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DACA39-/8-M-0073, dated 27 February 1978, between the U. S. Army

Engineer Waterways Experiment Station (WES) , Vicksburg , Miss., and
Dr. James D. Foley, Graphics Consultant, for development of raster
graphics extensions to the Graphics Compatibility System (GCS). The

authors are Dr. James D. Foley, Mr. James Templeton , and Mr. Dara

Dastylar. The task was directed by the Automatic Data- Processing
(ADp ) Center , WES, as part of the Integrated Software Research and

Development Program, AT1I, Engineering Software Research, Graphics
Interfaces for Scientific Applications, Improvement and Refinement

of Computer Graphics Software Package, sponsored by the Office ,

Chief of Engineers, U. S. Army.

Mr. James M. Jones II, R&D Software Group, ADP Center, WES,
monitored the contract under the general supervision of Dr. N.
Radhakrishnan, Special Technical Assistant to the Chief of the
ADP Center , and Mr. D. L. Neumann , Chief of the ADP Center.

Director of WES during the period of the contract was COL

John L. Cannon , CE. Mr. F. R. Brown was Technical Director.
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RASTER GRAPHICS EXTENSIONS TO THE

GRAPHICS COMPATIBILITY SYSTEM (GCS)

PART I: HOW TO INTEGRATE RASTER
GRAPHICS CONCEPTS INTO GCS

1. Introduction

The 3D version of the Graphics Compatibility System

(GCS-3D) contains several basic concepts that allow GCS

to be expanded to deal with raster graphics. The most impor-

tant capability that a raster graphics system has, that a

line drawing system does not, j1; the ability to display a

polygon as a filled in area of color. This leads to a new

problem, namely: when two polygons overlap on the screen one

of them must obscure the other. Therefore, a method such as

a hidden surface algorithm is required to display pictures in

a consistent, controllable way. The 3D data structure already

in-use by GCS—3D makes this extension possible without a major

revision of the system.

To access some capabilities of raster systems, either new

or expanded concepts must be added to a line oriented graphics

package. Some examples are: images made of colored pixels,

shaded polygons , direct view surface pixel operations, etc.

These can only be implemented by new sets of subroutines and

options.

The basic set of concepts present in GCS-3D can also be

found in the original CORE Graphics System. Virtually all the

additions required to extend one system for raster graphics

can be directly applied to the other. Two extensive documents,

already written by our group, will serve as detailed references :

0

—~~-~~— ~~~~~~~~~~~~~~~~~



Raster Graphics Extensions to the Core Graphics System
I Reference Manual: Raster Graphics Extensions to the Core

System.

These documents are included as part of this report.

L~
j
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2. Hidden Surfaces

As noted earlier, to determine which of two overlapping

polygons obscures the other, one must consider depth information

about each polygon. Within a single window this information

is just the distance from the observer to the polygon in

virtual world coordinates. However, when several dif ferent

windows are displayed in different viewport areas on the

screen , a more sophisticated way of relating depth information

J about polygons in the windows is required . Three dimensional

device viewports are quite convenient for resolving this

problem. Each user 3D window is mapped into a 3D device

viewport, so that a particular polygon in the virtual world

cccupies a specific location in 3D device space. The location

in device space is then used to define the depth of the polygon

when the hidden surface algorithm is applied .

Using this approach there are several ways of controlling

~‘,hich of two polygons obscures the other one. A simple depth

priority system can be constructed by keeping polygons in planes

ncrmal to the Z axis. Then all points on an object are at the

same depth from the observer . This is called 2½D . It simplifies

a hidden surface algorithm into a simple depth sort. One way

to achieve this priority between two windows is to place each

into a flat (in the z dimension) plane with one plane in front

of the other . An even simpler method of making one polygon

overwrite another is to place both polygons on the same depth

plane . Then the only way to determine which is the obscuring

polygon is with temporal priority (the second overwrites the

first).

5
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GCS-3D already has the concepts of 3D device space and

3D device viewports ( see the GCS subroutine U3AREA) and a

3D data structure to support these notions for hidden surface

algorithms and 2½D depth priority. Therefore no additional

concepts or functions need be added to GCS-3D to deal with

hidden surfaces.

I
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3. Polygons

A f undamenta l concept f or raster graphics is the polygon

that  is f i l l ed  in with color. * A polygon is specified by two

types of information. First, the way in which the polygon will

be colored is described , then the location of the polygon ’s

vertices in virtual world coordinates (in either 2D or 3D) must

be given.

In the raster extension to the CORE system there are three

different types of colored polygon , namely: plain , painted,

and shaded. The plain type is simply a polygon filled with

a constant color or gray scale intensity over its entire surface.

The c.:lor/intensity of the polygon is the current color/intensity

attribute in effect when the polygon primitive is defined.

A painted polygon is filled with an image made up of

differently colored pixels. The polygon ’s image is defined by

the user as a large rectangular array containing color/intensity

values. The user then specifies the exact portion of the

image ’s pixel array to be placed in the polygon (see the CORE

reference manual for the specifics of the process). Once a

painted polygon is described it can be viewed from any location

in virtual world space and the image on its surface will appear

properly transformed. This is analogous to viewing a picture

on the wall from different anqles and having it still look

correct.

A shaded polygon may have a different color specified at

each of its vertices. It is then filled by linearly interpolating

* This is not the outline of a regular polygon, drawn by the
GCS su broutine rJPLYGN. Such polygons could be built on top of the
basic polygon primitive described in this section .
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between the colors specified at each vertex (GOURAUD shading).

This is quite useful for depicting continuously varying colors

or shaded objects.

In keeping with the general method used by GCS-3D for

passing arguments in subroutine calls, the three polygon types

are new options that belong to the USET subroutines. The set

of subroutines added to the CORE system to complete the descrip-

tion of these various polygons must also be added to GCS-3D.

The plain polygon needs a comprehensive way of specifying

its color (see section 6).

A painted polygon requires the following: a pixel array

or file to store its image in. The CORE uses the functions:

SET PIXE L ARRAY(COLUM N S,ROW ,ARRAY )
SET PIXEL FILE (COLU~~S,ROWS ,FILE NAME )

The format of this file or array must be giv en, see:

SET PIXEL ARRAY FORMAT(BITS PER PIXEL,
— ThITS ~ER PACKING tJNIT PIXELS PER UNIT )

And a way to specify the region of the image that should be

used to fill the polygon , see:

SET PIXE L ARRAY EXTENT (X LENGTH ,Y LENGTH )
SET VERTEX MAP (VERTEX INDEX ARRAY , X MAP , Y MAP)

A shaded polygon needs a way to def ine  the color/ intensity

at each vertex : see the SET_VERTEX _COLORS f unctions.
— Final ly, the description of a polygon (of any type) is

completed by giving its vertex list in either 2D or 3D virtual

world coordinates: see the POLYGON fucntions in the CORE raster

extensions.

L 8



4. Polygon Meshes

Often i nstead of dealing with a single polygon at a time

it is more convenient and eff icient to deal with a set of

connected polygons called a mesh. Since several polygons in

a mesh may share the same vertex , it is Convenient’ to give the

entire vertex list of the mesh at one time. Then a polygon

element of the mesh is defined by m d  xing a subset of these

vertices. This saves storage space and gives information about

which polygons share common vertices or edges.

To further improve the way polygon meshes are handled,

three different types of meshes can be specified: a mesh

that does not form a closed polyhydra , a closed convex polvhvdra,

and a closed concave polyhydra. These are referred to as the

shape of the mesh in the CORE system.

If GCS-3D is going to deal with polygon meshes it needs

a subroutine call like the ?OLYGON MESH functions in the CORE

System, to pass the entire vertex list and define the beginning

of a mesh. It also should have a subroutine that designates a

particular polygonal element in the mesh, such as:

POLYGON EDGE LIST ( VERTEX INDEX ARRAY , N)

The shape attribute of a mesh could easily be included as a

new group of USET options.

9
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5. Colors and Intensities

Because of the need to precisely control the color and

intensity in raster graphics, most raster systems have a greater

range of colors and intensities than do vector systems. Therefore,

the ways to specify colors and intensities need to - be expanded

in GCS.

In the Core System the color attribute (a parallel set

of capabilities for the intensity attribute also exists) is

specified in two ways: by value and by index. In the first

way , the color attribute is specified by Red, Green, and Blue

primaries , if the exact (R ,G,B) triplet specified is not in

the active color set (set of colors the device is capable of

ciisplaying simultaneously) values are rounded to the nearest

color displayable on the view surface. In the second way (by

index), we can sepcify that the 1th color/intensity from the

ordered set of available colors/intensities, is to he used

as the color/ intensity attribute.

The concept can be extended to a color lookup table. A

lookup table is the set of colors that the display surface

is capable of displaying simultaneously, and is a subset of

the global color set (all colors that can be displayed on the

display surface).

To keep the consistency of passing arguments for sub—

routine calls , as used in GCS—3D , some new options need to

be introduced.

Setting a color ( i n t e n s i t y )  by index should be an UPSET

option. In order to allow a means of expansion beyond the

10
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8 colors (3 levels of intensity) now available as a USET

option , additional USET options should be made available. To

set a color or background color by value (red, green, and blue

primaries) GCS—3D needs some new UPSET options , or a new set

of subroutines to set three new options , one for each primary

colors.

Setting the vertex colors or intensities is basically the

same as setting the color or intensity, but with a difference

of having a list of colors or intensities to be set (for

vertices of a shaded polygon) . This also can be done by intro-

ducing a new set of subroutines to set the UPSET options. 



-~~~

6. Operations on the View Surface

In order to have full control over what is displayed on

a raster screen, the application programmer should have direct

access to the view surface/refresh buffer (some interaction

techniques must directly modify and restore portions of the

refresh buffer). This includes reading and writing pixels onto

V the screen. This can be done either one pixel at a time, or a

rectangular portion of the screen could be dealt with as a

• group of pixels. Also , the user should be able to specify

the differen t ways in which new information can be overlayed

on the screen (setting the view surface overlay mode).

