X IMAGE EXTENSION CONCEPTSRevision/Update Information:V2.4

Joseph G. Mauro

Image Proces sing Group

Digital Equipmen t Corpora tion

June 10, 1988 digital equipment corporation maynard, massachusett s

Contents

PREF ACE vCHAPTER 1 INTRODUCTION 1�1

1.1 SCOPE AND PURPOSE 1�1

1.2 JUSTIFICA

TION 1�2

1.3 REQUIREMENTS 1�2

1.4 GOALS 1�2

1.4.1 Minimal Suf�ciency 1�2

1.4.2 Application Classes 1�3

1.4.3 Display Systems 1�3

1.4.4 Extensibility 1�3

CHAPTER 2 IMAGING CONCEPTS 2�1

2.1 TRANSFER MODEL 2�1

2.2 VISUAL PERCEPTION 2�3

2.3 IMAGE CAPTURE 2�3

2.4 IMAGE SYNTHESIS 2�3

2.5 MA

THEMA

TICAL MODEL 2�4

2.6 IMAGE REPRESENT A TION 2�4

2.7 IMAGE COMPRESSION 2�6

2.8 IMAGE VS TEXT & GRAPHICS 2�6

2.9 IMAGE DA T A OBJECT 2�6

2.10 IMAGE PROCESSING 2�7

2.1 1 IMAGE RENDITION 2�7

2.12 IMAGE DISPLA

Y 2�8

2.13 IMAGE REVISABILITY 2�8

2.14 IMAGE APPLICA

TIONS 2�9

2.15 IMAGE SERVER 2�9 iii Contents

CHAPTER 3 EXTENSION ARCHITECTURE CONCEPTS 3�1

3.1 EXTENSION GUIDELINES 3�1

3.2 EXTENSION LEVELS 3�2

3.3 GLOBAL CONCEPTS 3�3

3.3.1 Final vs Revisable Form 3�3

3.3.2 Image Data Representat ion 3�33.3.2.1

Aternate Data Organizations and Pixels � 3�4

3.3.2.2 Discrete vs Continuous Pixels � 3�4

3.3.3 Layout & Coordinate Systems 3�5

3.3.3.1 Coordinate Systems � 3�5

3.3.3.1.1 Spatial Coordinate Systems � 3�5

3.3.3.1.2 T emporal Coordinate Systems � 3�6

3.3.3.1.3 Chromina nce Coordinate Systems � 3�6

3.3.3.2 Layout � 3�7

3.3.3.2.1 Spatial � 3�7

3.3.3.2.2 T emporal � 3�7

3.3.4 Image Structur e - Subsets 3�8

3.3.5 State Information - Process History 3�8

3.3.6 Extension Relationships 3�8

3.3.6.1 T o Core X � 3�8

3.3.6.2 T o Other Extensions � 3�8

3.3.6.3 Multiple Connections, Clients, and Resource Sharing � 3�9

3.3.6.4 T o T ext and Graphics � 3�9

3.4 SERVICE CONCEPTS 3�9

3.4.1 Service Goals - Reasoning & Implications 3�9

3.4.1.1 Range of Images � 3�9

3.4.1.2 Range of Applications Needs � 3�10

3.4.1.3 Range of Server Capabilities � 3�10

3.4.1.4 Display Device Indepen dence � 3�1 1

3.4.1.4.1 Serve r Based Rendition � 3�1 1

3.4.1.4.2 Image Data Organization � 3�1 1

3.4.1.5 Image Data Transpor t � 3�12

3.4.1.5.1 Image Data Compres sion � 3�12

3.4.1.5.2 Transpor t Granularity � 3�12

3.4.1.6 Image Processing � 3�13

3.4.1.6.1 Enhan cement Processing � 3�13

3.4.1.6.2 Rendition Process ing � 3�13

3.4.1.6.3 Enhan cement - Rendition Relationship � 3�14

3.4.1.6.4 Other Forms of Processing � 3�14

3.4.1.6.5 Proce ssing Policy � 3�14

3.4.1.7 Operations Pipelining � 3�15

3.4.1.8 Server Display Hardware Control � 3�16

3.4.1.8.1 Share d Hardware Device Control � 3�16

3.4.1.8.1.1 LUTS and Bit Map � 3�16

3.4.1.8.1.2 Brightness - Contrast - Hue - Saturation � 3�16

3.4.1.8.2 Use of Image Speci�c Accelerators � 3�17

3.4.1.8.3 Image Capture Hardware - Live Video � 3�17

3.4.1.8.4 Extensibility � 3�18 iv

Contents 5.2.10 Three Space Color 5�1 1 5.2.1

1 Image Data Processing 5�12

APPENDIX A RELA

TED TOPICS A�1

A.1 IMAGE DA T A INTERCHANGE A�1

FIGURES

2�1 IMAGE TRANSFER PROCESS 2�2

2�2 VISUAL TYPE - VS - IMAGE CLASS 2�5

3�1 IMAGE EXTENSION - VS - CORE P

ACKAGE 3�2

3�2 SERVICE CLASS GROUPS 3�19

3�3 TRANSFER MODEL & X WIRE LOCA

TION 3�20

4�1 OPERA

TIONAL MODEL 4�10

A�1 IMAGE DA T T ABLES

5�1 Core T erms 5�1 vi

Preface

The core X archite cture is a major step in the de�nit ion of open, interact ive applic ations display services.

It has, in essence, pried apart the tight ly coupled, private interconnec t between applicat ion and display subsystem by specifyi ng a structured set of display services.

The core X protocol recognizes the need for minimally suf�cient capabili ties, and, as such, leaves the speci�catio n of robust applica tion domain speci�c display services to extension packages. These extension packages relate to the core X protocol by way of an extensi on mechanism speci�ed in the core X protocol.

This document contains conceptual material useful in understanding the proposed X image extension package incl uding the X image extension protocol (XIEP), the protocol binding in the X image extension library (XIE_LIB), and the X image extension toolki t (XIE_TK). The X image extension protocol (XIEP),

X image extension library (XIE_LIB), and X image extensi on tool kit (XIE_TK) are de�ned in separate documents. It is assumed that the reader is familia r with the core X architec ture. Related Documen ts

� X1 1 W indow System Protocol

Describes the core X protocol functions and the conventions to be used in specifying extension packages.

� X Extension Package Guideli nes

Sets forth guideli nes for extension packages.

� X Image Extension Protocol (XIEP)

Describes the proposed X Image Extension Protocol. The X Image Extension Protocol Speci�cat ion is the companion document to this concepts document.

� X Image Extension Lib (XIE_LIB)

Describes the content s of the image extension library level.

� X Image Extension T oolkit (XIE_TK)

Describes the content s of the image extension toolki t level.

Participants � AUTHOR: � Joseph Mauro

� Digital Equipment Corporation

� MS: MK02-2/K03

� Continent al Blvd.

� Merrimack, New Hampshire 03057

� 603-884-0528 v

Preface

� CONTRIBUTORS:

� John W eber (Digit al)

� INVITED REVIEWERS:

� Mark Sornson (Digital)

� Bob Milli ng (Digital )

Revision History rev v1.0 July 1, 1987 �rst protocol draft

rev v2.0 September 1, 1987 split concepts from protocol

rev v2.1 December 1, 1987 rework based upon int ernal review

rev v2.2 December 10, 1987 rework based upon internal review

rev v2.3 April 10, 1988 rework based upon protocol spec

rev v2.4 June 10, 1988 minor rework for �rst MIT release

Organization

This document contains �ve chapte rs and one appendix.

� Chapter 1, Introducti on, explai ns the purpose of the X Image Extension

� Chapter 2, Imaging Concepts, describes basic digit al imaging concepts

� Chapter 3, Extension Architec ture Concepts, describes the underlying concept s of the image extension

� Chapter 4, Extension Protocol Elements, de�nes the basic elements of the extension protocol

� Chapter 5, Extension Lexi con, de�nes the lexi con used in the extensi on

� Appendix A, Relat ed T opics, addresses some closely associated topi cs vi Chapter 1

INTRODUCTION

1.1 Scope and Purpose The X image extensi on package is a supplement to the core X package. The X image extension package is

designed to provide applicat ions with robust support for visually inte ractive digit al image enhancement and

display operations. The purpose of this document is to provide conceptual material useful in understanding

the image extension package and its wire protocol .

The core X architect ure de�nes a client -server based intera ctive applic ation display services model includin g

components and their relat ionships (layering and distribut ion). The proposed X image extension package

follows the core X archit ecture by specifying imaging components and their relatio nships within the X

model.

Although the proposed X image extensio n package de�nes image speci�c extensions at all levels of the core

X model, it focuses primarily on extensions to the wire protocol as these are fundamental to all other levels.

The X Image Extension Protocol (XIEP) is intended as the format by which client and server portions of

an imaging applic ation communicate imaging service requests and replies across the X wire. As such, this

concepts document focuses primarily on providing the reader with the background material and reasoning

necessary to understand the XIEP protocol speci�cat ion.

XIEP is inten ded for use by a wide range of digit al imaging applic ations deali ng with various classes of

images, and requiring varying degrees of server support. The classes of images include :

� Stati c bitonal digita l image data (scanned documents)

� Stati c continuous tone monochromatic digita l image data (gray scale)

� Stati c multi spectral digit al image data (color)

� T ime varying versions of each of the above

XIEP is intended to support applica tions that simply display images, through those that involve highly

interacti ve, human directe d image processing. As a future component of a developi ng industry standard,

XIEP will serve the needs of multiple vendors and their end users. INTRODUCTION 1�1

1.2 Justi�ca tion The core X protocol chooses not to provide robust support for certain applicat ion areas in order to remain

minimal in extent. Instead, it provides a mechanism for adding protocol extensi on packages for domains

such as imaging.

Analysis of imaging appli cations and their display (human interact ion) needs indi cates that there are several

broad areas which X image servers and an X image extension protocol (XIEP) should provide for includi ng:

� Device independent display interact ion

� W ire image data organizat ion and compression

� Interacti ve image enhancement processing

� Control of tigh tly coupled image capture hardware

� Use of image speci�c accelerat ors

This work is justi �ed by the standardizat ion of and increase in imaging display capabil ities provided to

applicat ions, and by the off loading of many operations to the server . 1.3 Requirements It is a requirement that XIEP comply with the architect ural model set forth by X. Compliance will be

measured by the similari ty of archite ctural concepts.

It is a requirement that XIEP comply with the core protocol and protocol extension mechanisms set forth

by X.

1.4 Goals XIEP is designed to meet the human interact ion needs of imaging applicat ions by providing for the

communication of these needs between X client and X server

. XIEP has as its goals the inclusion of a

minimal set of functi ons that support the variety of image appli cations classes and provide access to the full

resources of the display system, and support for image extension package extensibi lity . 1.4.1 Minimal Suf�ciency XIEP should contain a minimal set of functions that support basic imaging operati on classes includi ng

image object transport, intera ctive image enhancement processing, image display renditi on, and tightl y

coupled image capture device control . The set should be minimal in content with as lit tle overlap in

functions as possible. The protocol must support the construct ion of X image extension toolkit (XIE_TK)

and client speci�c higher level imaging functions.

1�2 INTRODUCTION

Chapter 2

IMAGING CONCEPTS This chapter presents background material regarding the de�nit ion and sources of digital images, how they move through appli cations, and the states they pass through in transit. This material constitut es a simple model of digita l imaging which is useful in presenting the extension concepts.

2.1 T ransfer Model The overall operati onal model for many image appli cations is that of a transfer process. The transfer process begins when either a real world continuous image is captured and converted into a digit al image, or a digita l image is synthesized by some other applic ation. The digit al image is represented and stored internall y

, and processed by the appli cation (sometimes iterati vely). Final ly

, the digita l image is made suitable for display (rendering) and displayed upon a computer device. Often, the processing, renditi on, and display steps are iterat ed. T wo threads which run through the entire process are ef�ciency of representation and processing, and

�delity of reproduction. In general, we would like to maximize �delit y (trueness to the original as perceive d by humans - ie. psychologica l vs mathematic al) and ef�ciency of representati on (minimize the data storage) at the same time. IMAGING CONCEPTS 2�1

Figure 2�1: IMAGE TRANSFER PROCESS FLOW

CONCEPT real world object or scene |

| IMAGE FORMATION v continuous Human Visual Perception image "Visual Types" | | SENSING/DI GITIZATION

| analog image

.................|.. ................... ................... .................... .. | digital image

SYNTHESIS CAPTURE | | +-----+-----+ |

| Revisable Form Image v Efficiency vs Fidelity

+-->digital Compression Encoding

| image Digital Image Classes | | | | ENHANCEMENT Visually Interactive Processing

+<-----+ ^ | | | RENDITION Rendition Processing

+------+ | v digital Final Form Image image Rendition Fidelity

| digital image

...........|........ ................... ................... .................... .. | analog image

| DISPLAY | v Human Visual Perception screen image "Visual Types"

Continuous images derive from real world objects and scenes, and form the basis for human visual perception of the world around us. Digital images derive eithe r from continuous images (capture or digiti zation) or from two-dimensional digital data generation processes (synthesis). The X image extension is concerned only with digit al images and does not care about their derivati on.

Once in digital format, an applicat ion may revise an image iterati vely through editing and enhancement processes. Just prior to display

,the digi tal image must be converted into a format understood by the display device (renditi on process). It is then displayed where it is converte d back to analog format and perceived by the viewer . 2�2 IMAGING CONCEPTS

2.2 Visual Perception An image of a three-dimensiona l real world object or scene is a continuous (in its spatial dimensions, and in the dependence of its intensi ty upon wavelength and time), two-dimensional projecti on formed by an imaging element .

The human visual system is a combination of imaging element (lens), focal plane sensor (retina), and interpretat ion machinery (brain). Based upon perceived attri butes of a continuo us image (dependency of intensit y upon wavelengt h and time), we often assign it to one of a number of disti nct groups or visual types includi ng black and white, grey scale, color

, stills, and motion. These phrases are simply convenient labels for complex visual percepti on phenomena.

