[i]=i;


unsigned long xarrb=0;


unsigned long yarrb=0;


int yarrgensize=numblocks;


unsigned long perarea=0;


unsigned long *ind=new unsigned long[numblocks];


int *xarr=new int[numblocks];


int *yarr=new int[numblocks];


double *xarr_1=new double[numblocks];  //Note, this works because we ASSIGN to this, each time, so we do not need to have the values cleared each time.


double *yarr_1=new double[numblocks];


for (double A1=-MaxA1;A1<=MaxA1;A1+=A1increase) {



for (double B1=1-MaxB1;B1<=1+MaxB1;B1+=B1increase) {




//;************************




//;Begin Strip Calculations




//;************************




time(&time1);




//;These two are  simply how many points along the top there are that are hit in a pass.  NEEDS TO BE FIXED!




//;CURRENTLY SEMI-BROKEN!  It doesn't take precision into account.




int Apoints=totaldriftA*2+1;




int Bpoints=totaldriftB*2+1;




//diffs=ulindgen(numblocks,Apoints,Bpoints)




//diffs[*,*,*]=0




//areas=intarr(numblocks,Bpoints)+sliversize[0]




//areaarr=indgen(numblocks)




//areas[*,*]=0




int *diffs=new int[numblocks,Apoints,Bpoints];




//;The limits of to the location of the sliver center on the smaller chunk of the base image




//smin=subsize[0]/2-sliversize[0]/2




//smax=subsize[0]/2-sliversize[0]/2+sliversize[0]-1




//width=smax-smin+1




//sminy=0




//smaxy=sliversize[1]-1




//Create an array copy.  As we now repeatedly do the same diffs calculation, it is actually easier to make an image array, rather




//than trying to manipulate val_arrays.  Note that this may be untrue in the final speed tweak, but for now,




//debugging with arrays is much easier, and not much slower.  (maybe ~1sec difference in output)




float aterms[4];




aterms[0]=0.0;




aterms[1]=A1;




aterms[2]=0.0;




aterms[3]=0.0;




float bterms[4];




bterms[0]=0.0;




bterms[1]=B1;




bterms[2]=0.0;




bterms[3]=0.0;




/*image_basic warpedbase = warp_image(base_Image,base_Image.width, base_Image.height, aterms,bterms, 1);




delete[] baseArray;




int *baseArray=new int[base_Image.width*base_Image.height];




val21DArray(base_Image,baseArray);




imagesize[0]=base_Image.width;




imagesize[1]=base_Image.height;*/




image_basic warpedsliver = warp_image(&sliver_Image,sliversize[0],sliversize[1], aterms,bterms ,2);




//warp_image(&base_Image,base_Image.width, base_Image.height, aterms,bterms, 1);




delete[] sliverArray;




int *sliverArray=new int[sliver_Image.width,sliver_Image.height];

//


warpedsliver.file_write_tiff(string("C:\\Research Data\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\ImageMaster\\256test.tiff"));




val22DArray(&warpedsliver,sliverArray);




delete[] maxArray;




int *maxArray=new int[maxArrayWidth,maxArrayHeight];





for (int x=imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift;x<imagesize[0]/2+sliversize[0]/2+MaxA0drift+MaxA1drift+MaxA2drift+sliversize[0]+(-1);x++)




{





for(int y=0;y<imagesize[1]-1;y++)





{






maxArray[x,y]=baseArray[x+imagesize[0]/2-sliversize[0]/2-MaxA0drift-MaxA1drift-MaxA2drift,y];





}




}




int smin=subsize[0]/2-sliversize[0]/2;




int smax=subsize[0]/2-sliversize[0]/2+sliversize[0]-1;




int width=smax-smin+1;




int sminy=0;




int smaxy=sliversize[1]-1;




//;********************




//;   Diffs Creation




//;Cycle through all possible shifts for each block and compute diffs




//;********************




//for j=-totaldriftB,totaldriftB do begin




//    for i=-totaldriftA,totaldriftA do begin




//        for block=0+((j/blocksize)*(j gt 0)),numblocks-1+((j+remainderarea)/(blocksize)*(j lt 0))+((j/remainderarea)*(j lt 0 and remainderarea gt 0)),1 do Begin




//        diffs[block,i+totaldriftA,j+totaldriftB]=total((maximage[smin+i:smax+i,(((block)*blocksize-j)>(-j*(j lt 0))):(((block+1)*blocksize-1-j)<(smaxy-j*(j gt 0)))]$




//            - Testsliver[*,((block)*blocksize>(j*(j gt 0))):(block+1)*blocksize-1<(smaxy+j*(j lt 0))]*1.0)^2)




//         if (block eq numblocks-1) then Begin




//          endif




//            counter=counter+1




//        endfor






//    endfor ;i







unsigned long sum=0;




for (int j=-totaldriftB; j<=totaldriftB; j++){





for(int i=-totaldriftA; i<=totaldriftA; i++){






int blocklow=0+((j/blocksize)*(j > 0));






int blockhigh=(int)(numblocks-1+((j+remainderarea)/(blocksize)*(j < 0)));






if (remainderarea!=0) //avoids divide by zero.  IDL could do this in one line, as the inf would be zeroed.







blockhigh+=(int)(((j/remainderarea)*(j<0 && remainderarea >0)));






for (int block=blocklow; block<=blockhigh; block++){







int imagelowx=smin+i;







int imagehighx=smax+i;







int imagelowy=max(((block)*blocksize-j),(-j*(j < 0)));







int imagehighy=min(((block+1)*blocksize-1-j),(smaxy-j*(j > 0)));







int sliverlowx=0;







int sliverhighx=sliversize[0]-1;







int sliverlowy=max((block)*blocksize,(j*(j > 0)));







int
sliverhighy=min(((block+1)*blocksize-1),(smaxy+j*(j < 0)));







for (int x=imagelowx; x<=imagehighx; x++){








for (int y=imagelowy; y<= imagehighy; y++){









sum+=pow(maxArray[x,y]-sliverArray[x-imagelowx+sliverlowx,y-imagelowy+sliverlowy],2.0);








}







}







diffs[block, i+totaldriftA, Bpoints-(j+totaldriftB)]=sum;  //the Bpoints-(j+totaldriftB) is to take out the need for the Reverse call.






}





}




}




/*********************************************************




AREA CALCULATION!




***********************************************************/




//because of sliver drift, we have to calculate the new area each time we update the diffs array.  This makes sense.




//Our area calculation is based on the idea that if there is no sliver drift, the total area is




// the area of the sliver, which is a rectangle.  With any drift, we use the area of the cutout




//trapezoids.  We use trapezoids because B0 (and others) can shift the lowest point of the image




//so it is not just a triangle subtraction area.




double totalarea=sliversize[0]*sliversize[1];




double sliverstretch=A1*sliversize[0];




double sliverskew=B1*sliversize[0];




counter=0;




//time2=systime(1)




for (double B0=-MaxB0;B0<=MaxB0;B0+=B0increase){





double newarea=0;





if (abs(sliverskew) > abs(B0))





{






//triangle calculation






newarea =totalarea - .5*B0*sqrt(pow(B0*1/A1,2)-pow(B0,2));





}





for (double A0=-MaxA0;A0<=MaxA0;A0+=A0increase) {






for (int i=0;i<numblocks;i++){







xarr_1[i]=A1*(i)*blocksize+A0;







yarr_1[i]=(B1-1)*(i)*blocksize+B0; //Remember, B1-1 because B1=1 is "neutral", rather than 0;






}






for (double B2=-MaxB2; B2<=MaxB2;B2+=B2increase) {







double thirdarea=0;







if (abs(sliverskew) > abs(B0))







{








//triangle calculation








thirdarea = newarea - .5*B0*sqrt(pow(B0*1/A1,2)-pow(B0,2));







}







thirdarea = 1/thirdarea;







for (double A2=-MaxA2; A2<=MaxA2;A2+=A2increase) {








for (int i=0;i<numblocks;i++){









int xpos=(int)round(xarr_1[i]+A2*(i)*blocksize*(i)*blocksize+totaldriftA);  









int ypos=(int)round(yarr_1[i]+B2*(i)*blocksize*(i)*blocksize+totaldriftB);









sum+=diffs[i,xpos,ypos];








}








int sumdiff=0;








int sumarea=0;








double totalsum=0;








//double totalarea=0;








for(int i=0;i<numblocks;i++)








{









/*Should be rounded, but for some reason it won't accept round*/









xarrb=xarr_1[i] + A0;









yarrb=yarr_1[i] + B0;









//xarr[i]=round(xarr_1[i] + A2*((yarrgen[i])*blocksize)*((yarrgen[i])*blocksize)+totaldriftA);









//yarr[i]=round(yarr_1[i] + B2*((yarrgen[i])*blocksize)*((yarrgen[i])*blocksize)+totaldriftB);









//ind[i]=yarrgen[i] + yarrgensize*(xarr[i]) + yarrgensize*Apoints*(yarr[i]);









//perarea=i + numblocks*(yarrb);









totalsum+=diffs[i,xarrb,yarrb];








}








/*for(int i=0,i<numblocks;i++)








{








totalsum+=*diffs[*ind[i]];








totalareas+=*areas[*perarea[i]];








}*/








totalsum=totalsum * thirdarea;








counter=counter+1;








if (totalsum < bestdiff) {









bestdiff=totalsum;









bestdiffA0=A0;









bestdiffA1=A1;









bestdiffA2=A2;









bestdiffB0=B0;









bestdiffB1=B1;









bestdiffB2=B2;









if (totalsum < 0) {










//print, "booooooooooo we have a negative being saved here!"









}








}







}






}





}




}



}


}

#else    // IF NOT USE SLIVER DRIFT (the grey here is to run without it!)


/*******************


* Block Calculations


********************/


// Block size is determined by the maximum drift that may occur at a maximum.


// This may be changed to become more dynamic in later versions, however, as of


//
now it is separate from the loop, and so worst case must be assumed.


if (blocksize <=0)


{



 double maxslope=max((MaxA1+2*MaxA2*(subsize[1]-1)),MaxB1+2*MaxB2*(subsize[1]-1)); //An approximation



 blocksize=(int)(1/maxslope);


}


int remainderexists=((subsize[1] % blocksize) > 0); //we do this as an int so that it may be included in calculations


int numblocks = subsize[1]/blocksize + (remainderexists);  //this adds one if there is a remainder;


int remainderarea = subsize[1] % blocksize;


/*Grab time*/


//Note that these do NOT take precision into account, but this is done to make this code match the IDL version, which DOES work.


int Apoints=totaldriftA*2+1;


int Bpoints=totaldriftB*2+1;


//This could also be done by memset, if we compute the max length in 1-D.


unsigned long * diffs = new unsigned long[numblocks,Apoints,Bpoints];


for (int i=0; i <numblocks;i++){



for (int j=0;j<Apoints;j++){




for (int k=0;k<Bpoints;k++){





diffs[i,j,k]=0;




}



}


}


//note that unlike the IDL version, we compute the areas during the loop, rather than here.


int smin=subsize[0]/2-sliversize[0]/2;


int smax=subsize[0]/2-sliversize[0]/2+sliversize[0]-1;


int width=smax-smin+1;


int sminy=0;


int smaxy=sliversize[1]-1;


/**********************/


/*Diffs Array Creation*/


/**********************/


unsigned long sum=0;


for (int j=-totaldriftB; j<=totaldriftB; j++){



for(int i=-totaldriftA; i<=totaldriftA; i++){




int blocklow=0+((j/blocksize)*(j > 0));




int blockhigh=(int)(numblocks-1+((j+remainderarea)/(blocksize)*(j < 0)));




if (remainderarea!=0) //avoids divide by zero.  IDL could do this in one line, as the inf would be zeroed.





blockhigh+=(int)(((j/remainderarea)*(j<0 && remainderarea >0)));




for (int block=blocklow; block<=blockhigh; block++){





int imagelowx=smin+i;





int imagehighx=smax+i;





int imagelowy=max(((block)*blocksize-j),(-j*(j < 0)));





int imagehighy=min(((block+1)*blocksize-1-j),(smaxy-j*(j > 0)));





int sliverlowx=0;





int sliverhighx=sliversize[0]-1;





int sliverlowy=max((block)*blocksize,(j*(j > 0)));





int
sliverhighy=min(((block+1)*blocksize-1),(smaxy+j*(j < 0)));





for (int x=imagelowx; x<=imagehighx; x++){






for (int y=imagelowy; y<= imagehighy; y++){







sum+=pow(maxArray[x,y]-sliverArray[x-imagelowx+sliverlowx,y-imagelowy+sliverlowy],2.0);






}





}





diffs[block, i+totaldriftA, Bpoints-(j+totaldriftB)]=sum;  //the Bpoints-(j+totaldriftB) is to take out the need for the Reverse call.




