2550 Garcia Avenue Mountain V iew, CA 94043 U.S.A.

XILWhitePaper

Please Recycle

© 1994 Sun Micr osystems, Inc. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100 U.S.A.

All rights r eserved. This pr oduct and r elated documentation ar e protected by copyright and distributed under licenses restricting its use, copying, distribution, and decompilation. No part of this pr oduct or r elated documentation may be reproduced in any form by any means without prior written authorization of Sun and its licensors, if any .

Portions of this pr oduct may be derived fr om the UNIX^® and Berkeley 4.3 BSD systems, licensed fr om UNIX System Laboratories, Inc. and the University of California, r espectively . Third-party font softwar e in this pr oduct is pr otected by copyright and licensed fr om Sun’s Font Suppliers.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the United States Government is subject to the r estrictions set forth in DF ARS 252.227-7013 (c)(1)(ii) and F AR 52.227-19.

The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, for eign patents, or pending applications.

TRADEMARKS Sun, Sun Micr osystems, the Sun logo, SMCC, the SMCC logo, SunSoft, the SunSoft logo, Solaris, SunOS, OpenW indows, DeskSet, ONC, XIL Imaging Library , XGL, and NFS ar e trademarks or r egister ed trademarks of Sun Micr osystems, Inc. UNIX and OPEN LOOK ar e register ed trademarks of UNIX System Laboratories, Inc.. All other pr oduct names mentioned her ein ar e the trademarks of their r espective owners.

All SPARC trademarks, including the SCD Compliant Logo, ar e trademarks or r egister ed trademarks of SP ARC International, Inc. SPARCstation, SP ARCserver , SPARCengine, SP ARCworks, and SP ARCompiler ar e licensed exclusively to Sun Microsystems, Inc. Pr oducts bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Micr osystems, Inc.

The OPEN LOOK^® and Sun^™ Graphical User Interfaces wer e developed by Sun Micr osystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xer ox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xer ox Graphical User Interface, which license also covers Sun’s licensees who implement OPEN LOOK GUIs and otherwise comply with Sun’s written license agreements.

X Window System is a trademark and pr oduct of the Massachusetts Institute of T echnology .

THIS PUBLICATION IS PROVIDED “AS IS” WITHOUT W ARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED T O, THE IMPLIED W ARRANTIES OF MERCHANT ABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT .

THIS PUBLICATION COULD INCLUDE TECHNICAL INACCURACIES OR TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICALLY ADDED TO THE INFORMA TION HEREIN; THESE CHANGES WILL BE INCORPORA TED IN NEW EDITIONS OF THE PUBLICA TION. SUN MICROSYSTEMS, INC. MA Y MAKE IMPROVEMENTS AND/OR CHANGES IN THE PRODUCT(S) AND/OR THE PROGRAM(S) DESCRIBED IN THIS PUBLICA TION AT ANY TIME.

3

The XIL Imaging Library

Introduction to the XIL Imaging Library

The Solaris XIL™ Imaging Library pr ovides a basic set of functions for imaging and video applications. The XIL library pr ovides the imaging and video component of the Solaris® Graphics Ar chitectur e, a strategy for pr oviding lowlevel softwar e interfaces known as foundation libraries; application and API developers can port their code to such foundation libraries. The XIL library is complemented by the XGL™ Graphics Library , which addr esses application and API r equir ements for geometry-based graphics.

Solaris Graphics Architecture

The XIL foundation library is an integral part of the Solaris Graphics Architectur e. The Solaris 2.x softwar e, using loadable drivers, enables display devices using the Solaris Graphics Ar chitectur e to be easily installed and used, without r equiring kernel modifications. The Solaris Graphics Ar chitectur e, through the XIL, XGL, and OpenW indows™ softwar e, provides a means for third-party har dwar e and softwar e vendors to develop applications with the knowledge that their investment will see long-term benefits, including access to a range of computing platforms and complete integration into the Solaris envir onment.

4 The XIL Imaging Library— April 1994

Figur e 1 illustrates how the XIL foundation library fits into the Solaris Graphics Ar chitectur e.