It is not unusual to associate the visual types (which are based upon human perception of a continuous image) with the digit al representat ion of the continuous image. In fact, there is an optimum (ef�ciency and

�delity) digit al image representati on, known as a digi tal image class, for each visual type.

2.3 Image Capture Image capture or digiti zation is the process by which a continuo us image is converted into a discrete image manageable by a computer

. A conti nuous image is an intensi ty or amplitude function I(x,y ,w ,t) which is de�ned on a two dimensional plane at an in�nit e number of locat ions (x and y are continuous real variables), which is de�ned at an in�nit e number of wavelengths (w is a continuous real variabl e), which is de�ned at an in�nite number of times (t is a continuous real variable ), and which may posess an in�nite number of values (I is a conti nuous real variabl e).

Converting to a discrete representati on means that I, x, y , w , and t become inte gers with �nite range.

Thus, discret e means that the continuous image is sampled at a �xed number of locat ions (vertices of a regular

, two-dimensional sampling grid), and that the intensi ty is sampled at these points at a number of wavelengths or wavelength bands and times, and quantize d to a �xed number of levels. T ypicall y

, for static images (no dependence upon time), the process of conversion from continuous to discrete involves only sampling and quantizat ion.

2.4 Image Synthesi s In practice, digit al images are often generated by means other than sampling at the focal planes of imaging elements. Synthesized images are ones where the discrete image data at the discrete sampling grid locati ons is computed from physical sensory information or object models. Examples includ e medical Nuclear

Magnetic Resonance images, Geosesmic images, and synthesized graphic images. In the last case, the digital image derives from computer models of objects and scenes which may not exist in reali ty

. As with captured images, synthesize d images are often intended for consumption by a human viewer

. IMAGING CONCEPTS 2�3

2.5 Mathemati cal Model An F valued image ’a’ on X is the graph of a function a:X->F a = { (x,a(x)) : x E X, a(x) E F} where: X is a (multi dimensional) coordinate set x is an element of the set X

F is a value set whose values maybe

R (real)

Z (integer)

Z*2k (binary integral)

C (complex)

Under this de�niti on, while the sampling grid is discrete and �nite, the values of the image may be integ ral, real, or complex. W e will see that as image processing often produces results which are non inte gral, it is necessary to recognize non integral valued images.

The debate over the de�niti on of a digita l image regarding is potent ial values (integral vs non integra l) is more one of phil osophy than anything else. It is clear that there are some locat ions in the transfer model where the point is not moot. In particul ar

, display devices in general require discrete (integral ) valued images for display purposes. W e will adopt a pragmatic approach which avoids the philosophic al question which requires discrete

(integral) images in client server communicati ons and server presentation to display devices, but allows for non integral representations in the server during image processing.

2.6 Image Representa tion Whether captured or synthesize d, a primary goal is to represent what was (or will become at display time) a continuous image in discrete form with the fewest bits possible (ef�ciency), while being able to recreate as similar an image as possible for human viewing (�delity). These goals result in classes of digit al representation opti mized for and analogous to the various visual types.

The digital image representation must store information regarding both the luminance and chrominance characteristi cs of the original image. W e will consider static images only

, or equivalent ly

, time variati ons as representable as sequences of indi vidual static images.

Luminance is often referred to as intensit y or tonal ity

. In a digit al representation , the number of bits is

�nite, and so the intensi ty or tone scale has a limited number of levels. A digi tal image which provides for only two intensit y levels (and has no chrominance information) is often referred to as bitonal , while one with several intensit y levels as contin uous tone.

Chrominance information may or may not be present in a digital image. When a continuous image is captured, the use of multiple sensors which integrat e intensit y over various wavelength bands provides some chrominance information. Images which incl ude this informatio n are known as poly chromatic or multi-spectral . This is typic ally what is done for systems like tel evision cameras. When only a single sensor is used and the intensit y is integrat ed over the entire spectrum that the sensor responds to, no chrominance informatio n is availabl e. These images are known as monochromatic.

2�4 IMAGING CONCEPTS

There are many ways in which the luminance and chrominance information of an image can be digital ly represented. At the extremes are representatio ns which fully combine and fully separate the luminance and chrominance information and in between are representati ons with varying degrees of combinatio n.

A common example is R-G-B which has three separate luminance channel s (one for each of the three chrominance bands). Broadcast televisi on (NTSC - which is an analog format) is designed such that the luminance and chrominance signals are separate and can be recombined at the receiver (tv) all owing "black and white" (what we will now refer to as monochromatic continuous tone) tv’ s to receive and show the image without color . Another aspect of image representat ion is the amount of information required per channel. Many schemes have unequal amounts of information per channel. The amount of information per channel is based on many thing s inclu ding human visual percepti on characterist ics and ef�cienc y (conservation of storage and communications bandwidt h). Examples of this include 8 bit per pixel color (R-G-B 3-3-2) where the amount of luminance information is different for the 3 chrominance channels, and broadcast tv where the luminance and chrominance signals have signi�can tly different bandwidths.

Figure 2�2: VISUAL TYPE - VS - IMAGE CLASS

HUMAN VISUAL TYPE OPTIMAL IMAGE CLASS CLASS CHARACTERISTICS

----------------- -------------- ----- ------------- --------

BLACK AND WHITE MONOCHROMATIC BITONAL 1 BAND - 2 INTENSITIES

GRAY SCALE MONOCHROMATIC CONTINUOUS TONE 1 BAND - N INTENSITIES

COLOR MULTISPECTRAL CONTINUOUS TONE M BANDS - N INTENSITIES where: bands --> spectral bands

The black and white visual type is usually represented by a digit al image class known as (monochromatic) bitonal. The gray scale visual type is usually represented by a digi tal image class known as (monochromatic) contin uous tone. The color visual type is usually represented by a digit al image class known as multi-spectral (polychromatic continuous tone). The still s and motion visual types are represented by individual or sets of the other digital image classes.

One can argue that digit al image classes, and by analogy

, the associate d human visual types can be organize d into a hierarchy based upon degrees of freedom or information theoret ic informatio n content.

Loosely speaking, color images have an addit ional degree of freedom or contai n more information than do grey scale and black and white, and grey scale images contain more information than do black and white.

Obviously

, time varying images have an additi onal degree of freedom over static images.

Note that although any contin uous image of any visual type can be represented and communicated at some level to a human viewer using any class of digit al image, the previous table shows the optimal digi tal image class (in terms of ef�ciency and �delity) for each human visual type. Representing and rendering an image for display in an image class which is not optimal for the human visual type usually results in a loss in ef�ciency of representatio n and visual �delit y . The fact that the different digi tal image class data representat ions are opti mized for representing different visual types results in signi�ca nt structural differences between them.

The visual type known as black and white is dominated by images of human communications objects such as written or drawn documents. These images are characteri zed by high contrast and relative ly high spatial frequency

, and contain symbols which are differenti ated by shape rather than inten sity or color

. The digital image class used to represent them with greatest �delit y and ef�ciency (bitonal ) uses relati vely high IMAGING CONCEPTS 2�5

2.10 Image Processing Image processing is the appli cation of image operators to image data. There are three broad classes of image processing distingui shed by purpose and approach: restoratio n and enhancement , analysis, and coding.

Restoration processing is done to remove some well understood or predictabl e image distort ion resulti ng from the imaging system or conditi ons. Enhancement is the processing of an image for the sole purpose of making the image data more easily interpret able by a human viewer

. Enhancement processing is often done interacti vely under the directi on of the viewer

. Both restorati on and enhancement processing produce an image as output and as such, maybe considered to be similiar to image synthesis.

Analysis processing seeks to infer meaning (semantics) from raw image data and involves machine interpretat ion of images. A major branch of analysi s processing is known as pattern recognit ion. Analysis processing usually produces some measurment or conclusion as output rather than a new image. Often enhancement processing is performed in preparati on for analysis processing (one such example would be edge detecti on whic produces a new image which is dimensionall y simplier for an analysis process to deal with).

The process of image coding deals with mapping image data into alternat e symbol sets for ef�ciency of storage and communication s (for example compression), or for organizat ional purposes. Image coding produces an alternat ive representat ion of the input image as output. Depending upon the type of coding, the original image can be recovered with varying degrees of �delit y . 2.1 1 Image Rendition Renditi on is the process of making an image object suitable for display

. In general, it involves converti ng the image into a format that the display device can deal with, and sizing and aligni ng it properly to �t on the screen. Rendit ion deals with the presentat ion attri butes of an image.

Renditi on and display are logica lly the �nal steps in the image transfer model. A continuous image of some visual type was converted into digita l format of a particul ar image class for ef�ciency and �deli ty reasons.

The rendition process seeks to make the image object of a particula r image class viewable on a display with certain hardware characteri stics while achievi ng as high a degree of display �delity as possible.

Display devices have hardware characteri stics that determine if a partic ular digit al image belongi ng to a particul ar image class can be displayed as is (renditi on is a null operati on), or if the image must be converted within its image class, or across image classes, before displa y . Conversion withi n an image class means that renditi on takes a particul ar revisable form image of some class (bitona l, continuous tone, multi-spect ral), and produces a �nal form image of the same class (bitonal , continuous tone, multi-spec tral). Note that alth ough the class remains the same, attribu tes such as number of intensit y level s may change (an example would be rendering an 8 bit per pixel contin uous tone image for display in 4 bits per pixel).

Conversion across image class means that rendition takes a particul ar revisable form image of some class and produces a �nal form image of a different (usually inferior) class. An example would be rendering an

8 bit per pixel continuous tone class image for display in 1 bit per pixel (using a ditheri ng algorit hm) as a bitona l class image. Although cross-class conversion can be from any digit al image class, to any digit al image class, conversion more often (due to display device limitat ions) proceeds from digita l image class with higher degree of freedom to that with lower degree of freedom (such as from multi-spect ral to gray scale). Psuedo coloring is an example of a digital image class conversion which proceeds in the opposite direction (inferior to superior class). Cross-class conversions which proceed from superior to inferior IMAGING CONCEPTS 2�7

classes tend to discard information, while those which proceed in the other direct ion at times "invent" or provide information which was not avail able in the original image.

In general, if the display device will support it, �deli ty is maximized if the image is rendered in a format as close to that of the image class as possible (for example, display a continuous tone image using multiple bits per pixel rather than by using 1 bit per pixel ). If not, the image may be converted to a different image class (from conti nuous tone to bitonal through a dithering process) in order to still render and display it, and convey a facsimile of the original visual type.

Display hardware is usually such that there is a hierarchy of abili ty to render different image classes with

�delity

. For example, if a display device can render a continuous tone image with �delit y (ie. it has N bits per pixel capabil ities), in general, it will also be able to render a biton al image with �deli ty

. This hierarchy is not one of image class, but rather one of the displa y device’ s abili ty to render image classes with �delity . 2.12 Image Display The display step takes an image which has been rendered and makes it viewable (visible on the screen). It involves transport of rendered (�nal form) image data (usually referred to as the bit map at this point) to the display memory and setting of display controls.

Display is an entirel y separate step from rendit ion. There are several reasons for separating these two steps. One major reason is performance. The clie nt may chose to render several images (a potent ially time consuming task) before displayi ng them so that they may be displaye d in a time sequence, and so that the user may return to a previously rendered image without rerendering. A second reason is that the client may wish to render an image and convert it back into revisable form without displayi ng it at all. In this case, the user now has a revisable form image which can be processed, and whose characterist ics are aligned with those of the display device making future renditi on much less expensive if not entirely null . Of course, processing of this image might make re-renditi on a necessary step.

2.13 Image Revisabilit y Revisabili ty is the abilit y to go back and conti nue to modify the content s of an image. At one end of the spectrum are revisable form images, while at the other end are �nal form images.

In revisable form images, the raw data and attribut es represent the original image as captured or synthesized, and renditi on or other non-reversibl e image processing operations have not been applied. The association between image attribut es and raw data exists in revisable form images.

In �nal form, an image has been prepared for output and all presentat ion att ributes have been accounted for (applied and stripped off). The content s of a display device display memory may be considered as �nal form. As rendit ion is an output device dependent process, it is likel y that a one to many relati onship exists between a revisable form image, and the various �nal form images that derive from it (each for a different output device).

The distinct ion between revisable and �nal form for images is not as clear as it is for text objects. W ith images, the �nal form of one image object could be used as the starting point for the revisable form of another if the presentation att ributes were reassociat ed with the data.

2�8 IMAGING CONCEPTS

2.14 Image Applications An applicat ion which inputs, output s, stores, communicates, or displays digit al images is said to be an image applicat ion. Many appli cations will integrate image handli ng with text and graphics handling. The subset of image applicat ions which must display images are candid ates for use of the X image extension package. Most or all of the overall image transfer model can be found within these appli cations, although at times, various steps are null or compressed. T ext, graphics, and images are simply different data protocols and sets of services for visual information managed on a computer

. While many applic ations will need to wield all three sets (text, graphics, and images) to visuall y display what they wish to communicate, the integrat ion of text, graphics, and image services under X are outside of the scope of this work (the X image extension protocol ). Minimall y

, it is up to the applicat ion to accomplish the inte gration of use of these services. Compound document display and edit packages are perfect examples of appli cations which face this chall enge.

In addition to not solving the integrat ed approach to the use of X based text, graphics, and image services, the X image extensi on package will not provide ANY text or graphics services.

The processing of images for display purposes and the display of images are inti mately entwined. The X architect ure has segregated processing for display and display from other aspects of applicat ions. W ithin the X model, an applicat ion has a component which requires the display processing (and human interac tion) services call ed the cli ent component, and a component which provides these services call ed the server component. Naturally

, the server component resides at or near the equipment which provides for displa y and human inte raction. The X architect ure also provides for logical /physical separation of these two components by a "wire".