The operaticns on the view surface (see Raster Extensions

to the Core System, Section 10) introduces new subroutines

for read/write view surface pixel(s) color/intensity (read!

write pixel(0) color/intensity of a specified portion of the

display surface) .

The concept of setting the view surface overlay mode

(how a new pixel affects the old pixel on the view surface.

See Raster Extensions to the Core System. Section 10.2.5),

needs a set of new USET options.
I

Note : Both painted Polygons, and direct view surface

operations on a group of Pixels require either a current pixel

array or current pixel file. To pass the information this

array/file must itself be described by the way in which the

pixel color information is packed .

12

- - -— -~~~~~~~~~~~~~~~~~~~~
—-- V

~~~~~~~~~~~~~~~~~~~~~~
- -

~~~~~
--  —



7. Inquiry and Redefining

In order that the application programmer have full

control over the system, and make the best use of it, a set of

inquiry and redefining functions have been introduced into

the Core System. They should also be implemented ’in the

GCS-3D system.

The user should be able to inquire: the current color

or intensity (by index or value) , color or intensities of

vertices of a polygon , total global colors or a subset of

it (active color set/table lookup), pixel array/file,

4 pixel array format , . . .  ( see Raster Extensions to

the Core System).

V The user should also be able to change the active color

table (both by value, and by index). This could be done by

V REDEFINE function calls (see Raster Extensions to the Core

System, Section 4.2.1.3).

A new set of subroutines are needed in GCS-3D for

these functions.

•1 

• 
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8. Control

In standard line drawing systems, output primitives can

always be displayed as soon as they are defined . But if we

want hidden surfaces to be removed (raster systems), then usually

all output primitives must be defined before the hidden surface

algorithm can be applied , and then the result can be displayed.

Therefore some control function is needed to indicate when all

outout primitives have been defined , to initiate the hidden

surface algorithm. The Core System ’s Batch of Updates function

is for this purpose, and has two capabilities: initiate a

NEWFRAME action (update the display surface to contain only

• the defined , visible , retained segments/frames) , or do not

initiate a NEWFRAME action.

Hidden Surface Algorithms are expensive (in computer

time), when applied to pictures with any complexity. In order

to avoid this expense when doing real time work , there should

be an alternative display method , and the user should be able

to choose which display mode is appropriate. The alternative

is fast mode, in which output primitives and boundaries of the

polygons are displayed immediately , so the batching has no

effect, because the view surface is always up to date. There

are two other options , namely, hidden line mode, and hidden

surface_mode. In either of these two modes nothing is displayed

until the end of batch oc’cures (at which time hidden line or

surface algorithm is initiated) . Both of these depend on

Pseudo Display File.

Therefore , for batching of updates a new subroutine should

be introduced to optionally initiate a NEWFRAME action



—- 
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corresponsing to calling UPOST. The NEWFRAME would depend on

the current setting for display mode , and on the type of display V

device.

• Also three new USET options should be introduced to

correspond to the display modes (fast mode, hidden line mode ,

and hidden surface mode).

• 15
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PART I I :  RASTER GRAPHICS EXTENSIONS TO THE CORE
GRAPHICS SYSTEM

V 

1. Introduction -

Two trends in computer graphics have motivated the work

reported here. The f i rs t  trend is the development of portable,

device-independent graphics subroutine packages for use with

various line-drawing graphics devices, both passive and inter-

active. This trend has most recently focussed on the Core

Graphics System, a proposed standard graphics package (GSPC 77).

The Core System appears destined to become the basis for ANSI

(national) and ISO (international) standards.

The second trend is the rapid emergence of raster graphics

hardware out of its traditional preserves of image display

and process control into the world of interactive graphics.

This has occurred because of rapid change in the economics of

large scale integration and because of user demand for the

color and shaded areas so easy to provide with raster graphics

and so difficult to provide with line-drawing graphics. In

many applications , raster graphics is a very natural complement

to line—drawinq graphics , while in other applications , raster

graphics will sooner or later replace line-drawing graphics.

Still other applications , never considered practical with

line-drawing graphics for reasons of either economics or display

aesthetics , suddenly become feasible with raster graphics.

16



We have been developing standard software for line-drawing

• graphics, while raster graphics grows at a rapid pace. This

is not unexpected , because standards must of necessity lag

• the technology. It was in recognition of this necessary lag

arid of the rapid developments and changes in raster graphics

that the charter to be Core System developers was to exclude

consideration of raster graphics

However , four years after the workshop which chartered

and solidified the graphics standards movement , it seems

apprcpriate to extend existing line—drawing graphics packages

to include raster graphics concepts, so that the new technology

can be gracefully integrated with the old.

• 17
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2. Related Work

Several line—oriented graphics packages with some raster

graphics capabilities have been iinplai~nted.In all cases , the basic

intent is to deal with computer—synthesized images, taking
V 

advantage of the raster display ’s ability to draw -(possibly

colored) solid areas.

In a 2D package developed by Sproull and Newman (Sproul/

Newman 75), a polygonal area is specified by calling the

procedure FILLBEGIN , followed by a sequence of LINE or LINETO

pi ocedure invocations to define the polygon , followed finally

by FILLEND to mark the end of the polygon. Polygons and other

output primitives are contained in segments, whose nunEric

name is used to determine the priority of overlapping

primitives. Within a segment, temporal sequence determines

visibi l i ty.

Fulton and Duquet added a few area-oriented output primitives

(circles, triangles, rectangles) to BASIC for use with a plasma

paael (Fulton/Duquet 75). Each primitive can be erased , by

respecifying the parameters used to generate it. This allows

the appropriate cells of the plasma panel to be turned off. If

several primitives overlap, temporal sequence determines which

cells are turned off by an erasure .

The 2D Interactive Graphics Programming Language (GPL) was

first developed by O’Brien and Bown (O’Brien/Bown 75). It is

now provided by Norpack (a raster system manufacturer) , with

raster extensions , under the IGPL name IGPL77 . The system

currently allows shaded rectangles to be drawn , and is being

extended to include convex and concave po’;gons. The system

18
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provides a segment-like facility , to group output primitives.

Temporal sequence of creation determines visibility of

overlapping primitives.

CPAC , a 2D system developed at Toronto by Reeves (Reeves 77) ,

used the FILLBEGIN. . .FILLEND construct to define polygonal

areas. Segments have a depth attribute which is used when

output primitives from different segments overlap. Within a

segment, temporal order of creation governs, with the most

recently created primitive dominating others.

The group at MIT has developed several low-level access

packages (ANG7 5, ANG76, AMG77), which provide an output—oriented

capability , without provision for segmentation. The refresh

buffer can be manipulated by translating , scaling, and rotating

rectangular regions. Output primitives (lines, circles, text,

polygons) can be placed into the buffer. —

/
/

• 19
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3. Design Objectives

The most fundamental design objective of this work is

to extend the Core System for raster graphics in i fashion

• compatible with the design objectives of the Core System itself ,

so that the extended system mi ght possess a conceptual integrity

in its own right. These objectives, summarized in (van Dam!

Newman 78) and detailed in (GSPC), demand that simplicity ,

ininimality of function (but without substantial loss of

capanility) , and consistency be sought.

Raster graphics implies the need for color and intensity

specifications , solid shaded areas (which can in turn hide

or obscure other areas), and the display of images created by

cameras , X-rays, radars, ultrasound , CAT , etc. While the

extensions are thus designed to allow display of solid areas

of given color or intensity, the extensions do not include

J 
the lighting models which would allow surface shading to be

calculated by the extended core. Lighting models (as well as

surface texturing models) are considered as higher—level appli-

cation-oriented capabilities , which can be created using the

capabilities of the extended Core Graphics System. Furthermore ,

these are still active research areas in their own right.

The prototypical raster graphics system for which the

extensions are designed is shown in Figure 1.

The image creation system is often able to process

lines, text , points, and areas specified in 2D. Its output

is placed in the refresh buffer as the pixel values needed to

cause the appropriate entities to be displayed . The size of

20
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the refresh buf fe r  and number of bits/pixel are variable.

The image display system reads the refresh buffer in synchronism

with a TV raster scan, using the pixel values to control the

V color or intensity of points on the display screen. An

optional look-up table in this system can dynamically assign

intensities or colors to pixel values. There is a fixed 1—1

correspondence between pixels in the refresh buffer and points

on the display screen (some contemporary raster systems do

not impose this restriction) . The interaction system allows

devices such as keyboards and tablets to be used , with appro-

priate feedback displayed on the screen.

The look-up table is treated as an option , because it is

not a standard raster display system capability. On the other

hand, it is quite useful for image analysis and interactive.

graphics. Thus another design objective is to incorporate the

look-up table into the extensions , but making it transparent to

aDplications which don ’t use it.
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4. The Core Graphics System

A very brief review of the current capabilities of the

Core System is appropriate , as it sets the stage for the

following discussion of extensions to the Core System.

4.1 Graphics Output Primitives

Objects in 2D and 3D world (application) Coordinates are

described to the Core System as combinations of moves, lines,

line sequences (called polylines) , markers (a generalization

of points), and text. A current position is used as the

starting point for lines and text strings. The output primi-

tives ’ positions can be specified as absolute coordinates , or

relative to the current position.

4.2 Output Primitive Attributes

The current value of these attributes determine the detailed

appearance of output primitives when they are created . Once an

• output primitive is created , its attribute values can be changed
I

- 
I 

only by deleting the primitive (using segments , described

below) , and then respecifying the primitive to the Core System

V after first establishing new attribute values. Primitive attributes

are : linestyle (dot , dash , solid , etc.), linewidth , intensity,

color , character font , cha2acter size , character spacing , character

orientation , and character quality.

4.3 Grouping, Naming, and Modification

Each output primitive is placed into one and only one

segment. Two different types of segments can be created : with

one , the segment is displayed once and no record is kept of

the segment or its contents; with the other , the segment is

retained until explicitly deleted . Such retained segments ,
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which are named , are the unit of picture modifications for

interaction. Segments can be deleted , renamed , and have their

attributes modified . In addition to the grouping provided by

segments, an output primitive within a named segment may be

• placed in a named group. Segments cannot contain references

to other segments; thus picture hierarchies and copies of

segments cannot be created . The segment and group names are

used for pick (l:ght. pen) identification . When a segment is

created , the current position is set to the origin, and all

output primitive attributes are reset to their defaults.