Figure 1 Foundation Libraries and Application Pr ogramming Interfaces

The XIL softwar e contains thr ee primary components:

• A C pr ogramming interface specification for basic imaging and video

functionality .

• A high-performance implementation of the specification tuned for specific

Solaris platforms.

• A C++ standar d har dwar e interface specification, which enables thir d-party

hardwar e developers to r eadily support the XIL library and applications built on it.

End-user interface

API layer

Foundation library

Hardware layer

Sun frame buffers, accelerators, and so on

Third-party hardware

Video API

Document imaging API

XIL foundation library

Third-party applications

XIL Applications 5

XIL Applications

The XIL softwar e does not addr ess any one set of customers, but rather provides the basic imaging and video capabilities r equir ed by a number of markets, including:

• Markets that r equir e digital video technology • Commer cial document imaging • Technical document imaging • Desktop publishing • Color pr epress • Graphics arts

Markets Requiring Video Technology

Developers working with digital video technology ar e inter ested in writing applications that br oadcast movies (for educational purposes or business training), in video confer encing, in multimedia mail, and so on. The XIL softwar e provides these developers with the functions they need to captur e video, compr ess and decompr ess it, and finally display it. The XIL softwar e supports JPEG (baseline sequential and lossless), MPEG 1 (decompr ession only), H.261 (decompr ession only), and Sun’s Cell and CellB compr ession formats.

Commercial Document Imaging

Banks and other financial institutions, airlines, and insurance companies process enormous numbers of paper documents in a typical day . Developers addr essing this market must pr ovide applications that r ead digital versions of documents fr om a scanning device, compr ess the images into CCITT Gr oup 3 or 4 format, index them, and stor e them. Later , it may be necessary to r etrieve the documents in a rapid manner , or to perform simple image pr ocessing, rescaling, and sharpening operations.

6 The XIL Imaging Library— April 1994

Developers of applications or APIs for this market can take advantage of the following XIL functions:

• Processing of single-bit images • CCITT Group 3 and Gr oup 4 compr ession of images for storage and

transmission

• Rapid access to images and rapid image display • Rescaling, translation, r otation, and convolution operations

Technical Document Imaging

This market handles fewer images than the commer cial market, although the images ar e generally much lar ger. Potential applications for the XIL library in the technical document imaging market include textile design, cartography , and ar chitectur e. The XIL softwar e enables applications in this market to process very lar ge images with a lar ge number of bands. The width, height, and number of bands in an XIL image can each be as gr eat as 2^{32}- 1 (limited by virtual memory).

Desktop Publishing

Desktop publishing pr oducts must be able to captur e or import images. The XIL softwar e enables developers of desktop publishing pr oducts to use imaging accelerators to r esize images, and to filter and convert them fr om one data type to another . The softwar e’s advanced imaging functions make it a better choice for managing images in desktop publishing applications than other pixel-oriented interfaces such as the Xlib softwar e.

Color Prepress

A typical customer in this field wants to scan in color photographs and pr epar e them for printing on a color printer . The first step in this pr eparation might be to perform simple image pr ocessing operations on the images, such as sharpening, blurring, or arbitrary r otation. The images may also r equir e cropping. Finally , the images must be converted to the CMYK colorspace, which pr ovides the digital equivalent of photographic color separation. The individual bands in the r esulting CMYK image might then be dilated to avoid registration pr oblems.

XIL Data Objects 7

Graphic Arts

Applications addr essing the graphic arts market would use the XIL softwar e for two principal tasks: painting and r etouching images. Graphics arts applications can utilize the softwar e’s imaging capabilities for compositing, color corr ection, image enhancement, and scaling.

XIL Data Objects

The XIL library defines a number of data objects that you can cr eate and manipulate using XIL functions. These objects ar e shown in Figur e 2.

Figure 2 XIL Data Objects

All of these data objects ar e opaque. Y ou read and set an object’s data members using XIL functions designed for those purposes.