2.15 Image Server An X server for imaging applica tions minimally includes a general purpose host processor on which the

X server runs and a display subsystem. There is potenti al for great diversity regarding the server host con�guration, the complexit y and capabil ity of the display subsystem, and the relati onship between host processor and display subsystem.

Regarding the relati onship between the host processor and the display subsystem, at one end of the server spectrum are terminals where host processor and display subsystem are separated by a relat ively low bandwidth connect ion and often a character oriented protocol. The separation between these components maybe relat ively small (local serial line), or large (modems and packet switch networks). At the other end are workstations where the host processor and display memory are connected by a high bandwidth bus and often overlapping address spaces. While the X image extension package does not preclude the terminals cases, the large size of image objects implies the need for a relati vely high interconnec t bandwidth between server host processor and display subsystem (the workstation con�guration).

Regarding display subsystem capabili ties, at the low end are devices which do not allow direct access to the display memory and have no user accessible display processing capabili ties. At the high end are displa y subsystems with specializ ed processor-memory architec tures (includi ng parrallel -pipelined processors, and shared memory multi processor con�gurati ons) which provide on-board support for enhancement and rendition processing.

As image capable workstation s and display subsystems develop, there is a trend to closely couple image capture devices to image display subsystems. Close coupling involv es sharing the display memory between the capture device and the display hardware. W ith these con�gurations, it is usually possible for the viewer to see the image as it is being digiti zed. In these cases, the capture�>represent �>enhance�>render�>display transfer process has no loops and is very tight ly packed and highl y optimized. IMAGING CONCEPTS 2�9

Chapter 3

EXTENSION ARCHITECTURE CONCEPTS There are a number of concepts which are fundamental to the image extension archit ectural model. These concepts are introduce d in this chapter

, and those which result in elements of the X Image Extensi on

Protocol (XIEP) are explored in depth in the following chapter

. In addition , the relation ship between the core X archit ecture and protocol, and the proposed extension architect ure and protocol is addressed brie�y throughout the chapter . 3.1 Extension Guidel ines In formulati ng an image extensi on protocol, the two most important questions are:

1. What services do client portions of image applica tions require of an image server?

2. What services is an image server well positi oned to provide?

From the answer to these questions, a high level service set can be de�ned. The next step is to proceed to identi fy the primiti ves that the server should implement to support the high level service set. Finall y , the primitive s must be mapped into a minimally suf�cient protocol for communicati ng both the service primitive requests and responses.

In order to answer the �rst question, one must analyze the human interac tion components of many imaging applicat ions. If performed by a single indivi dual, in a serial fashion, this is potenti ally a long task. A more practica l approach to this problem is to draw upon the experience of many diverse image applicat ions developers (which to some extent is the approach taken to date).

Regarding the second questio n, the core X model provides some guideli nes on what should live on the server side of the wire. Clearly

, all interact ion with the display device must go through the server . Likewise, all interact ion with human controlle d intera ction device s, such as keyboards and pointing devices, must go through the server . In general, due perhaps more to the maturity and standardiza tion of the spaces, the core X package provides some degree of device independence for text and graphics. Although this is not an expli cit goal of core protocol, it seems like a reasonable directi on for the extension protocol: the image extension package should provide device independence to the client . This means that the XIE_TOOLKIT

, XIE_LIB, and

XIE_SER

VER will handle all image displa y device dependencie s. Minimall y

, this implies that renditi on is an extensi on package issue. Server extensi ons are encouraged to provide for usage of speciali zed display hardware primarily for display purposes. EXTENSION ARCHITECTURE CONCEPTS 3�1

The XIE_SER

VER may be home to operations which, alt hough not speci�call y device dependent, would derive bene�t (performance ef�ciency) from being in close proximity to the display subsystem and special - ized display subsystem hardware. This is the basis for postulat ing that intera ctive enhancement processing must be provided for (allowed) in the server . 3.2 Extension Leve ls The following diagram shows the relat ionship between client and image extension server

, and how the full image extensi on package parallel s the existi ng X components. It also positi ons the speci�cat ion of XIEP , the image extension protocol for the X wire (denoted by the *

). Figure 3�1: IMAGE EXTENSION - VS - CORE P

ACKAGE

application host server host machine machine

+-------------- ---+ +--------- -------+

| application | | display device |<-- capture

| | | | device

| | | |

| X & XIE toolkits| | DDX |

| X & XIE LIBs | <============= =======> | DIX |

+-------------- ---+ X11 & XIEP +--------- -------+ wire protocols

EXISTING X COMPONENTS IMAGE EXTENSION COMPONENTS

--------------- ------ ---------- ----------------

Applications Image Applications | | Programming Libraries Imaging Services Library

Xtoolkit XIE_TOOLKIT

Xlib XIE_LIB

X Core Wire Protocol Image Extension Protocol (*)

X server kernel X Image server kernel device independent modules device independent extensions device dependent modules device dependent extensions display & input devices image capable displays

Image speci�c components and issues can be positioned against the core X level s. Image accel erators

(either integral to the display subsystem, or simply ancilla ry server host processors) exist and are accessed at the device dependent server level. The device independent image extension protocol function s (XIEP) and image speci�c resources exist at the device independent server level.

Extensions to X lib implement the X image extension protocol . XIE_LIB is likel y to follow the precedent set by the core protocol and simply represent language binding s of the XIE Protocol.

3�2 EXTENSION ARCHITECTURE CONCEPTS

3.3.2.1 Aternate Data Organization s and Pixels

The concept of a regular

, two-dimensional grid is central to both the image capture and image display processes as both image data sampling and image displa y are done on a regular

, two dimensional grid. In general, the sampling and display grids will not be of the same form or size. W e will use the term pixel to mean a capture or display grid locat ion. This section addresses the associat ion between image informati on and pixels.

The relationshi p between image data representat ion and pixel s is potent ially meaningful only at the capture and display points in the transfer model. The relation ship is potenti ally meaningless at other points in the model (especially places where image data is kept in compressed format). Most displays prescribe the relati onship between the underlying data that goes into making up a display’ s pixel at display time

(i.e. the structure of a pixel). Although it is a convenient concept, it is a mistake to assume that behind a display screen, the information that goes into light ing up a pixel can be found as a stack of bits. While some displays do require that all the information which makes up a pixel be gathered togethe r into a bit string (ie. multipl e chrominance channels are gathered togethe r on a pixel basis), others require it to be separated by chrominance channel. The situati on grows more complex when we consider displays which allow different bandwitdhs per channel between luminance and chrominance channels or just between different chrominance channels. Thus, the relationshi p between a pixel (as a display-grid element) and the underlying image data and its representati on is potential ly a complex one and not necessarily a one-to-one correspondence between pixel value, luminance, and chrominance.

For polychromatic or multispect ral images, the various representati ons which provide for either separate or integrated luminance and chrominance information, and for eithe r equal or different bandwidth (information content) between luminance and chrominance channels or between multipl e chrominance channels creates a potenti al mismatch between the front end of the transfer model (before display and "pixe ls"), and the backend (at display and "pixel s"). For the monochromatic digit al image classes, this problem does not exist.

The X image extension package will deal with both matches and mismatches between image data representation structure and content at the display boundary in the transfer model. As such, it will deal with matches and mismatches in representat ion (RGB vs YIQ vs ...) and content (equal vs unequal bandwidth between luminanc e and chrominance channel s, and between multiple chrominance channels). It is the server ’ s responsibil ity to convert from the applicat ion representat ion into a representati on and pixel structure amenable to server based enhancement processing. It is the responsibili ty of the X Image Extensio n

Package (XIE tool kit, XIE lib, and XIE server) to provide for the conversion of image data into a format compatible with that recognized by the display subsystem (renditi on process).

3.3.2.2 Discrete vs Continuou s PixelsThis section focuses on the representation of the intensi ty function for a digit al image in the X Image

Extension. In particula r

, it will examine where in the Image extension the inte nsity must be discrete

(quantized to a �xed number of levels - intege r), and where it may be conti nuous (in�nite number of level s

- real).

The image concepts sections on capture, synthesis, and representati on stressed that digi tal images are discrete enti ties (spatial ly sampled and quantize d). As capture and synthesis are clie nt issues (outside of the domain of the image extension), the client may do as it wishes, but the image extension encourages cli ents to consider only fully quanti zed 2d arrays as digit al images.

This policy becomes bindi ng at wire transport time where transport will only include support for fully quantized (positive inte gral valued) digital images in uncompressed formats (the bits represent integer values of inten sity for components), and compressed forms where the bits represent code sequences for compression schemes. In other words, the wire transport machinery will NOT provide support for real valued (�oating point) image inten sities.

3�4 EXTENSION ARCHITECTURE CONCEPTS

This same policy applies within the server at post rendition and display time. Final form image object s on the server will be integral valued entit ies. Obviously

, rendition implies this as all workstation display machinery requires this.

It is during revisable form representat ion of image objects on the server that full quanti zation and integral value only may be relaxed. The purpose for its relaxat ion is the nature of image processing (both enhancement and rendit ion). The result of applyi ng an image operator to image data may in some instanc es be considered by the user to be a new image, while in others it may simply be considered as a two dimensional array of computati onal data results. The choice is often but not always more a matter of user perspective and intende d usage than of image operator semantics. In particul ar

, many image processing operations may produce non integral or negati ve output values. Examples include the arithmetic operators

"divide", and "subtract ".

There are two possible solutio ns to this problem: the �rst is to require that image object s remain fully quantized at all times, and therefore expressly de�ne the semantics of each and every image operator such that this is preserved. In the divisi on case, one such policy is to implement only an integer divide which truncates. A second strategy is to allow real values in server based revisable form image objects and delay the �nal quantiz ation until renditi on time. Obviously

, the display device can not deal with these non integral values, and if these data arrays are to be treat ed as images for display purposes, at renditi on time the situat ion must be corrected.

The policy will be to allow image enhancement and rendition operators to produce image objects with real values (rather than integer). Protocol function s (image operators) which must produce one or the other will note it in their de�nitio n. Note that this has no bearing on the integral valued only position at wire transport and display other than perhaps the potent ail need for an explicit quantizi ng protocol functi on.

3.3.3 Layou t & Coordinate SystemsImplicit in all display packages are the coordinat e systems used by the package and their relat ionship to coordinate systems used withi n the applic ation model. At a somewhat less abstract level are the display layout problems that an applicat ion must deal with and the machinery required to accomplish these layouts.

The next few subsections provide an overview of the extension package coordinate systems and layout concepts.

3.3.3.1 Coordinate Systems By our de�nit ion, continuous, two-dimensional images (at the focal plane) have dependencie s upon two spatial coordinat es (planar), time, and wavelength. This sectio n examines some of the coordinate system issues involved in the extensi on package regarding these coordinat es.

3.3.3.1. 1 Spatial Coordinate Systems The image extension package does not provide for any world coordinate system. Therefore, it is not possible through the image extension protocol to maintain relation ships back to real world objects, scenes, and relati onships within them. It is left to those imaging applica tions that require such capabil ities to maintain and conduct their own conversion from a private world coordinate system to the system of device and image object coordinate s supported by the extension package, and to relate graphic and image display service requests to a shared world coordinate system.

The image extensi on package does not support three-dimensiona l images (depth information) and as such perspecti ve transforms and all three- dimensional imaging operati ons must be managed within the applicat ion (above the client ). A three-dimensio nal image applicat ion can still use the image extension by feeding it two-dimensional slices or projecti ons. EXTENSION ARCHITECTURE CONCEPTS 3�5

The image extension package uses the device coordinat es (screen and window relat ive) as de�ned by the core X1

1 protocol in all display requests.

In addition to this device coordinat e system, the extension protocol de�nes an image object (IOB) relativ e coordinate system. Regardless of the data organizat ion at transport time, or the internal data organiza tion of an image object, all image objects have their own integral , two-dimensional, recti linear

, attache d coordinate system. For monochromatic images, there is no confusion, but for situat ions where the bandwidth between luminance and chrominance channels differs, or that between multipl e chrominance channels differs, the coordinate systems of the image object applie s to the highest bandwidth (biggest) component. All regions of int erest are de�ned relativ e to the image object coordinate system.

Renditi on is the point of align ment or conversion between image object and device coordinates. The extension protocol provides the means by which a locati on within a rendered image (expressed in device coordinates) can be converted back into a locati on withi n the revisable form image (expressed in IOB coordinates) from which the �nal form rendered image derives. This capabil ity will be provided for all invertable rendition transforms (at least linear geometric transforms). It should be clear that this capabil ity is essentia l if an applicat ion is to associate what a user sees and points to (�nal form image) with a locatio n in the revisable form image.

Despite the avail abilit y of this coordinate conversion service, applicat ion clie nts may chose to perform their own mapping back from device coordinates (mouse interrupts) to revisable form image object coordinat es.

3.3.3.1. 2 T emporal Coordinate Systems The extension package has a concept of time sequences of frames (see layout ), but does not provide any temporal coordinat e system. As such, an appli cation which maintai ns a temporal coordinate system (such as a high-speed photography applicat ion), must convert from a time coordinate to an individual frame id or frame sequence index when dealing with the extension package.

3.3.3.1. 3 Chrominan ce Coordinate Systems For reasons which will not be explain ed here (see ref: CORNSWEET) color images inte nded for human consumption are, in general, represented with three independent components. The theory of color spaces is particularl y convoluted and requires a good understandi ng of the human visual system. There are many sets of basis vectors for a color three space, or if one prefers, many different color three spaces.

Unlike the two-dimensional spatial coordinates, where standardizat ion upon rectil inear (vs polar) coordinat es is a fairly reasonable thing to do, standardiz ation upon a single color three space coordinat e system may not be as reasonable. Although the computer industry display devices are primarily R-G-B, there are advanta ges to representing images in other color three spaces (such as Y

-I-Q or H-L-S). One important disti nction to note is that some color spaces maintai n a one-to-one relati onship between component and spectral band (for example, R-G-B), while others do not (Y

-I-Q). In these lat ter cases, each of the dimensions of the color three space is not necessarily a different spectral band. In some cases, these color systems are designed to separate chrominance and luminance information for representati on ef�ciency . Higher band multi-spect ral images (such as n band Landsat images) tend to be of the former nature: each component maps directl y to a single spectral band.

