WarpTest
The WarpTest application is intended only for demonstration purposes. The WarpTest can correct geometrical defects in images delivered by some registration system (say, digital camera). Almost any geometrical defects can be corrected including spatial distortion, perspective, rotation, shear and so on. As a bonus a contrast misbalance also can be corrected.

In order to be able to correct an image, so called gauge information (calibration) is required. This calibration can be obtained as a result of analysis of some test-object image. The test-object should contain a set of control points (repers) arranged as a grid with square cell. The calibration algorithm stability reasons require the following. 

· The ratio of a grid step to a radius of a circle, circumscribed around the reper should be at least 4.
· A minimum quantity of repers in the test-object image is 9 (3 x 3).
· Both light repers on a dark background and dark repers on light background are allowed (but not simultaneously).
The accuracy of correction depends on accuracy of calibration, i.e. on accuracy of reper center localization, and can be rated as ±1/πR², where R – is a reper radius in pixels. The correlation algorithm used for reper center localization can provide maximum possible accuracy. 
After the calibration was obtained, any image delivered by registration system can be corrected. The true bi-cubic (cubic spline) interpolation is used both for calculation of destination pixel coordinates and for calculation of destination pixel value. 
The system requirements are Windows XP.
The executable module is WarpTest.exe.

The registry key is HKEY_CURRENT_USER\Software\Ax\WarpTest\1.0. 
Supported image file formats:

BMP (*.bmp) – grayscale, 8 bit per pixel.

TIFF(*.tif) – grayscale 8 and 16 bit per pixel, should not be compressed.

The operating order
Calibration
To obtain the calibration one should open the test-object image ([image: image1.png]


 File/Open Image) and start the process, beforehand having set its parameters ([image: image2.png]


 Edit/Calibrate). These parameters described below.
Grid Step and Reper Radius - the approximate average values measured beforehand (usually at centre of the image) and specified in pixels (in integers, rounding to the greater one). Reper Radius is measured on a level of 0.5, if 0 is a background brightness, and 1 - maximum brightness of a reper (i.e., roughly speaking, on average brightness). Although these values are approximate, they should not differ from actual values more than twice. The ratio of Grid Step to Reper Radius should be at least 4.

Marker Radius Deviation – one can set a non-zero value, if it is necessary to find a marked reper. One of the repers can be marked out by its radius (the radius can be either greater or less than radius of ordinal repers, the recommended difference – at least 1.5 times). This feature establishes absolute binding, for example if sewing together of several corrected images is planned. The Marker Radius Deviation is a threshold, to which the difference of actual reper radius and average reper radius (calculated from values indicated in the previous item) will be compared. The reper will be recognized as a marker if the threshold and the difference have the identical sign and an absolute value of the difference is more than an absolute value of the threshold.

Example. Average radius of ordinal reper is 6 pixels, radius of marked reper is 9 pixels, and distortion is 20 %. Because of distortion the actual radius of ordinal reper can appear from 5.4 up to 6.6 pixels, and radius of marked reper - from 8.1 up to 9.9 pixels. Setting the Marker Radius Deviation to +2 pixels forces marker recognition for reper with radius large, than 6 + 2 = 8 pixels. Thus the marker will be found unambiguously because 8 > 6.6 and 8 < 8.1.

Initial Search Step – usually is 1 pixel. If reper radius and recognition level allows, it is possible to use rougher step to accelerate calibration. At a recognition level of 0.8 the Initial Search Step should not be less then quarter of reper radius, otherwise it is possible to skip a reper or to miss with its center localization.
Recognition Level specifies a level (correlation), upon reaching which the reper is considered as detected. Than less the Recognition Level, then less the calibration time, but higher probability of malfunctioning (detection of a false reper). On the other hand, a high Recognition Level lowers sensitivity and increases a probability to skip a normal reper. For example, if there are significant defects of reper shape (not round shape but, say, square), or some repers are located near to obstacles (near lines, or even intersected by lines), the Recognition Level should be reduced. If all the repers have approximately round shape and there are no strange objects that looks like the repers, the recommended Recognition Level is 0.7 – 0.8.