XIL objects

Images Image types

Regions of interest Color spaces Lookup tables

Device

Kernels

Structuring elements

Compressed image sequences

Histograms Errors System states

Memory Device

Interpolation tables

Dither masks

Attributes

images images

8 The XIL Imaging Library— April 1994

Images

The most important XIL data object is the image. This object stor es a set of pixel values and values for a number of image attributes, such as width, height, number of bands, and data type. The library supports images of virtually any size: an image’s width, height, and number of bands can each be as great as 2^{32}-1. In addition, the library supports thr ee types of data: 1-bit data, 8-bit unsigned data, and 16-bit signed data.

Note – The XIL library does not curr ently support multiband images in which different bands have dif ferent dimensions. Thus, ther e is no dir ect support of 4:1:1 or 4:2:2 data.

When an application cr eates an image, the application r eceives an opaque handle to the image and, ther efore, must pr ocess the image using XIL functions exclusively . However , the library enables applications that need to manipulate pixel values dir ectly to export images. When an application exports an image, it gains access to information about how the image is stor ed in memory , including the addr ess at which the image’s pixel values ar e stor ed. The pointer in which this addr ess is stor ed remains valid until the application imports the image back into XIL space.

Typically, when an XIL image is cr eated, both the image str uctur e that describes the image and the image’s pixel values ar e stor ed in system memory . This type of image is called a memory image. All operations that do not r ead or write a device use memory images exclusively .

In addition to memory images, the XIL library supports device images. These images r epresent such devices as displays, cameras, frame grabbers, scanners, and printers. For each device image, the str uctur e describing the image is stored in system memory , but the image’s pixel values ar e read fr om or written to the device. A device image can be used as either the sour ce or destination image for an XIL operation.

Display images are a special subclass of device images. A display image is associated with an X window and enables an XIL application to write dir ectly to a scr een.

XIL Data Objects 9

Image Types

For every XIL image, ther e is a subset of attributes that constitutes its image type. These attributes ar e its width, height, number of bands, data type, and color space. An application might get an image’s image type in pr eparation for creating an X window in which to display the image.

Device Attributes

Typically when working with device images, an application cr eates the device image, then sets its attributes. Some device types, however , requir e that the device attributes be defined when the device image is cr eated. For these device types, the application can cr eate and associate a device object with the device type, and set the device attributes on the object. The device object can then be passed as an ar gument on the function that cr eates the device image, ther eby creating the device image and simultaneously setting its r equir ed attributes.

Regions of Interest

In the XIL scheme, a r egion of inter est is attached to an image rather than to an operation. This r egion of inter est is a single-bit mask that determines either which pixels in a sour ce image can be r ead or which pixels in a destination image can be written. Y ou build this mask by adding r ectangles to an empty region of inter est or by converting an XIL image or an X r egion to a r egion of inter est.

The library calculates the r egion of inter est for an operation by taking the intersection of the r egions of inter est of the images involved in the operation.

Color Spaces

A color space data object stor es information about an image’s color space. The color spaces supported by the XIL library include:

• CCIR Rec. 709 RGB • A linear version of CCIR Rec. 709 RGB • CCIR Rec. 709 YCC • A luminance-only space derived fr om CCIR Rec. 709 YCC • A linear version of the luminance-only space mentioned above • CCIR Rec. 601 YCC

10 The XIL Imaging Library— April 1994

• A luminance-only space derived fr om CCIR Rec. 601 YCC • A YCC space defined by Eastman Kodak Company for its Photo CD™

product

• A linear CMY • A linear CMYK

An application generally attaches color -space objects to images in pr eparation for converting an image fr om one color space to another .

Lookup Tables

Lookup tables ar e used in two ways in XIL applications. First, they ar e used for general image modification. A single- band image of any data type can be converted to a single- band or multiband image of any data type; or , a multiband image of any data type can be converted to a multiband image of any data type. The corr espondence between pixel values in the sour ce and destination images is user defined. Second, lookup tables ar e used in dithering operations. In a dithering operation, a single-band or multiband image of any data type is converted to a single-band image of any data type.