The extension protocol will recognize more than one three space color representati on at key interfaces and support linear (inverta ble) color three space transforms The extension protocol will rely upon these three space systems (or protocol s) for the relati onships between component and wavelength band.

The extensi on protocol will not recogniz e images of more than 3 spectral bands, and as such, applica tions with N spectral band data (such as Landsat) will be responsible for spectral dimensionali ty reducti on

(potential ly accompli shed by an applic ation applied transform/mapping or by applic ation band select ion).

3�6 EXTENSION ARCHITECTURE CONCEPTS

3.3.3.2 Layout Applicati ons which deal with the display of digit al images often face a variety of appli cations speci�c screen layout issues. Although it would seem that layout is something which is entirel y in the realm of a window manager

, there are layout issues which perhaps transcend the bounds of core window management.

The next two subsections present examples of such image layout issues and the poli cy that the extensio n package will adopt.

3.3.3.2. 1 Spatial Applicati ons often need to display eit her two images, or an image and a graphics scene, overlaid and spatiall y registered. The image extension package looks to the core X package for window overlay capabili ties. Barring avail abilit y of these capabili ties, the extension package will provide the means to spatiall y register and overlay two images from their revisabl e form through thei r renditi on and display steps. This is likely to be done through image composition operators (logical point functi ons). In the case of graphics and image overlays, barring help from the core X package, the approach will be to convert the graphics information to an image and then proceed as above.

The approach described above should provide for maintena nce of spatial registrat ion under operati on of zoom, pan, and scroll.

The extension package will not provide any speci�c mechanisms in support of "N up" spatial layout or

"tili ng" problems. The extension package looks to the core protocol and toolki t levels built upon it for support of tili ng.

3.3.3.2. 2 T emporal Some image appli cations deal with time sequences of images. In a time sequence, the image subject state is changing with time, but the basic subject is the same (ie. a time lapse sequence of a �ower as it blooms, or a sequence of heart radiologi cal images as it pumps blood). While the extensio n package does not provide a temporal coordinate system, it will support the concept of a time sequence of spatiall y registered images, and provide for control over the time delt a between time sequence frame displays.

The slide carousel is the basic mechanism for organizi ng a time sequence. The slide carousel will contai n

�nal form images (X displayabl es or pixmaps) produced by rendering revisable form images. Optional references back to the source revisable form images may be kept. The image extension package will provide mechanisms for playing the time sequence with uniform time spacing, or single stepping under applicat ion control. Direction of play is also under appli cation control.

A very signi�cant subset of time sequence problems is the display of live video. Live video consists of the display of 30 still frames per second. Consideri ng the size of indiv idual images, a few seconds of live video would require more memory than most workstations posesses. T ypicall y

, in live video applica tions, the source images will be supplied from a digit al image disk, or digiti zed from an analog source such as a tv camera or vcr by a frame grabber in the server

. The temporal layout machinery will give consideratio n to the support of this special class of time sequence image applicat ions. EXTENSION ARCHITECTURE CONCEPTS 3�7

3.3.4 Image Structure - SubsetsComputer displays present users with screens full of information. W ithin any screen or window

, there are established rules for identifyi ng smaller elements when the contents derive from underlying text or graphics. T ext and graphics information (visual informatio n which is represented on computer systems via text and graphics protocol s) have syntact ic object s (characters, words, paragraphs, lines, arcs, ...) which the user is familiar with and which can be used to ident ify a component of a screen.

When the screen contents represent an underlying digit al image, no such user familiar

, underlyi ng syntactic structure exists. Instead, it is replace d by the concept of ident ifying portions or proper subsets of the complete image. These subsets are used to identify areas that will be operated on. There are two proper subsets: regions of interest , and control planes. A region of inte rest is a fully connected subset of an image such as the contents of a rectangular area within the image, while a control plane determine s membership in the subset on a pixel-by-pixel basis. A control plane maybe heavy or sparsely populated.

The extension protocol supports the de�nition and use of both regions of intere st and control planes for operations on connected and disconnected subsets of a complete image.

3.3.5 State Information - Process HistoryOther than the information required to associate display locati ons (coordinate s) with image object coordinates (for pointi ng problems), the server will not maintain any processing history information. It is left to the clie nt to maintain this information if so required.

3.3.6 Extensio n Relationsh ips

3.3.6.1 T o Core X The X image extension will be accessed through the core X server as prescribed by the core X protocol extension mechanism. The extension will make use of core x resources where ever possible (such as drawables, pixmaps, and clippi ng regions), but the policy is not to extend existi ng (core) resources with regards to either content or semantics.

Where extensi on would be required, the image extension will de�ne privat e resources necessary to support the speci�ed functi onality

. For example, rather than attempt to extend an already complica ted structure such as the graphic context (GC) with new �elds, or new meanings for existing �elds, the extension package de�nes its own resources for rendit ion purposes. While this entai ls some dupli cation of information, percentage wise, the amount of dupli cation is very very small when compared with a 1 MB revisabl e form image, and no control confusion is likel y to arise.

3.3.6.2 T o Other Extensio ns It is more than likel y that an appli cation may require access to multi ple extension packages at the same time, such as a graphics and image extension. Control over concurrent residency of multipl e extensi ons to the server is under core X. While exchange of information between multipl e concurrently resident extensions is always possible via the client , this approach is potent ially inef�cient due to wire transport.

The image extensi on package incl udes import/export services which provide a limited means of exchanging information (primarily rendered image data) between the image extensi on and another extensi on through core X resources.

3�8 EXTENSION ARCHITECTURE CONCEPTS

The image domain boundaries implied above are somewhat arti�cal in that they have been establi shed partiall y by human visual perception attribut es and by the applicat ions that they are an integral part of

(such as facsimile or televi sion). In reality

, there is a continuum of images and image attri butes out of which applicat ions have concentrat ed on a few important subspaces. It is also a falla cy to think that all applicat ions are con�ned to only one of these classes as many signi�cant applic ations (such as publishin g) cross the domain boundaries.

Because the domain boundaries are arti�cal , and because appli cations must be able to work across these domains, the extension package must unify the representatio n and handling of the images in these various domains. The impli cation is that the extension must support a uniform and robust image data representatio n at least at key interface point s, and that there will not be separate service packages for each of the domains.

3.4.1.2 Range of Applicatio ns NeedsThe X clie nt component of image applic ations will demonstrate a wide range of image needs to the X servers. The range will likel y span simple image display of bitonal images through highly interact ive processing and analysi s of conti nuous tone and multi-spectral images.

The extension package must not force an applicat ion to operate at any particul ar service level, but rather

(like other layered and open systems) allow the applica tion access to both low level basic, and higher level layered services. The extensio n must not offer separate packages for the various degrees of need.

3.4.1.3 Range of Server Capabil itiesX servers are like ly to vary widely in their abili ty to support imaging clie nt needs. These variatio ns may be due to varying server hardware platforms (virtual and physical address space, computational horsepower). W ith limited virtual address space, processing power

, and display hardware on some hosts for imaging servers, it may be impractical to attempt to support certain imaging clie nt needs.

As the image extensi on architect ure is inte nded to unify image extensions to X across all X servers, and as it is clear that there are underlying reasons why all servers will not be able to offer all image capabili ties, the extension proposal introdu ces the concept of service sets. Service set is a compliance mechanism whereby the architect ure speci�es what imaging capabil ities must be availabl e through the server for a particular set.

Service sets are not functi onality hierarchies. Instead, they represent different functiona l areas that a server may or may not be able to provide for

. A server must support at least one service set (set #1) to be considered an image extension server

. A server may support other services sets incl uding any combinati on of the other service sets. The following is a summary of the service sets:

� Set 0: transport services, renditi on services

� Set 1: enhancement services

� Set 2: processing pipeli nes

� Set 3: real time image capture

3�10 EXTENSION ARCHITECTURE CONCEPTS

3.4.1.4 Display Device Indepen dence The overall transfer model set forth in Chapter 2 is not an inventi on of the extension package, but rather an observation of the process which underlies the capture and display of digit al images in all systems. The model is sometimes obscured in actual practice by steps being combined (tight ly packed) or even missing

(null).

In the past, image applica tions have been inti mate with display devices and the display device characte ristics propagated or permeated back into the actual applicat ion. Examples of this are applic ations which keep basic image data with characte ristics (pixels, scan line s, spectral bands) which match the display device capabili ties rather than those deriving from the source device or synthesis process.

While display device independence for the cli ent is not an explici t goal of core X, it is deemed a meaningful goal for the image extension package. Display device independence implies that applic ation client image data need not be in a format related to display device characteri stics and the appli cation client need not understand or implement the rendition process. This is not to say that rendit ion is no longer a device dependent process, but rather to say that it is now the headache of the image extension package rather than the clie nt.

3.4.1.4. 1 Server Based Renditio n A major implica tion of display device independence is that the X Image Extension Package (XIE T oolkit ,

XIE Lib, and XIE Server) will need to understand and implement the device dependent rendit ion process.

This does not mean that the video subsystem (actual display hardware) must understand and perform rendition, nor does it mean that the complete understandi ng and implementat ion at a high level of rendit ion is on the server side of the wire. It does mean that the X image extensio n package is responsible for rendition and that server based primitives will exist which can be used under the directi on of the X image extension toolkit to implement high level rendition models. This incl udes renditi on which preserves and which crosses digital image classes. Rendit ion will likely include scali ng (up and down), x-y and z resolution conversion (up and down), device luminance corrections (gamma - tone scale adjustment), and mono-poly chromatic conversions.

Relief from understandi ng and implementi ng the rendition process can result in signi�can t complexit y reduction bene�ts to the applicat ion client. It will also allow image applic ations access to a much broader set of display devices with different characterist ics with no additi onal applicat ion knowledge or cost.

Figure 4-3 graphicall y depict s the basic shift in the wire locati on and the fact that rendition processing has moved from the client to the server side of the wire. (see appendix for more on rendit ion in the X Image

Extension).

3.4.1.4. 2 Image Data Organization The organizati on of image data depends both upon the digit al image class and the appli cation. The goal is to allow the applic ation to use an optimal image data format rather than project the device format back into the applicat ion. The burden should be on the server to convert from applicat ion selected data organizat ion to server preferred format.

The implic ation is that the clie nt chooses one of several image data organizati ons (for the raw data component of a revisable form image - attribut e format is common), and the server complies at the wire with that format. The supported PCM or raw image data formats are touched upon in the chapter on extension protocol elements (transport class services). EXTENSION ARCHITECTURE CONCEPTS 3�1 1

3.4.1.5 Image Data T ransport Image data transport is the movement of image data across the X wire between client and server

. The transport may invol ve the movement of uncompressed (PCM) image data in the applica tion clie nt chosen image data organizati on, or compressed forms. The transport may also be monolithic or segmented at the applicat ion clie nt level.

3.4.1.5. 1 Image Data Compression Because the extensi on package pushes image rendition processing across the X wire into the server , revisable form images often will move across the X wire. These revisable form images will often be much larger than the �nal form images which are displayed. An example is sending a digit al image of an E size drawing which was sampled at 200 dpi across the wire. This revisable form image is approximatel y 7.5

MB in size. The rendered image which will �t on a 1k by 1k by 1b screen is approximately 150 KB in size. Clearly

, when the X wire is physical, there is a need for image compression in at least the transport services. There may also be value for compression of revisabl e form images in image storage within the server

.Support for image compression in wire transport is central to the X image extension package. Standard image compression schemes will be implemente d on both sides of the wire and used to optimize transport when the wire is physical. There are compression standards in place (or under development) which should be complied with, and that image compression algorit hms or approaches are digit al image class dependent.

While transport will make use of compression for ef�ciency

, the PCM data organizati on select ed by the applicat ion client is recovered on both sides of the wire via decompression. In other words, compression is applied to the appli cation client selected PCM format.

3.4.1.5. 2 T ransport Granularity At the applicat ion clien t level, the image extension will support transport ranging from monolithic to segmented.

Monolithi c transport implies that the entire image (PCM or compressed version of the appli cation cli ent chosen format) will be transported across the wire as an atomic (un-interrupt able) event.

Segmented transport implies that the applicat ion client may send the image across in a piecemeal fashion where the segments are regular pieces such as scan lines or scan line blocks (tiles), chromatic components, or luminance planes. Each segment is in either PCM or compressed version of the applica tion client chosen format, and each segment will be transported across the wire as an atomic (un-interrupt able) event. The image extension server will understand how to reassemble the image segments into a complete image.

Segmented transport allows other X operations to be int erleaved with the transport of an image (including event interrupts and servicing). A particul arly useful instance of this is an appli cation which uses a transport, render

, display pipe to �ll a display screen in a conti nuous fashion as it sends image segments across the wire. The screen begins to show image display as the �rst segment emerges from the pipeli ne versus waiting unti l the entire image has been complete ly transported and the entire image has been completely rendered before displayi ng anything.

Both monolithi c and segmented transports are asynchronous (applicat ion clien t starts and is noti�ed of completion).

3�12 EXTENSION ARCHITECTURE CONCEPTS

3.4.1.6 Image Processing As stated in the image concepts section, image processing is the applica tion of image operators to image data. Image processing is divide d into three broad classes includi ng restoration and enhancement , analysis, and coding.

In the extension package operational model, image processing will potential ly be appli ed at a number of points includ ing transport across the wire (where compression or coding processing may be used), enhancement processing, and renditi on where preparation for display occurs.

Support in the extensi on package for coding or compression processing has been touched upon in the prior section on compression.

Support in the extension package for image processing used in the renditi on process has been touched upon in the prior section on rendition.

The following subsections deal with support in the extension package for enhancement and other forms of image processing, and with the relatio nship between renditio n and enhancement processing.