4.4 Secment Attributes

Segments have dynamic attributes, which can be changed

either while a segment is being constructed or at a later

time. These attributes are visibility (whether the segment

is actually displayed), detectability (whether the segment

can be “seen” by a light pen or other pick device) , highlight

(calling the operator ’s attention to the segment by blinking

or intensifying it) , and an image transformation (applied ,

after the viewing transformation has been performed , to those

output primitives surviving the clipping process).

4.5 Viewing Transformations

Viewing of 2D objects is specified with the traditional

window and viewport except that the window may be inclined with

respect to the principal axes. The object can be clipped

against the window . In 3D, a viewer is imagine6 to be at

an arbitrary poin t  in three-space , looking toward some othc.r

point. The field of view is determined by specifying a rectangle

in a projection plane , with the rectangle then mapped into the
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viewport. If the viewport is infinitely far away, an ortho-

graphic projection results; otherwise, a perspective projection

results. The 3D object can be clipped against a 3D solid volume:

a pyramid for perspective projections , and a solid rectangle
V 

for parallel projections. The image of a viewed object,

be it 2D or 3D, can be translated , scaled , and rotated after

the image has been created . 2D viewing is a proper subset of

3D viewing , with all ?D objects in the Z = 0 plane.

4.6 Interaction

• Five classes of devices for operator input are supported.

Picks provide the segment and group names of output primitives.

• Locators provide a positiun , while valuators provide a scalar

value . Text input devices provide character strings, and

choice devices provide a selection from several alternatives.

- 

- The common physical prototypes for picks are light pens; for

locators , joysticks and tablets; for valuator , dials~ for

text, alphanumeric keyboards; and for choice, programmed

function keyboards. Each device class has a system—defined

feedback , which can be turned on or off. Picks, text, and

choice , when enabled , can place event reports on an input

queue, which can be interrogated by the application program.

Locators and valuators, when enabled , can be sampled by the ,

appLicat ion program , and can also have their input information

placed on the input queue in conjunct ion with the occurrence

of an event.
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5. The Raster Graphics Extensions

In this section the raster graphics extensions to the

Core System are described. The extensions naturally fall  into

V 
several areas, each of which is treated in a separate subsection .

There is usually a discussion of design alternatives, followed

by a more detailed discussion of the selected alternatives.

A reference manual defining the details of each subroutine

added to the Core System is an appendix to this paper.

5.1 Hidden Surface Removal

The Core System currently has no capabilities for defining

surfaces, so the hidden surface and hidden edge removal have

never been considered. However , this capability is central to

effectively using raster graphics. The key question here is

how the application programmer tells the graphics package

which surfaces obscure other surfaces. There are several

possible solutions.

For strictly 2D systems , temporal priority can be used :

the most recently displayed segment or output primitive has

priority over other segments and output primitives. This

is 7articularly easy to implement. Alternatively, segments

(or perhaps output primitives) can explicitly be assigned

priorities , while within a segrnant , temporal sequence is used. L~pl~~en—

tation of this latter case is i~vre difficult than the for~~ r.

- I The assigned priorities can be either static (permanently

fixed when the segment is created) or dynamic (changeable after

the segment is created). In either case, this approach is

sometimes called a 2½D system . The priorities are akin to

the depths of segments along a Z-axis , and each segment lies

26 .
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in a plane normal to the Z-axis. The segment with priority 1

(the highest priority) is in the Z=0 plane. The collection of

segments is viewed from infinity on the negative Z—axis.

For 3D, the basic answer is that the X,Y,Z coordinates

of the surfaces plus the viewing specification (where the

viewer is located) provide all the information needed by

hidden surface algorithms. However , there is more to the

problem. In the Core System , many segments can simultaneously

be displayed on the view surface, and each segment can have a

different viewing specification . Hence the above “basic ”

answer is true only for individual segments.

The synthetic camera analogy for the Core System is useful

in motivating the difficulty . Each segment and its viewing

specification defines a “photo ,raph” , which is displayed within

a viewport on the view surface . When several viewports

overlap or are in fact identical (frequently the case), the
V 

J photographs overlap. For line-drawings , this is no problem ,

since each photograph is just a collection of lines. Thus

one photograph does not obscure another photograph.

For raster graphics , a photograph can include - solid

areas, which can obscure lines and other solid areas. One might

attempt to resolve this by assigning priorities to each photo-

graph (i.e., segment). But what of a view of a single object

composed of multiple segments? The determination of the

visibility of surfaces in each segment must be done in three

dimensions , before the photograph is actually created , con-

sidering all the segments defining the object. One way to

permit this is to define a second level of structuring in the

27
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Core System — a collection of segments. Hidden surface removal

in 3D would be done on each such collection of segments. This

approach is unacceptable, because it would introduce a second

level of structuring to the Core System. Furthermore , the

priority of the photographs produced by each such collection

of segments must still be resolved.

There is another, more attractive way to deal with hidden

surface removal. In level 4 of the Core System, the viewing

transformation specifies not a projection from 3D world coor-

dinates into a rectangular 2D normalized device coordinate

viewport on the view surface, but rather a transformation

from 3D world coordinates into a 3D solid rectangular viewport

in 3D normalized device coordinates. The display on the view

surface is then a parallel projection of the entire contents

- I of 3D NDC space (the unit cube) onto the front plane of the

unit cube. Figure 2 illustrates this. Two segments with

identical 3D viewports then have their output primitives in

the same part of 3D NDC space. The hidden surface algorithm

operates on all of 3D NDC space , producing a single unified

image or photograph on the view surface. Thus there is no need

to be concerned about the priority of several overlapping

photographs on the view surface . If two output primitives have

•1 identical coordinates in 3D NDC space, then temporal priority

can still be used to determine visibility . The most recently

created output primitive would take priority over others.

The t ransformation of a 3D view volume (be it the truncated

pyramid of a perspective view or the solid rectangle of a

28
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parallel view) into a 3D unit cube is straightforward (Sutherland !

Hodgman 74, Sutherland/Sproull/Schumacker 74), and is commonly

used preparatory to use of a hidden surface algorithm . This

• concept is being extended here to multiple 3D view-ports

within a unit cube. In some cases, such as displaying a~
airport runway and surrounding buildings , a single viewport

would be used , with size equal to the unit cube. In other

cases, such as simultaneously displaying front, top, side, and

isometric projections of the same object, several non—overlapping

(as seen from the viewsurface) viewports would be used. In

still other cases, such as displaying an object with a super-

imposed cut-out showing enlarged detail of a particular area,

overlapping (as seen from the view surface) view-ports would
V 

be used. Figures 3 and 4 show these two latter cases.

If clipping is enabled while the output primitives are

defined to the Core System , then in 3D NDC space all output

primitives will be contained within 3D viewports. Hidden surface

algorithms can use this knowledge to advantage , to avoid

unnecessary comparisons between output primitives.

Several attractive special cases arise within this

general conceptual model. Consider first the 2D temporal

• priority discussed earlier. For many simple 2D applications

V of raster graphics such as displaying charts and graphs ,

2D temporal priority is an attractive and useful concept for

a programmer to use. This concept is in fact the default for

th~ Core System , beca use al l  2D viewports (which is the
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typically-used default) lie in the front face of 3D NDC space

(the Z=O plane). Hence output primitives in NDC space have no

depth , so the hidden surface 3lgorithms have no basis for

V d~~ iding which output primitives are visible. It is in just

this case that temporal priority is used .

As a second case , consider the 2½D case , wherein each

segment has an explicit priority for visibility. All output

primitives, however are 2D.

The effect  of 2½D can be

achieved by using segment priorities in the range 0-1. A

segment with priority P and 2D view-port defined by corner

points (X in~Y in)i (Xmax~
Ymax) would in fact have a 3D

view-port defined by corner points (Xmin~
Ymin~

P)
~~
(Xmax lYmax ,P)~

That is, the 3D viewport is in the z=P plane. Hence the effect

of the depth priority for a 2D segment is achieved by putting

the image of the segment on the appropriate constant Z plane

in 3D NDC space , as in Figure 5.

If the depth priorities are dynamic , changing a priority

can be effected by applying an image transformation to the

segment: a translation along the Z-axis of NDC space would

be used to reposition the image in the appropriate plane of

ccnstant Z.

Thus the faci l i t ies  for either a static or dynamic 2½ D

priority capability are available. A novice programmer might j
have trouble using the facilities in the context of 3D

view-ports and NDC space, but a very simple set of additional 

- -  ~~1-~~~•-~ ~~- -
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subroutines could be built on top of the extended Core System

to make the facilities available in a more tractable form.

It so happens , then , that the Core System already

V contains the key concept needed to provide hidden surface

removal in a general and flexible way - 3D view-ports and 3D

NDC space. Furthermore , the concept can be used to provide

two other hidden surface concepts commonly used in 2D - temporal

priority and 2½D priority.

5.2 Polygons

The basis for ~ .ded (or colored) areas and hidden surface

removal is the specification of bounded surfaces, which then

can obscure either other bounded surfaces or the other primitives:

lines , markers , and text. The Core System extensions deal

only with planar bounded surfaces which can be defined by poly-

gons. Bounded surfaces defined by conic sections, etc. are

not treated , nor are non—planar surfaces.

Polygons can be specified in several ways. Several simple

raster packages use a sequence such as:

BEGIN FILL
MOVE
LINE
LINE
LINE

- 
• LINE

END FILL

The bracketed MOVE and LINE calls define a sequence of lines,

which is automatically closed by the END_FILL, forming a polygon.

H Several packages use this approach , which does , however , have
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the disadvantage of using the same output primitives for two

purposes: drawing lines, and defining polygons. This can

hinder program debugging , because the meaning of an isolated

call to LINE depends on whether a BEGIN_FILL is currently

active. Furthermore, many subroutine calls are needed to

define a polygon.