Relative Noise Level is a protection against malfunctioning because of the noise, especially when reper radius is too small (high probability to recognize a noise spot as a reper). One can measure a standard deviation of a background brightness (usually at image corner) on square area with a size of 4 reper radiuses, and then one can divide the obtained value to the maximum brightness. The obtained result can be set as Relative Noise Level.

Example. The image can have 256 gradations of brightness; the measured standard deviation is 1.5 gradations. One should set the Relative Noise Level to 0.01 > 1.5 / 256 = 0.005859375.

Calibration Accuracy limits the accuracy with which the reper center should be localized after the reper was detected. Reducing the Calibration Accuracy slightly increases the speed of calibration. In all cases the accuracy is theoretically limited by reper radius (the accuracy can be rated as ±1/πR²), so there are no reasons to set the accuracy better than possible. For example, if the reper radius is 6 pixels, setting the Calibration Accuracy less than 0.009 does not give a better result, but only increases (a little) the time of calibration. A recommended value for radius up to 10 pixels is 0.001.
Low Reper Contrast is a protection against errors when contrast of repers is insufficient to calculate regression coefficients with required precision. That precision affects the calibration accuracy when a double pass (see below) is used. It is recommended to set, only if the ratio of amplitude of a reper to a complete range of brightness is less than 0.5. If Low Reper Contrast is set the regression coefficients for each reper will be averaged using eight nearest neighbors.

Strange Reper Shape is a protection against extremely distorted reper shape. It is recommended to set only if radius of a circle entered in a reper, differs from radius of a circle circumscribed around of it more than twice.

Strong Gradient should be set if there is strong distortion or strong gradient of brightness/contrast. When the Strong Gradient is set a double pass will be used (calibration - correction - repeated calibration). This helps to eliminate influence of gradients of scale and of brightness/contrast on calibration accuracy.

Upon calibration completion (the process cannot be aborted) the expended time (including all the painting) appears in a status bar. The repers that are not detected (are predicted only) will be marked by red. The successfully detected repers will be marked by yellow. The marker (if was found) will be marked by additional circle. To save the calibration one can use [image: image3.png]


 File/Store Calibration.

Statistics and Dump
Statistics (if not is switched off) appears automatically after the calibration completion. Also one can get it by View/Statistics & Dump.
There are six parameters, for which one can see statistics (mean and standard deviation) and also get a reper-by-reper dump in a text file.
Period – an actual distance to neighbors repers i.e. a grid step (in pixels).

Radius – an actual reper radius (in pixels).
Error – a distance from node of ideal grid to reper center (in pixels). The ideal grid is rigidly bound to a central reper or to a marker (if found).

Mean – a mean of brightness on square area with a side 4R around of a reper referred to maximum brightness.

Deviation – a standard deviation of brightness on the same area referred to maximum brightness.

Correlation - a correlation value (degree of resembling with an ideal reper).

To create a dump one should specify the existing directory and press Dump. For each selected parameter a text file with the predetermined name will be created. The values in strings are separated by tabulation; the strings are separated by carriage return. The first value corresponds to the left lower corner of the image.
One can import these files into an application like Microsoft Excel then build appropriate charts and easy visualize calibration results. Repeated calibration of a corrected image and subsequent visualization of outcomes allow judging about the correction quality.
Cropping and Contrast Correction
Cropping is required to exclude from the destination (corrected) image all the pixels that lie outside the source image. After successful calibration the cropping is suggested automatically, but probably it is not optimal. As well the contrast correction will be suggested to compensate a contrast misbalance in the source image.

To change these parameters one can use [image: image4.png]


 Edit/Options. For example, if sewing together of several corrected images is planned, these images should be cropped up to an identical size, and have the same contrast correction. If the contrast correction is not suitable it can be turned off.
The cropping can be set in so-called ideal space defined as follows. The result of calibration is the rectangular matrix of repers. Two rows of repers from each side are guaranteed to be outside the source image, so edge checking at correction becomes unnecessary. The outermost frame of repers is named as basic; the second frame is names as external. The Ideal space, in which the target (corrected) image will be formed, is bound to the external frame.


