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T



he creation for custom digital image filtering was based on the programming of propietary programs in various programming languages as found in the current literature about digital image processing.With the release of FilterMeister, a filter plug-in compiler, custom filter algorithms can easily be tested and applied within any existing graphics program which supports the Adobe Photoshop plug-in API. The programming content is wholly based on the filter algorithm; the programmer does not need to implement image file and screen/printer output routines. The Filter Factory Plus programming language is a superset of the original Adobe Filter Factory plug-in compiler and a subset of the C programming language. The major advantage of FilterMeister filters are: support of various image modes, floating-point arithmetic instead of purely integer arithmetic, up to 16 KB of source code memory and support of different user controls (pushbuttons, checkboxes, scrollbars, etc.). In addition to the programming possibilities, the programmer also has control over the filter dialog window's design. This thesis will examine FilterMeister’s ability and limitations to generate plug-ins for digital image processing tasks.



I hereby declare that this thesis represents my own work, except where due acknowledgement is made and that it has not been previously included in a thesis, dissertation or report submitted to the Fachhochschule Stuttgart – Hochschule für Druck und Medien or to any other institution for a degree, diploma or other qualification.
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1. Introduction



1. Introduction This document contains several tutorials on creation of filters and plug-ins for digital image processing tasks with the help of the Plug-In compiler FilterMeister for Windows operating systems. Note that this document does not contain installation procedures or an introduction to the FilterMeister language programming – please consult the Getting Started and User Guide manuals(which are also part of this thesis) included in the CD-ROM.Also note that this document contains altered excerpts from the FilterMeister manuals mentioned above. Chapter 2 will describe some basic knowledge on the functions and color spaces of a typical image editing program. Often needed preprocessing data like the mean value, deviation and histogram of an image are presented as FilterMeister programs. Chapter 3 explains the necessity of image compression respectively reduction techniques. One example per technique is presented as a FilterMeister program. Chapter 4 deals with image modifications such as translating, rotating and scaling an image, respectively typical color modifications such as desaturation, thresholding, inverting an image or the correction of brightness and contrast in an image. In the end, an easy example of image encryption and different calculation modes, as often needed for blending two images into one, are explained. Chapter 5 describes the realization of digital operators with FilterMeister for preprocessing tasks such as blurring, sharpening, edge enhancement and morphological operations. The last section describes a special algorithm for object counting in bilevel images, the Hoshen-Kopelman algorithm. Chapter 6 deals with the artistic possibilities of FilterMeister plug-ins. Chapter 7 concludes the capabilites and limitations of the FilterMeister plug-in compiler as of October 1999. The appendix lists the contents of the CD-ROM in this package and the references used for this thesis.
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2. Image basics



2. Image basics This chapter describes the basic image characteristics images can have. Typical preprocessing functions are presented in form of FilterMeister programs.



2.1 Image metrics Images are built up of pixels that contain color information and are aligned with the cartesian coordinate system. The zero point is found at the top-left corner of the image (in PostScript, for example, the zero point is found at the bottom-left corner of the page). The image’s width is represented by the variable X, the image’s height with the variable Y. Figure 2.1 (left side) shows the coordinates of an image with the width and height of 11 × 8 pixels. FilterMeister also has built-in functions and variables that have access to the image in the polar coordinate system. The zero point in polar coordinates is found at the middle of the image. The two coordinate axes are the angle (or direction) and magnitude (or distance from the image’s center) and are represented by the variables d and m, respecitvely. Figure 2.1 (right side) shows the computed polar coordinates of the same image. -256
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Fig. 2.1: Visualization of the x, y, d, m variables and X, Y, M pseudoconstants
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The following table describes the variables and their respective ranges: Variable



Description



Value range



x y d



specifies the x-coordinate (horizontal position) of the current pixel specifies the y-coordinate (vertical position) of the current pixel specifies the angle (or direction) of the current pixel around the center of the image specifies the distance (or magnitude) of the current pixel from the center of the image



0 – X-1 0 – Y-1 -512 – 511



m



0–M



Note: X, Y and M are image constants that represent the image’s width, height and half the image’s diagonal measurement, respectively.
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2.1.1 Color Models



2.1.1 Color Models (Image Modes) When working with pixel-based images, one can work with either black-and-white (bitmap), grayscale and colored images.You have to understand that the pixel information between these image modes is different. This also plays a part in the image file’s size and memory size needed.



Bitmap images



Bitmaps are black-and-white images, whose pixel information can only be black or white and nothing in between. One bit can have the information 0 (Black) or 1 (White) and nothing else, and that is enough to describe one pixel in a bitmap. The memory requirements for a 640 × 480 bitmap is 37.5 KB.