• This f i rs t  objection can be removed by introducing an

EDGE Output primitive , to be used in place of LINE within the

BEGIN FILL. . .END FILL pairs:

BEGIN FILL
EDGE(X,Y)
EDGE (X,Y)

END FILL.

The second objection remains, however , and can be removed by

using a single polygon subroutine. This has been done in the

extensions, with the four procedures:

J POLYGON ABS 2 ( X  ~RRAY ,Y ARRAY ,N)
POLYGON REL 2 (X ARRAY ,Y ARRAY,N)
POLYGON ABS 3 (X ARRAY , Y ARRA Y , Z ARRAY , N)
POLYGON REL 3 (X ARRAY , Y ARRAY , Z ARRAY , N)

Many objects displayed graphically consist of numerous

interconnected polygonal faces. If each face were specified

by a separate polygon primitive , coordinates of shared

vertexes would be passed to the Core System several times,

and connectivity/ shared edge information would have to be

deduced from the equal i ty of vertex coordinates. To avoid

these problems , a second way of def ining polygons is provided :

the polygon mesh. Polygons in a polygon mesh are defined in

a 2—step process:

36
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— A list of vertices, numbered from 1 to N, is specified.
- Each polygon is defined by giving a list of vertex
numbers. The vertices are connected in the order
given , with the last vertex being connected to the
first  for closure .

The vertex list is specified with

SET POLYGON MESH ABS 2(X ARRAY ,Y ARRAY ,N) -

• 

— 
‘ 

— 

REL 2 (~~PIRRAY,Y A 1~RAY,N)
riBS REL 3 (X~~BRAY,Y_~RRAY,2~~RRAY,N)

“ REL 3

A polygon in the mesh is specified with

POLYGON EDGE MESH ABS 2 ( VERrEX LIST,N) V - .

A polygon mesh exists entirely within a segment, and is

terminated either by another SET_POLYGON_MESH or by closing

the segment.

Polygon meshes have several attributes. A polygon may

be used to define a polyhedron . If so, the polyhedron attribute

is so set. This allows the hidden—surface algorithm to remove

back-facing polygons. The default attribute value is for the

J general case, which is non-polyhedral.

If a polygon mesh does define a polyhedron , it may be

convex or non-convex. Again , hidden-surface algorithms can

take advantage of this knowledge. The default is the general

case , non—convex. The shading of polygons can be controlled

in one of three ways: by the color or intensity attribute dis-

cussed in section 5.3 , or by the pixel array attribute discussed

in section 5.4, or by interoolated shading. The polygon type attribute

is used to control which of these three types of shading is used . The

attribute is set by the procedure

SET CURRENT POLYGON TYPE (TYPE).
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If the type is color/intensity (as opposed to pixel array),

then the polygons in a mesh can each have different colors

and intensities. Normally , as a default , each visible polygon

is displayed with the specified value . The interpo1aticr~ value
V 

can he used to request Gouraud (continuous) shading to be

appl ied to all polygons in a mesh.

5.3 Color and Intensi~~
In raster graphics , precise control of color and intensity

are central to many applications. The Core System has a color

• I a t tr ibute and an intensity attribute. However , there is no way

to precisely determine or specify colors and intensities.

Futhermore, intensity is in fact one part of color specification,

SO there is a distinct non-orthogonality between the color

and intensity attributes. That is , a large range of colors ,

including all grey levels, can be specified using additive

4 red , green , and blue primaries , or using hue, saturation ,

and intensity. Given a color attribute , intensity is redundant.

In the extensions, a view surface is initialized for either

color or intensity use: the attributes cannot be mixed.

Intensity is retained only as a convenience for grey-level

applications , and to maintain upward-compatibility .

Because the specific ranges of colors and intensities

can vary greatly from one raster display to another and are

r • so important to many applications, only one view surface

may be selected at a time. This removes from the Core System

the impossible task of trying to second-guess the programmer

in mapping a color attribute value to two dissimilar raster

displays.
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The discussion here centers on the color attribute and

functions for its control . A parallel set of capabilities for

the intensity attribute also exists , and is described in the

appended Reference Manual. Conceptually, the extensions define

an ordered set of colors specified by (R ,G ,B) triples:

f ( R . , G . , B . ) } .  This set is called the active color set . The

size of the set varies among view surfaces , and can be

determined with the inquiry function INQUIRE _NUMBER_COLOR(M) .

Another inquiry function , INQUIRE COLOR (I ,R ,G ,B ) ,  can be

used to find the values of the R ,G , and B components in the

1th t riple.

The color attribute for output primitives is specified in

one of two ways: by value , and by index. The function

SET CURRENT COLOR(R ,G,B) specifies the current value of the

color attribute. If the exact (RG ,B) triple specified is not

included in the active color set, then a best fit to an

available tripli? is performed. Alternatively, the function

SET CURRENT COLOR INDEX (I) specifies that the 1th triple

from the ordered set is to be used as the color attribute.

This concept can be extended , as an option, for use with

color look—up tables. With a look-up—table , the previously-

V 
described active color set is a subset of the global color

• set. The size of the active color set is just the number of

entries in the look-up table. The size of the global color

set is the size of the univer3e of colors which can be placed

in the look-up table , and is usually two raised to the number

of bits per entry in the table. INQUIRE_NUMBER_GLOBAL_COLORS (N)

can be used to find the size of the global color set. The
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(R,G,B) triple for global color 3 is found with INQUIRE _GLOBAL_

COLOR(J,R,G,B). An active color (an entry in the look—up

table) can be changed in two ways: by value and by index,

similarly to setting the value of the color attribute.

REDEFINE_COLORINDEX(J ,R ,G ,B) changes the 3th active color to

(R,G,B). If (R,G,B) is not in the set of global colors, a

• best—fit is performed. Alternatively, an “assoc iative ” change

can be specified with REDEFINE COLOR(Rl,Gl,Bl,R2,G2,B2). The

active color (Rl,Gl,Bl) is changed to (R2,G2,B2). If needed ,

best f i t s  are performed on both colors. The current color

attribute must of course belong to the set of active colors.

If the current color attribute has index I in the active

color set and the meaning of index I is changed to some new

color from the global color set, then the current color

attribute is also changed.

This conceptual model for working with the color attribute

is usable with a wide range of systems, from the

inexpensive two to eight color systems (one to three bits

per pixel) without look-up table, through the typical eight

bit per pixel system with a 256 entry look-up table of twelve

bits per pixel , up to the 24 to 36 bit per pixel systems.

The extended Core System need not always explicitly

store either the active or global color set, but need only

be able to generate triples in the set. For instance, the

device driver for a 24 bit per pixel system could use the

24 bit color index as the color specification , by simply

dividing the 24 bits into three groups of eight bits each. On
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the other hand , the device driver for an eight color system

can trivially store an eight-entry table.

The look-up table is typically used to partition planes

of the refresh buf fe r  into subsets , to store several pictures.

The concepts described here permit such manipulations.

5.4 Pixel Arrays

Pixel Arrays are two-dimensional arrays of intensity or

color values. They occur in several environments. In tradi-

tional image processing, the pixel arrays represent real objects,

and come from devices such as cameras, X—rays , ultrasound

scanners , and CT systems. In some cases these devices produce

direct digital information , and in other cases f i lm must be

scanned and digitized.

Pixel arrays representing synthetic or modelled objects

are regularly created by computer programs , sometimes using quite

sophisticated modelling , lighting , and surface texturing .

Artists often use interactive painting programs to create

aesthetically pleasing scenes defined by pixel arrays. Part of

the objective of extending the Core System for raster graphics

is to allow such pixel arrays to be displayed easily , along

wi t- h lines and shaded polygons. Pixel arrays could easily be

treated as a rather special type of output primitive, being

placed directly onto the front plane of 3D NDC space. Then ,

however , other constructs in 3D NDC space might be obscured .

Furthermore , using NDC space is unattractive , because then the

mixing of pixel arrays and other output primitives is greatly

comp licated due to the use of two different coordinate systems.

Yet applications such as interactive image analysis and
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interpretation, as well as interactive graphics arts appli-

cations, demand such mixing.

An attractive alternative, used in the extensions, is

• to place the pixel arrays into world coordinates , again as a

special type of output primitive. Where would the pixel

• ar ray be placed? Presumably on some plane, oriented arbitrarily

• in 3D world coordinates.

One might wish to display not the entire rectangular

pixel array , but rather some portion thereof: this would occur

if a photo were cropped around an irregular contour. Indicating

the portion of the pixel array to be ignored can be done in

several ways. A special pixel value meaning “ignore me”

might be used, or as is done in the extensions , a polygon can

be used to circumscribe that part of the pixel array to be

displayed.

How can the plane on which the pixel array will be dis-

played and the polygon circumscribing some or all of the

pixel array be best specified? A special construct for this

would work, but is quite unnecessary , because the extensions

already include polygons, as described in an earlier section .

All that is needed is some inechanisr-i for mapping a pixel array

onto a polygon , and for indicating that a polygon is to be

shaded not with the current color intensity attribute , but

rather with a pixel array . This latter matter is handled

by the POLYGON_TYPE attribute , which has three values: plain ,

interpolated , and painted . A plain polygon is displayed using

the current color or intensity , while a painted polygon is

• 

• 

displayed using the current pixel array and pixel array to
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polygon mapping . The default polygon type is plain . An

interpolated polygon is shaded by linear interpolation of vertex

colors or intensities so that Gourand shading is possible as

a special case.

• If a polygon is to be painted , a mapping is needed as

shown in Figure 6 . A polygonal part of the pixel array is

mapped into a similar polygonal part of the 3D world. Appro-

priate averaging or convolutions are used to find the correct

pixel values for that part of the view surface surrounded by

a v i sib le  pair.ted polygon .