}



}


}


int *xarr=new int[numblocks];


int *yarr=new int[numblocks];


double *xarr_1=new double[numblocks];  //Note, this works because we ASSIGN to this, each time, so we do not need to have the values cleared each time.


double *yarr_1=new double[numblocks];


//Note that here all references to yarrgensize have been changed to numblocks, as that is the size.


counter=0;


//Compute the step values based on pixel precision.  These should now be correct


double A0increase=precision;


double A1increase=((1.0)/((subsize[1])*1.0)*precision);


double A2increase=((1.0)/((pow(subsize[1],2.0))*1.0)*precision);


double B0increase=precision;


double B1increase=((1.0)/((subsize[1])*1.0)*precision);


double B2increase=((1.0)/((pow(subsize[1],2.0))*1.0)*precision);


//We use Matt's trick here of getting a list of indexes here, even though we have to use a for loop.  Pre-calculating the positions IS faster,


//and Matt's trick precomputes as much as possible.


/*Grab the time*/


unsigned long long count=0;


time(&time3);


long fullarea = sliversize[0]*sliversize[1]; // This is what the area would be if there were no shifts.  But there are.  Cheers.


for (double B0=-MaxB0;B0<=MaxB0;B0+=B0increase){



printf("\n new loop \n");



long offsetarea = fullarea -sliversize[0]*B0; //same area change regardless of direction on B0.



for (double A0=-MaxA0;A0<=MaxA0;A0+=A0increase){ //Does not affect area.




for (double B1=1-MaxB1;B1<=1+MaxB1;B1+=B1increase){





for (double A1=-MaxA1;A1<=MaxA1;A1+=A1increase){






for (int i=0;i<numblocks;i++){







xarr_1[i]=A1*(i)*blocksize+A0;







yarr_1[i]=(B1-1)*(i)*blocksize+B0; //Remember, B1-1 because B1=1 is "neutral", rather than 0;






}






for (double B2=-MaxB2;B2<=MaxB2;B2+=B2increase){







for (double A2=-MaxA2;A2<=MaxA2;A2+=A2increase){








double sum=0;








for (int i=0;i<numblocks;i++){









int xpos=(int)round(xarr_1[i]+A2*(i)*blocksize*(i)*blocksize+totaldriftA);  //ASK MATT!  AHHH! A2*block*blocksize*i*blocksize?  WHAT?









int ypos=(int)round(yarr_1[i]+B2*(i)*blocksize*(i)*blocksize+totaldriftB);









sum+=diffs[i,xpos,ypos];








}








long area=(min(sliversize[1]*sliversize[1]*B2+sliversize[1]*B1+B0,sliversize[1])-B0*(B0 > 0))*sliversize[0];








sum=sum/area;








if (sum < bestdiff){









bestdiff=sum;









bestdiffA0=A0;









bestdiffA1=A1;









bestdiffA2=A2;









bestdiffB0=B0;









bestdiffB1=B1;









bestdiffB2=B2;








}








count++;








if (sum <0){









printf("ERROR!  Negative difference found, something is horribly, horribly wrong!  Impossible result!");









getchar();









exit(1);








}







}






}





}




}



}


}

#endif


time(&time2);


//printf("Start time: %d \t \t End time: %d\n",time1,time2);


printf("Coefficients of drift were\n");


printf("Totaldiff: %d\n",bestdiff);


printf("A0   %f\n",bestdiffA0);


printf("B0   %f\n",bestdiffB0);


printf("A1   %f\n",bestdiffA1,bestdiffA1*imagesize[1]);


printf("B1   %f\n",bestdiffB1,bestdiffB1*imagesize[1]-imagesize[1]);


printf("A2   %f\n",bestdiffA2,bestdiffA2*imagesize[1]*imagesize[1]);


printf("B2   %f\n",bestdiffB2,bestdiffB2*imagesize[1]*imagesize[1]);


printf("time: %f\n",time2-time3);


printf("count: %d\n",count);


printf("Beginning simplex\n");


int n = 6;         /* number of parameters to be optimized */


double x[6];


x[0] = bestdiffA0;          /* starting */


x[1] = bestdiffA1;          /* point    */


x[2] = bestdiffA2;


x[3] = bestdiffB0;


x[4] = bestdiffB1;


x[5] = bestdiffB2;


//Setup precision


double precisionArr[6];


precisionArr[0]=A0increase;


precisionArr[1]=A1increase;


precisionArr[2]=A2increase;


precisionArr[3]=B0increase;


precisionArr[4]=B1increase;


precisionArr[5]=B2increase;


double z[6];


simplex(&base_Image, &sliver_Image, x, z, n, precisionArr, reflectParam, contractParam, growthParam);


printf("Coefficients of drift were\n");


printf("Totaldiff: %d\n",bestdiff);


printf("A0   %f\n",z[0]);


printf("B0   %f\n",z[3]);


printf("A1   %f   %f\n",z[1],z[1]*imagesize[1]);


printf("B1   %f  %f\n",z[4],z[4]*imagesize[1]);


printf("A2   %f  %f\n",z[2],z[2]*imagesize[1]*imagesize[1]);


printf("B2   %f  %f\n",z[5],z[5]*imagesize[1]*imagesize[1]);


float aterms[4]={z[0],z[1], z[2], 0.0};


float bterms[4]={z[3],z[4], z[5], 0.0};


image_basic final(imagesize[0],imagesize[1]);


warp_image(&base_Image,imagesize[0], imagesize[1],aterms,bterms,1,&final);


string finalstring="C:\\final.tif";


final.file_write_tiff(finalstring);


printf("------End of Program------\n");


getchar();

}

#else

#endif

Appendix D.  Nelder-Mead simplex algorithm.

// Simplex.h

int simplex(image_basic *baseImage, image_basic *sliverImage, double x[], double z[], double n, double precision[], double alpha, double beta, double gamma);

//Simplex.c

/*

*   Modifications by:  Brian Salmons.  Changed to handle images and precision.

*

*

*Here is an implementation in C (see the end of file for writer).  Using it on Rosenbrock's famous function

        myfunc(x,y)   =   (1-x)^2  +  100[ (x^2 - y)^2 ]

from the traditional starting point   (x,y) = (-1.2, +1.0)

this code calculated a minimum at     (x,y) = ( 1.000026  ,  1.000051 )

while using 177 evaluations of the function myfunc.

   (It's easy to see that Rosenbrock's function myfunc has a minimum at (1,1)).

No warranty is expressed or implied, use at your own risk, remember that

this software is worth what you paid for it, and you paid zero.

=============================================================================

=============================================================================

*/

#include <stdio.h>

#include <math.h>

#include "image_basic.h"

#include <iostream>

#include <time.h>

#include <fstream>

#include <IStream>

using namespace std;

extern void warp_image(image_basic *baseImage,int sizex, int sizey, float aterms[], float bterms[], int dominantAxis, image_basic *warpedImage);

/* Nelder and Mead    Simplex for minimization of functions */

#define         VARS            (20)    /* # of parms to optimize */

#define         MAXI            (1000)  /* iteration limit        */

#define         ERRHALT         (1e-9)  /* std error termination  */

#define         PRINTEM         (10)    /* progress report period */

#define         ALP             (1.0)   /* reflection parameter   */

#define         BET             (0.5)   /* contraction parameter  */

#define         GAM             (2.0)   /* expansion parameter    */

#define         TINY            (1e-6)  /* first simplex displace */

/* global variables */

long    funevals = 0;

int min2 (int x, int y)

{


if (x < y)



return x;


else



return y;

}

int max2 (int x, int y)

{


if (x < y)



return y;


else



return x;

}

/* Here is Rosenbrock's test function */

/*      the infamous parabolic valley or "banana function" */

image_basic *base;

image_basic *sliver;

int *basesize;

int *sliversize;

double  m1yfunc(double x[])

{

        double  a, b ;

        funevals++;             /* for informational purposes only */

        a = (1.0 - x[0]) ;

        b = 10.0 * ((x[0] * x[0]) - x[1]) ;

        return( ((a*a)+(b*b)) ) ;

}

double myfunc(double x[])

{


funevals++;


float aterms[3];


aterms[0]=(float)x[0];


aterms[1]=(float)x[1];


aterms[2]=(float)x[2];


float bterms[3];


bterms[0]=(float)x[3];


bterms[1]=(float)x[4];


bterms[2]=(float)x[5];


image_basic mywarp(basesize[0],basesize[1],1);


warp_image(base,basesize[0],basesize[1],aterms,bterms,1,&mywarp);


image_basic sliverwarp(basesize[0],basesize[1],1);


warp_image(sliver,sliversize[0],sliversize[1],aterms,bterms,2,&sliverwarp);


double sum=0;


long area=0;


int basexstart=basesize[0]/2-sliversize[0]/2;


int basexmax=basesize[0]/2+sliversize[0]/2;


int sliverxstart=0;


int sliverxmax=sliversize[0];


int baseystart=(int)max2(0, bterms[0]);


int baseymax=(int)min2(basesize[1],basesize[1]-(bterms[0]+(bterms[1]-1)*basesize[1]+bterms[2]*basesize[1]*basesize[1]));


int sliverystart=(int)max2(0,-bterms[0]);


int sliverymax=(int)min2(basesize[1],basesize[1]+(bterms[0]+bterms[1]*basesize[1]+bterms[2]*basesize[1]*basesize[1]));


for (int x=basexstart;x<basexmax;x++) {



for (int y=baseystart; y<baseymax;y++){




if (sliverwarp.get(x-basexstart+sliverxstart,y-baseystart+sliverystart)!=-1 && mywarp.get(x,y)!=-1){





sum+=pow((double)(mywarp.get(x,y)-sliverwarp.get(x-basexstart+sliverxstart,y-baseystart+sliverystart)),2);





area++;




}



}


}


return (sum/(double)area);

}

void copyBase(image_basic *baseImage){


base = new image_basic(baseImage->width, baseImage->height,1);


for (int i=0; i<baseImage->width;i++)


{



for (int j=0;j<baseImage->height;j++)



{




base->set(i,j,baseImage->get(i,j));



}


}

}

void copySliver(image_basic *sliverImage){


sliver = new image_basic(sliverImage->width, sliverImage->height,1);


for (int i=0; i<sliverImage->width;i++)


{



for (int j=0;j<sliverImage->height;j++)



{




sliver->set(i,j,sliverImage->get(i,j));



}


}

}

int simplex(image_basic *baseImage, image_basic *sliverImage, double x[], double z[], double n, double precision[], double alpha, double beta, double gamma)

{


copyBase(baseImage);


copySliver(sliverImage);


sliversize=new int[2];


sliversize[0]=sliver->width;


sliversize[1]=sliver->height;


basesize=new int[2];


basesize[0]=base->width;


basesize[1]=base->height;

        double  p[VARS][VARS] ;         /* simplex of (n+1) points */

        double  fvals[VARS] ;

        double  ymax, ymin ;            /* biggest & smallest myfunc    */

        //double  myfunc() ;

        double  newp[VARS], newpp[VARS], centroid[VARS] ;

        double  newy, newppy, err, meany ;

        double  t0 ;

        int     i, j, ok, pass ;

        int     max, min ;

        /* warning: it is best to supply an initial point that has none    */

        /* of its coordinates equal to 0.00.  0.00 makes it hard for the   */

        /* algorithm to judge the scale of the problem, and it arbitrarily */

        /* assumes that along a zero-initial-coord, the scale factor is 1. */

        /* first point of the simplex */

        for(i=0; i<n; i++) p[0][i] = x[i] ;

        /* fill in the remaining points of the initial simplex            */

        /* point no. k is the initial point displaced by 2x along coord k */

        for(i=1; i<=n; i++)

        {

                for(j=0; j<n; j++)

                {

                        if((j+1) != i)  p[i][j] = p[0][j] ;

                        else    {       t0 = p[0][j] ;

                                        //if(abs(t0) < TINY) t0 = 0.5 ;

                                        p[i][j] = precision[j] + t0 ;