3.4.1.6. 1 Enhan cement Processing Image enhancement processing is techni cally the appli cation of image operators to image data solely for the purpose of increasing the viewabil ity of an image. The metric for increased viewabili ty is determined by the viewing applicat ion and the user

. Examples of basic image enhancement processes incl ude contrast enhancement and edge sharpening.

Because the metric for enhancement is in the eye of the viewer

, enhancement is often a trial and error

, or interacti ve and iterati ve process. Interacti vity depends upon speed of iterat ion, and this speed is often a function of process distance from the display end of the transfer model pipeli ne (especiall y when the X wire is physical). This is a key reason for inclu ding some enhancement processing in the server . Enhancement processing is a very large �eld with a potenti ally in�nit e number of recipes for visuall y enhancing an image. As such, attempt ing to incorporat e robust support for enhancement processing in the server is a dif�cult problem. Once again, the server will implement a set of primitives which support many enhancement techniques, thus pushing the extensibil ity issue for enhancement into the tool kit level .

3.4.1.6. 2 Renditi on Processing Renditi on services provide default schemes or models for client image renditi on which are compatible with the display situat ion. The models seek to maximize visual �delit y between the original captured or synthesized image and its display on the target display device. Some control over �delity is provided through the alternat ive renditi on models. These schemes are atomic (indivi sable) from the client ’ s perspective, yet typicall y involve multi ple low level image rendit ion processing steps such as scaling (x-y

, and z), rotat ion, cropping, and image class conversion. While the rendition models are independent of display device, the rendition process is highly device dependent.

Renditi on services expli citly recognize rendition within and across image classes (monochromatic bitona l, monochromatic continuous tone, and poly chromatic continuous tone or multi spectral). While the inte nt of rendition services is to reli eve the client of all concerns regarding mismatch between revisable form image and display device capabi litie s, it is felt that the protocol must afforded the client some control over cross class image rendition as it has a signi�can t bearing upon visual �delity

, and upon complexity of the server rendition machinery . Clients which �nd the default schemes insuf�cient or unaccepta ble are free to assemble enhancement processing routines into renditi on pipeli nes of their own de�nition. EXTENSION ARCHITECTURE CONCEPTS 3�13

3.4.1.6. 3 Enhan cement - Rendition Relationshi pThe relationshi p between enhancement and rendition processing is somewhat indistinc t especiall y when one recognizes that enhancement and rendit ion processing may share low level operators, and when one allows (as the extension package does) the clie nt to generate a revisabl e form object from a prerendered image via import services. As such, the distinc tion is based more upon purpose (renditio n is device speci�c processing that creates a �nal form image which is compliant with the output device, while enhancement is relativel y device independen t) than anything else.

3.4.1.6. 4 Other Forms of ProcessingThe labels enhancement, coding, and rendition do not cover all the uses of image processing in the extension server

. There are instances where an applicat ion will need to apply an image operator to image data to change its state for purposes other than coding, enhancement, or renditi on.

As an example, consider a progressive transmission applicat ion (such as low bandwidt h teleconfe rencing) which chooses to opti mize the use of intercon nect bandwidth by sending image data to the destinat ion

(receiving) extension server one plane at a time (most signi�cant �rst) so that a progressively bette r image develops. In this case, the applic ation will need to combine the planes as they become avail able within the extension server (server side of the wire) if the bandwidth savings are to be realize d. In this case, combinatorial operators will be required.

Fortunately

, most of the operators required in this "other" categ ory are usually deemed essential for image enhancement purposes. They are pointed out here more as additi onal justi�cat ion for their presence.

3.4.1.6. 5 Processin g Poli cy In additi on to the coding (compression) and rendition processing, the X image extension protocol will support a closed, minimal and primiti ve set of image processing (enhancement) functions. The X image extension package will provide for higher level extensibil ity through the X image extension tool kit.

Closed means that there will be no extension mechanism which all ows a user to either add new image processing algorit hms to the package or downline load them (other than the pipeline macro facili ty).

Closure ensures that a populatio n explosion does not occur and that incompatibi liti es do not develop.

Minimal and primiti ve means that the protocol will only implement low level functions which do not overlap in purpose, and upon which client side components can build higher level services. As a simple example, convolut ion �lteri ng will be implemented in the protocol , but commonly recognized imaging services which can be built upon �ltering capabil itie s such as median and sharpening �lters will be relegated to higher level clie nt side components such as the X Image Exten sion T ool kit. As such, readers who are looking for defacto imaging industry standard services should look to the X Image T ool Kit. The protocol must be suf�cient to be able to build these higher level services upon server side processing.

Enhancement processing is often presented in terms of achievin g a desired effect and then in terms of approaches to achievi ng the effect. Approaches to achievi ng the desired effect is often broken down into techniques and implementat ions. As those familiar with signal processing know

, signal processing is often accomplished in any of several data domains. These domains are roughly categoriz ed into two classes:

spatial and spatial frequency

. In the spatial domain is we operate on PCM data which is representat ive of the luminanc e and chrominance of an image, while in the spatia l frequency domain, we operate on amplitude coef�cients of bases vectors such as Fourier bases vectors (Fourier T ransform). Many enhancement processes can be implemented in either of these two domain classes.

3�14 EXTENSION ARCHITECTURE CONCEPTS

3.4.1.8 Server Display Hardware ControlThe X server is of necessity intimate with the display device. In the past, applicat ions have been intimate with the display device (through a driver) and have often had sole access to it (non-shared resource).

Display devices (video subsystems) includ e scarce resources (such as physical lookup tabl es, display bitmap memory

, display control s, specializ ed processors) which must now be managed as shared rather than an applicat ion private resource.

Whenever possible, these resources should be accessed indirect ly through protocol functions which involve their use rather than direct access protocol functio ns designed to provide remote control register bit diddli ng.

But, when there are no protocol functions which serve this purpose, and access to these resources is still essential to appli cations, direct access protocol functions should be provided. It is still important in these cases that these direct access protocol functions provide access to logic al resources which are mapped by the server to the physical device resources so that the physical device resources remain sharable.

The following subsections examine some speci�c instanc es and assert extension package policy regarding these video subsystem resources.

3.4.1.8. 1 Shared Hardware Device ControlThere are a set of display hardware resources and controls which are important to imaging applica tions.

These include look up tabl es (luts), display memory (bit map), pan and scroll registers, and brightness, contrast, hue, and saturati on registers.

On todays workstations these consist of a single set of resources and controls for the entire display (ie. one physical set which must be shared by all concurrent screen users). In future workstations, there may be multiple sets perhaps allowi ng one per window

. Access to these device controls cannot be hidden behind or within more general protocol functions.

The core protocol has addressed access to and control over some of these while others have been left unexplored. As all affect the display of anything on the screen (text, graphics, images), they should all be dealt with by the core protocol.

The image extension will use core protocol mechanisms where they exist, and will follow the core protocol in de�ning a logic al to physical relati onship for the others. It is hoped that anythi ng that the X image extension must do in this area would migrate into the core X1

1 protocol over time.

3.4.1.8. 1.1 LUTS and Bit MapThe core protocol de�nes a scheme for maintaini ng multipl e logic al sets of lookup tabl es, and the means for associati ng (loading) the physical tables from the logical tables. This scheme, and potential extensions to it for displays with multiple LUT s, will be used by the extension package.

Likewise, the extension package will rely upon the core protocol machinery for access to the display bit map.

3.4.1.8. 1.2 Brightness - Contrast - Hue - Saturation

Many of the current crop of imaging frame buffers provide software access to hardware which controls the overall settings for brightness, contrast, hue, and saturatio n. In essence, this is digita l access to the knobs on a televi sion.

The extension package will again provide a logical to physical mapping and access to these controls.

3�16 EXTENSION ARCHITECTURE CONCEPTS

3.4.1.8. 2 Use of Image Speci�c Accelerators

Server platforms and display subsystems may both have special silicon accel erators useful in various image operations such as compression / decompression and renditio n. It is left to the discretio n of the extension server implementor if and how to make best use of these accel erators. But, the extensi on protocol call s for noti�cati on of the client (upon request) by the server of accelera tor assist for various protocol functions.

Regarding access by the client to these accelerators, the policy is that hardware accele rators used by protocol supported operations should not be made explici tly avail able through control requests. They are simply used locall y by the server on the client ’ s behalf and without the clien t’ s knowledge.

3.4.1.8. 3 Image Capture Hardware - Live Video

The core X protocol provides for human inte rface and interact ion mechanisms. This include s the means to pass information from input device s such as keyboards and mice on to the clie nt side of the wire where the applicat ion decision is made regarding its impact on operations or display . In certai n instances, there may be very close proximity between image capture and display hardware.

In these cases, the capture device may be control led through the same hardware inte rface as the display subsystem and may actual ly digiti ze an image and deposit it directl y into the display memory (RS170 frame grabber and frame buffer display memory typic ally share board space and bus interface mechanisms).

As the capture of an image is not strictly a human intera ction or signaling mechanism such as keyboard input or mouse pointing , a hard line position is that image capture devices should not logical ly be on the server side of the X wire. But, the tight coupling or inti macy of such capture devices with the display makes it at least convenient to provide control mechanisms in the protocol. Support for control of time sequences of digiti zed images which derive from analog video sources (cameras, vcr ’ s, broad band broadcast...) and pass through the digit al domain on the server via frame digiti zers, make it a requirement that the control mechanisms be in the protocol.

As such, the policy is that the extensi on package will provide protocol mechanisms (control requests) for image input devices (such as frame grabbers) which are tightl y coupled to the display hardware (accessed through common hardware interface and sharing display memory). These mechanisms will support the windowing of the video information into X windows. This is in lin e with the concept of a tight ly packed

"capture->render->display" pipeli ne and time sequence support.

The policy will allow control over tight ly coupled image capture device s (frame grabbers) and live video windowing (video rate time sequencing) to occur under X. V ideo from digital or analog sources which can be presented to the display subsystem at video frame rates in DIGIT

AL (vs analog) format and can be converted back to analog format by the display subsystem in a way which is compatibl e with the display refresh mechanisms, can be displayed in appli cation speci�ed X windows. The policy will NOT support analog video windowing (switching / mixing analog video in the display subsystem, control over analog broadcast video equipment etc.).

Applicati ons which should bene�t from this capabil ity are those which use video informati on (time sequences of individual frames) which derives from a camera or perhaps a laser disk, and which is in digital format already

, or is converted by devices such as frame grabber/digi tizers into digital format within the server display subsystem.

Note that this positi on stil l leaves loosely couple d image capture device s which happen to be plugged into an open bus on the server node (such as document scanners) on the cli ent side of the wire (they will not be supported in the image extension protocol ). It also leaves the computer interfaces (typic ally rs232 serial line ports) of video source devices such as "video disc players", vcr ’ s, video tuner ’ s, etc. on the cli ent side of the wire. EXTENSION ARCHITECTURE CONCEPTS 3�17

3.4.1.8. 4 Extensib ility The core X system wisely provides the abili ty to extend itself into various applic ation domains. The image extension package is one such extension into the imaging applicat ion domain.

In order to be useful, the imaging extensi on package must also provide for growth and extension. Perhaps the most troublesome area for the extensi on package is image enhancement processing where the number of algori thms, approaches, and combinati ons is limitl ess. Providing an open extension mechanism at the protocol level for this area is inviti ng disaster . Instead, the poli cy will be to attempt to achieve consensus regarding what is the basic processing machinery necessary to support multiple enhancement approaches. This machinery will reside on the server side of the wire and be accessed through the wire protocol. The server side processing machinery will be kept to a very basic level and no extensi on mechnicanism will be provided.

Flexibil ity is achieved through the use of parameters for this machinery

, through the abili ty to build higher level enhancement processes with various combinati ons of the machinery

, and through low level support for these macros on the server side in terms of "process pipeli nes".

The extension capabi lity will be provided at the tool kit level where the problem of a potent ially explosive number of "my favorite image enhancement process" can better be dealt with.

3.4.2 Client-Server Model The image extension follows the core protocol in the use of a client -server model. Functions which the server performs on behalf of the applic ation client are known as services. Although most services accomplish things which an applic ation cares directly about, some services involve the overhead of the client server model and potenti al physical separation.

3.4.2.1 Server Resources W ithin the client portion of the applica tion, the applica tion maintain s private data structures for storage of image data, and applicat ions state and control information. W ithin the server portion of the applicat ion, objects which are maintained and used by the server in providing the services, and are known about by the client, are referred to as resources. The extension package resource concepts are presented in the chapter on extension protocol elements.

3.4.2.2 Service Classes A taxonomy of imaging services may be organized at the lowest level into CLASSES based upon commonalty of purpose, and organized at the highest level into GROUPS based upon device dependence. This section simply sets down the aggregati on. The next chapter explores the content s in more detail .

3�18 EXTENSION ARCHITECTURE CONCEPTS

Figure 3�2: SERVICE CLASS GROUPS +-------------- ------------+------ ------------------- ------+| DEVICE INDEPENDENT | DEVICE DEPENDENT |

| IMAGING SERVICES | IMAGING SERVICES |

+-------------- ------------+------ ------------------- ------+

| . session | . device control |

| . resource | . rendition |

| . transport | . display |

| . enhancement | |

| . process control | | W ithin the X image extension server

, imaging service classes may be grouped into two major categori es:

those which are device independen t, and those which are device dependent. Although all service implementations may in some way depend upon the device they reside upon, some services require intimat e knowledge of the display and display processing subsystem to perform their job, while others do not. As such, it is service dependence upon int imate knowledge of the display subsystem that is the metric for group categoriza tion of the services.

Although there is a logical relatio nship (in terms of positi on within the X model levels diagram) between the two service groups, the physical relat ionship is not quit e as simple as all device independe nt services being built upon the device dependent services. In fact, to a large extent, the device independent services are not built upon the device dependent services.

3.4.2.3 Service Events All core protocol event mechanisms will be availabl e to image extension package users. In additi on, a set of image extension package speci�c events will be availabl e. There is no relat ionship between these two sets of events other than that establi shed by an appli cation. Image speci�c events are discussed brie�y in the chapter on extensi on protocol elements.