The mapping from a pixel array to a 3D world coordinate

polygon is specified in several steps. The pixel array , for

conve:iience , can be thought of as having an arbitrary size,

defined by SET PIXEL ARRAY EXTENT . The two parameters are

• the width and height of the pixel array , in arbitrary units

(some applications may conveniently think of these as world

coordinate units) . Figure 6 shows the pixel array and its

length and height. The (0,0) origin is always at the lower

left of the pixel array, in the center of the pixel. Similarly

the point (X LENGTH ,Y LENGTH) is in the center of the upper

right pixel. Using this pixel array coordinate system , three

points in the pixel array (not necessarily centers of pixels)

are defined and associated with three vertices of the world

coordinate polygon . The three points in the pixel array and

three points on the world coordinate polygon define a mapping V

which transforms the pixel array coordinate space onto the

plane of the three polygon points. Whatever part of the pixel

array falls within the polygon is visible , as in Figure 6

VI 
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(XJ ~ENGTH , Y_LENGTB )
P I X E L  ARRAY

H _(0 , 0)

• TRANSFORMATION INTO
WORLD COO RDINATE S

P I X E L  AR RA Y B O U N D S
IN 3D WORLD
COORDINATE S

F I G U R E  6
TR ANSF ORMATI ON OF P I X E L  A R RAY INTO WORLD
COORDINATES. ONLY PORTION OF ARRAY WITHIN
POLY GO N IS DI SP LAYED .

C 

. 
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(Naturally the three points cannot be colinear). This mapping

is defined with the function SET_VERTEX_MAP.

This approach is rather powerful. It can be used for

texture mapping, placing pictures on walls of rooms being

modelled and displayed , but it can also easily be used to

display rectangular images in a rectangular polygon on the

r view surface. This notion of mapping images onto polygons

and thence the polygons to the view surface is at the heart of

how the extensions to the Core System deal with images .
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5 5  Operations on the View Surface

• For raster graphics systems the view surface and refresh

buffer are one and the same. The refresh buffer is made

directly available to the application programmer , to read or

write individual pixels or arrays of pixels. Pixels are of

course addressed using the intermediary of normalized device

coordinates. This is perhaps the most and only substantial

area in which the extensions depart s ignificantly from the

Core System philosophy : for vector systems, the Core System

explicitly does not make a real or pseudo display f i le  directly

available to the application program for manipulation and

modification .

This has been done for numerous reasons. Some interaction

techniques must directly modify and restore portions of the

V refresh buffer. Tremendous amounts of computer time might

go into calculating pixel values for a single picture. That

• time would be lost if the view surface pixel array could not

be saved. (A similar cost does not exist with line-drawing

display files.) Powerful visual effects can be achieved by

some view surface (pixel array) manipulations, or by combining

on a screen the outputs of numerous different programs which

creat images in different ways.

On the other hand , no geometrical transformations on the

view surface have been defined. If the view surface pixel

array can be read and wri t ten , then a mul t i tude of geometrical

(rotate , scale , t ransla te, etc .)  and image-oriented (average ,

f i l t e r, etc.) operations can be implemented.
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5.6 Control

In a standard line—drawing graphics package, output

primitives can always be displayed as soon as they are

defined. If hidden surfaces (or edges) are to be removed ,

however , then numerous factors suggest that all output

primitives must usually be defined before ~~~
output primitives can be displayed . Some control function

is needed to indicate when all output primitives have been

defined , so that a hidden surface algorithm can be initiated.

Without such a function , the Core System would be forced to

display each visible output primitive as it is defined ,

possibly also removing from the display output primitives

(or portions thereof) obscured by the new output primitive.

The Core System ’s batch of updates function is just

right f or this purpose . The effect  of the END_BATCH_OF_UPDATES

function depends on which one of three display modes has been

set: “fast” , “hidden edge” , and “hidden surface~
’. In fast

mode, output primitives are displayed immediately, so the

batching has no effect beyond what it normally does:

guarantee that the view surface is up to date. If either of

the other modes has been set, nothing is displayed until the

end of batch occurs, at which time the (possibly slow) hidden

edge or surface algorithm is initiated . If a line—drawing view

surface has been selected , then “hidden surface” display

mode, “fast” , exists to give the application program explicit

control over how often the hidden edge or surface algorithm

is used , and to give compatibility with the existing Core

System .
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Another change to the Core System ’s control is a

V restriction to one active view surface, as discussed in the

earlier section on color and intensity attributes.
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6. Summary

In general, the Core System proved to be a receptive
V 

host for the raster graphics extensions. The 3D NDC space

was useful , and the Core System ’s emphasis on consistency
V and minimality challenged us to examine numerous alternatives

before a final design .

-

~~
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PART I I I :  DRAFT REFERENCE MANUAL: RASTER GRAPHICS
EXTENSIONS TO THE CORE SYSTEM

2 OUTPUT PRIMITIVES

2.2 FUNCI IONAL CAPABILITIES
V 

2 . 2 . 6  POLYGON PRIhI TIVE ~

2 . 2 . 6 .1  POLYGON

POLYGON ABS 2 (X ARRA Y ,Y A R RRAY ,N )
PCLYGON ABS 3 (X AR RA Y ,Y A RR AY,  Z AFV RA Y ,N)
POLYGO N RE L 2 (X ABPA Y ,Y A R RAY ,N )
POLYGON REL 3 (X ARPAY ,Y AER AY , Z_ARR AY ,N )

This function is used to define a polygon with a vertex list
in world coordinates. The polygon is the region enclosed by
the connected secuence of lines that starts at the first
vertex in the a r r a y ,  j o i n s  a l l  t he  o the r  v e r t i c e s  in  o rder ,
then  r e t u r n s  to t h e  f i r s t  v e r te x  to close t h e  d e f in e d
a r e a .P ecau s e  c l o s u r e  is  im p l i e d  the CP is set to the
c o o r d i n a t e s  of t h e  f i r s t  v e r t e x  a t  t h e  c o m p l e t i o n  of the
prim itive.

• The color p a t t e r n  of the interior of the polygon will depend
on the current polygon type and the corresponding set of

• V primitive a t t r i b u t e s  (see SET_POLYGON_TYPE).

• G e n e r a l  E r r o r s :  
V

• 1. There  is no selected v i ew  surface.
2

• No segment is open .
1. N is < 2 .
4. Some vertices are not coplanar (beyond an as yet undefined

epsilon)

E rors for Paintec Polygons:
5. There is no pixel array format specified .

• 6. A v e r t e x  i n d e x  g i v e n  in SET _ P I X E L _ NA P call is > N.
7. A v e r t e x  ae f in e a  in p i x e l  map c o o r d i n a t e s

f a l l s  ou t s iae  the p i x e l  m a p .
8. The t r i ang le  d e f i n e d  on the p i x e l  m ap is n ot

sim ilar to the one defined in world coordinates
(the length of all 3 sides of both triangles
must be proportional to be s i m i l a r  t r i a n g l e s ) .

V Errors for Shaded Polygons:
9. The number of vertices srecifjed in the current

vertex color list (see SETTING VEFTEX COLO ES )
is not equal to N.
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2.2.6.2 SET_POLYGON_MESH

SET PCLYGON MESH ABS 2 CX ARRAY,Y ARRA Y ,N)
SET POLYGON MESH ABS 3 (X ARRA Y ,Y A FRAY ,Z APRAY ,N )
SET POLYGON MESH REL 2 (X AERAY ,Y AR PAY ,NT
SET POLYGON MESH PEL 3 (XTh.RRAY,Y A F PA Y ,Z ARF.AY,N )

V This function is used to begin the d e f i n i t i o n  of a new
polygon mesh .  It s p e c i f i e s  the e n t i r e  ve r tex  l i s t  for  the

• ies h of po lygons  d e f i n e d  in world coordinates. This list will
te refer € nced by the POLYGON EDGE LIST function . The CP is
not use •~ or updated by this tunct ion.

The current pol ygon mesh shape in  e f f e c t  (see SET CUR P EN T
POLYGO 4 MESH SHAPE) when the SET POLYGON NESH f u n c t i o n  is

invoked ~ eter i~ines the type of th~ nesh . 
—

.\ mes h is made u~ of a series of polygon elements defined
u~~inç~ tri o POLYGG~ EDGE LIST command .

~ pa r t i cula r mesh is completed (closed) when another
SET PCLYGC ~._ ME SH funct ion is invoked or a Segment is closed .

Defaul t —— N equals zero.

E rrors~
] .~ ~-her ~ is no view surface selected .
2. No segment is open .

V 3. N < =  2 .

2.2.6.3 INQUIFE POLYGON MESH

INOUTFE POLYGON MESH ABS 2 CX AR FAY ,Y A PPAY,N)
INCVIR [ POLYGON NESH ABs 3 (XThFFAY , Y M ~F AY ,Z A P R A Y , N )

These fun c t io n s  r e t u r n  the c u r r e n t  polygon mesh vertex lists
in ~bso lu te world coordinates.

Errors: None.
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2.2.6.4 POLYGON EDGE_LIST (VERTEX INDE X ARBA Y ,N)

This  f u n c t i o n  i s  used to d e f i n e  a s i n g l e  polygon in a pol ygon
mesh 1 by specif ying which vertices from the vertex list (see

V SET POLYGON MESH) are to be used . The polygon is the region
enclosed by the connected sequence of lines that start with
the first vertex specified by the VERTEX_ INDEX _ARRAY,  jo ins
all the other vertices in orc~er , then returns to the first

V 
~cr tex to close the defined area . Because closure is implied
the CI is set to the first vertex at the completion of the
pr ini ~~ive.

• The color pattern of the interior of the polygon will depend
on the current polygon type and the corresponding set of
primi t iv e attributes (see SET_ POLYGON _TYPE).