                                }

                }

        }

        /* go through all of the points of the simplex & find max, min */

        max = 0; min = 0 ;

        fvals[0] = myfunc(x);

        ymax = fvals[0] ;  ymin = ymax ;

        for(i=1; i<=n; i++)

        {

                for(j=0; j<n; j++) newp[j]=p[i][j] ;

                fvals[i] = myfunc(newp);

                if(fvals[i] >= ymax) { ymax = fvals[i]; max = i; }

                if(fvals[i] < ymin)  { ymin = fvals[i]; min = i; }

        }

        /* print out the simplex */

        printf("\n INITIAL SIMPLEX\n");

        for(i=0; i<=n; i++)

        {

                for(j=0; j<n; j++) printf(" %-10.3lf", p[i][j]);

                t0 = fvals[i] ;

                printf("  %-10.3le", t0);

                if(i==max) printf(" MAX");

                if(i==min) printf(" MIN");

                printf("\n");

        }

        /* compute the centroid */

        for(j=0; j<n; j++)

        {

                centroid[j] = 0.00 ;

                for(i=0; i<=n; i++)

                {

                        if(i!=max) centroid[j] += p[i][j] ;

                }

                centroid[j] = centroid[j] / ( (double) n) ;

        }

        /* print out the centroid */

        printf("\n INITIAL CENTROID\n");

        for(j=0; j<n; j++) printf(" %-10.3lf", centroid[j]);

        printf("\n");

        /* compute the initial value of the halting criterion */

        meany = 0.00;

        for(i=0; i<=n; i++) meany += fvals[i] ;

        meany = meany / ( (double) (n+1) ) ;

        err = 0.00;

        for(i=0; i<=n; i++) err += (meany-fvals[i]) * (meany-fvals[i]) ;

        err = sqrt(err / ((double) (n+1))) ;

        pass = 0;

        while((err >= ERRHALT) && (pass < MAXI))

        {

                /* find biggest and smallest values of myfunc */

                max = min = 0;

                ymax = ymin = fvals[0] ;

                for(i=1; i<=n; i++)

                {

                        if(fvals[i] >= ymax) { ymax = fvals[i]; max = i; }

                        if(fvals[i] < ymin)  { ymin = fvals[i]; min = i; }

                }

                /* compute the centroid */

                for(j=0; j<n; j++)

                {

                        centroid[j] = 0.00 ;

                        for(i=0; i<=n; i++)

                        {

                                if(i!=max) centroid[j] += p[i][j] ;

                        }

                        centroid[j] = centroid[j] / ( (double) n) ;

                }

                pass++;

                if(0==(pass%(PRINTEM)))

                {

                    /*    printf("\n ITERATION %4d     func = %11.4lf\n",

                                        pass, ymin);

                        for(j=0; j<n; j++) printf("    X(%3d) = %-10.3lf\n",

                                        j, p[min][j]);

                        printf("\n");*/

                }

                /* try reflecting the worst point thru the centroid */

                for(i=0; i<n; i++) newp[i] = ((1.0 + alpha) * centroid[i]) -

                                  (alpha * p[max][i]) ;

                newy = myfunc(newp);

                /* see if we accidentally generated a really good point */

                if(newy < ymin)

                {

                        /* a promising direction; do an expansion */

                        for(i=0; i<n; i++) newpp[i] = (gamma * newp[i]) +

                                           ((1.0 - gamma) * centroid[i]);

                        newppy = myfunc(newpp);

                        if(newppy < ymin)

                        {

                                /* the expansion succeeded; use newpp */

                                for(i=0; i<n; i++) p[max][i] = newpp[i];

                                fvals[max] = newppy ;

                                ymax = newppy ;

                        }

                        else

                        {

                                /* the expansion failed; use newp */

                                for(i=0; i<n; i++) p[max][i] = newp[i];

                                fvals[max] = newy ;

                                ymax = newy ;

                        }

                        goto do_more ;  /* bottom of loop, iterate again */

                }

                /* did the relection produce a really bad (large myfunc) point */

                /* if it is lower than one point in the simplex, accept it */

                ok = 0;

                for(i=0; i<=n; i++)

                        if((i!=max) && (newy <= fvals[i])) ok=1;

                if(ok==1)

                {

                        for(i=0; i<n; i++) p[max][i] = newp[i];

                        fvals[max] = newy ;

                        ymax = newy ;

                        goto do_more;  /* bottom of loop, iterate again */

                }

                /* It seems the reflection point is indeed poor (big myfunc) */

                if(newy <= ymax)

                {

                        /* at least we can replace max by something better */

                        for(i=0; i<n; i++) p[max][i] = newp[i];

                        fvals[max] = newy ;

                        ymax = newy ;

                }

                /* now do a contraction */

                for(i=0; i<n; i++)

                {

                        newpp[i] = (beta * p[max][i]) +

                                   ((1.0 - beta) * centroid[i]);

                }

                newppy = myfunc(newpp);

                if(newppy <= ymax)

                {

                        /* success; replace only the max point */

                        for(i=0; i<n; i++) p[max][i] = newpp[i];

                        fvals[max] = newppy ;

                        ymax = newppy ;

                }

                else

                {

                        /* contraction failed; collapse simplex points */

                        /* towards the present minimum point */

                        for(i=0; i<=n; i++)

                        {

                                for(j=0; j<n; j++)

                                {

                                        p[i][j] = 0.5*(p[i][j]+p[min][j]) ;

                                        newp[j] = p[i][j] ;

                                }

                                newy = myfunc(newp);

                                fvals[i] = newy ;

                        }

                }

                /* compute the "standard error" of the simplex */

                /* which is the termination criterion for the  */

                /* outermost (while) loop.                     */

do_more:        meany = 0.00;

                for(i=0; i<=n; i++) meany += fvals[i] ;

                meany = meany / ( (double) (n+1) ) ;

                err = 0.00;

                for(i=0; i<=n; i++)

                        err += (meany-fvals[i]) * (meany-fvals[i]) ;

                err = sqrt(err / ((double) (n+1))) ;

        }       /* end of while loop */

        /* find biggest and smallest values of myfunc */

        max = 0;  min = 0 ;

        ymax = fvals[0] ;  ymin = ymax ;

        for(i=1; i<=n; i++)

        {

                if(fvals[i] >= ymax) { ymax = fvals[i]; max = i; }

                if(fvals[i] < ymin)  { ymin = fvals[i]; min = i; }

        }

        /* put the minimum point in the return vector z */

        for(i=0; i<n; i++) z[i] = p[min][i] ;



delete [] basesize;



delete [] sliversize;



delete base;



delete sliver;



return 1;

}       /* end of simplex() */

/*

int main()

{

        int     i, n;

        double  x[VARS], z[VARS] ;

        double  alpha, beta, gamma ;


string rundata1="Y:\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\ImageMaster\\256abstractb.tif";


string rundata2="Y:\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\ImageMaster\\256abstractsliverb.tif";


base=new image_basic();


base->file_read_tiff(rundata1);


basesize=new int[2];


basesize[0]=base->width;


basesize[1]=base->height;


sliver=new image_basic();


sliver->file_read_tiff(rundata2);


sliversize=new int[2];


sliversize[0]=sliver->width;


sliversize[1]=sliver->height;

                n = 6;         // number of parameters to be optimized

                x[0] = 0;          // starting





x[1] = 0;          // point





x[2] = 0;





x[3] = 0;





x[4] = 1;





x[5] = 0;

        alpha = ALP ;

        beta = BET ;

        gamma = GAM ;



double *precision = new double[6];



precision[0]=1;



precision[1]=.1;



precision[2]=.001;



precision[3]=1;



precision[4]=.1;



precision[5]=.001;

        printf("\nInitial values are\n");

        for(i=0; i<n; i++) printf(" x[%d]  =  %lf \n", i, (x[i]));

        // call the simplex minimizer routine

        simplex(x, z, n, precision, alpha, beta, gamma);

        printf("\n\nSIMPLEX took %ld evaluations; returned\n", funevals);

        for(i=0; i<n; i++) printf(" z[%d] \t %lf \n", i, (z[i]));



delete base;



delete sliver;



delete [] precision;



delete [] basesize;



delete [] sliversize;

int blah=0;



scanf("%d",blah);

}

*/

/* end of main() */

/*

=============================================================================

No warranty is expressed or implied, use at your own risk, remember that

this software is worth what you paid for it, and you paid zero.

=============================================================================

-- 

 -- Mark Johnson        

        MIPS Computer Systems, 930 E. Arques M/S 2-02, Sunnyvale, CA 94088-3650

        (408) 524-8308    m...@mips.com  {or ...!decwrl!mips!mark} 



*/

Appendix E: Bilinear interpolation code

// returns pixel value from float x,y by bilerping

float interp_pixel(image_basic *baseImage, float x, float y) {

        float s, t;



int image_width = baseImage->width;



int image_height = baseImage->height;

        float left_val, right_val, top_val, bottom_val;

        // Get integer coordinates for top left corner

        int left_index = (int)x, top_index = (int)y;



int right_index;



int bottom_index;

        // Get integer coordinates of bottom and right edges

        if ( left_index > image_width )

          right_index = left_index;             // Don't fall off the edge!

        else

          right_index = ceil(x);//left_index + 1;

        if ( top_index > image_height )

          bottom_index = top_index;             // Don't fall off the edge!

        else

          bottom_index = ceil(y);//top_index + 1;

        // Interpolate across the top edge

        s = x - (float)left_index;

        t = y - (float)top_index;



left_val = baseImage->get(left_index,top_index);



right_val = baseImage->get(right_index,top_index);

        // Linear interpolation recoded to only one multiply

        top_val = s*right_val + (1-s)*(left_val);//right_val + s * (left_val-right_val);

        // Interpolate across the bottom edge



left_val = baseImage->get(left_index,bottom_index);



right_val = baseImage->get(right_index,bottom_index);

        bottom_val = right_val + s * (left_val-right_val);

        // Interpolate between top and bottom

        return (t*bottom_val + (1-t)*top_val);//(bottom_val + t * (top_val-bottom_val));

} 

void warp_image(image_basic *baseImage,int sizex, int sizey, float aterms[], float bterms[], int dominantAxis, image_basic *warpedImage)

{


//we have to retain the integrity of the old image, so we have to make a new, unwarped version.


//image_basic warpedImage(sizex,sizey,1);


int pixelx=0;


int pixely=0;


float newx=0;


float newy=0;


int pixelvalue=0;


if (dominantAxis==1)


{



for (pixely=0;pixely<sizey;pixely++)



{





for
(pixelx=0;pixelx<sizex;pixelx++)




{





//math.pow() is slightly slower than explicit multiplication.  Since this will be happening thousands of times, 





//this IS slightly faster.  Please note that since 





newx=pixelx+aterms[0]+aterms[1]*pixely+aterms[2]*pixely*pixely;//+aterms[3]*pixely*pixely*pixely;





newy=bterms[0]+bterms[1]*pixely+bterms[2]*pixely*pixely;//+bterms[3]*pixely*pixely*pixely;





if (newx < 0 || newx >= baseImage->width || newy <0 || newy >= baseImage->height){






warpedImage->set(pixelx, pixely, -1);





}





else





{






pixelvalue=interp_pixel(baseImage, newx, newy);     //where the new value is actually computed.






warpedImage->set(pixelx,pixely,pixelvalue);





}




}



}


}


else


{



for (pixely=0;pixely<sizey;pixely++)



{





for
(pixelx=0;pixelx<sizex;pixelx++)




{





//math.pow() is slightly slower than explicit multiplication.  Since this will be happening thousands of times, 





//this IS slightly faster.  Please note that since 





newx=aterms[0]+(aterms[1]+1)*pixelx + aterms[2] * pixelx*pixelx + aterms[3]*pixelx*pixelx*pixelx;





newy=pixely+bterms[0]+(bterms[1]-1)*pixelx+bterms[2]*pixelx*pixelx+bterms[3]*pixelx*pixelx*pixelx;





if (newx < 0 || newx >= baseImage->width || newy <0 || newy >= baseImage->height){






warpedImage->set(pixelx, pixely, -1);





}





else





{






pixelvalue=interp_pixel(baseImage, newx, newy);     //where the new value is actually computed.






warpedImage->set(pixelx,pixely,pixelvalue);





}




}



}


}


//return warpedImage;

}

Appendix F.  Sliver Capture panel
#pragma rtGlobals=1

// Use modern global access method.