3.5 T ransfer Model vs X Wire

The image transfer process depict ed in Figure 2-1 shows how conti nuous images are captured, and how captured and synthesized digital images move through enhancement, and rendition processes towards display

. Figure 4-3 shows the locatio n of the core X protocol wire and the extensi on X protocol wire with relationshi p to stages of the transfer model.

There is a signi�ca nt shift of the X protocol wire between the core and the extensi on protocol with regards to the transfer model. Based upon the guidel ines set forth in the previous section, the extension protocol moves rendition processing (which is a display device dependent function) across the wire into the server . The extension also lets those elements of inte ractive enhancement move across the wire. EXTENSION ARCHITECTURE CONCEPTS 3�19

Figure 3�3: TRANSFER MODEL & X WIRE LOCA

TION FLOW CONCEPT real world object or scene |

| image formation v continuous Human Visual Perception image "Visual Types" | | sensing/di gitization

| analog image

.................|.. ................... ................... .................... .. | digital image

SYNTHESIS CAPTURE | | | | ^ image data pulled back by client

+-----+-----+ |

| | compression / decompression xxxxxxxxxxx+xxxxxxxx xxx+xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxx xx extension x wire | | compression / decompression v | +-->digital----- ---+ Revisable Form Image

| image Representation Efficiency vs Fidelity

| | Digital Image Classes | | | | enhancement Interactive Enhancement Processing

+<-----+ ^ | | | rendition Rendition Processing

+------+

| Optional Compression xxxxxxxxxxx+xxxxxxxx xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxx x core x wire | Optional Decompression

+<---tightly coupled

| capture devices | v digital Final Form Image image Rendition Fidelity

| digital image

...........|........ ................... ................... .................... .. | analog image

| display | v Human Visual Perception screen image "Visual Types"

3�20 EXTENSION ARCHITECTURE CONCEPTS

4.1.1.3 T ransport Class Services T ransport involv es the movement of image objects across the X wire. This movement is both incoming

(client�>server) and outgoi ng (server�>client ) image data.

Ef�ciency and convenience are key concepts in transport services. Ef�ciency invol ves the support of encoded (compressed) image data, while conveni ence involve s the abili ty of the client to specify image data formats, and to break complete image transport into multiple steps. T ransport processing include s the movement across the wire of both PCM (uncompressed) and compression encoded image data, and the actual encoding and decoding of this data by both client and server . Supported PCM formats inclu de:

� FULL_PIXEL_COMP A TION � P AR TIAL_PIXEL_EXP

ANSION

� FULL_PIXEL_EXP

ANSION

Supported Compressed formats include:

� CCITT Modi�ed Huffman and Modi�ed Modi�ed Read for bitonal data and continuo us tone monochromatic/p olychromatic in FULL_PIXEL_EXP

ANSION mode

� Discrete Cosine T ransform for continuou s tone monochromatic/po lychromatic in P AR TIAL_PIXEL_EXP

ANSION mode

Refer to the chapter on lexi con for more detai ls of these formats.

Examples of transport class services include:

� Send image object to server

� Receive image object from server

4.1.1.4 Statistics Class Services Statisti cal informatio n about image data is often used in enhancement processing strategies and operators.

Statisti cal services do not modify image data, but rather generate statisti cal information about image data.

In certain instance s, the stati stical information maybe calcula ted on a pixel by pixel basis and may itself be stored in a server-based destinati on image object. The resulting "stati stical image" maybe used in enhancement processing operati ons.

Examples of stati stics class services include :

� Calcul ate Statisti cal Moments

� Area Minimum

� Area Maximum

� Area Mean

� Area Median

� Standard Deviation � V ariance

� Generate Histogram

4�2 EXTENSION PROTOCOL ELEMENTS

Due to the potent ially unbounded nature of enhancement processing, enhancement class services will be restricted to include only a minimal set of basic enhancement processing machinery that will support multiple enhancement approaches. Parameters and applicat ion of this machinery will be left to the directio n of the toolkit and appli cation client level s. An example of this approach is to include �lteri ng capabil itie s

(spatial convolver) but not the �lters themselves.

4.1.1.5 Enhancement Class Services In the enhancement processing of an image, the server uses local server hardware to apply image processes to the image data in the server-based source image object . The result of the operatio n is stored in a server-based destinati on image object which may be the same as the source image object .

An important enhancement concept is that both the input and output of the enhancement services are revisable form image objects. Thus, the results of an image enhancement operation may be fed back into other enhancement operations, made availa ble for transport back to the client , or made availabl e for rendition processing.

Enhancement processing is a parti cularly rich and popular area. Whil e the X image extensi on package tool kit will be the home for many high level image enhancement processing algorit hms and processing macros, the wire protocol for enhancement services will be kept minimal. Examples of enhancement class services include:

� Point Processing� Algebraic

� Logical

� Luminance

� Area Operators (Filte ring)

� Geometric T ransforms

4.1.1.6 Process Control Class ServicesThe server will support pipel ining and inte rleaving of atomic server operations. This provides a home for the very useful and everyday concept of tightl y coupled transport�>render�>display

, as well as more elaborate concept s such as interl eaving enhancement, renditi on, and displa y of large image objects, and enhancement processing macros.

The image extension will suport both primitive pipeli nes (ones which contain only references to atomic protocol functions), and nested pipel ines (ones which reference other pipeli nes). W ith process control, the interle aving of many mundane operati ons can be ef�cientl y represented and performed on the server side. The incl usion of pipeline control operators will provide for unattended and client inte rvention (interact ive) pipel ine executi on.

Examples of process control services include:

� Create pipel ine

� Delete pipel ine EXTENSION PROTOCOL ELEMENTS 4�3

� Modify pipeline

� Query pipeli ne content

� Query pipeli ne state

� Execute pipeline � T erminate pipeline

4.1.2 Device Depende nt Service Group

4.1.2.1 Renditio n Class Services In the renditi on of an image, the server uses a combinat ion of local server software and hardware to apply rendition operations under the directi on of XIE toolki t based rendition models to the image data in the server-based source image object . The partic ulars of these operations depend upon the state of the image object, the display characte ristics, clie nt requests, and the renditi on models.

Renditi on services are designed to offer the client substantia l �exibi lity

. Renditi on services are divide d into two classes: renditi on function s which prepackage commonly used renditi on models and offer the highest possible �delity (�ll screen, �ll window

, preserve aspect ratio); and renditi on functions under complete control of the client . The former services are packed in XIE toolki t functions. The lat ter case allows the client to control (override) default operation in order to prevent the "too smart by half" syndrome (server keeps client from rendering the image the way the client wants it, because server thin ks it knows bett er). A null rendition functi on is also included.

Low level (server based) renditi on processing functio ns take a revisable form image and produce another revisable form image. High level (XIE toolki t based) renditi on processing function s use the low level functions in processing pipeli nes. The last step in these high level pipeli nes is exporting the revisable form image into a PIXMAP which is considered to be a �nal form image. The �nal form image is suitabl e only for display purposes. It is possible to convert a �nal form image back to a revisable form image via the import/export class services (see next section).

Examples of high level (XIE toolki t based) renditi on services include:

� Render best (renditi on �delit y)

� Render this way

� Render to �t object in window

� Render at real size (whatever �ts)

� Render preserving aspect ratio

Examples of low level (server based) rendition services include :

� scale

� rotate

� crop

� dither

4�4 EXTENSION PROTOCOL ELEMENTS

4.1.2.2 Import/Exp ort Class Services It is expecte d that at least the core X protocol and services will be coresident with the image extension protocol and services, and that other extension packages may be resident as well. Many applica tions, such as compound document editors, may have need of multiple domain extension packages at the same time and it is quite reasonable to expect an applic ation to manage sessions with multipl e resident server packages.

Each of these packages may de�ne thei r own resources and the organizat ional and operational semantics of these resources. For ef�ciency reasons , XIEP provides import/expo rt services which are designed to allow the data portion of an image object to be taken from or placed into core protocol structures, thus saving the appli cation two potentia lly large wire transmissions and allowing an applic ation to use the power of an image extension on data that may derive fromthe core package or perhaps a graphics extension.

Included in the import/exp ort services is the abili ty to take an image which has been rendered (converted to

�nal form) and make a new revisable form image from it (see previous section).

4.1.2.3 Display Class Services Although closely associated, display is a distinc t step from rendition . Once the rendit ion operations are complete, the clie nt may request display of the rendered image. The server is responsible for loadi ng display device hardware with the rendered image object to make the image viewable on request of the client.

Display class services will support single frame and time sequences of frames. T ime sequence support is deemed necessary to ensure uniform time spacing. Multi -image display (2-N up etc.) will be supported at the XIE toolki t level through multip le display class service requests.

4.1.2.4 Device Control Class ServicesIn general, the extensi on protocol does not offer direct access to speciali zed server hardware. Instead, this hardware (accelerat ors in particula r) is accessed indirect ly through protocol functi ons which bene�t by use of the hardware.

Device control functions are protocol functions which offer direct access to display device hardware.

They are included primarily to take care of the few cases where a protocol function degenerates to direct hardware access (as in frame capture operations), and secondarily

, as an escape mechanism.

There are a number of dangers associate d with this service class. The foremost is that unwise and excessive inclusion of device control protocol functions is bound to lead to incompatibi liti es and defeat the purpose of a common protocol . Perhaps a more speci�c danger is con�ict between window control provided by the core protocol and overall device control made possible here.

The X Image Extension will provide device control access services for a limit ed set of device controls.

These services will affect device control attri butes associated with indivi dual windows (ie. logi cal device controls). The extension will use a mechanism similar to that used with lookup tables (colormap) to map logical to physical device control settings as windows are selected .

Examples of display device control services includ e:

� Set/que ry intensit y

� Set/que ry contrast

� Set/que ry hue

� Set/que ry brightness

� Set/que ry saturation EXTENSION PROTOCOL ELEMENTS 4�5

� Image capture controls

- live video windowing

- frame or page grabbing

4.2 Resources The purpose of this section is to provide an overview of the server resources of which the client has knowledge and abili ty to reference. The existence and maintenanc e of these structures represents an object orient ed organizat ional strategy towards managing the control and state informatio n involved in providing the services. These structure are referenced through the resource id in image service requests.

The structures are not bundled into a mega structure so that mix and match �exibil ity is maintai ned at service request time. Mega resource structures may be supported in the XIEtoolki t if it makes sense.

The overview describes the purpose of the resource, general content , and usage. Where relat ionships between server resources exist, they are pointed out.

4.2.1 Image Object - IOB An image object (IOB) is a structure which contai ns the image data and closely associated attri butes within a server

. IOBs are always revisabl e form entit ies. As such, an image object can be a source or destinati on in a transport, enhancement, or rendition process. IOBs are not used in display operations. XIEP provides the means by which the output of a render operation which produces a �nal form image, or input to a display operation (�nal form images) may be converted back into an IOB (revisable form images).

Clients know IOBs as resources. A client can create and delete an IOB, and modify as well as query the attribut es section of an IOB. The only way a clie nt can directly (ie. other than by a server based processing operation) modify or query the image data sectio n of an IOB is through a transport operation.

In general, an IOBs is an operand to most transfer

, enhancement, and rendition requests. In all cases, an image context of one form or another is also involved in these operations, and except where explici tly noted, the same IOB may be used as the source and destin ation for an operati on. In general, IOBs are to be considered as very scarce resources by the client , and server space considerati ons may cause multipl e IOB creation requests to fail.

4.2.2 Image Enhancem ent Context - IECAn Image Enhancement Context (IEC) is an association of image processing operands and operators used in the enhancement processing of an image.

An IEC resource is referenced every time an image object or region thereof is to be processed for enhancement purposes.

Its primary purpose is to allow enhancement steps to be represented in processing macros (see Image

Control Context).

Clients know IECs as resources. A cli ent can create and delete an IEC, and modify as well as query the content s of an IEC. The same IEC can be used for many enhancement processing requests, and the relationshi p between an IEC and IOB is establi shed and maintai ned only during an enhancement operation.

A cli ent can maintai n multipl e distinc t IECs which can be used to render the same (or different IOB’ s) in different ways.

4�6 EXTENSION PROTOCOL ELEMENTS

4.2.3.2 Control Processing Plane - CPPA Control Processing Plane (CPP) is a mechanism used only in enhancement processing. Its purpose is to allow control on a pixel by pixel basis over the appli cation of an enhancement process. It can be used both to select subregions, and to control the particu lars of certain operators.

CPPs are only used in enhancement processing and cannot be used in transport or rendition processing.

Unlike ROIs, CPPs do not have an analyt ic form of representation .

Clients know CPPs as IPC resources. A client can create and delete a CPP

, and modify as well as query the content s of a CPP

. The same CPP can be used for many enhancement requests, and the relati onship between a CPP and IOB is establi shed and maintai ned only during an the operation. A clien t may maintain multiple CPPs.

CPPs are in essence the data component of a revisable form image object (IOB), and may be implemente d as IOB’ s (one of two IOB operands to an image enhancement operation). It may also be possible to use the core X control plane structures as the control processing plane resource. In this case, the image extension will simply de�ne the semantics of the core X control structures when used in conjunct ion with imaging services.

Some examples of how CPP’ s maybe used may help explai n the breadth of it’ s potent ial applicat ions. In the case where the user needs to specify the pixel s (on a point by point basis rather than the ROI bounded area case) to which pointwi se algebraic operations are applied, a CPP which is a simple bitonal image (contro map) may be used. In the case where areawise algebrai c operati ons are to be performed (such as �lteri ng), weighted area masks including spatial convolut ion �lter kernels may be speci�ed as a CPP with zero and non zero integral values.

4.2.3.3 T emplates - TMP A templat e (TMP) is a mechanism used only in enhancement area processing. Its purpose is to allow control over which local area source image pixel s (pixels near the current target pixel) partici pate in area operations, and values of the second area operand on a pixel by pixel basis.