Interpolation Tables

For geometric transformations that can r esult in non-integer pixel values, the XIL library supports the following methods for interpolating pixel values in a destination image: near est-neighbor , bilinear , bicubic, and general. For each method except general, the XIL library pr ovides the filter for interpolating the values; for a general interpolation, the application defines the filter .

For defining the general-interpolation filter , the XIL library pr ovides an interpolation table, which is an array of 1xn kernels that r epresents the interpolation filter in either the horizontal or vertical dir ection. Interpolation tables let an application determine how many pixels ar e used to calculate interpolated pixel values, weight the pixels used in the calculations, and divide the space between adjacent pixels into multiple ar eas so a destination pixel’s value can be interpolated dif ferently, depending on which ar ea it falls in. The interpolation tables ar e set on the system-state object (see “System States” on page 12), and the tables af fect all general interpolation operations using images created fr om that system state.

XIL Data Objects 11

Dither Masks

A dither -mask object is one of the r equir ed parameters to the XIL library’s ordered-dither operator . The mask is a thr ee-dimensional array whose depth matches the number of bands in the image being dither ed. The values in the mask act as thr eshold values that help eliminate contouring in the dither ed image.

Kernels

A kernel is one of the r equir ed parameters to the convolution operator . The kernel is a two-dimensional array of single-pr ecision floating-point values, one of which is designated as the kernel’s key value. When the library performs a convolution operation, it aligns the kernel’s key value with the sour ce-image pixel it is curr ently pr ocessing.

The values in the kernel determine the ef fect that the convolution operation will have. For example, the operation may sharpen an image, smooth an image, or highlight the edges in an image.

Structuring Elements

A structuring element serves as a parameter to the er osion and dilation operators and defines the neighbor hood of pixels in the sour ce image to be used in calculating the value of each pixel in the destination image. This structuring element looks like a convolution kernel except that its member values ar e Boolean.

Compressed Image Sequences

A compr essed image sequence is a container for compr essed images. These images may r epresent a series of still images, frames fr om a movie, or pages from a document, and they may have been compr essed in one of several formats:

• Cell or Cell B (formats developed at Sun) • JPEG baseline sequential or lossless • MPEG I • CCITT Group 3 or Gr oup 4 • H.261

12 The XIL Imaging Library— April 1994

Histograms

When an XIL application calculates an image’s histogram, it writes its r esults to a histogram object. This object contains a set of bins that stor e information about gray or color levels in the image.

Errors

When an XIL err or occurs, the library generates an err or object. This object contains such information as an err or ID and a string containing a description of the err or. The XIL library includes a default err or handler that gets values from this object and prints a message to stderr. It also contains a set of error-handling functions that get information fr om this type of object. Y ou can use these functions to constr uct a custom err or handler .

System States

A system-state object is cr eated when an application initializes the library . Among other things, this object is used to maintain a list of the data objects the application has cr eated, and to keep track of the curr ent err or handler .

XIL Functions

The XIL library pr ovides these functions to operate on the data objects described in the last section.

Image Processing Functions

The image pr ocessing functions in the XIL library can be br oadly gr ouped under the following headings: arithmetic and logical functions, geometric functions, and miscellaneous functions.

XIL Functions 13

Arithmetic, Relational, and Logical Functions

The functions in this class can be used to lighten or darken an image, to increase or decr ease contrast in an image, or to pr oduce the negative of an image. Some of these functions r equir e two sour ce images (see T able 1); some requir e a sour ce image and a constant (see T able 2); and others r equir e only a single sour ce image (see T able 3).

Table1 Arithmetic, Relational, and Logical Functions Involving T wo Sour ce Images

Function Name Description

xil_add() Adds two images

xil_subtract() Subtracts one image fr om another

xil_multiply() Multiplies two images

xil_divide() Divides one image into another

xil_max() Finds the lar ger of pixels in two images

xil_min() Finds the lesser of pixels in two images

xil_and() Finds the logical AND of two images

xil_or() Finds the logical OR of two images

xil_xor() Finds the exclusive OR of two images

Table2 Arithmetic and Logical Functions Involving a Sour ce Image and a Constant

Function Name Description

xil_add_const() Adds an image and a constant

xil_subtract_const() Subtracts a constant fr om an image

xil_subtract_from_const() Subtracts an image fr om a constant

xil_multiply_const() Multiplies an image by a constant

xil_divide_by_const() Divides an image by a constant

xil_divide_into_const() Divides an image into a constant

14 The XIL Imaging Library— April 1994

Geometric Functions

Table 4 lists the XIL library’s geometric functions. The functions that interpolate destination-image pixel values support the following types of interpolation: near est neighbor , bilinear , bicubic, and general.