Grayscale images



In Grayscale images, a pixel is described by one byte or 8 bits. The image consists of eight bit planes in one channel.You can combine the 8 bits in up to 256 combinations. So a pixel can, for example, have the following values: 0 (black), 64 (dark gray), 128 (gray), 192 (light gray) and 255 (white) The memory requirements for a 640 × 480 Grayscale image is 300 KB.



RGB images



Televisions, computer monitors, scanners and our eyes work with the emission respectively the absorption of Red, Green and Blue light rays. The combination of these three colors in different intensities can produce millions of different colors. These colors are actually light rays which have a certain frequency or wavelength. Imagine figure 2.1.1.1 as if one were in a dark room and were projecting three colored lamps onto the wall.When mixed together, the frequencies are added together. This is the additive color mixture. Fig. 2.1.1.1: Projection of three lamps with the colors Red, Green and Blue onto a wall in a dark room



If you further imagine that each lamp can be set to 256 intensity settings, you could mix up to 256 × 256 × 256 = 16.7 million colors! Each color (red, green and blue) – in Photoshop called channels – is described thus in 8 bits or one byte. One pixel in your RGB-image is described by 3 × 8 bits = 24 bits! The memory requirements for a 640 x 480 RGB image is 900 KB.
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2.1.1 Color Models



A gray tone can be achieved by setting equal intensities of the three color channels: (0, 0, 0) (128, 128, 128) (192, 192, 192) (255, 255, 255)



black gray light gray white



RGB images are mostly used for web graphic creation, presentations in general and CD-ROM productions. Currently, FilterMeister supports only RGB images, so most of the plug-ins or filters in this paper are suitable for RGB images only.



CMYK Images



These images are used specially for print products such as booklets, magazines, catalogs, etc. Most CMYK images are converted after scanning (with the scanner’s driver) or when converting images with other color spaces to CMYK. CMYK stands for the inks Cyan (blue), Magenta (pinkish),Yellow and Black. These colors are printed on media and are not emitted colors (such as from the monitor). Thus, light is absorbed from the ink on paper and our eyes see only the reflected light rays (see figure 2.1.1.2). Fig. 2.1.1.2: A print of three colored circles (Cyan, Magenta and Yellow) on paper



Therefore, when nothing is printed, you see the media’s color, which in most cases is the paper white.When you print Cyan with Magenta, you’ll get a purplish Blue, Magenta with Yellow gets you Red and Yellow with Blue obviously Green.And when all colors are mixed together, all light rays are absorbed and you see a black area on the white paper. Since the pixel intensity in each channel is still eight bits or one byte, each CMYK pixel is described by 32 bits. The memory requirements for a 640 x 480 CMYK image is 1200 KB or 1.2 MB.



L*a*b* Images



If you work with Color Management, then the L*a*b* color system (see figure 2.1.1.3) should be well-known to you. This system is based on a standardized colorimetric measurement. This is based on the way the human eye perceives color.A pixel in L*a*b*-mode has three color values: L* a* b*



Lightness of the color green-to-red axis blue-to-yellow axis



L* +b*



+a*



-a*



-b*
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Fig. 2.1.1.3: The L*a*b* color space has one lightness axis, one greenred axis and one blue-yellow axis
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2.1.2 Layers – Channels – Selections



Color representation in image host progams



In each channel of a color space (except for bitmap images, where a pixel is defined by one bit only), the pixel value ranges from 0 to 255. In RGB mode, one can see in Photoshop’s information palette values ranging within the mentioned range. In CMYK mode, the information palette shows values between 0 and 100% and in L*a*b* mode, the information palette shows for the Lightness a value between 0 and 100 and for the color axes a value between -128 and 128. The host program, in this case Photoshop, simply recalculates the values for the color spaces, but works internally within the byte-range (0,255). This can be easily be tested by creating a black-to-white gradient (which is actually a 0 to 255 gradient) in each channel and reading then the min/max values in the information palette.