~
,
~~

ieral Errors:
] .. There is no selec ted view surface.
~~~. Mr . seoment is Open .
3. N i~~ <= 2.
4 .  Sc~ e ver ices are not coplanar (beyond an as yet undefined

eps i lon )
5. A VECTEX INDEX is out of rance of the mesh vertex list.
6. There is no vertex l i s t in existence.

Errcrs for Painted Polygons:
7 .  ‘i~ ere is no çixe l array format specified .
b. A vertex in dex given in the SET PIXEL MAP call is > N .
9. A vertex defineo in pixel map coordinates

falls outside the pixel map.
• 10. The triangle aefineci on the pi x el map is not

s i r  ila r to the one defined in world coordinates
(tr€- l~~ngth of all 3 sides of both triangles
must he proportio;~al to be similar triangles)

L r r o rs  for Shacea Polygons:
11. The number of verticc~ specified in the current

vertex color list (see SE ll I NG V E R T E X  COLCE S)
is  r V ~~

- ( ‘cua l  to N. 
—

•
1 
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4 A T T R I B U T E S

4 . 2  FUNCTIONAL CAPABILITIES

4.2.1.1.1 SET_CURRENT_POLYGON_TYPE (TYPE)

This function sets the current system—maintained attribute
• value of the pol ygon type to either plain , painted or shaded .

A plain polygon is filled with a single color spec1fi&~ by
the current color (or current intensity) attribute. A painted

• polygon is filled with an image made up of differently
colored pixels. The curren t pixel array, set by other
primi tive attribute routines , defines the pixel values. A
shaded poly con is filled by linearly interpolating between

• the color specified at each vertex (Couraud shading) . The
color (or in tensity) value at each vertex are set by other
pr initive attribute functions.

Default —— Currrent Polygon lype is Plain.

Errors:
1. No segment is open.
2. Invalid attribute value .

4.2.1. 1.2 SET_ C U R R E N T _COLOR

SET_CUREENT_COLOR (R,G,B)

This is the currently defined procedure for setting the color
attribu te. R ,G, E are in the range of 0,1.

E r r o r s :
V V I. No view surface is selected .

2. Segmen t is not open.
3. Invalid attribute value.
4. Type of the selected view surface is gray level

• ra ther  th an color .

SET CUPIENT COLOR INDEX (I) 1 <= I <= N

The curren t color is set to the ith color of the currently
selec ted view surfcce. This is the color which would be
re tur r 4 o by a call to INQUIRE COLOR VALUE (l ,P,G,B), wi th
the san.e view surtace selected

E r r o r s :
1. No view surface is selected .
2. Segment is not open.
3. Invalid color index.
4. Type of the selected view surface is

gray level rather than color .
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SET CU R R E N T _INTENSITY (INTENSITY)

• This is the current ly defined procedure for setting the
V intensity attribute. INTENSITY is in the range of 0,1.

Errors:
V 1. ~~~ view surface is selected.

• 2. Segment is not open.
3. Invalid attribute value .
4. Type of the selectec view surface is

color rather than gray 1eve~

SET CUR R ENT _ INTENSITY _INDEX (1) 1 <= I <= N

The current intensity is set to the Ith INTENSITY of the
currently selected view surface. This is the intensity which
would be returned by a call to INCUIBE INTEhSITY_VALU E (I ,
INTENSITY) with the same view surface selected.

Errors :
1. No view surface is selected.

• 2. Secmert is not open.
3. Invalid intensity index.

• 4. Type of the selected view surface
is rolor ra ther than gray level.

4.2.1.1.3 SET V~~ TEX COLOR S

• SET VERTEX COLORS (F. ARRAY , G A R R A Y , B ARRAY, N)
SET V ERTEX INIENrITIES (INTEN~~ITY ARRAV , N)

lV h i s  fu nction sets the arrays containing colors (intensities)
of aiftei en t vertices of a shaded polygon. These vertices
corresp ard to the list of vertices given either by a POLYGON
or a POL~ GON _ECGE_LIST corrniands. These R ,G ,E ’ s (in tensities)
are rounded by the core system to the nearest color

V 
• (intensity) air.çl ayaEl e on the selected view surface. R ,G ,E’s

(intensitieS) are in the range of 0,1.

Defaults — — N = 0.

Errors:
1. No view surface is se)ected .
2. No segment is open.
3. N < =2
4 .  Invalid attribute value .

V 5. Type of selected view surface is aray level rather than
color , or vice versa.
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S}~ VERTEX COLCES BY INDEX (INDEX ARRAY , N)
SET_’IERTEX_ INTENSIT ItS BY INDEX (INDEX ARRAY, N)

• This function sets the array containing the indices of colors
V (intensities) of different vertices of a shaded polygon.

These vertices correspond to the list of vertices given
either by a POLYGON or a POLYGON_EDGE_LIST command .

Defaults —— N = 0.

Errors~1. No view surface is selected .
V 2. ~~~ segment ~S open.

3. N ( =2
4. Invalid index.

V 

5. Tyk e of selected view surface is gray level rather than
color , or vice V

~~rsa.

4.2.1.1.4 SET PIXEL _AFEPY (COLUMNS ,ROScS ,AFRAY)

‘Iris tunct ior. I L  used to pass an image ’s pixel array and to
V yIv~ its cimensions . The pixel array contains either

Irtens~ ty or color indices , depending on the type of view
surface selectEd (see SELECT VIL~ SURFACE). The method used
here of sass ing an array is only feasible for small image
arrays. V

The alternate method for designating a pixel array is with
• the SET_PIXEL_FILE function . The most recently used of these

two functions defines the pixel array to be used when a
painted polygon is specified .

This function also sets the defaults for the pixel array
• extent and the vertex map.

Defaults —— A 2 by 2 array contains the index of the
default intensity or color attrib ute.

Lrror r :
1. NO view surface selected .4 2. No segm en t i s  open.
3. COLUMNS <= 0 or too larce .
4. PORS <= 0 or too large.

V t  
4.2.1.1.5 SET PIXEL FILE (COLtJMNS ,RO~S,FILE N A M E )

This function is used to specif y the name of a file that
bolos pixel array and to give its dimensions.

The alternate method for designating a pixel array is with
the SLT P I X E L  ARRAY function. The most recentl y used of these
two tunct ior~s cefines the pixel array to be used when a
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painted polygon is specified .

This function also sets the defaults for the pixel array
V e~ctent and the vertex map, as described by SET_PIXEL—

V ARRAY EXTENT and SET VERTEX MAP.

Default —— There is no default file , on ly a
default array (see SET_PIXEL_ARRAY)

V E r r o r s :
1. No view surface selected.
2. No segment open.
3. Columns <= 0.
4. Rows <= 0.
5. Invalid file name.

4.2.1.1.6 SET PIXEL ARRAY EXTENT (X LENGTH ,Y_LENGTH)

This function specifies the size , in world coordinate units
of the pixel array. X LFJ~GTF is the distance between element
(1,1) and (COLUMNS ,1) of the array, and Y LEN (~TFI is the
distance between element (1 ,1) and (l ,ROWS) of the array. The

V exter .t defines the proportion s of the rectangular boundary
for the entire image and it gives a convenient coordinate
tystem for vertex mappina (see (SET_VFPTEX_NAP)

The following defines the corrr~’pondence between the pixel
V map coordinate system and the column— row indev of a pixel.

X MAP = 0,0 COLUMN = 1
X MA P = x LENCTH COLUMN = MAX COLU’IN
Y~~~V A P  = 070 ROW = 1

• Y NAP = I LENGTIi r<os~ = MAX ROW

• see the fi gure on the a~ext page.

The pixel exttnt can also be viewed as a way of changing the
• a~ pect rat io of the p ixel’ s of c~n image. It th ereby allows

t:~e use r  to avoid cistort ion of ar image that was originally
yhneratca with non—sçuare pixels.

Default —— To facilitate work ing with an image made up of
V square pixels and to address each pixel directly the following

detaults ~re used :
X_LENc.TH = COLUMNS — 1.
Y_ LEN~ TFj = ROWS — 1.

That is , each pixel is assumed to cover a unit scuare in
• wo r l d  c o o r d i n a t e s.

The coluir n and row values are set when a pixel array or file
V is defined or by the d e f a u l t  p ixel array.
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X : x i
e
z:flta l

X LENGTH = 2 as the default

E r r o r s :
1. No view surface selected .
2. No segment is open.
3. X L E N G T h  < 0 . 0
4. Y LENGTH <= 0.0

I 4.2.1.1.7 SET VERTEX MAP (VERTEX INDEX ARRAY,X NAP ARRAY,
V J Y MAP ARRAY)

This function specifies the mapping between the image ’s pixel
extent and a polygon specified in world coordinates (using
the polygon or polyaor~ n’e~ h func tions). This is accomp l i s h e d

V by defining three vertices in world coordinates and three
V c o r re sp o n di n q  p o i n t s  on the irrace , in the coordinate system

defirec~ by the extent. Once the  m a p p i n g  is  g i v e n , t h e n  i t  is
possibl e to determi ne the transformation which makes the
desired part of the image fit ( a r d  be d i s p l a y e d )  w i t h i n  t he
polycon . The vertices in world coordinates are specified

V u s i n g  an i n d e x  In t o  e i t h e r :  t h e  x , y , Z arrays of a following
V po l yoon , or t he  v e r t e x  i n d e x  a r r a y  of a POLYGON EDGE LIST (in

t h i s  l a t t e r  case two l e v el s  of i n d e x i n g  are use~T to specify avertex). The t h r e e  p o i n ts  on t h e  im a a e ’ s p i x e l  a r r a y  e x t e n t
V are c- lven by X and Y coordinates in pixe l map space.
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Default —— To facilitate working with rectangular painted V

polygons the following defaults are given:

VERTEX INDEX ARRAY —— 1, 2, 3
X M AP ARRAY —— 0.0, 0.0, X LENGTH
Y MAP ARRAY —— 0.0, Y_LENG~H, Y_LENGTH

V These defaults always exist , secause X_LENGTH and Y_LENGTII
always have either a default or a user assigned value (see
SET_PIXEL_ARRAY_EXTENT).

Errors:
1. No view surface selected .
2. No segment open.
3. A VERTEX_ INDEX <= 0.
4. A X_NAP value is < 0.0
5. A Y NAP value is < 0.6

‘i.2.1.l.8 SET_CLRRENT_POLYCO’I_MVESH_SHAPE (SHAPE)

This function is used to specify the current shape of a
pc]ygon mesh being dealt with so that it can be handled
efficiently.

There are three shapes of mesh each corresponding to a class
of polyhedra. The first mesh shape is the nonclosed polyhedra
or open mesh . The second shape is the closed concave

V rolyhedral mesh. The third shape is the closed convex
polyhedra. V

0
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The current polygon mesh shape in effect when the
SET POLYGCN MESH command is invoked determines the shape
attribute oT that mesh.

The current polygon mesh shape in effect when the
SET POLYGON MESH command is encouiitered , determines the shape

V 

attribute of that mesh.

Default —— The default shape is a nonclosed polyhedra ,
ati open mesh .

Er r o r s :
1. No view surface selected .
2. No segment open .
3. Invalid attribute val ue.

4.2.1.2 INTEFROCATING CURRENT ATTFVIBUTE VALUES FOR
STATIC P R I M I T I V E  A T T R I E U T E S

4.2.1.2.1 INCUIPE CURRENT PCLYGON TYPE (TYPE)

This function returns the current polygon type attribute.

Errors:
None- .

4.2.1.2.2 I N C U I F V L  CURRENT COLOR

INQUIRE CURRENT COLOR (R,G ,B)

Retur ns the current color attribute in R,G ,B. P,G,E are inV the range of 0,1.

V • Errors:
1. No v i e w  s u r f a c e  is selected.
2. Type of the selected view surface

is gray level rather than color.

INCUIRE CURRENT INTENSITY (INTENSITY)

Returns the current intensity attribute. INTENSITY range is
between 0,1.

Errors: 
V

1. No view surface is selec ted .
2. Type of the selected vIew surface

is color rather than gray level.
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I N Q U I R E _CURRENT _ COLOR _ INDEX ( I )

Returns the index of the current color .

V Errors:
V 1. No view surface is selected .

2. Type of the selected view surface
is g r a y  level rather than color. V

INQ UIR E _ C UR R E N T _ INTENSI TY_ INDEX ( I )

R e t u r n s  the  i n i cx  of the c u r r e n t  i n t e n s i t y .

Errors:
1. No view surface is selected .
2. Type of the selected vies’ surface

is color rat-~Ve r than  gr~~ level .

4.2.1.2.3 INQUIRE VERTEX COi,CRS

INQUIRE VERTEX COLORS (P APPAY , C ARRAY , B ARRAY , N)
INQUIRE VERTEX INTENSITIES (INTENSITY _ARRAY , N)

This function returns the colors (intensities) of the
vertices of the. current shar~ed polygon set by the SET_VERTEX
command . F ,G ,B’s (intensities) are in the range of 0,1.

Errors:
1. No view surface is selected . V

2. N < =2 . 
V

3. Type of selected view surface is gray level rather than
color , or vice versa.

INQUIRE VERTEX COLOPEV BY INI FX (INCEX ARRAY , N)
V INCLIRE VEFTEXJNTENSIT1E~~FY_ INCFX (TNDEX ARRA Y, N)

T h i s  f u n c ti o n  r e t u r r s  t h e  i r d i c e s  of t he  c o l o r s  ( i n t e n s i t i e s)
of tho vertices of the curr ent shaded po]yaon set by the
SET VERTEX command .

Errors:
1. No view surface is selected.

N
3. Type of selected view surface is gray level rather than

color , or vice versa.
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4.2.1.2.4 INQUIRE _PIXEL_ARRAY (ACTIVE _FLAG ,COLUMNS ,ROWS,ARRAY)

This function returns the logical variable ACTIVE_FLAG. If it
is set to true then the current pixel array and its

V cimensions are returned . If i t  is f a l s e  then  the  p ixel  a r r a y
will be stored in a file (see INQUIRE PiXEL_FILE).

• Lr~~o r s :  V

Non e.

4.2.1.2.5 INQUIRE PIXEL FILE (ACTIVE FLAG ,COLUMNS ,RO%~S,
FILE NAME)

This function returns the logicul variable ACTIVE_FLAG. If it
• is set to true then current file name and its dimensions are

returned. If it is false then the pixel array will be stored
in an a r r a y  (see INQUIRE _PIXEL _ARRAY)

E r r o r s :
None .

4.2.1.2.6 INQUIRE PIXEL ARRAY EXTENT (X LENGTH ,Y_ LENGTH )

This function returns the current pixel array extent
i n f o r m a t i o n .

Errors:
None.

J 4 .2 . 1. 2 .7  I N Q U I R E  V E R T E X  MAP (VERIEX INDEX ARRAY ,X_MAP ,Y_MAP)

This function returns the current vertex map information.

E r r o r s :
None.

4.2. 1.2.8 INQUIRE_CUPRENT_POLYGCN_MFSH_SHAPE (SHPPE)

This func tion returns the current polycon mesh shape
attribute.

E r r o r s :
None.
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4.2.1.3 REDEFINING ATTRIBUTE VALUES FOR STATIC
PRIMITIVE ATT RIBUTES

REDEFINE_COLOR (R ,G,B , R’ ,G’,B’)

A l l  o u t p u t  p r i m i t i v e s  ‘d i s p l a y e d  on the selected y e w  su r face
with color of R ,C,E will be changed to have the color of
R ’ ,G’ ,B’. Both R ,G,B and R’ ,G’,B’  are rounded by the core
system to the nearest color displayable on the currently

V selected view surface. If the current color attribute vdlue
is P,G,B, it is also changed to R ’,G’ ,B’.

E r r o r s :
1. No view surface is s~ iected . 

V

2. Invalid attribute value .
3. Typ e of th e selected s.,iew surface

is gray level rather than color.

R E D E F I N E  COLO R I N r r x  ( I , R ,G ,E )  I <= I <= N

This function changes the color value whose index is I to
~~~~~~~ The R ,G ,E is rour~’ed by the core system to the