xil_and_const() Finds the logical AND of an image and a

constant

xil_or_const() Finds the logical OR of an image and a

constant

xil_xor_const() Finds the exclusive OR of an image and a

constant

Table3 Arithmetic, Relational, and Logical Functions Involving One Sour ce Image

Function Name Description

xil_not() Takes the one’s complement of the image’s values

xil_absolute() Finds the absolute value of pixels in an image

Table4 Geometric Functions

Function Name Description

xil_translate() Moves an image up or down and/or left

or right

xil_scale() Increases or decr eases the width and/or

height of an image

xil_subsample_adaptive() Reduces the size of an image using an

algorithm that takes into consideration the value of each pixel in the sour ce image

xil_subsample_binary_to_gray() Scales down a 1-bit image, making up for

a loss in spatial r esolution with an increase in grayscale r esolution

xil_rotate() Rotates an image

Table2 Arithmetic and Logical Functions Involving a Sour ce Image and a Constant

Function Name Description

XIL Functions 15

Miscellaneous Image Processing Functions

The library also contains several functions that do not r eadily fall into any grouping. These functions ar e shown in T able 5.

xil_affine() Performs af fine transforms, including

scaling, r otation, translation, and shearing

xil_transpose() Reflects an image in one of several

directions, or r otates it in multiples of 90 degr ees

xil_tablewarp() Warps an image by displacing the x and y

coordinates of its pixels

Table5 Miscellaneous Image Pr ocessing Functions

Function Name Description

xil_extrema() Finds the minimum and maximum

values in an image

xil_histogram() Produces a histogram for an image

xil_threshold() Thresholds an image

xil_fill() Performs a boundary fill

xil_soft_fill() Performs a soft fill

xil_convolve() Filters an image

xil_edge_detection() Detects an image’s edges

xil_dilate() Dilates an image

xil_erode() Erodes an image

xil_lookup() Passes an image thr ough a lookup table

xil_blend() Blends images

xil_paint() Paints on an image

xil_set_pixel() Sets the value of a single pixel

xil_get_pixel() Reads the value of a single pixel

Table4 Geometric Functions

Function Name Description

16 The XIL Imaging Library— April 1994

Presentation Functions

Table 6 lists a gr oup of functions you ar e likely to use in displaying or printing image.

xil_set_value() Sets all the pixels in an image to a

constant

xil_copy_pattern() Copies a pattern to an image

xil_band_combine Performs the arbitrary interband linear

combination of an image using a specified matrix

Table6 Presentation Functions

Function Name Description

xil_copy() Copies an image (for example, to a

display or a printer)

xil_copy_with_planemask() Copies the image planes defined by a

plane mask

xil_rescale() Maps the values in each band of an

image fr om one range to another

xil_cast() Casts an image fr om one data type to

another

xil_nearest_color() Dithers an image by finding the near est

match between colors in the sour ce image and colors in a lookup table

xil_error_diffusion() Performs err or dif fusion dithering

xil_ordered_dither() Performs an or dered dither

xil_color_convert() Converts an image fr om one color space

to another

xil_black_generation() Performs under color r emoval and black

generation on CMYK images

Table5 Miscellaneous Image Pr ocessing Functions

Function Name Description

XIL Functions 17

Image Compression Functions

Table 7 lists the XIL functions you use to operate on compr essed image sequences.