Window Sliver_Panel() : Panel

PauseUpdate; Silent 1

// building window...

NewPanel /W=(452,231,951,628)

//
newdatafolder/O root:Sliver

//

SetDataFolder "root"

Variable/G PreScanSize=GV("ScanSize")

Variable/G PreScanRate=GV("ScanRate")

Variable/G PreScanSpeed=GV("ScanSpeed")

Variable/G PreSliverRatio=1/4

Variable/G PreSliverXOffset=GV("XOffset")

Variable/G PreSliverYOffset=GV("YOffset")

Variable/G PreScanAngle=GV("ScanAngle")

Variable/G PreHeight=GV("SlowRatio")

Variable/G PreWidth=GV("FastRatio")

Variable/G PreSliverModifyRate=1

Variable/G PreSliverState=0

ShowTools

SetDrawLayer UserBack

SetDrawEnv textxjust= 1,textyjust= 1

DrawText 238,10,"This setting allows rapid adjustment of all the sliver related adjustments."

SetDrawEnv textxjust= 1,textyjust= 1

DrawText 232,25,"Use this to control your sliver output."

Button DoScanButton,pos={3,374},size={50,20},proc=DoScan_Go,title="Do Scan"

Button DoScanButton,help={"Overwrite Main Panel and trigger scan routine"}

SetVariable Sliver_Ratio,pos={192,54},size={120,16},title="Sliver Ratio"

SetVariable Sliver_Ratio,limits={0,1,0.05},value=PreSliverRatio

SetVariable Scan_Size_Box,pos={17,54},size={150,16},title="Scan Size (um)"

SetVariable Scan_Size_Box,limits={0,5e-05,1e-08},value= PreScanSize

CheckBox Modify_Scan_Rate,pos={343,56},size={109,14},proc=TriggerScanRate,title="Modify Scan Rate?"

CheckBox Modify_Scan_Rate,help={"This Tool allows you to maintain the level of accuracy used in the image.  If the original image was not square, then checking this box will modify the Scan Rate to reflect the new, opposing, scan axis"}

CheckBox Modify_Scan_Rate,value= 1

GroupBox Sliver_Results,pos={25,84},size={200,246},title="Sliver Result Box"

GroupBox Sliver_Results,labelBack=(52224,52224,52224)

ValDisplay Result_Sliver_Size,pos={34,104},size={180,15},title="Sliver Size (um)"

ValDisplay Result_Sliver_Size,labelBack=(52224,52224,52224),font="Arial"

ValDisplay Result_Sliver_Size,fSize=10,limits={0,0,0},barmisc={0,1000},mode= 1

ValDisplay Result_Sliver_Size,value= #"PreScanSize*PreSliverRatio"

ValDisplay Result_Scan_Rate,pos={60,119},size={150,15},title="Scan Rate"

ValDisplay Result_Scan_Rate,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_Scan_Rate,limits={0,0,0},barmisc={0,1000},mode= 1,value= #"(PreScanRate*(PreSliverModifyRate==0))+(PreScanRate*((PreSliverModifyRate==1)*(1/PreSliverRatio)))"

SetVariable Sliver_X_Offset,pos={255,91},size={200,16},title="Sliver Offset: X"

SetVariable Sliver_X_Offset,help={"This control sets the sliver position to be modified from the center"}

SetVariable Sliver_X_Offset,limits={-inf,inf,1e-09},value= PreSliverXOffset

SetVariable Sliver_Y_Offset,pos={255,108},size={200,16},title="Sliver Offset: Y"

SetVariable Sliver_Y_Offset,help={"This control sets the sliver position to be modified from the center"}

SetVariable Sliver_Y_Offset,limits={-inf,inf,1e-09},value= PreSliverYOffset

Button Sliver_Update_Info,pos={65,298},size={70,20},proc=Update_Info,title="Update Info"

ValDisplay Result_Scan_Speed,pos={51,132},size={160,15},title="Scan Speed"

ValDisplay Result_Scan_Speed,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_Scan_Speed,limits={0,0,0},barmisc={0,1000},mode= 1,value= #"PreScanSpeed"

ValDisplay Result_X_Offset,pos={72,144},size={150,15},title="X Offset"

ValDisplay Result_X_Offset,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_X_Offset,limits={-inf,inf,1e-09},barmisc={0,1000},mode= 1

ValDisplay Result_X_Offset,value= #"PreSliverXOffset"

ValDisplay Result_Y_Offset,pos={72,156},size={150,15},title="Y Offset"

ValDisplay Result_Y_Offset,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_Y_Offset,limits={-inf,inf,1e-09},barmisc={0,1000},mode= 1

ValDisplay Result_Y_Offset,value= #"PreSliverYOffset"

ValDisplay Result_Scan_Angle,pos={54,168},size={150,15},title="Scan Angle"

ValDisplay Result_Scan_Angle,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_Scan_Angle,limits={0,0,0},barmisc={0,1000},mode= 1

ValDisplay Result_Scan_Angle,value= #"PreScanAngle+90"

ValDisplay Result_Height,pos={59,184},size={60,15},title="Height"

ValDisplay Result_Height,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_Height,limits={0,0,0},barmisc={0,1000},mode= 1,value= 1/((abs((PreScanAngle+180)/90)==3)*PreSliverRatio*PreHeight+(abs((PreScanAngle+180)/90)==2)*PreHeight)

ValDisplay Result_Width,pos={118,185},size={40,15},title=":"

ValDisplay Result_Width,labelBack=(52224,52224,52224),font="Arial",fSize=10

ValDisplay Result_Width,limits={0,0,0},barmisc={0,1000},mode= 1,value= 1/((abs((PreScanAngle+180)/90)==2)*PreSliverRatio*PreWidth+(abs((PreScanAngle+180)/90)==3)*PreWidth)

SetVariable Sliver_State title="Sliver State",pos={300,300},size={100,20};

SetVariable Sliver_State value=PreSliverState

Button SliverCancelButton title="Cancel",proc=CancelButtonAttacks,pos={415,375}

EndMacro

Function Update_Info(ctrlName) : ButtonControl

String ctrlName

GoToData("root")

//Variable/G PreScanSize=GV("ScanSize")

Variable/G PreScanRate=GV("ScanRate")

//Variable/G PreSliverRatio=11/4

Variable/G PreSliverXOffset=GV("XOffset")

Variable/G PreSliverYOffset=GV("YOffset")

Variable/G PreScanAngle=GV("ScanAngle")

Variable/G PreHeight=GV("SlowRatio")

Variable/G PreWidth=GV("FastRatio")

//ValDisplay Result_Sliver_Size,value= #"PreScanSize*PreSliverRatio"

//ValDisplay Result_Scan_Rate,value= #"0"  //Not implemented yet

//ValDisplay Result_Scan_Speed,value= #"0"  //Not implemented yet

//ValDisplay Result_X_Offset,value= #"PreSliverXOffset"

//ValDisplay Result_Scan_Angle,value= #"PreScanAngle+90"

//ValDisplay Result_Height,value= #"(abs(PreScanAngle/90)==1)*PreSliverRatio*PreHeight+(abs(PreScanAngle/90)==0)*PreHeight"

//ValDisplay Result_Width,value= #"(abs(PreScanAngle/90)==0)*PreSliverRatio*PreWidth+(abs(PreScanAngle/90)==1)*PreWidth"

End

Function DoScan_Go(ctrlName) : ButtonControl

String ctrlName

Variable/G PreSliverState

DoScanFunc("DoScan_0")

PreSliverState=1

//SetVariable Sliver_State value=#"1"

End

Function TriggerScanRate(ctrlName,checked) : CheckBoxControl

String ctrlName

Variable checked

Variable/G PreScanRate

Variable/G PreSliverRatio

Variable/G PreSliverModifyRate=checked

PreScanRate=(GV("ScanRate")*(PreSliverModifyRate==0))+(GV("ScanRate")*((PreSliverModifyRate==1)*(1/PreSliverRatio)))

//ValDisplay Result_Scan_Speed disable=ABS(checked-1)

End

Function InitiateSliver()

Variable/G PreSliverState

if (PreSliverState==1)

//SetDataFolder "root"

Variable/G PreSliverState

Variable/G PreScanRate

Variable/G PreSliverRatio

Variable/G PreSliverXOffset

Variable/G PreSliverYOffset

Variable/G PreScanAngle

Variable/G PreHeight

Variable/G PreWidth

Variable/G PreSliverModifyRate

PV("ScanRate",(PreScanRate*(PreSliverModifyRate==0))+(PreScanRate*((PreSliverModifyRate==1)*(1/PreSliverRatio))))

PV("XOffset",PreSliverXOffset)

PV("YOffset",PreSliverYOffset)

PV("ScanAngle",PreScanAngle)

PV("SlowRatio",1/((abs((PreScanAngle+180)/90)==3)*PreSliverRatio*PreHeight+(abs((PreScanAngle+180)/90)==2)*PreHeight))

PV("FastRatio",1/((abs((PreScanAngle+180)/90)==2)*PreSliverRatio*PreWidth+(abs(( PreScanAngle+180)/90)==3)*PreWidth))

PreSliverState=2

DoScanFunc("DoScan_0")

Else

PreSliverState=0

Endif

End

Function CheckLast()

Variable/G PreSliverState

if (PreSliverState==1)

DoScanFunc("LastScan_0")

Endif

if (PreSliverState==2)

DoScanFunc("LastScan_0")

Endif

End

Function CancelButtonAttacks(ctrlName) : ButtonControl

String ctrlName

KillSliverPanel()

End

Function KillSliverPanel()

killvariables root:PreScanSize

killvariables root:PreScanRate

killvariables root:PreScanSpeed

killvariables root:PreSliverRatio

killvariables root:PreSliverXOffset

killvariables root:PreSliverYOffset

killvariables root:PreScanAngle

killvariables root:PreHeight

killvariables root:PreWidth

killvariables root:PreSliverModifyRate

killvariables root:PreSliverState

Dowindow/K Sliver_Panel

//
killdatafolder root:Images:phase

End

Appendix G. Image extraction panel

#pragma rtGlobals=1

// Use modern global access method.

Window panelphase() : Panel

SetDataFolder "root:Images"

String waves = WaveList("*",";","Text:0,Dims:3")

Variable numitems=itemsinlist(waves)

newdatafolder/O/S :phase

Make/T/O/N=(numitems) listwave

if (numitems>=1)

makewaves(listwave,waves,i)

else

print "no opened pictures!"

Make/T/O/N=1 listwave

listwave[0]="Load an image into memory"

endif

Variable/G wavenameschecked=0

Variable/G overwriteChecked=0

Variable/G selectedlayer=3

String/G location ="C:\\Research Data\\Images\\Summer Research Group"

PauseUpdate; Silent 1

// building window...

NewPanel /W=(1505,292,1975,620)

DoWindow Layer_Extract

if (V_flag)

DoWindow/K Layer_Extract

endif

DoWindow/C Layer_Extract

ShowTools

SetDrawLayer UserBack

SetDrawEnv save

Button Gobutton,pos={6,300},size={50,20},proc=GoProc,title="Go"

ListBox waveslistbox,pos={10,5},size={265,255},proc=ListBoxProc,frame=2

ListBox waveslistbox,listWave=listwave

ListBox waveslistbox,selWave=listwavebuddy,mode= 3

Button Cancelbutton,pos={75,300},size={50,20},proc=CancelbuttonProc,title="Cancel"

Button Helpbutton,pos={200,300},size={50,20},proc=HelpButton,title="Help"

Button Helpbutton,help={"Displays the help for this panel"}

CheckBox UseWaveNameCheckBox,pos={290,15},size={134,14},proc=wavenamescheck,title="Write with wave names?"

CheckBox UseWaveNameCheckBox,help={"If checked, will use the wave name as the name of the wave"}

CheckBox UseWaveNameCheckBox,variable= root:Images:wavenameschecked, value=1

CheckBox OverwriteCheckBox,pos={310,35},size={105,14},proc=OverwriteCheck,title="Overwrite images?"