TMPs are only used in enhancement processing and cannot be used in transport or renditi on processing.

Unlike ROIs, TMPs do not have an analyt ic form of representation.

Clients know TMPs as IPC resources. A client can create and delete a TMP

, and modify as well as query the contents of a TMP

. The same TMP can be used for many enhancement requests, and the relationshi p between a TMP and IOB is establi shed and maintaine d only during an the operati on. A cli ent may maintai n multiple TMPs.

4.2.4 Image Control Context - ICCAn Image Control Context (ICC) is a structure which describes the relati onship between the various transfer , enhancement, and renditi on processes that make up a image processing pipeline . It is possible with an ICC to describe enhancement processing macros, as well as various forms of transfer

, enhancement, rendition and display pipeli nes.

As an ICC is a higher level structure which may imply transfer

, processing, and renditio n, it is not referred to in those atomic requests, but rather in pipeli ne (process control) requests which explici tly signal the existence and use of the ICC.

4�8 EXTENSION PROTOCOL ELEMENTS

4.2.5 Image Display Context - IDCAn Image Display Context (IDC) is a structure which controls the display of a �nal form image or sequence of images. It contai ns the connecti on between revisable form image, �nal form image, display window , display sequence, and sequence timers. IDC’ s used to control the display of image sequences are also known as slide carousels. EXTENSION PROTOCOL ELEMENTS 4�9

4.3 Service Operation Figure 4�1: OPERA

TIONAL MODEL OPERATIONAL MODEL ^ ^ client | | | | --------|---------|- -------------x wire---------- ------------------- -- | | server | control | transport [transport context] ...............| | processing .

v | . v . +------->revisable form .

^ image object .

| ^ .

| | .

| | enhancement [enhancement context]..... .......

| | processing .

| v region of interest

| revisable form and

+<-------image object(s) process control

^ | contexts

| | rendition [rendition context]......... .......

| | processing | | | v +---------------+ | | v final form<----- -- tightly coupled image object capture devices | | | device | display [window & luts]

| control | v v DISPLAY DEVICE

4.3.1 Flow The image extension protocol follows the same basic operati onal model as the core protocol . In particul ar , clients communicate with servers through requests, and servers communicate with client s through replies to requests, errors, and events.

An image applicat ion begins by establi shing a connection using the core X1

1 protocol to an X server

. The applicat ion then queries the server in order to determine if support exists for the image extension protocol, and what level of support exists. If the image extension is supported, and at an appropriate level, the applicat ion establi shes a connect ion to the extension package (session services) through (within) the core

X1 protocol connection.

4�10 EXTENSION PROTOCOL ELEMENTS

Once the connecti on has been established, the client and toolki t level s use resource requests to all ocate and load criti cal server resources. W ith these resources allocat ed, the applica tion can make image data transport, enhancement, renditi on, display

, and display control requests of the server . Upon completion, the image applicat ion disconnects �rst from the image extension package, and then from the X core package.

Using this model, an image applicat ion can conti nue to run as it has in the past. In this case, the component of the applica tion on the client side of the wire takes full responsibil ity for maintai ning all of its private image data structures, for applyi ng all processing operatio ns to these structures, for understandi ng the display device characteri stics, and for rendering an image suitabl e for display in a window

. In short, the client side of the applicat ion contin ues to bear responsibili ty for generati ng �nal form images. XIEP simply provides the means to transport the �nal form image to the display . At the other extreme, an image applic ation may cause most or all of its image objects to reside on the server side of the wire. In this case, all enhancement processing and rendering requests are made through the extensi on package (XIE T oolkit, XIE Lib, XIE Server), and the extensi on package bears responsibil ity for generati ng �nal form images.

4.3.2 Requests and Replies Requests and replies are the primary means by which the cli ent and server communicate. The image extension requests will be aggregated by the service class to which they belong (i.e. the service classes will be broken down into requests and replies).

4.3.3 Errors Errors are noti�cati ons to the clie nt of server problems with requests.

4.3.4 Events Events are situat ions or occurrences which are detect able by the server and of potenti al inte rest to the client. Bear in mind that multipl e clients may share a single server

, and as such,a client may be noti�ed of an event caused by a different client . Image extension events might incl ude changes in overall display characteristi cs (brightness, contrast,...), transport complete, processing complete, rendition complete, and time sequence display complete. EXTENSION PROTOCOL ELEMENTS 4�1 1

Chapter 5

TERMINOLOGY The terminology section is segmented in a topical fashion in order to keep closely associate d terms togethe r . Although terms are capit alized within this section, they are not capital ized or visuall y differenti ated from surrounding text in the body of the protocol.

5.1 Core Protocol The following terms are de�ned in the core protocol and used at times in the extension protocol . T able 5�1: Core T erms Access ctl list

Active grab Ancestors Atom

Backing store Bit gravity Bitmap Button grabbing

Byte order Children Client Clipping regions

Color cell Colormap Connection Containment

Coordinate system Cursor Depth Device

Drawable Event Event mask Event sychronization

Event propaga tion Event source Exposure event Extension

Grab Graphics context Hotspot Identi�er

Inferiors Input focus Input manager InputOnly window

InputOutput window Key grabbing Keyboard grabbing Mapping

Modi�er keys Obscures Occludes Padding

Parent window Passive grab Pixel value Pixmap

Plane mask Pointer Pointer grabbing Pointing device

Property Property list Redirecting control Reply

Request Resource Root Root window

Save set Screen Server Server grabbing

Sibling Stacking order Stipple Tile

Timestamp T ype Unviewable V iewable TERMINOLOGY 5�1

IMAGE_ORGANIZA

TION_A

TTRIBUTE S provide information about the structure and associat ion of the bits which make up the two dimensional image. (see Image Data Organizat ion De�nitions).

IMAGE_ENCODING_A

TTRIBUTES

TTRIBUTE S de�ne the mapping between the unencoded SYMBOL_SET and the encoded SYMBOL_SET where encoding is done primarily for compression or bandwidth reduction purposes. (see Image Data Encodi ng De�nitions).

IMAGE_APPLICA

TION

A computer applic ation that deals in the input, output, storage, or processing of IMAGE_OBJECTS. This protocol speci�cati on is primarily concerned with the processing and output of IMAGE_OBJECTS to displays.

FIDELITY

The degree to which the computer system can reproduce a likeness of the original (source) continuous image without distortion. Issues affecting �delity includi ng the sampling and display SP A TIAL_ RESOLUTION, and the LUMINANCE_RE SOLUTION or CHROMINANCE_RESOLUTION.

REPRESENT A TION_EFFICIENCY

A measure of how few bits can be used to represent a parti cular DIGIT

AL_IMAGE with some speci�ed degree of FIDELITY . FINAL_FORM_IMAGE

A FINAL_FORM_IMAGE is one that has been rendered suitable for display on a particula r device. All internal structural entit ies have been removed, and all rendition processing complete d. The generati on of a FINAL_FORM_IMAGE from a REVISABLE_FORM_IMAGE may involve irreversible TRANSFORMs such as resolutio n reduction in the x,y

, and z directi ons. It is always possible to take a FINAL_FORM_

IMAGE and rede�ne it as the starti ng point for a new and enti rely different REVISABLE_FORM_IMAGE.

REVISABLE_F ORM_IMAGE

A REVISABLE_FORM_IMAGE is the source image used in reversible and irreversible image rendering operations. A REVISABLE_FORM_IMAGE may (by chance) be suitabl e for display as is, on a particul ar device. If this is the case, the REVISABLE_FORM_IMAGE is converted to a FINAL_FORM_IMAGE by performing a null rendering operation. REVISABLE_FORM_IMAGEs may maintain some internal organiza tion or structure and continue to carry rendit ion attri butes along with them

DISPLA

Y_GRID

The regular

, two dimensional grid at whose vertices the original image is reconstruct ed during display . A display grid locat ion is often referred to as a PIXEL.

SAMPLING_GRID

, two dimensional grid at whose vertice s the original image is sampled during digiti zation. A sampling grid locati on is often referred to as a PIXEL. TERMINOLOGY 5�3

5.2.2 Image Characteristics SP A TIAL The aspects of an image which relate to space (typicall y x & y dimensions, and resolution in these dimensions) includi ng how the image varies with respect to the spatial dimensions.

TEMPORAL

The aspects of an image which relate to time (t dimension, and resolution in this dimension) (typi�ed by the difference between a still frame, and a motion sequence) includi ng how the image varies at any SP A TIAL location with respect to the time dimension.

RESOLUTION

The �neness or granulari ty of an image measured either at the capture or rendition point. The granularity is usually expressed in both spatial frequency (dots per inch) and temporal frequency (frames per second).

Resolution is a meaningless term away from the capture and renditi on points. Instead, total pixels per scan line, total scan lines, and total frames in a sequence are more useful. SP A TIAL_RESOLUTION

A measure of the separation between adjacent points (in both SP A TIAL dimensions) or granularity of the

SAMPLING_GRID and / or the DISPLA

Y_GRID. SP A TIAL_RESOLUTION has nothing to do with image size or total data content. It has to do with �neness at capture and output times.

TEMPORAL_RESOLUTION

A measure of the separation in time between the capture or display of two adjacen t image object frames. A TIAL_FREQUENCY

A measure of the rapidity of image change with respect to space.

TEMPORAL_FREQUENCY

A measure of the rapidity of image change with respect to time.

INTENSITY

The square of the amplitude of the electro_magnet ic �eld as measured at the focal plane of the imaging device. Intensit y is what we perceive as brightn ess.

INTENSITY_LEVELS

The number of distinct brightness levels represented in the image.

CONTRAST

The difference between minimum and maximum INTENSITY level s in an image.

LUMINANCE

The component of an image which represents the INTENSITY at either a single wavelengt h or averaged over a wavelength band. INTENSITY

, LUMINANCE, and brightness are psynonomous.

CHROMINANCE

The component of an image which describes the dependence of INTENSITY on wavelength or wavelength band.

5�4 TERMINOLOGY

5.2.3 Visual T ypes VISUAL_TYPEA label appli ed to the human perception of a continuous image based upon perceived characterist ics of intensit y distri bution, and dependency upon wavelength and time. The continuous image of an object (and occasionall y the object itself) is said to be of one of the following VISUAL_TYPEs include BLACK_

AND_WHITE, GREY_SCALE, COLOR, STILL, and MOTION.

BLACK_AND_WHITE

A VISUAL_TYPE where the continuous images have very high contrast, and no perceived temporal or chrominance dependency (i.e. what we perceive when reading this page).

GREY_SCALE

A VISUAL_TYPE where the continuous image has a relati vely wide range of intensit ies which vary smoothly

, and no perceived temporal or chrominance dependencies. GREY_SCALE is perhaps more an artifact of early televi sion and photography than of nature.

COLOR

A VISUAL_TYPE where the conti nuous image has a wide range of luminances and chrominances which vary smoothly

, and no temporal dependencies.

STILL

A VISUAL_TYPE which demonstrates no temporal variati on (e.g. this page).

MOTION

A VISUAL_TYPE which demonstrates temporal variati ons (e.g. televi sion).

5.2.4 Image Classes IMAGE_CLASSThe grouping of a digit al image based upon which visual type it represents with highest ef�ciency and �- delity of reproduction. IMAGE_CLASSes include MONOCHROMA

TIC-BITONAL, MONOCHROMA

TIC-

CONTINUOUS TONE, and POL

YCHROMA

TIC-CONTINUOUS TONE or MUL

TISPECTRAL. All three classes have eith er the ST A TIC or TIME_V AR YING modi�er . MONOCHROMA

TIC-BITONAL

An IMAGE_CLASS in which two INTENSITY_LEVELS are represented. At sampling and display times, a PIXEL for the MONOCHROMA

TIC-BITONAL IMAGE_CLASS is one bit deep. The display of an image of this class either does not use a COLORMAP

, or uses the BLACK and WHITE entries of the

COLORMAP

. The MONOCHROMA

TIC-BITONAL IMAGE_CLASS is optimal (REPRE SENT A TION_

EFFICIENCY and RENDITION_FIDELITY) for the BLACK_AND_WHITE VISUAL_TYPE.

TIC-CONTINUOUS_TONE

An IMAGE_CLASS in which 2**

N -1 INTENSITY_LEVELS are represented. At sampling and dis-

play times, a PIXEL for the CONTINUOUS_TONE IMAGE_CLASS is N bits deep where N > 1.

CONTINUOUS_TONE is accomplished on color display s with the PIXEL value being used as an index into a COLORMAP

, and the same value used to drive the RED, GREEN, and BLUE display guns.

The MONOCHROMA

TIC-CONTINUOUS_TONE IMAGE_CLASS is optimal (REPRESE NT A TION_

EFFICIENCY and RENDITION_FIDELITY) for the GREY_SCALE VISUAL_TYPE.

TERMINOLOGY 5�5

POL YCHROMA

TIC-CONTINUOUS_TONE or MUL

TI_SPECTRAL

An IMAGE_CLASS in which multipl e (>2) INTENSITY_LEVELS are represented for multiple (2 or more) SPECTR AL_COMPONENT s. MUL

TI_SPECT RAL is typical ly accomplished on color displays via the use of the COLORMAP

. The POL

YCHROMA

TIC_CONTINUOUS_TONE or MUL

TI_SPECTRAL

IMAGE_CLASS is optimal (REPRESENT A TION_EFFICIENCY and RENDITION_FIDELITY) for the

COLOR VISUAL_TYPE. ST A TIC A modi�er of the other IMAGE_CLASSes indicat ing no TEMPORAL dependency

, and implying only one unchanging IMAGE_OBJECT . TIME_V AR YING A modi�er of the other IMAGE_CLASSes indi cating TEMPORAL dependency

, and implying multiple

IMAGE_OBJECT s which represent the conti nuous image at different times (usually a time sequence).