Table7 Compr essed Image Sequence Functions

Function Name Description

xil_compress() Compr esses an XIL image and writes the

compr essed data to a compr essed image sequence (CIS)

xil_cis_put_bits() Copies compr essed data into a CIS

xil_cis_put_bits_ptr() Give a CIS a pointer to a compr essed

datastr eam

xil_decompress() Decompr esses a compr essed image

xil_cis_get_bits_ptr() Retrieves a pointer to a CIS’s compr essed

data

xil_cis_has_frame() Determines whether a CIS contains at

least one frame of compr essed data

xil_cis_has_data() Returns the number of unr ead bytes in a

CIS

xil_cis_number_of_frames() Returns the number of unr ead frames in

a CIS

xil_cis_seek() Seeks to a particular frame of

compr essed data in a CIS

xil_cis_reset() Clears all existing data fr om a CIS

xil_cis_attempt_recovery() Attempts to r ecover fr om a datastr eam

error

18 The XIL Imaging Library— April 1994

Error Handling Functions

The XIL library enables you to write a custom err or handler that is called when XIL errors occur . Table 8 lists the functions you can use in writing this err or handler .

XIL Glossary

This section contains definitions for many of the terms used in this paper .

affine transform Affine transforms include such operations as scaling, r otation, translation, and shearing. What these operations have in common is that they can change the lengths and angles of lines, but not their parallelism. The XIL library contains a function xil_affine() that in one operation can scale, r otate, and translate an image.

Table8 Error Handling Functions

Function Name Description

xil_error_get_string() Returns a string that describes the err or

that just occurr ed

xil_error_get_id() Returns the err or ID of the last err or to

occur

xil_error_get_category() Returns a constant indicating the type of

error that occurr ed. Possible err or types include r esour ce errors, arithmetic err ors, and user err ors, among others.

xil_error_get_category_string() Returns a string indicating the type of

error that occurr ed.

xil_error_get_primary() Indicates whether an err or is the primary

cause of a pr oblem you ar e seeing (or a secondary err or)

xil_error_get_location() Returns encrypted information about

wher e in the XIL library an err or was generated

xil_error_get_object() Returns a handle to the XIL data object

affected by the err or

XIL Glossary 19 baseline sequential codec A sequential encoder -decoder defined by the JPEG standar d. It is designed to handle images with 8-bit samples and uses Huf fman coding for its entr opy coding.

bicubic interpolation Bicubic interpolation is the most time consuming of the XIL library’s interpolation methods, but pr oduces the best r esults. When this type of interpolation is r equested, the library calculates the value of a pixel in the destination image by determining the point in the sour ce image to which that pixel maps and then examining the values of the sixteen pixels closest to that point.

bilinear interpolation When the XIL library uses bilinear (or first- order) interpolation to determine the value of an image at noninteger coor dinates, it calculates the value by looking at the values of the four pixels surr ounding the point of inter est and then using a bilinear equation. This type of interpolation yields better r esults than near est neighbor interpolation, but can itself have an undesirable smoothing ef fect on an image. T o alleviate this pr oblem, you can use bicubic interpolation.

CCITT Group 3 A standar d that specifies how facsimile machines must compr ess and decompr ess image data. The compr ession method r elies heavily on r un-length encoding. Runs of white pixels and r uns of black pixels ar e represented with codes fr om a Huf fman table.

CCITT Group 4 A standar d for compr essing document images. This compr ession technique takes advantage of a characteristic of document images called vertical coher ence. This means that transitions fr om black to white or vice versa generally occur in almost the same place on adjacent scanlines. The Gr oup 4 encoder compr esses an image by r ecording information about the r elative locations of these transitions.

20 The XIL Imaging Library— April 1994

Cell encoding A video compr ession algorithm, which was developed by Sun. In Cell encoding, a 4-by-4 r egion of pixels is r epresented by two colors and a 16-bit mask that indicates which of the two colors to place at each of the 16 pixel positions. The colors and mask ar e chosen to pr eserve the mean and variance of the luminance and the average chr ominance for the 4-by-4 block. Cell decoding takes advantage of the fonting har dwar e commonly found in bitmapped displays.