CheckBox OverwriteCheckBox,value= 0,variable= root:Images:overwritechecked, value=1

PopupMenu layermenu,pos={290,150},size={103,21},proc=PopMenuProc,title="Pick a layer"

PopupMenu layermenu,help={"Selects the layer to extract and save to .TIFF"}

PopupMenu layermenu,mode=4,popvalue="3",value= #"\"1;2;3;4;5;6\""

SetVariable Setvar1,value=location,limits={0,0,0},pos={10,275},size={426,25}

doupdate

EndMacro

Function GoProc(ctrlName) : ButtonControl

String ctrlName

Variable i

Wave/T listwave

Wave listwavebuddy

Variable listsize= dimsize(listwave, 0)

Make/T/O/N=(listsize) failedlist

NVAR wavenameschecked

Variable size = dimsize(listwavebuddy,0)

Variable numberfailed=0

Variable failed

for(i=0;i<size;i+=1)

failed=0

if (listwavebuddy[i]==1)

if (wavenameschecked)

failed=savephase(listwave[i],savename=listwave[i])

else

failed=savephase(listwave[i])

endif

if (failed==1)

numberfailed+=1

failedlist[numberfailed-1]=(listwave[i])

endif

endif

endfor

if (numberfailed > 0)

print ""

print "The waves that failed were:"

print failedlist

print "Please open manually"

else

print ""

print "no waves failed"

endif

Killwaves failedlist

Layercleanup()

End

Function makewaves(listwaves,waves,number)

Wave/t listwaves

Variable number

String waves

Variable i

SetDataFolder "root:Images"

for(i=0;i<number;i+=1)

listwaves[i]=StringFromList(i,waves)

endfor

end

function savephase(name,[savename])

String name

String savename

SVAR location

NewPath/C/O/Q path location

NVAR selectedlayer

NVAR wavenameschecked

NVAR overwriteChecked

Variable failed=0

print "Scooty Rocks!"

if (Cmpstr(name,"")!=0)

if (waveexists($name))

Wave image=$name

Make/O/N=(dimsize($name,0),dimsize($name,1)) new

try

new = image[p][q][selectedlayer-1]

ImageTransform flipCols new

if(ParamisDefault(savename))

ImageSave/F/D=16/T="tiff"/P=path new

else

if(overwriteChecked)

ImageSave/F/O/D=16/T="tiff"/P=path new (savename+".tif")

else

ImageSave/F/D=16/T="tiff"/P=path new savename

endif

endif

print name, "layer", selectedlayer, " save completed"

catch

print name, " has too few layers for that selection.  Excluding and continuing"

failed=1

endtry

else

try

print "Trying to load  ",name,"..."

//SetDataFolder "root:Images"

//LoadData/D/Q/P=Loadpath/J=(name)

Loadwave/Q/P=Loadpath/N=name (name+".ibw")

//SetDataFolder "root:Images:phase"

if (waveexists($name))

print "load successfull."

Wave image=$name

Make/O/N=(dimsize($name,0),dimsize($name,1)) new

try

new = image[p][q][selectedlayer-1]

ImageTransform flipCols new

if(ParamisDefault(savename))

ImageSave/F/D=16/T="tiff"/P=path new

else

if(overwriteChecked)

ImageSave/F/O/D=16/T="tiff"/P=path new (savename+".tif")

else

ImageSave/F/D=16/T="tiff"/P=path new savename

endif

endif

print name, "layer", selectedlayer, " save completed"

catch

print name, " has too few layers for that selection.  Excluding and continuing"

failed=1

endtry

else

print "Loaded, but error in file, please open into memory manually.  File: ",name

failed=1

endif

catch

print "no such wave exists"

failed=1

endtry

endif

else

print "null string name"

failed=1

endif

if (failed==1)

else

KillWaves new

endif

return failed

end

Function ListBoxProc(ctrlName,row,col,event) : ListBoxControl

String ctrlName

Variable row

Variable col

Variable event
//1=mouse down, 2=up, 3=dbl click, 4=cell select with mouse or keys

//5=cell select with shift key, 6=begin edit, 7=end

return 0

End

Function CancelbuttonProc(ctrlName) : ButtonControl

String ctrlName

Layercleanup()

End

Function OverwriteCheck(ctrlName,checked) : CheckBoxControl

String ctrlName

Variable checked

NVAR overwriteChecked=checked

End

Function wavenamescheck(ctrlName,checked) : CheckBoxControl

String ctrlName

Variable checked

NVAR wavenameschecked=checked

if (checked)

ModifyControl Overwritecheckbox disable=0

else

ModifyControl Overwritecheckbox disable=1

endif

End

Function HelpButton(ctrlName) : ButtonControl

String ctrlName

String text = "select the images that you want to perform the phase operation on from the list.  If you would like to overwrite existing images, check the overwrite images checkbox."

String text2= "  If you want to use the wave names rather than individual saves, check the 'write with wave names' checkbox.  The layer popup menu allows you to select which layer"

String text3= " of the loaded image you would like to load.  Be carefull not to select a value greater than the number of layers in the images you select."

print text+text2+text3

End

Function PopMenuProc(ctrlName,popNum,popStr) : PopupMenuControl

String ctrlName

Variable popNum

String popStr

NVAR selectedlayer

selectedlayer=(str2num(popStr))

End

Function Layercleanup()

killvariables root:Images:wavenameschecked

killvariables root:Images:overwriteChecked

killvariables root:Images:selectedlayer

Dowindow/K layer_extract

killdatafolder root:Images:phase

end

Appendix H. Drift Correction Panel code.
/// Program.cs

using System;

using System.Collections.Generic;

using System.Linq;

using System.Windows.Forms;

namespace ImageForm

{

    static class Program

    {

        /// <summary>

        /// The main entry point for the application.

        /// </summary>

        [STAThread]

        static void Main()

        {

            Application.EnableVisualStyles();

            Application.SetCompatibleTextRenderingDefault(false);

            Application.Run(new Form1());

        }

    }

}

/// Form1.Designer.cs

namespace ImageForm

{

    partial class Form1

    {

        /// <summary>

        /// Required designer variable.

        /// </summary>

        private System.ComponentModel.IContainer components = null;

        /// <summary>

        /// Clean up any resources being used.

        /// </summary>

        /// <param name="disposing">true if managed resources should be disposed; otherwise, false.</param>

        protected override void Dispose(bool disposing)

        {

            if (disposing && (components != null))

            {

                components.Dispose();

            }

            base.Dispose(disposing);

        }

        #region Windows Form Designer generated code

        /// <summary>

        /// Required method for Designer support - do not modify

        /// the contents of this method with the code editor.

        /// </summary>

        private void InitializeComponent()

        {

            this.ParametersGroupBox = new System.Windows.Forms.GroupBox();

            this.AutoCheckBox = new System.Windows.Forms.CheckBox();

            this.B2TextBox = new System.Windows.Forms.TextBox();

            this.B1TextBox = new System.Windows.Forms.TextBox();

            this.B0TextBox = new System.Windows.Forms.TextBox();

            this.A2TextBox = new System.Windows.Forms.TextBox();

            this.A1TextBox = new System.Windows.Forms.TextBox();

            this.A0TextBox = new System.Windows.Forms.TextBox();

            this.label22 = new System.Windows.Forms.Label();

            this.label21 = new System.Windows.Forms.Label();

            this.label20 = new System.Windows.Forms.Label();

            this.label19 = new System.Windows.Forms.Label();

            this.label18 = new System.Windows.Forms.Label();

            this.label17 = new System.Windows.Forms.Label();

            this.label10 = new System.Windows.Forms.Label();

            this.label9 = new System.Windows.Forms.Label();

            this.label8 = new System.Windows.Forms.Label();

            this.label7 = new System.Windows.Forms.Label();

            this.BlocksizeTextBox = new System.Windows.Forms.TextBox();

            this.PrecisionTextBox = new System.Windows.Forms.TextBox();

            this.label6 = new System.Windows.Forms.Label();

            this.label5 = new System.Windows.Forms.Label();

            this.label4 = new System.Windows.Forms.Label();

            this.label3 = new System.Windows.Forms.Label();

            this.label2 = new System.Windows.Forms.Label();

            this.label1 = new System.Windows.Forms.Label();

            this.ImagePathTextBox = new System.Windows.Forms.TextBox();

            this.ImageBrowseButton = new System.Windows.Forms.Button();

            this.ImageListBox = new System.Windows.Forms.ListBox();

            this.SliverPathTextBox = new System.Windows.Forms.TextBox();

            this.SliverBrowseButton = new System.Windows.Forms.Button();

            this.label11 = new System.Windows.Forms.Label();

            this.AdvancedGroupBox = new System.Windows.Forms.GroupBox();

            this.ReflectionTextBox = new System.Windows.Forms.TextBox();

            this.ContractTextBox = new System.Windows.Forms.TextBox();

            this.GrowthTextBox = new System.Windows.Forms.TextBox();

            this.MaxRefineIterationsTextBox = new System.Windows.Forms.TextBox();

            this.SplineSegmentsTextBox = new System.Windows.Forms.TextBox();

            this.label16 = new System.Windows.Forms.Label();

            this.label15 = new System.Windows.Forms.Label();

            this.label14 = new System.Windows.Forms.Label();

            this.label13 = new System.Windows.Forms.Label();

            this.label12 = new System.Windows.Forms.Label();

            this.AdvancedCheckbox = new System.Windows.Forms.CheckBox();

            this.A0ReportTextBox = new System.Windows.Forms.Label();

            this.A1ReportTextBox = new System.Windows.Forms.Label();

            this.A2ReportTextBox = new System.Windows.Forms.Label();

            this.B0ReportTextBox = new System.Windows.Forms.Label();

            this.B1ReportTextBox = new System.Windows.Forms.Label();

            this.B2ReportTextBox = new System.Windows.Forms.Label();

            this.FitScoreTextBox = new System.Windows.Forms.Label();

            this.SolveButton = new System.Windows.Forms.Button();

            this.CancelButton = new System.Windows.Forms.Button();

            this.ImagePanel = new System.Windows.Forms.PictureBox();

            this.ParametersGroupBox.SuspendLayout();

            this.AdvancedGroupBox.SuspendLayout();

            ((System.ComponentModel.ISupportInitialize)(this.ImagePanel)).BeginInit();

            this.SuspendLayout();

            // 

            // ParametersGroupBox

            // 

            this.ParametersGroupBox.Controls.Add(this.AutoCheckBox);

            this.ParametersGroupBox.Controls.Add(this.B2TextBox);

            this.ParametersGroupBox.Controls.Add(this.B1TextBox);

            this.ParametersGroupBox.Controls.Add(this.B0TextBox);

            this.ParametersGroupBox.Controls.Add(this.A2TextBox);

            this.ParametersGroupBox.Controls.Add(this.A1TextBox);

            this.ParametersGroupBox.Controls.Add(this.A0TextBox);

            this.ParametersGroupBox.Controls.Add(this.label22);

            this.ParametersGroupBox.Controls.Add(this.label21);

            this.ParametersGroupBox.Controls.Add(this.label20);

            this.ParametersGroupBox.Controls.Add(this.label19);

            this.ParametersGroupBox.Controls.Add(this.label18);

            this.ParametersGroupBox.Controls.Add(this.label17);

            this.ParametersGroupBox.Controls.Add(this.label10);

            this.ParametersGroupBox.Controls.Add(this.label9);

            this.ParametersGroupBox.Controls.Add(this.label8);

            this.ParametersGroupBox.Controls.Add(this.label7);

            this.ParametersGroupBox.Controls.Add(this.BlocksizeTextBox);

            this.ParametersGroupBox.Controls.Add(this.PrecisionTextBox);

            this.ParametersGroupBox.Controls.Add(this.label6);

            this.ParametersGroupBox.Controls.Add(this.label5);

            this.ParametersGroupBox.Controls.Add(this.label4);

            this.ParametersGroupBox.Controls.Add(this.label3);

            this.ParametersGroupBox.Controls.Add(this.label2);

            this.ParametersGroupBox.Controls.Add(this.label1);

            this.ParametersGroupBox.Location = new System.Drawing.Point(12, 12);

            this.ParametersGroupBox.Name = "ParametersGroupBox";

            this.ParametersGroupBox.Size = new System.Drawing.Size(210, 276);

            this.ParametersGroupBox.TabIndex = 0;

            this.ParametersGroupBox.TabStop = false;

            this.ParametersGroupBox.Text = "Parameters";