2.1.2 Layers – Channels – Selections It is assumed that FilterMeister is installed and working in Adobe Photoshop or JASC Paint Shop Pro. There are several other graphic programs which support Photoshop’s image features such as layers, channels, selections, paths, etc. If your program supports one or more of these features, they might be called differently, so please consult your manual. When any filter from the Filter Menu is called, the presented image data can be quite different. For example, when one is working in the background layer of an RGB image, the filter recognizes three values for a pixel: the Red, Green and Blue intensities of each pixel. If one is working in a layer other than the background layer and call the filter again, four pixel values are evaluated by the filter: Red, Green, Blue and the Alpha channel.Alpha stands for a transparency value and is represented by a byte like the other channels. Low alpha values indicate full transparency and high alpha values indicate full opacity. Transparency is used with compositing techniques. For example, one has two images. In one image one can see a couple in the Netherlands and in the second image one sees a Hawaiian volcano.With a path, the couple is cut out and pasted as a new layer over the volcano image. The couple’s pixels are opaque (not transparent) while the area surrounding the couple is completely transparent. That way, the background image can be seen through the layer. With FilterMeister, one has access to all channels depending on the active layer when the plug-in was called. Calling FM on a background layer does not change any alpha information of a pixel because a background image has no alpha channel.Note that FilterMeister accesses the active layer only. A layer like the one of the couple can be in two states: editable and protected transparency. In the first case, one can change (edit) the transparent areas of an image. In the latter case, Photoshop does not let one paint outside of the opaque areas. These states can be checked by calling the layers palette in Photoshop and looking at the small checkbutton called “Preserve Transparency.“
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2.1.3 The filtering method



Filtering can be affected by another situation. In an either rectangular, elliptical or free form (created with the Lasso or Text tool, for example) selection, the filter will change the pixel information only within the selection and not outside. Currently, FilterMeister takes pixel information from within the selection. The (selected) image area sent to the filter has a different size than the original image. The algorithms used in FilterMeister programs have to be programmed in an image size-independent way: the image seen in the preview window in the plug-in dialog shows the same result like the filter application to the original image (WYSIWYG = what you see is what you get).



2.1.3 The filtering method Plug-ins need a lot of memory in order to be able to process images.When the image is small enough, the plug-in loads the whole image into memory and processes it with the filter algorithm. If the image’s size is too large to be loaded into the available memory, then the image is divided up into rectangles which are loaded sequentially into memory to be processed by the plug-in. This process is called tiling. The tileability of a plug-in depends on the use of the functions src(), rad(), cnv(), pset(), pget() which can have access to all pixels in an image. If at least one of these functions is used, the image is not tiled. We have now come to the stage where the image is loaded and the pixels within it are processed by the plug-in.With FM, one can choose from different filter processing functions, called handlers (ForEveryTile, ForEveryPixel and RGBA). The ForEveryPixel and RGBA handlers process the image: – – – –



tile-by-tile within each tile, row-by-row (top-to-bottom) within each row, column-to-column (pixel-by-pixel from left-to-right) for each pixel, channel-by-channel (e.g., red, green, blue and transparency)



The ForEveryTile handler allows a custom plug-in processing direction as one needs it. One does not even have to process all rows, columns, channels or pixels. It is possible, for example, to program the plugin to first process the columns and then the rows or process every n-th pixel in the width. The ForEveryTile handler is also good to do some pre-filtering calculations or for multi-filter processing (e.g., first blur the image, then equalize the colors and sharpen the image).
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2.2 Image characteristics



2.2 Image characteristics



2.2.1 Mean value and Deviation The two image characteristics mean value and deviation are often needed for digital processing tasks or for statistical reasons. The mean value mz of the channel z states if the channel is darker or lighter in the whole.A grayscale image with m=170, for example, is identified to be lighter.An RGB image having a red channel mean value of mR=87, a green channel mean value of mG=110 and a blue channel mean value of mB=77 is seen as a dark green image (for example an image of a tree landscape). Note that the mean value cannot state if the image is contrasty or not – when, for example, one image contains the gray tone 128 and the other image contains a checkerboard pattern consisting of the two gray tones 0 and 255, the same mean value of m=127.5 is returned.



mz =



1 X ×Y



X −1 Y −1



∑ ∑ src(x, y, z)



(2.1)



x=0 y=0



The deviation qz returns the contrast value of the current channel z. Lower values specify that an image is in low contrast (flat) while high values specify that an image is high in contrast (contrasty).



qz =



1 X ×Y



X −1 Y −1



∑ ∑ ( src(x, y, z) − mz )



2



x= 0 y= 0



(2.2)



The above equations were slightly modified and were taken from [Hab89], page 25. Listing 2.2.1 computes the mean value and the deviation of each channel in an RGB image.



// Listing 2.2.1 // Compute the mean value and deviation of each channel in an RGB image %ffp Category: "DIFP 2" Title: "Mean value and Deviation" ForEveryTile: { float sum_r=0, sum_g=0, sum_b=0; float mw_r=0, mw_g=0, mw_b=0; float de_r=0, de_g=0, de_b=0;



// Variables for summing up all pixel values // Variables for mean value for each channel // Variables for variance for each channel
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