CellB encoding A Sun video-compr ession algorithm, derived fr om the Cell algorithm. Like a Cell encoder , a CellB encoder performs intraframe compr ession by coding 4-by-4 regions of pixels in four bytes. T wo of the bytes ar e used to specify colors, and the other two r epresent a 16-bit mask that indicates which of the two colors to place at each of the 16 pixel positions. The CellB encoder achieves interframe encoding using skip codes. These codes allow the encoder to skip a series of one or mor e 4-by-4 cells in the curr ent image if the cells match their counterparts in the pr eceding image in the sequence within a certain tolerance. CellB encoding and decoding ar e intended primarily for use in videoconfer encing applications.

CIS Compr essed image sequence. The XIL library’s compr essors stor e (generally related) compr essed images in str uctur es called CIS buf fers. The images may represent frames in a movie, pages in a document, and so on.

convolution An image-pr ocessing operation fr equently used to sharpen an image, blur an image, or highlight the edges in an image. The operation calculates the values of pixels in the destination image using the values of a neighbor hood of pixels in the sour ce image and the values in a special filter called a convolution kernel.

convolution kernel A two-dimensional array of weighted values used in a convolution operation. In the XIL library , a kernel is a data str uctur e of data type XilKernel.

XIL Glossary 21 display image The XIL library tr eats displays as special images, and operations allow display images to serve as destinations. This strategy enables an operation to draw on a screen dir ectly, without r equiring an intermediate copy . In some cases, display images can also serve as sour ce images.

dithering The XIL library includes a table-lookup function that enables you to convert a single-band image of any data type to a single-band or multiband image of any data type. Dithering can be thought of as an inverse lookup operation; that is, dithering enables you to convert a single-band or multiband image of any data type to a single-band image of any data type. The most common dithering operations convert 3-band, 8-bit images to 1-band, 8-bit images and 1-band, 8-bit images to 1-band, 1-bit images.

error dif fusion A technique for r emoving some of the artifacts pr oduced during the dithering process. In its most common form, Floyd-Steinber g error dif fusion, this technique involves (1) determining the amount of err or pr oduced in dithering a particular pixel and (2) distributing fractions of that err or to the pixels to the right of and below the pixel just dither ed.

frame A single image in a movie.

geometric operation An image-pr ocessing operation that changes the size, shape, or orientation of objects in an image. XIL geometric operations include scaling, r otation, and general af fine transforms.

H.261 A video compr ession standar d developed by the CCITT for use in encoding video to be transferr ed over an ISDN (Integrated Service Digital Network). In this compr ession method, data is compr essed so that the output bit rate is p x 64 Kbits per second, wher e p can range fr om 1 to 30 depending on the number of ISDN channels used. This standar d was developed primarily to support video phone and video- confer encing applications.

handle An identifier that r efers to a unique object. In the XIL library , an identifier of type XilImage is a handle to an actual image.

22 The XIL Imaging Library— April 1994 histogram A collection of information about how fr equently certain gray levels or color levels appear in an image. The XIL library contains a data str uctur e of type

XilHistogram to hold this type of information.

image A two-dimensional array of pixels that r epresents an object.

interpolation A way of calculating a value that falls between other , known values. In image processing, interpolation fr equently plays a part in geometric operations such as rotation. After that type of spatial transformation, pixel locations in the output image will corr espond to noninteger coor dinates in the input image. Therefore, the pixel values in the output must be calculated by looking at the values of the pixels surr ounding the point of inter est in the input. The XIL library supports several types of interpolation, including near est neighbor , bilinear , and bicubic interpolation.

JPEG Joint Photographic Experts Gr oup. A joint ventur e of the CCITT and ISO that has developed a standar d for compr essing grayscale or color still images. Actually , the standar d defines a number of methods for compr essing images. Several of these ar e lossy methods based on the Discr ete Cosine T ransform (DCT), but one method is lossless and is based on a pr edictive coding technique.

linear interband combination An operation used in conversion between arbitrary color spaces. A matrix multiply is performed between the bands of a sour ce image and a matrix, which yields a destination image.

lookup table Lookup tables ar e used for general image modification. Each entry in an XIL lookup table contains an index—a value that may appear in the sour ce image—and a value or set of values to be written to the destination image. For each pixel in the sour ce, a table-lookup function finds the pixel’s value on the index side of the table and then writes the output value or values for that entry to the corr esponding pixel in the destination.