5.2.5 Image Data Organization IMAGE_DA T A_ORGANIZA

TION

The way in which a logi cal PCM model of IMAGE_DA T A is mapped onto a physical storage model. The overall purpose is to enable convenient associat ion of and access to all of the bits which represent the information found at each sampling grid point. Three signi�ca nt IMAGE_DA T A_ORGANIZA

TIONS exist, each possessing different access characterist ics. The core X protocol recognizes only two of these formats

(see names in parenthesis).

� FULL_PIXEL_COMP

ACTION (Z format in core X)

� FULL_PIXEL_EXP

ANSION (X-Y format in core X) � P AR TIAL_PIXEL_EXP

ANSION (unrecognized in core X)

PIXEL

A DISPLA

Y_GRID or SAMPLING_GRID locatio n. Often used to mean the colle ction of bits representing the image information at the sampling and display grid locati ons. This second usage is somewhat dangerous as in modern displays there may be no simple stack of bits behind the display at each DISPLA

Y_GRID location representing the image information for that PIXEL.

BITS_PER_PIXEL

In DISPLA

Y_SUBSYSTEMs which do maintain a FRAME_BUFFER with the image information for each

PIXEL collect ed into a stack of N bits, the number N. Unless otherwise quali �ed, the term BITS_PER_

PIXEL implie s the total number of bits which when aggregated form a PIXEL. Occasionally

, the quali�ed phrase BITS_PER_ PIXEL_PER_SPECTR AL_COMPONENT

, or BITS_PER_PIXEL _PER_PLANE_

GROUP will be used. Either of these values must by de�nit ion be less than or equal to BITS_PER_PIXEL.

BIT_PLANE

A two dimensional collec tion of bits such that there is one and only one bit at each of the points in the two dimensional grid. The stacking of all BIT_PLANES which form an image results in a PIXEL at each grid point.

PLANE_GROUP

An organized collect ion or stack of PLANEs. A PLANE_GROUP may be from 1 to N PLANES deep where N is the number of BITS_PER_PIXEL.

5�6 TERMINOLOGY

PCM Pulse Code Modulat ion (or raw bits) is the reference form for uncompressed images. In PCM the image symbol set consists of PIXELS, where PIXELS are the quantized representat ion of image luminance or

CHROMINANCE channel as sampled at regular two dimensional grid points.

FULL_PIXEL_COMP

ACTION

An IMAGE_DA T A organizati on in which all bits which make up all SPECTRAL_COMPONENT s of a

PIXEL are logical ly and physicall y adjacent in transmission and storage. All bits of an N bit PIXEL are aggregated to form an element of a single, two dimensional array

. PIXEL bit aggregates may be separated by pad bits for alignment purposes.

FULL_PIXEL_EXP

ANSION T PIXEL are physicall y separated such that every bit of an N bit PIXEL is an element of a separate two dimensional array (PLANE), there being N such arrays (PLANEs). P AR TIAL_PIXEL_EXP

ANSION T A organizati on in which all bits which make up each SPECTRAL_COMPONENT are physical ly adjacent by SPECTRAL_COMPONENT

. The BITS_PER_PIXEL for each indivi dual

SPECTRAL_COMPONENT are compacted into individu al, two dimensional arrays, there being one such array for each SPECTRAL_C OMPONENT . SCAN_LINE

A logical collect ion of PIXELs organize d in a lin ear fashion which represents an array row in the two dimensional display grid.

PIXELS_PER_LINE

The tota l number of PIXELS per SCAN_LINE. Note that this is not necessaril y the number of bits per

SCAN_LINE.

NUMBER_OF_LINES

The total number of SCAN_LINEs in the image.

PIXEL_STRIDE

The difference in bit addresses between the �rst bit of successive PIXELS. PIXEL_STRIDE will typic ally be equal to the number of bits per pixel stored in a particul ar IMAGE_PLANE_GROUP

. IF PIXEL alignment requires �ll bits between PIXELs, the difference between PIXEL_STRIDE and the number of

BITS_PER_PIXEL per IMAGE_PLANE_GROUP will equal the �ll value.

SCANLINE_STRIDE

The difference in bit addresses between the �rst bit of successive SCAN_LINEs. SCANLINE_STRIDE will typica lly be equal to the number of bits (not PIXELs) per SCAN LINE stored in a particul ar IMAGE_

PLANE_ GROUP

. IF SCAN_LINE align ment requires �ll bits between SCAN_LINEs, the difference between SCANLINE_STRIDE and the number of bits per SCAN_LINE will equal the �ll value.

SPECTRAL_COMPONENT

The INTENSITY dependence of an image at either a partic ular wavelength or averaged over a wavelength band. A MUL

TI_SPECTR AL image is made up of two or more SPECTR AL_COMPONENTS.

SPECTRAL_COMPONENT_MAPPING TERMINOLOGY 5�7

The degree of similari ty between an original uncompressed image, and one which has been compressed, then decompressed. COMPRESSION_SCHEME DECOMPRESSION_SCHEME pairs which result in absolute ENCODING_FIDELITY are known as lossless, while those which have reduced FIDELITY are known as lossey

. ENCODING_FIDELITY is measured with a mathematical metric.

SYMBOL_SET

The atomic elements which from which an image is composed. There is no uniques SYMBOL_SET for an image. Usually

, the de�nit ion of the SYMBOL_SET is based upon the compression scheme. T ypical symbol primiti ves inclu de bits, bytes, and the entire image as a state space. The number of unique symbols which these primitiv es can represent (i.e. the SYMBOL_SET), and the number of symbols used to compose an image both depend upon the choice of symbol primitives.

5.2.7 Image Data Presentation RENDITIONThe process by which an image object is made suitable for display

. It invol ves convertin g an image into a format that the display hardware recognizes.

RENDITION_FIDELITY

The degree to which the display subsystem can render an image belongi ng to a particul ar IMAGE_CLASS.

RENDITION_FIDELITY is a functi on of the similari ty between display hardware (display memory organiza tion), and IMAGE_CLASS.

Y The physical hardware (video logic and tube) which allows a user to view an image. The process of taking an image which has been rendered displayabl e and putti ng it on the screen (making it viewable).

PRESENT A TION_A

TTRIBUTES

The attribut es of an IMAGE_OBJECT that de�ne how it should be displaye d for viewing. These attributes determine the particul ars of the RENDITION process. Note that unlike DA T A_ORGANIZA

TION_ A TTRIBUTES, PRESENT A TION_A

TTRIBUTES are not essential for interpert ing the IMAGE_DA T A, but are essential for displayi ng it.

PIXEL_P A TH The directi on of the PIXEL capture path along an indivi dual SCAN LINE. PIXEL_P A TH is de�ned against the ISO and CCITT standards, and establi shes the angle of a SCAN_LINE with relatio nship to a reference coordinate system.

LINE_PROGRESSION

The directi on of SCAN_LINE capture across the image plane. LINE_PROGRESSION is de�ned against the ISO and CCITT standards, and establishes the angle of a normal to a SCAN_LINE with relati onship to a reference coordinat e system.

PIXEL_ASPECT_RA TIO The ratio of the distanc e between PIXEL centers along the PIXEL_P A TH, and along the LINE_

PROGRESSION on the SAMPLING_GRID and/or DISPLA

Y_GRID.

BRIGHTNESS_POLARITY

The directio n of the mapping from PIXEL magnitude to visual brightness. (i.e., whether a PIXEL value of

0 is displayed as light or dark) TERMINOLOGY 5�9

GRID_TYPE

The physical format of of the regular PIXEL sampling grid.

TIMING_UNIT

The number of atomic units of time between display of IMAGE_OBJECTS in a time sequence.

5.2.8 Image Server Hardware SER

VER_HARDW ARE The equipment which constitut es the computer system on which the XIEP server software executes including server HOST_PROCESSOR, HOST_MEMOR Y , HOST_BUS, and DISPLA

Y_SUBSYSTEM.

DISPLA

Y_SUBSYSTEM

The colle ction of DISPLA

Y_MEMOR Y , DISPLA

Y_PROCESSOR(s), and video logic used to drive a DISPLA

Y_MONITOR. There is an expli cit communications connect ion between the DISPLA Y_ SUBSYSTEM, and the HOST_PROCESSOR through serial or parrallel lines, or a backpla ne or bus.

Y_MEMOR Y The memory in which the states of the screen pixels are kept and from which these screen pixel s are refreshed. DISPLA

Y_MEMOR

Y is often referred to as the bit map.

Y_PROCESSOR

Any general or special purpose processor dedica ted to display processing and usually closely coupled to the Y . DISPLA

Y_MONITOR

The tube or bottle (screen) upon which a viewer sees an image.

Y_BUSThe interconne ct between DISPLA

Y_PROCESSOR(s), and DISPLA

Y_MEMOR Y . (often, this is a private interconnect ).

LOOK_UP_T

ABLE

A table mechanism by which an input index (stored as a value in the DISPLA

Y_MEMOR

Y) is used to �nd the inten sity to be output on the various channels (guns) of the DISPLA

Y_MONITOR.

HOST_PROCESSOR

The cpu on which the X server executes. The X server may access other general or special purpose processors which are closely associated with the display subsystem in order to accomplish its job.

HOST_MEMOR Y The memory used by the HOST_PROCESSOR to run the X server

. This memory may or may not be directly accessibl e by the display subsystem and is usually not the same as the DISPLA

Y_MEMOR Y . HOST_BUS

The interconnect between HOST_PROCESSOR(s) and HOST_MEMOR Y . (often, this is an open interconnect).

FRAME_GRABBER

5�10 TERMINOLOGY

A device which samples and digit izes an image or an analog representat ion of an image. T ypicall y

, the term

FRAME implies a broadcast tele vision video standard concept (RS170 - 30 frames per second refresh). As such, FRAME_GRABBERs are typical ly device s which digiti ze RS170 standard analog baseband video.

FRAME_BUFFER

The memory into which a FRAME_GRABBER deposits the image signal it digiti zes. (often, thi s is the

DISPLA

Y_MEMOR Y). TIGHTL

Y_COUPLED

Used in this document to refer to the connectio n between image capture devices such as frame grabbers and scanners, and the DISPLA

Y_MEMOR Y . A capture device which deposits an image directl y into the

Y without passing through applic ations buffers (HOST_MEMOR

Y) will be referred to as TIGHTL

Y_COUPLED.

5.2.9 Image Data Layout TILINGA screen layout where adjacent rectangul ar images adjoin each other seamlessly and with no overlap. The adjacent images represent parts of a larger common scene.

N_UP

A screen layout where two or more different images are viewed adjacent to each other at the same time.

OVERLA

YA screen layout where two or more images are layed out on top of each other in SP A TIAL_

REGISTRA

TION to observe differences. The images usually represent the same scene at different times or states. SP A TIAL_REGISTRA

TIONThe state in which all common points in two images of the same scene would be found at the same PIXELs if displayed in an OVERLA

Y fashion.

TIME_SEQUENCE

The display of indivi dual images of the same sceen taken at uniformly spaced time interval s.

5.2.10 Three Space Color SPECTRAL_SP ACE A metri�ed way by which to describe locat ions in the space of human color perception and relate these back to physical principl es (wavelength and intensi ty).

RED_GREEN_BLUE or RGB

A color three space widely used in the computer industry

. The information in each of the SPECTRAL_

COMPONENTS (red green blue) represents the luminance integrat ed over some wavelength band centered around that color . CMY TBS TERMINOLOGY 5�1 1

YUV TBS

HSV TBS

HLS TBS

YIQ TBS

5.2.1

1 Image Data Processing IMAGE_PROCESSINGThe process of applying an IMAGE_OPERA

TOR to an IMAGE_DA T A operand or operands.

TRANSFORM T o modify IMAGE_DA T A via the appli cation of an IMAGE_OPERA

TOR.

RESTORA

TION_PROCESSING

IMAGE_PROCESSING whose purpose is to remove well understood distorati ons generate d by the imaging system or condit ions.

ENHANCEMENT_PROCESSING

IMAGE_PROCESSING whose purpose is to increase the subjective quali ty of an image thus making it easier to view . ANAL

YSIS_PROCESSING

IMAGE_PROCESSING whose purpose is interpret the semantics or content and meaning of an image.

CODING_PROCESSING

IMAGE_PROCESSING whose purpose is to remap images between alterna tive representat ions primarily for purposes of compression.

ITERA

TIVE_PROCESSING

IMAGE_PROCESSING where the output of an IMAGE_PROCESSING operati on is fed back into the same operator (i.e. the same operator is appli ed over and over again to the image).

PIPELINE_PROCESSING

IMAGE_PROCESSING where the output of an IMAGE_PROCESSING operati on is fed into another operator (i.e. the image is fed through a serial stream of operators).

5�12 TERMINOLOGY

Appendix A

RELA

TED TOPICS This appendix describes some background material on topics which are not central to the image extension package but are closely associated.

A.1 Image Data Interchang e Image data formats are a topic of much interest latel y

. These formats are instance s of image data interchange protocol s. In the X environment, there are three locati ons where such protocols exist: appli cation client to applic ation cli ent direct (IP1), appli cation client to/from server (IP2), and applic ation cli ent to applicat ion clie nt by way of a shared server (IP3) (see �g. A-1).

The inte rchange of image data between the applicat ion client and server remains withi n the applica tion, yet spans the X wire boundary

. Protocols for the interchange of image data across the X wire (IP2) are considered to be part of the X extension package (in fact, IP2 is XIEP the X image extensi on protocol ) and must comply with the X core protocol. Of necessity

, the extension proposal also addresses IP3 (sharing of server resources).

Figure A�1: IMAGE DA T A INTERCHANGE APPLICATION #1 <=============== ===> APPLICATION #2

CLIENT CLIENT

^ IP1 ^

| IP2 | IP2

............+....... ................... .........+......... ... X WIRE | | V V SERVER SERVER

. KERNEL IP3 . KERNEL

<============== =====>

. EXTENSION . EXTENSION

Figure A�1 Cont’d . on next page RELA

TED TOPICS A�1