            // 

            // AutoCheckBox

            // 

            this.AutoCheckBox.Appearance = System.Windows.Forms.Appearance.Button;

            this.AutoCheckBox.AutoSize = true;

            this.AutoCheckBox.Checked = true;

            this.AutoCheckBox.CheckState = System.Windows.Forms.CheckState.Checked;

            this.AutoCheckBox.Location = new System.Drawing.Point(98, 193);

            this.AutoCheckBox.Name = "AutoCheckBox";

            this.AutoCheckBox.Size = new System.Drawing.Size(39, 23);

            this.AutoCheckBox.TabIndex = 30;

            this.AutoCheckBox.Text = "Auto";

            this.AutoCheckBox.UseVisualStyleBackColor = true;

            this.AutoCheckBox.CheckedChanged += new System.EventHandler(this.AutoCheckBox_CheckedChanged);

            // 

            // B2TextBox

            // 

            this.B2TextBox.Location = new System.Drawing.Point(145, 88);

            this.B2TextBox.Name = "B2TextBox";

            this.B2TextBox.Size = new System.Drawing.Size(48, 20);

            this.B2TextBox.TabIndex = 11;

            this.B2TextBox.Text = ".04";

            this.B2TextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.B2TextBox_KeyPress);

            // 

            // B1TextBox

            // 

            this.B1TextBox.Location = new System.Drawing.Point(145, 62);

            this.B1TextBox.Name = "B1TextBox";

            this.B1TextBox.Size = new System.Drawing.Size(48, 20);

            this.B1TextBox.TabIndex = 10;

            this.B1TextBox.Text = ".07";

            this.B1TextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.B1TextBox_KeyPress);

            // 

            // B0TextBox

            // 

            this.B0TextBox.Location = new System.Drawing.Point(145, 36);

            this.B0TextBox.Name = "B0TextBox";

            this.B0TextBox.Size = new System.Drawing.Size(48, 20);

            this.B0TextBox.TabIndex = 9;

            this.B0TextBox.Text = ".01";

            this.B0TextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.B0TextBox_KeyPress);

            // 

            // A2TextBox

            // 

            this.A2TextBox.Location = new System.Drawing.Point(44, 88);

            this.A2TextBox.Name = "A2TextBox";

            this.A2TextBox.Size = new System.Drawing.Size(48, 20);

            this.A2TextBox.TabIndex = 8;

            this.A2TextBox.Text = ".04";

            this.A2TextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.A2TextBox_KeyPress);

            // 

            // A1TextBox

            // 

            this.A1TextBox.Location = new System.Drawing.Point(44, 62);

            this.A1TextBox.Name = "A1TextBox";

            this.A1TextBox.Size = new System.Drawing.Size(48, 20);

            this.A1TextBox.TabIndex = 7;

            this.A1TextBox.Text = ".07";

            this.A1TextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.A1TextBox_KeyPress);

            // 

            // A0TextBox

            // 

            this.A0TextBox.Location = new System.Drawing.Point(44, 36);

            this.A0TextBox.Name = "A0TextBox";

            this.A0TextBox.Size = new System.Drawing.Size(48, 20);

            this.A0TextBox.TabIndex = 6;

            this.A0TextBox.Text = ".01";

            this.A0TextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.A0TextBox_KeyPress);

            // 

            // label22

            // 

            this.label22.AutoSize = true;

            this.label22.Location = new System.Drawing.Point(193, 91);

            this.label22.Name = "label22";

            this.label22.Size = new System.Drawing.Size(15, 13);

            this.label22.TabIndex = 23;

            this.label22.Text = "%";

            // 

            // label21

            // 

            this.label21.AutoSize = true;

            this.label21.Location = new System.Drawing.Point(193, 65);

            this.label21.Name = "label21";

            this.label21.Size = new System.Drawing.Size(15, 13);

            this.label21.TabIndex = 22;

            this.label21.Text = "%";

            // 

            // label20

            // 

            this.label20.AutoSize = true;

            this.label20.Location = new System.Drawing.Point(193, 39);

            this.label20.Name = "label20";

            this.label20.Size = new System.Drawing.Size(15, 13);

            this.label20.TabIndex = 21;

            this.label20.Text = "%";

            // 

            // label19

            // 

            this.label19.AutoSize = true;

            this.label19.Location = new System.Drawing.Point(90, 91);

            this.label19.Name = "label19";

            this.label19.Size = new System.Drawing.Size(15, 13);

            this.label19.TabIndex = 20;

            this.label19.Text = "%";

            // 

            // label18

            // 

            this.label18.AutoSize = true;

            this.label18.Location = new System.Drawing.Point(90, 65);

            this.label18.Name = "label18";

            this.label18.Size = new System.Drawing.Size(15, 13);

            this.label18.TabIndex = 19;

            this.label18.Text = "%";

            // 

            // label17

            // 

            this.label17.AutoSize = true;

            this.label17.Location = new System.Drawing.Point(90, 39);

            this.label17.Name = "label17";

            this.label17.Size = new System.Drawing.Size(15, 13);

            this.label17.TabIndex = 18;

            this.label17.Text = "%";

            // 

            // label10

            // 

            this.label10.AutoSize = true;

            this.label10.Location = new System.Drawing.Point(41, 251);

            this.label10.Name = "label10";

            this.label10.Size = new System.Drawing.Size(28, 13);

            this.label10.TabIndex = 17;

            this.label10.Text = "1:48";

            // 

            // label9

            // 

            this.label9.AutoSize = true;

            this.label9.Location = new System.Drawing.Point(6, 238);

            this.label9.Name = "label9";

            this.label9.Size = new System.Drawing.Size(134, 13);

            this.label9.TabIndex = 16;

            this.label9.Text = "Estimated Completion Time";

            // 

            // label8

            // 

            this.label8.AutoSize = true;

            this.label8.Location = new System.Drawing.Point(41, 179);

            this.label8.Name = "label8";

            this.label8.Size = new System.Drawing.Size(55, 13);

            this.label8.TabIndex = 15;

            this.label8.Text = "Blocksize:";

            // 

            // label7

            // 

            this.label7.AutoSize = true;

            this.label7.Location = new System.Drawing.Point(41, 137);

            this.label7.Name = "label7";

            this.label7.Size = new System.Drawing.Size(53, 13);

            this.label7.TabIndex = 14;

            this.label7.Text = "Precision:";

            // 

            // BlocksizeTextBox

            // 

            this.BlocksizeTextBox.Location = new System.Drawing.Point(44, 195);

            this.BlocksizeTextBox.Name = "BlocksizeTextBox";

            this.BlocksizeTextBox.Size = new System.Drawing.Size(48, 20);

            this.BlocksizeTextBox.TabIndex = 13;

            this.BlocksizeTextBox.TextChanged += new System.EventHandler(this.BlocksizeTextBox_TextChanged);

            this.BlocksizeTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.BlocksizeTextBox_KeyPress);

            // 

            // PrecisionTextBox

            // 

            this.PrecisionTextBox.Location = new System.Drawing.Point(44, 153);

            this.PrecisionTextBox.Name = "PrecisionTextBox";

            this.PrecisionTextBox.Size = new System.Drawing.Size(48, 20);

            this.PrecisionTextBox.TabIndex = 12;

            this.PrecisionTextBox.Text = "1";

            this.PrecisionTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.PrecisionTextBox_KeyPress);

            // 

            // label6

            // 

            this.label6.AutoSize = true;

            this.label6.Location = new System.Drawing.Point(119, 91);

            this.label6.Name = "label6";

            this.label6.Size = new System.Drawing.Size(23, 13);

            this.label6.TabIndex = 5;

            this.label6.Text = "B2:";

            // 

            // label5

            // 

            this.label5.AutoSize = true;

            this.label5.Location = new System.Drawing.Point(119, 65);

            this.label5.Name = "label5";

            this.label5.Size = new System.Drawing.Size(23, 13);

            this.label5.TabIndex = 4;

            this.label5.Text = "B1:";

            // 

            // label4

            // 

            this.label4.AutoSize = true;

            this.label4.Location = new System.Drawing.Point(119, 39);

            this.label4.Name = "label4";

            this.label4.Size = new System.Drawing.Size(23, 13);

            this.label4.TabIndex = 3;

            this.label4.Text = "B0:";

            // 

            // label3

            // 

            this.label3.AutoSize = true;

            this.label3.Location = new System.Drawing.Point(18, 91);

            this.label3.Name = "label3";

            this.label3.Size = new System.Drawing.Size(23, 13);

            this.label3.TabIndex = 2;

            this.label3.Text = "A2:";

            // 

            // label2

            // 

            this.label2.AutoSize = true;

            this.label2.Location = new System.Drawing.Point(18, 65);

            this.label2.Name = "label2";

            this.label2.Size = new System.Drawing.Size(23, 13);

            this.label2.TabIndex = 1;

            this.label2.Text = "A1:";

            // 

            // label1

            // 

            this.label1.AutoSize = true;

            this.label1.Location = new System.Drawing.Point(18, 39);

            this.label1.Name = "label1";

            this.label1.Size = new System.Drawing.Size(23, 13);

            this.label1.TabIndex = 0;

            this.label1.Text = "A0:";

            // 

            // ImagePathTextBox

            // 

            this.ImagePathTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.ImagePathTextBox.Location = new System.Drawing.Point(228, 14);

            this.ImagePathTextBox.Name = "ImagePathTextBox";

            this.ImagePathTextBox.Size = new System.Drawing.Size(188, 20);

            this.ImagePathTextBox.TabIndex = 1;

            this.ImagePathTextBox.Text = "C:\\";

            // 

            // ImageBrowseButton

            // 

            this.ImageBrowseButton.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.ImageBrowseButton.Location = new System.Drawing.Point(422, 12);

            this.ImageBrowseButton.Name = "ImageBrowseButton";

            this.ImageBrowseButton.Size = new System.Drawing.Size(75, 23);

            this.ImageBrowseButton.TabIndex = 2;

            this.ImageBrowseButton.Text = "Browse...";

            this.ImageBrowseButton.UseVisualStyleBackColor = true;

            this.ImageBrowseButton.Click += new System.EventHandler(this.ImageBrowseButton_Click);

            // 

            // ImageListBox

            // 

            this.ImageListBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.ImageListBox.FormattingEnabled = true;

            this.ImageListBox.Location = new System.Drawing.Point(228, 50);

            this.ImageListBox.Name = "ImageListBox";

            this.ImageListBox.Size = new System.Drawing.Size(269, 225);

            this.ImageListBox.Sorted = true;

            this.ImageListBox.TabIndex = 3;

            this.ImageListBox.SelectedIndexChanged += new System.EventHandler(this.ImageListBox_SelectedIndexChanged);

            // 

            // SliverPathTextBox

            // 

            this.SliverPathTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.SliverPathTextBox.Location = new System.Drawing.Point(228, 294);

            this.SliverPathTextBox.Name = "SliverPathTextBox";

            this.SliverPathTextBox.Size = new System.Drawing.Size(188, 20);

            this.SliverPathTextBox.TabIndex = 4;

            this.SliverPathTextBox.Text = "C:\\";

            // 

            // SliverBrowseButton

            // 

            this.SliverBrowseButton.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.SliverBrowseButton.Location = new System.Drawing.Point(422, 292);

            this.SliverBrowseButton.Name = "SliverBrowseButton";

            this.SliverBrowseButton.Size = new System.Drawing.Size(75, 23);

            this.SliverBrowseButton.TabIndex = 5;

            this.SliverBrowseButton.Text = "Browse...";

            this.SliverBrowseButton.UseVisualStyleBackColor = true;

            this.SliverBrowseButton.Click += new System.EventHandler(this.SliverBrowseButton_Click);

            // 

            // label11

            // 

            this.label11.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.label11.AutoSize = true;

            this.label11.Location = new System.Drawing.Point(225, 278);

            this.label11.Name = "label11";

            this.label11.Size = new System.Drawing.Size(77, 13);

            this.label11.TabIndex = 17;

            this.label11.Text = "Sliver Location";

            // 

            // AdvancedGroupBox

            // 

            this.AdvancedGroupBox.Controls.Add(this.ReflectionTextBox);

            this.AdvancedGroupBox.Controls.Add(this.ContractTextBox);

            this.AdvancedGroupBox.Controls.Add(this.GrowthTextBox);

            this.AdvancedGroupBox.Controls.Add(this.MaxRefineIterationsTextBox);

            this.AdvancedGroupBox.Controls.Add(this.SplineSegmentsTextBox);

            this.AdvancedGroupBox.Controls.Add(this.label16);

            this.AdvancedGroupBox.Controls.Add(this.label15);

            this.AdvancedGroupBox.Controls.Add(this.label14);

            this.AdvancedGroupBox.Controls.Add(this.label13);

            this.AdvancedGroupBox.Controls.Add(this.label12);

            this.AdvancedGroupBox.Location = new System.Drawing.Point(228, 14);

            this.AdvancedGroupBox.Name = "AdvancedGroupBox";

            this.AdvancedGroupBox.Size = new System.Drawing.Size(252, 274);

            this.AdvancedGroupBox.TabIndex = 18;

            this.AdvancedGroupBox.TabStop = false;

            this.AdvancedGroupBox.Text = "Advanced";

            this.AdvancedGroupBox.Visible = false;