XIL Glossary 23

MPEG Moving Pictur e Experts Gr oup. This gr oup has developed standar ds for compr essing moving pictur es and audio data and for synchr onizing video and audio datastr eams. The XIL library includes a decompr ession module that can decode MPEG video bitstr eams.

The MPEG video-compr ession standar d is similar to the H.261 standar d developed by CCITT , but places less emphasis on low bit rates. By accepting a higher bit rate—up to 1.5 Mbits per second—an MPEG codec is able to r ecreate very high-quality pictur es and to pr oduce a bitstr eam that is easily editable.

The rate of 1.5 Mbits/s makes the MPEG codec especially viable in applications that r ead compr essed data fr om CD-ROMs. For example, putting an MPEG bitstr eam on a CD-ROM is an ef fective way to distribute movies, business presentations, and training videos.

nearest neighbor interpolation One of the methods that the XIL library uses to determine the value of an input image at noninteger coor dinates. When using this method, the XIL library takes the value it is looking for to be the value of the pixel closest to the point of inter est. This type of interpolation is the fastest type, but can intr oduce artifacts in the output image; for example, smooth lines in the input image may show up as jagged lines in the output. Near est neighbor interpolation is sometimes called zer o-order interpolation.

rescaling Sometimes called linear r emapping, r escaling involves changing the values in an image using a linear equation. Each value in the image is multiplied by a constant; then a second constant is added to the pr oduct. Rescaling is useful for mapping the values in an image fr om one range to another . ROI A region of inter est. In the XIL scheme, an ROI is a 1-bit mask that can be specified as an attribute of an image. This mask determines what part of a sour ce image can be r ead or what part of a destination image can modified during an image-pr ocessing operation. The ROI for a given operation is the intersection of the ROIs of all the images involved in the operation.

structuring element A two-dimensional array of Boolean values used as a parameter to the XIL dilation and er osion functions.

24 The XIL Imaging Library— April 1994 thresholding An image- processing technique used to convert a single- band image to a bivalued image. Specifically , the operation sets all pixels in the input image that fall between a low thr eshold and a high thr eshold to 1 in the output image. All other pixels in the output image ar e set to 0. This technique is useful for creating images that can serve as r egions of inter est in later operations.

translation A geometric operation in which an image is moved up or down and/or left or right.

transposition A quasi-geometric transformation that involves r otating an image by a multiple of 90 degr ees or flipping pixels in an image acr oss a line that passes through the center of the image. The XIL library’s transposition function allows for flips acr oss a horizontal or vertical line passing thr ough an image’s center and acr oss the main diagonal or antidiagonal.

XIL library The XIL library is a foundation library for imaging and video support. It provides an implementation of imaging functionality that is common to multiple higher -level interfaces, pr ovides imaging capabilities that ar e not curr ently available, and pr ovides a way for ISVs to access low-level and hardwar e functionality .

Sun Micr osystems, Inc. 2550 Garcia Avenue Mountain V iew, CA 94043 415 960-1300 FAX 415 969-9131

For U.S. Sales Of fice locations, call: 800 821-4643 In California: 800 821-4642

Australia: (02) 413 2666 Belgium: 32-2-759 5925 Canada: 416 477-6745 Finland: 358-0-502 27 00 France: (1) 30 67 50 00 Germany: (0) 89-46 00 8-0 Hong Kong: 852 802 4188 Italy: 039 60551 Japan: (03) 221-7021 Korea: 822-563-8700 Latin America: 415 688-9464 The Netherlands: 033 501234 New Zealand: (04) 499 2344 Nordic Countries: +46 (0) 8 623 90 00 PRC: 861-831-5568 Singapor e: 224 3388 Spain: (91) 5551648 Switzerland: (1) 825 71 1 1 Taiwan: 2-514-0567 UK: 0276 20444

Elsewher e in the world, call Corporate Headquarters: 415 960-1300 Inter continental Sales: 415 688-9000