[image: image5]
Total Repers is a size of the reper matrix.

Marker Index is an index of a marked reper (if found) in ideal space.

Grid Step is a grid step (in pixels) in ideal space. It is initially equals to the grid step given at calibration, but can be changed to establish required scaling.

Clipping can be given as relative to origin of the ideal space, as relative to the marker (if found). The clipping should be specified in pixels, but one should keep in mind the Grid Step established previously. The clipping suggested by default excludes from the destination (corrected) image all the pixels that lie outside the source image. To avoid any clipping one can set the following parameters (in ideal coordinates): Left = 0, Bottom = 0, Width = (width of the reper matrix - 3) * grid step, Height = (height of the reper matrix - 3) * grid step.

Contrast Correction forces the correction to operate so that the average brightness of corrected reper would be equal to a value entered in Mean field (0 is minimum brightness, 1 is maximum brightness). By default the value in this field is equal to average brightness of repers in the source image.
Correction
To correct an image there must be a valid calibration obtained from test-object image (as described above) or loaded from a file by [image: image6.png]


 File/Load Calibration. All required options must be already established with [image: image7.png]


 Edit/Options. To correct an image one should open it from a file by [image: image8.png]


 File/Open Image or paste it from clipboard by Edit/Paste. The name of current image and calibration appears in status bar. To start the correction one should use [image: image9.png]


 Edit/Correct. After the correction was completed the expended time is output in status bar. To return to the source image one can use [image: image10.png]


 Edit/Undo. Corrected image can be saved as usually.
Appendix
Calibration File Format
The file begins with a header, which followed by data for each reper (row by row, since the lower left corner of a reper matrix). The header begins with a GUID serving for identification of the file type {35AF8ADD-E555-4f51-978D-59783C54AC10}.
// Persist stream format

// {35AF8ADD-E555-4f51-978D-59783C54AC10}

struct __declspec(uuid("35AF8ADD-E555-4f51-978D-59783C54AC10")) WARPINFO {

  enum {

    fBinding = 0x01,  // marked reper was found and the info was bound to it

    fRegress = 0x02,  // regression coefs should be used for correction    

    };
  struct HEADER {

    UUID   guid;      // __uuidof(WARPINFO)
    ULONG  nFlags;    // see enum

    ULONG  nIndex;    // reserved must be zero

    double nSigma;    // estimated brightness deviation
    double nAverage;  // estimated brightness mean
    double nPeriod;   // now only integers are supported

    RECT   rtSource;  // source rectangle, now left=top=0

    RECT   rtTarget;  // target rectangle in ideal space
    RECT   rtExtent;  // data extension

    };

  struct DATA {

    double x, y, a, b, r, k;

    };

  HEADER Header;

  DATA   Data[1/*Header.rtExtent.Width() * Header.rtExtent.Height()*/];

  };

The rtSource field of header defines the size of source image. All the source images must have the same size. The rtTarget field defines the cropping in ideal space. The rtExtent field defines the size of reper matrix and, accordingly, the data amount that follows after the header.
The first reper that follows the header has index [rtExtent.left, rtExtent.top]; the last reper has index [rtExtent.right - 1, rtExtent.bottom - 1]. The index [0,0] in this space corresponds to a marker if bit fBinding is set in nFlags field of the header; otherwise it corresponds to a reper which is closest to the center of source image.
The data for each reper consists of six values.

x, y – Coordinates of reper center in source image space
a, b – Regression coefficients, which should be used, if bit fRegress is set in nFlags field of the header. Thus: target pixel brightness = source pixel brightness * a + b.
r – Reper radius in source image (0 if the reper was not detected)

k – Correlation value for the reper (0.5 or is less, if the reper is not detected, 0 - if the reper even is not predicted).
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This reper index in ideal space is 0:0