            // 

            // ReflectionTextBox

            // 

            this.ReflectionTextBox.Location = new System.Drawing.Point(28, 209);

            this.ReflectionTextBox.Name = "ReflectionTextBox";

            this.ReflectionTextBox.Size = new System.Drawing.Size(100, 20);

            this.ReflectionTextBox.TabIndex = 26;

            this.ReflectionTextBox.Text = "1.0";

            this.ReflectionTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.ReflectionTextBox_KeyPress);

            // 

            // ContractTextBox

            // 

            this.ContractTextBox.Location = new System.Drawing.Point(28, 170);

            this.ContractTextBox.Name = "ContractTextBox";

            this.ContractTextBox.Size = new System.Drawing.Size(100, 20);

            this.ContractTextBox.TabIndex = 25;

            this.ContractTextBox.Text = "0.5";

            this.ContractTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.ContractTextBox_KeyPress);

            // 

            // GrowthTextBox

            // 

            this.GrowthTextBox.Location = new System.Drawing.Point(28, 131);

            this.GrowthTextBox.Name = "GrowthTextBox";

            this.GrowthTextBox.Size = new System.Drawing.Size(100, 20);

            this.GrowthTextBox.TabIndex = 24;

            this.GrowthTextBox.Text = "2.0";

            this.GrowthTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.GrowthTextBox_KeyPress);

            // 

            // MaxRefineIterationsTextBox

            // 

            this.MaxRefineIterationsTextBox.Location = new System.Drawing.Point(28, 92);

            this.MaxRefineIterationsTextBox.Name = "MaxRefineIterationsTextBox";

            this.MaxRefineIterationsTextBox.Size = new System.Drawing.Size(100, 20);

            this.MaxRefineIterationsTextBox.TabIndex = 23;

            this.MaxRefineIterationsTextBox.Text = "1000";

            this.MaxRefineIterationsTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.MaxRefineIterationsTextBox_KeyPress);

            // 

            // SplineSegmentsTextBox

            // 

            this.SplineSegmentsTextBox.Location = new System.Drawing.Point(28, 53);

            this.SplineSegmentsTextBox.Name = "SplineSegmentsTextBox";

            this.SplineSegmentsTextBox.Size = new System.Drawing.Size(100, 20);

            this.SplineSegmentsTextBox.TabIndex = 22;

            this.SplineSegmentsTextBox.Text = "1";

            this.SplineSegmentsTextBox.KeyPress += new System.Windows.Forms.KeyPressEventHandler(this.SplineSegmentsTextBox_KeyPress);

            // 

            // label16

            // 

            this.label16.AutoSize = true;

            this.label16.Location = new System.Drawing.Point(6, 154);

            this.label16.Name = "label16";

            this.label16.Size = new System.Drawing.Size(98, 13);

            this.label16.TabIndex = 21;

            this.label16.Text = "Contract Parameter";

            // 

            // label15

            // 

            this.label15.AutoSize = true;

            this.label15.Location = new System.Drawing.Point(6, 115);

            this.label15.Name = "label15";

            this.label15.Size = new System.Drawing.Size(92, 13);

            this.label15.TabIndex = 20;

            this.label15.Text = "Growth Parameter";

            // 

            // label14

            // 

            this.label14.AutoSize = true;

            this.label14.Location = new System.Drawing.Point(6, 193);

            this.label14.Name = "label14";

            this.label14.Size = new System.Drawing.Size(106, 13);

            this.label14.TabIndex = 20;

            this.label14.Text = "Reflection Parameter";

            // 

            // label13

            // 

            this.label13.AutoSize = true;

            this.label13.Location = new System.Drawing.Point(6, 76);

            this.label13.Name = "label13";

            this.label13.Size = new System.Drawing.Size(106, 13);

            this.label13.TabIndex = 19;

            this.label13.Text = "Max Refine iterations";

            // 

            // label12

            // 

            this.label12.AutoSize = true;

            this.label12.Location = new System.Drawing.Point(6, 37);

            this.label12.Name = "label12";

            this.label12.Size = new System.Drawing.Size(86, 13);

            this.label12.TabIndex = 18;

            this.label12.Text = "Spline Segments";

            // 

            // AdvancedCheckbox

            // 

            this.AdvancedCheckbox.Appearance = System.Windows.Forms.Appearance.Button;

            this.AdvancedCheckbox.AutoSize = true;

            this.AdvancedCheckbox.Location = new System.Drawing.Point(12, 294);

            this.AdvancedCheckbox.Name = "AdvancedCheckbox";

            this.AdvancedCheckbox.Size = new System.Drawing.Size(66, 23);

            this.AdvancedCheckbox.TabIndex = 19;

            this.AdvancedCheckbox.Text = "Advanced";

            this.AdvancedCheckbox.UseVisualStyleBackColor = true;

            this.AdvancedCheckbox.CheckedChanged += new System.EventHandler(this.AdvancedCheckbox_CheckedChanged);

            // 

            // A0ReportTextBox

            // 

            this.A0ReportTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.A0ReportTextBox.AutoSize = true;

            this.A0ReportTextBox.Location = new System.Drawing.Point(559, 312);

            this.A0ReportTextBox.Name = "A0ReportTextBox";

            this.A0ReportTextBox.Size = new System.Drawing.Size(69, 13);

            this.A0ReportTextBox.TabIndex = 20;

            this.A0ReportTextBox.Text = "A0: unsolved";

            // 

            // A1ReportTextBox

            // 

            this.A1ReportTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.A1ReportTextBox.AutoSize = true;

            this.A1ReportTextBox.Location = new System.Drawing.Point(559, 335);

            this.A1ReportTextBox.Name = "A1ReportTextBox";

            this.A1ReportTextBox.Size = new System.Drawing.Size(69, 13);

            this.A1ReportTextBox.TabIndex = 21;

            this.A1ReportTextBox.Text = "A1: unsolved";

            // 

            // A2ReportTextBox

            // 

            this.A2ReportTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.A2ReportTextBox.AutoSize = true;

            this.A2ReportTextBox.Location = new System.Drawing.Point(559, 359);

            this.A2ReportTextBox.Name = "A2ReportTextBox";

            this.A2ReportTextBox.Size = new System.Drawing.Size(69, 13);

            this.A2ReportTextBox.TabIndex = 22;

            this.A2ReportTextBox.Text = "A2: unsolved";

            // 

            // B0ReportTextBox

            // 

            this.B0ReportTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.B0ReportTextBox.AutoSize = true;

            this.B0ReportTextBox.Location = new System.Drawing.Point(713, 312);

            this.B0ReportTextBox.Name = "B0ReportTextBox";

            this.B0ReportTextBox.Size = new System.Drawing.Size(69, 13);

            this.B0ReportTextBox.TabIndex = 23;

            this.B0ReportTextBox.Text = "B0: unsolved";

            // 

            // B1ReportTextBox

            // 

            this.B1ReportTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.B1ReportTextBox.AutoSize = true;

            this.B1ReportTextBox.Location = new System.Drawing.Point(713, 335);

            this.B1ReportTextBox.Name = "B1ReportTextBox";

            this.B1ReportTextBox.Size = new System.Drawing.Size(69, 13);

            this.B1ReportTextBox.TabIndex = 24;

            this.B1ReportTextBox.Text = "B1: unsolved";

            // 

            // B2ReportTextBox

            // 

            this.B2ReportTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.B2ReportTextBox.AutoSize = true;

            this.B2ReportTextBox.Location = new System.Drawing.Point(713, 359);

            this.B2ReportTextBox.Name = "B2ReportTextBox";

            this.B2ReportTextBox.Size = new System.Drawing.Size(69, 13);

            this.B2ReportTextBox.TabIndex = 25;

            this.B2ReportTextBox.Text = "B2: unsolved";

            // 

            // FitScoreTextBox

            // 

            this.FitScoreTextBox.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.FitScoreTextBox.AutoSize = true;

            this.FitScoreTextBox.Location = new System.Drawing.Point(591, 371);

            this.FitScoreTextBox.Name = "FitScoreTextBox";

            this.FitScoreTextBox.Size = new System.Drawing.Size(98, 13);

            this.FitScoreTextBox.TabIndex = 26;

            this.FitScoreTextBox.Text = "Fit Score: unsolved";

            // 

            // SolveButton

            // 

            this.SolveButton.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.SolveButton.Location = new System.Drawing.Point(325, 330);

            this.SolveButton.Name = "SolveButton";

            this.SolveButton.Size = new System.Drawing.Size(75, 23);

            this.SolveButton.TabIndex = 27;

            this.SolveButton.Text = "Solve";

            this.SolveButton.UseVisualStyleBackColor = true;

            this.SolveButton.Click += new System.EventHandler(this.SolveButton_Click);

            // 

            // CancelButton

            // 

            this.CancelButton.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.CancelButton.Location = new System.Drawing.Point(422, 330);

            this.CancelButton.Name = "CancelButton";

            this.CancelButton.Size = new System.Drawing.Size(75, 23);

            this.CancelButton.TabIndex = 28;

            this.CancelButton.Text = "Cancel";

            this.CancelButton.UseVisualStyleBackColor = true;

            this.CancelButton.Click += new System.EventHandler(this.CancelButton_Click);

            // 

            // ImagePanel

            // 

            this.ImagePanel.Anchor = ((System.Windows.Forms.AnchorStyles)((System.Windows.Forms.AnchorStyles.Top | System.Windows.Forms.AnchorStyles.Right)));

            this.ImagePanel.BackColor = System.Drawing.SystemColors.Control;

            this.ImagePanel.Location = new System.Drawing.Point(503, 12);

            this.ImagePanel.Name = "ImagePanel";

            this.ImagePanel.Size = new System.Drawing.Size(289, 263);

            this.ImagePanel.TabIndex = 29;

            this.ImagePanel.TabStop = false;

            // 

            // Form1

            // 

            this.AutoScaleDimensions = new System.Drawing.SizeF(6F, 13F);

            this.AutoScaleMode = System.Windows.Forms.AutoScaleMode.Font;

            this.ClientSize = new System.Drawing.Size(804, 396);

            this.Controls.Add(this.ImagePanel);

            this.Controls.Add(this.CancelButton);

            this.Controls.Add(this.SolveButton);

            this.Controls.Add(this.FitScoreTextBox);

            this.Controls.Add(this.B2ReportTextBox);

            this.Controls.Add(this.B1ReportTextBox);

            this.Controls.Add(this.B0ReportTextBox);

            this.Controls.Add(this.A2ReportTextBox);

            this.Controls.Add(this.A1ReportTextBox);

            this.Controls.Add(this.A0ReportTextBox);

            this.Controls.Add(this.AdvancedCheckbox);

            this.Controls.Add(this.label11);

            this.Controls.Add(this.SliverBrowseButton);

            this.Controls.Add(this.SliverPathTextBox);

            this.Controls.Add(this.ImageListBox);

            this.Controls.Add(this.ImageBrowseButton);

            this.Controls.Add(this.ImagePathTextBox);

            this.Controls.Add(this.ParametersGroupBox);

            this.Controls.Add(this.AdvancedGroupBox);

            this.MinimumSize = new System.Drawing.Size(812, 430);

            this.Name = "Form1";

            this.Text = "Image Stabilizer";

            this.ParametersGroupBox.ResumeLayout(false);

            this.ParametersGroupBox.PerformLayout();

            this.AdvancedGroupBox.ResumeLayout(false);

            this.AdvancedGroupBox.PerformLayout();

            ((System.ComponentModel.ISupportInitialize)(this.ImagePanel)).EndInit();

            this.ResumeLayout(false);

            this.PerformLayout();