V nearest color displayable on the currently selected view
surface. If the value ot the current color attribute has the
index of 1, then the current color attribute is also changed .

Errors:
1. No view surface is selected .
2. Invalid color index.
3. Invalid color attribute value .
4. Type of the selected view surface

is gray level rather than color.

REDEFINE_ INTENSITY (INTENSITY, NEW INTENSITY)

• A~ l output pri m itives displayed on the selected view surface
L I  with intens ity of INTENSITY will be changed to have the an

intensity of NEW INTENSITY. Both INTENSITY and NEW INTENSITY
are rounded by t~ e core system to the nearest inten~ ity
(:isplayable on the currently selected view surface. If the
curren t intensity attribute has a value of INTENSITY , it is
also changec .

1 $ Errors:
1. NO view surface is selec ted.
2. In v a l i d  a t t r i b u t e  v a l u e .
3. Typ e  of the  selecteã  v i e w  s u r f a c e

is color ratr. r than gray level. 
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V 
R E D E F I N E _ INTENSITY _ INDE X ( I , INTENSITY)

T h i s  function changes the i n t e n s i t y  v a l u e  whose index  is I to
V INTENSITY. The INTENSITY is rounded by the core system to

the nearest intensity displayable on the currently selected
view surface. If the value of the current intensity V

attribute has the index of I, then the current intensity
attribute is also changed .

Errors:
• 1. No view surface is selected.

2. I n v a l i d  i n t e n s i t y  i n d e x .
3. Invalid intensity attribute value.

V 4. Type of the selected view surface
is color rather than gray l evel .

F
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7 CONTROL

7.2 FUNCTIONAL CAPABILITY

7 . 2 . 2  DEVICE SELECTION

7.2.2.2 SELECTING THE VIEW SURFACE

7.2.2.2.1 SELECT_VIEW_SURFACE (SUPFACE _NAtIE ,COLCR)

V This function selects the logical view surface SURFACF_NAME
for all subsecuent graphic output , until the v iew  s u r f a c e  is
deselected with a DESELF°T VIEW_ SURFACE f u n c t i o n a l  ca l l . The
COLOR parameter specifies whether the view surface is used
to d i s p l a y  intensities (i~1 ack and cThfte) ,or color (Red ,Green
,Blue)

E r r o r s :
1. The specified surface has not been initialized .
2. The specified surface is a l r e a d y  selected .
3. The specifiec surface was not selected (because of