        }

        #endregion

        private System.Windows.Forms.GroupBox ParametersGroupBox;

        private System.Windows.Forms.Label label6;

        private System.Windows.Forms.Label label5;

        private System.Windows.Forms.Label label4;

        private System.Windows.Forms.Label label3;

        private System.Windows.Forms.Label label2;

        private System.Windows.Forms.Label label1;

        private System.Windows.Forms.TextBox A0TextBox;

        private System.Windows.Forms.TextBox A2TextBox;

        private System.Windows.Forms.TextBox A1TextBox;

        private System.Windows.Forms.Label label8;

        private System.Windows.Forms.Label label7;

        private System.Windows.Forms.TextBox BlocksizeTextBox;

        private System.Windows.Forms.TextBox PrecisionTextBox;

        private System.Windows.Forms.TextBox B2TextBox;

        private System.Windows.Forms.TextBox B1TextBox;

        private System.Windows.Forms.TextBox B0TextBox;

        private System.Windows.Forms.Label label10;

        private System.Windows.Forms.Label label9;

        private System.Windows.Forms.TextBox ImagePathTextBox;

        private System.Windows.Forms.Button ImageBrowseButton;

        private System.Windows.Forms.ListBox ImageListBox;

        private System.Windows.Forms.TextBox SliverPathTextBox;

        private System.Windows.Forms.Button SliverBrowseButton;

        private System.Windows.Forms.Label label11;

        private System.Windows.Forms.GroupBox AdvancedGroupBox;

        private System.Windows.Forms.Label label16;

        private System.Windows.Forms.Label label15;

        private System.Windows.Forms.Label label14;

        private System.Windows.Forms.Label label13;

        private System.Windows.Forms.Label label12;

        private System.Windows.Forms.CheckBox AdvancedCheckbox;

        private System.Windows.Forms.Label A0ReportTextBox;

        private System.Windows.Forms.Label A1ReportTextBox;

        private System.Windows.Forms.Label A2ReportTextBox;

        private System.Windows.Forms.Label B0ReportTextBox;

        private System.Windows.Forms.Label B1ReportTextBox;

        private System.Windows.Forms.Label B2ReportTextBox;

        private System.Windows.Forms.Label FitScoreTextBox;

        private System.Windows.Forms.Button SolveButton;

        private System.Windows.Forms.Button CancelButton;

        private System.Windows.Forms.PictureBox ImagePanel;

        private System.Windows.Forms.Label label22;

        private System.Windows.Forms.Label label21;

        private System.Windows.Forms.Label label20;

        private System.Windows.Forms.Label label19;

        private System.Windows.Forms.Label label18;

        private System.Windows.Forms.Label label17;

        private System.Windows.Forms.CheckBox AutoCheckBox;

        private System.Windows.Forms.TextBox MaxRefineIterationsTextBox;

        private System.Windows.Forms.TextBox SplineSegmentsTextBox;

        private System.Windows.Forms.TextBox ReflectionTextBox;

        private System.Windows.Forms.TextBox ContractTextBox;

        private System.Windows.Forms.TextBox GrowthTextBox;

    }

}

/// Form1.cs

using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Linq;

using System.Text;

using System.Windows.Forms;

using System.Diagnostics;

using System.IO;

using System.Globalization;

namespace ImageForm

{

    public partial class Form1 : Form

    {

        public Form1()

        {

            InitializeComponent();

        }

        private void AdvancedCheckbox_CheckedChanged(object sender, EventArgs e)

        {

            if (AdvancedCheckbox.Checked)

            {

                this.Size = new Size(this.Size.Width + 258, this.Size.Height);

                AdvancedGroupBox.Visible = true;

            }

            else

            {

                this.Size = new Size(this.Size.Width - 258, this.Size.Height);

                AdvancedGroupBox.Visible = false;

            }

        }

        private void CancelButton_Click(object sender, EventArgs e)

        {

            this.Close();

        }

        private void ImageBrowseButton_Click(object sender, EventArgs e)

        {

            string pathName = "";

            OpenFileDialog openFileDialog1 = new OpenFileDialog();

            FolderBrowserDialog fileBrowser = new FolderBrowserDialog();

            fileBrowser.SelectedPath = ImagePathTextBox.Text;

            if (fileBrowser.ShowDialog() == DialogResult.OK)

            {

                try

                {

                    if ((pathName = fileBrowser.SelectedPath) != "")

                    {

                        DirectoryInfo directoryI = new DirectoryInfo(pathName);

                        ImageListBox.Items.Clear();

                        FileInfo[] FInfo = directoryI.GetFiles("*.tiff");

                        foreach (FileInfo fi in FInfo)

                        {

                            ImageListBox.Items.Add("" + fi.Name);

                        }

                        FInfo = directoryI.GetFiles("*.tif");

                        foreach (FileInfo fi in FInfo)

                        {

                            ImageListBox.Items.Add("" + fi.Name);

                        }

                        ImagePathTextBox.Text = pathName;

                        if (!SliverPathTextBox.Text.Contains('.'))

                            SliverPathTextBox.Text = pathName;

                        if (ImageListBox.Items.Count > 0)

                        {

                            ImageListBox.SelectedIndex = 0;

                        }

                    }

                }

                catch (Exception ex)

                {

                    MessageBox.Show("Error: Could not read file from disk. Original error: " + ex.Message);

                }

            }

        }

        private void ImageListBox_SelectedIndexChanged(object sender, EventArgs e)

        {

            string fileName = ImagePathTextBox.Text + "\\" + ImageListBox.SelectedItem.ToString();

            ImagePanel.Image = Image.FromFile(fileName);

        }

        private void SliverBrowseButton_Click(object sender, EventArgs e)

        {

            string fileName = "";

            OpenFileDialog openFileDialog1 = new OpenFileDialog();

            openFileDialog1.InitialDirectory = SliverPathTextBox.Text;

            openFileDialog1.Filter = "*.tif Images (*.tif)|*.tif|*.tiff Images (*.tiff)|*.tiff";

            if (openFileDialog1.ShowDialog() == DialogResult.OK)

            {

                try

                {

                    if ((fileName = openFileDialog1.FileName) != "")

                    {

                        SliverPathTextBox.Text = fileName;

                    }

                }

                catch (Exception ex)

                {

                    MessageBox.Show("Error: Could not read file from disk. Original error: " + ex.Message);

                }

            }

        }

        private void AutoCheckBox_CheckedChanged(object sender, EventArgs e)

        {

            if (AutoCheckBox.Checked)

                BlocksizeTextBox.Text = "";

            else

                if (BlocksizeTextBox.Text.Length == 0)

                    AutoCheckBox.Checked = true;

        }

        private void BlocksizeTextBox_TextChanged(object sender, EventArgs e)

        {

            if (BlocksizeTextBox.Text.Length == 0)

                AutoCheckBox.Checked = true;

            else

                AutoCheckBox.Checked = false;

        }

        private void SolveButton_Click(object sender, EventArgs e)

        {

            if (A0TextBox.Text.Length==0)

            {

                MessageBox.Show("Please enter a value into the A0 textbox");

                return;

            }

            if (A1TextBox.Text.Length == 0)

            {

                MessageBox.Show("Please enter a value into the A1 textbox");

                return;

            }

            if (A2TextBox.Text.Length == 0)

            {

                MessageBox.Show("Please enter a value into the A2 textbox");

                return;

            }

            if (B0TextBox.Text.Length == 0)

            {

                MessageBox.Show("Please enter a value into the B0 textbox");

                return;

            }

            if (B1TextBox.Text.Length == 0)

            {

                MessageBox.Show("Please enter a value into the B1 textbox");

                return;

            }

            if (B2TextBox.Text.Length == 0)

            {

                MessageBox.Show("Please enter a value into the B2 textbox");

                return;

            }

            if (PrecisionTextBox.Text.Length == 0)

            {

                MessageBox.Show("Please enter a value into the Precision textbox");

                return;

            }

            if (BlocksizeTextBox.Text.Length == 0 && !AutoCheckBox.Checked)

            {

                MessageBox.Show("Please enter a value into the Blocksize textbox or check Auto");

                return;

            }

            if (ImagePathTextBox.Text.Length == 0 || ImageListBox.Items.Count<=1 || ImageListBox.SelectedIndices[0] < 0)

            {

                MessageBox.Show("Please enter a path into the image search path and select an image in the listbox");

                return;

            }

            if (SliverPathTextBox.Text.Length == 0 || !SliverPathTextBox.Text.Contains('.'))

            {

                MessageBox.Show("Please select an image in the sliver selection box");

                return;

            }

            Process myProcess = new Process();

            myProcess.StartInfo.FileName = "C:\\Documents and Settings\\Brian\\Desktop\\Brian Salmons\\ImageMaster\\C++\\ImageMaster\\debug\\ImageMaster.exe";

            string temp1 = ImagePathTextBox.Text;

            temp1 = temp1.Replace(' ', '|');

            string temp2 = ImageListBox.SelectedItem.ToString();

            temp2 = temp2.Replace(' ', '|');

            string temp3 = SliverPathTextBox.Text;

            temp3 = temp3.Replace(' ', '|');

            string blocksizetext = BlocksizeTextBox.Text;

            if (AutoCheckBox.Checked)

                blocksizetext = "-1";

            myProcess.StartInfo.Arguments = " -i " + temp1 + temp2 +

                " -s " + temp3 +

                            " -0 " + A0TextBox.Text +

                            " -1 " + A1TextBox.Text +

                            " -2 " + A2TextBox.Text +

                            " -3 " + B0TextBox.Text +

                            " -4 " + B1TextBox.Text +

                            " -5 " + B2TextBox.Text +

                            " -p " + PrecisionTextBox.Text +

                            " -b " + blocksizetext +

                            " -g " + GrowthTextBox.Text +

                            " -c " + ContractTextBox.Text +

                            " -r " + ReflectionTextBox.Text;

            myProcess.Start();

        }

        private void A0TextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void A1TextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void A2TextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void B0TextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void B1TextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void B2TextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void PrecisionTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void BlocksizeTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void SplineSegmentsTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void MaxRefineIterationsTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void GrowthTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void ContractTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

        private void ReflectionTextBox_KeyPress(object sender, KeyPressEventArgs e)

        {

            if (e.KeyChar > 31 && (e.KeyChar < '0' || e.KeyChar > '9'))

            {

                e.Handled = true;

            }

        }

    }

}

 Appendix I.  Test Images
[image: image32.png]



[image: image33.png]



[image: image34.png]



[image: image35.png]


[image: image36.png]



[image: image37.png]




Appendix J. Artificial warp code

#include "image_basic.h"

#include <math.h>

#include <string>

using namespace std;

int main(int argc, char * argv[])

{


image_basic Baseimage;


Baseimage.file_read_tiff(argv[1]);


int imagesize[2];


imagesize[0]=Baseimage.width;


imagesize[1]=Baseimage.height;


double A0=0;


double A1=0;


double A2=0;


double B0=0;


double B1=1;


double B2=0;


double A0percent=0.0;


double A1percent=0.0;


double A2percent=0.0;


double B0percent=0.0;


double B1percent=0.0;


double B2percent=0.0;


//These record in pixels how far the allowed shift is.  Dynamically computed.


int MaxA0drift=0;


int MaxA1drift=-15;


int MaxA2drift=-3;


int MaxA3drift=0;


int MaxB0drift=1;


int MaxB1drift=-10;


int MaxB2drift=0;


int MaxB3drift=0;


//These are the computations to yield the maximum coefficient settings in terms of the matrix shift.


//These are the actual numbers that the program works with.


float MaxA0=MaxA0drift;


float MaxA1=MaxA1drift/(imagesize[1]*1.0);


float MaxA2=MaxA2drift/pow((imagesize[1]*1.0),2);


float MaxA3=0;


float MaxB0=MaxB0drift;


float MaxB1=MaxB1drift/(imagesize[1]*1.0);


float MaxB2=MaxB2drift/pow((imagesize[1]*1.0),2);


float MaxB3=0;


printf("%f %f %f %f %f %f",MaxA0,MaxA1,MaxA2,MaxB0, MaxB1,MaxB2);


float aterms[4]={MaxA0,MaxA1, MaxA2, 0.0};  //-1 is temporary, needed to fix an offset error.


float bterms[4]={MaxB0,1+MaxB1, MaxB2, 0.0};


image_basic warped_Image(imagesize[0],imagesize[1],1);


warp_image(&Baseimage, imagesize[0], imagesize[1],aterms, bterms, 1, &warped_Image);


basic_string <char> filename=argv[1];


filename.insert(filename.find('.',0),"warp",4);


//filename.insert(


//filename += "warp";


warped_Image.file_write_tiff(filename);

}
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