resource limitat ions ,for example) .
4. A segment is open.
5. View surface is not capable  of d i s p l a yin g  co lor .
~~~. in v a l i d  COLOk p a r a m e t e r

7 .2. 7 PATCHING OF’ UPDATES

7.2.7.2 ENDING A BATCH OF UPDATES

J 7 . 2 . 7.2 . 1  BATCHING OF UP D ATES

END BATCH OF UPDA TE (ACTION)

V This function denotes the end of a batch of changes to the
V p i c t u r e .  A l l  c h a n g e s  to t h e  picture that are specified prior

to this function call are guaranteed to have taken place
before control returns from this function. This function can
be invoked at any time after a EVEG IN_PM CU function call.

V ACTION is a logical variable indicatin g if a newtrame
a c t i O n  shoulo  be p e r f o r m e d .

V Errors:
1. There is no bEGIN BATCh .
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7. 2.9 BACKGROUND COLOR OR INTENSITY

7 .2 .9 .1  SETTING THE BACKGROUND

SET BACKGROUND COLOR (R,G ,B)
SET BACKGROUND INTENSITY (INTENSITY)

The g lob a l ba c k g r o u n d  color (intensity) is set to R ,G ,B
(INTENSITY). This action does not take effect until a
newfras e action occures.

E r r o r s :
1. A t t r i b u t e  v a l u e  ou t  of r a n g e .

SET BACKGROUND COLOR INDEX ( I N D E X )
SETThACKGFOUNDJNTENSITY_ I N D E X  ( I N D E X )

The global background color (intensity) is set to the color V

(intensity) with the index of INDEX. This action does not
take effect unt il a newframe occures .

• E r r o r s :
1. Attribute index out of range.

7.2.9.2 INQUIRING WHAT THE BACKGROUND IS

I N Q U I R E  B A CKGROUND COLOR (P ,G ,B)
I N Q U I R E  B A C K G R O U N D  INTENSITY ( I N T E N S I T Y )

J Feturns the value of the global background color (intensity) .

• Errors:
None.

I NQ U I R E  BAC KG ROU ND COLON I NDEX (INDEX)
I N Q U I R E  BACKGROUND _ INT E N S I T Y  I N D E X  ( I N D E X )

Returns the index of the global back ground color (intensity) .

E r r o r s :
No ne.

~VV~~
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7.2.10 INQUIRING COLORS AND INTENSITIES

7.2 . 10. 1 I N Q U I R I N G  THE NU N BER OF COLORS OR INTENSITIES

INCUIRE_NUNBER_OF_COLORS (N)

Reports the number of colors which can be displayed
simultaneously on the currently selected view surface..

Errors:
1. No view surface is selected .
2. Type of the selected view surface

is gray level rather than color .

INCIJIRE_N U N B E R _OF_ I N T E N S I T I E S  ( N )

Reports the number of intens ities which can be displayed
simultaneously on the currently selected view surface.

V Errors:
V I. No view surface is selected

V 2. Type of the selected view s u r f a c e
is color ra ther than gray level .

7.2.1 0.2 INCUIRING THE VALUE OF COLOP OR INTENSITY

V IN QU I R E  COLOR_VALUE ( I ,R ,G ,E)  1 < I < N

Reports the value of color I (in R ,G ,B) of the currently
selected view surface. R,G ,B are ~n t he  range of 0,1.

• Errors:
1. No view surface is selec ted .
2. 1 is out of range (Less than I or

greater than N)
3. Type of the selected view surface

i s  g r a y  level r a t h e r  t h a n  co lo r .

INC”IFE INTENSITY VALUE (I , PTF~ SI TY ) 1 < I <= N

Fepo r ts the value of inte rr~~ty I of the curr ently selected
view surface . it’I ENSITY 3 5  in the range of 0,1.

Errors:
1. No view surface is selected.
2. I is out of range (Less thar 1 or greater

t han  N ) .
3. Type of the s lc-cted view surf~ ci-

is co lor  rather than gray level .

66

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . V V V V ~~~~~~rnV~~~~~~~~~~~~~~~ ~~V •  V



V V _ V .V . V~~ ~~~~~~~~~~ 

7.2.11 INQUIRING GLOBAL COLORS AND INTENSITIES

7.2.11.1 INQUIRING THE NUMBER OF GLOBAL . COLORS AND INTENSITIES

V IN QUIRE _NUNBER_OF_CLOBAL_COLORS (N) N >= N
V V T h i s  f u n c t i o n  r e t u r n s  the  to ta l  nu mber  of colors  wh ich  can be

V displayed on the currently selected view surface. It is not
necessary that all the colors be simultaneously displayable.

Errors:
1. No view surface is selected .
2. Type of the selected view surface

is gray level rather than color.

I N Q U I R E  N U M E E R  OF GLOBAL I N T E N S I T I E S  ( N )  M > N

This function returns the total number of intensities wich
can be d i sp l ayed  on the currentl y selected view surface. It
is not necessary that all of the intensities be
simultaneously displayable.

Errors:
1. No view surface is selected .
2. Type of selected view surface

i s  color r a t h e r  than gray level.

7. 2 .11.2 INQUIPINC THE VALUE OF CtC)BAL COLOR ~ND INTENSITY

V 

I N Q U I R E _GL ORAL_COL OR ( I ,F,C V, E)  1 <= I <= N

Returns the value of color I (in F ,G ,B) from the set of all
c o l o r s  ( G l o b a l )  f o r  the c u r r e n t l y selected view surface.
R,G,C are in the range of 0,1.

Errors:
• 1. No view surface is selected .

2. I is out of range (Less than 1 or
greater than ~:)

3. Type of the selected view surtace
is gray level rather than color.

INQUIRE GLOBAL INTLNSITY (I , IN1ENSI~1Y) 1 <~ I <~ N

Returns the value of intens ity I from the set of all
H i n t e n s i t i e s  ( G l o b a l ) ,  f o r  t h e  c u r r e n t l y  s e l ec t ed  v i e w

s u r f a c e . I N T E N S I T Y  is in the range of 0,1.

Er r o r s :
1. No view surface is selected .
2. I is out of range (Less than I or
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V 
greater than N).

3. Type of the selected view surface
is color rather than gray level .

V 7.2.12 DISPLAY MODE
V 

7.2.12.1 SET_DISPLAY_MODE (MODE)

This function sets the display mode to: (I) Fast mode: Draw
only the contour of the polygons or surrounding boun dary  of
the pa in ted  polygon.  No h idden  s u r f a c e  or l i nes  are  removed .
( 2 )  Hidden line mode: Hidden lines are removed . Processing
is done only when END_BATCH occures. (3) Hidden surface
mode: Hidden surfaces are removed . Processing is done only
when END BATCH occures.

Errors:
1. System is not initialize ”.
2. No view surface is selec~ed.3. I n v a l i d  mode v a l u e .

7.2.12.2 INQUIRE DISPLAY MOPE (MODE)

This function returns the disp lay mode. (see SET DISPLAY NODE
(NODE))

E r r o r s :
None .

7.2.13 PIXEL ARRAY FORMATTING

7.2.13.1 SET_PIXEL_ARRAY_FORMAT (BITS_PER PIXEL ,BITS_PER_PACKING_UNIT,
PIXELS PER_UNIT)

V This function is used to specify the storage format in w h i c h
a p ixel array (or file) will he passed . The BITS_PER_PIXEL
value tells how many bits are designated to represent each
pixel. The BITS PER_ PACKING U N I T  gives the basic word length
that the information will b~ placed in (it will usually be
8,l2 ,or 16 hits) . The PIXELS PEP r?-’IT value tells how iranv

- 
V pixel descriptions w ill be pTace~ i n each p a c k in o  u n i t .  The

packing is assured to be right justified .

Defaults —— There  are none .

E r r o r s :
1. I n v a l i c  a t t r i b u t e  v a l ue .
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7.2.12.2 INQUIRE PIXEL ARRAY FORMAT (SET FLAG ,BITS PEP PIXEL ,

i 
— BTTS_ PE~ _ PA CKI N G _ UNTT ,P I X E L S _PER_UNIT )

This function returns the logical variable SET FLAG that
V 

tells if the pixe] array format has been set. If it is set to
true then the current piiel array format information is
returned .

Er ro r s :
None.

I •

I~
V

- J
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10 OPERATIONS ON VIEW SURFACE

V 10.2.1 WRITING A VIE W SURFACE P IXEL

WRITE VIEW SURFACE PIXEL INTENSITY (X, Y, INTENSITY)
WRITE VIEW SUP.FACE PIXEL COLOR (X ,Y,F,G,P)

The intensity or color of the pixel on the currently selected
• view surface addressed by ..,Y (in normalized device
V coordinates) overwrites the INTENSITY or ?,C,E. The INTENSITY

or R ,C-,E is rounded by the core system to the nearest V

intensity or color displayabl e on the currently selected view V

surface. INTENSITY and R ,C,B are each between 0,1.

Errors:
1. No view surface is selected .
2. No segment is open.
3. X , Y ou t  of r a n g e .
4. In tens’.ty or color attribute out of range .
5. ~~~~ of the selected view s-VJ r~ ace is gray level rather than

color , or vice versa .

‘~h ITL ‘vIE?.  SURH\CE I IXEL 1NTENSITY BY iNDEX (X,Y, I N D E X )
ITE VIE~~ SURF ACE pIXEL CCLOR Ey TND~ X (X,Y, INDEX)

The in tensity or color of the pixel on the- view surface
addre~ sed by X,Y (in normalized device coordinate) overwrites
the intens ity or color referenced by index INDEX.

V Errcrs :
1. No view surface is selected .
2. No segment is open.
3. X or Y o u t  of r a n g e .
4. INCEX ou t of range.

-
- 

- 5. Type of selected view surface is gray level rather than
col or , or vice versa.

10.2.2 P E A V D I N G  A V I E~
1 SURFACE FIXEL

READ VIEW SURFACE PIXEL INTENSITY (X,Y ,IN T E N S I T Y )
hLAr~ V I L~-~ S U R F A C E  PI X E L _COLOR ( X  ,Y ,R ,G ,E )

Reports the intensity or color in Red , Green , and Blue
con f.OnentS , of the Pixel adcressed by X,Y (in normalized
aevice coordinates) on the currently selected view surface.

Lir ors :
1. No view surface is selected .
. X or Y out of range.

3. Type of the selected view surface is gray level rather than
color , or vice versa.
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• READ VIEW SURFACt PIXEL INTENSITY BY INDEX (X,Y,IN DEX )
R EA D V I EW SU R FA CE _PIXEL ....COLOR_ BY_ INDE X (X ,Y, INDEX )

Reports the intensity or color index of the pixel addressed
by X ,Y (in normalized device coordinate) on the currently
selected view surface.

E r r o r s :
1. No view surface is selected .
2. X or Y out of range.
3. Type of the selected view surface is gray level rather than

color , or vice versa.

10.2.3 WRITING A GROUP OF VIEW SURFACE PIXELS

~R I T E  VIE W SURFACE P IXELS INTENSITY BY INDE X
( X N I N  ,X N A X ,YM I N ,Y MA X)

~RITE ‘vIEW SURFACE PIXELS COLOR BY INDEX— 
TXNIN ,~~EA~~,Y M I N ,YMA X)

~Vrite s the intensity or color of pixels from the current
lVixel array into the specified region of the selected view
surface ,using the pixel array packing format. If the array
is a file , then the tile is overwritten into the specified
portion of the view surface. The size of the current pixel
array (xrrax—xmin arid ymax—yirin ) irust be the same as the size

V (xwax—xniin and yirax—yn’in) of the specified por t ion of the
view s u rf a c e .  Cur ren t  p ix e l  array can he’ set by calling the

V 
SET C U R R E N T  P I X E L  A R R A Y  function . Intensities or colors are
specified by t h e i r  i ndice s .

Errors:
1. No view surface is selected .
2. kniin >= Xniax .
3. Yisir > Yriax.

V 4 .  Xmin ,Xm ax ,ymii or Ymax ou t of range.
5. The cu r r e n t  p ixe l  a r r a y  is too large or too small.V 6. Type of the selected view surface is gray level  r a t h e r  t han

colo r , or v i c e  v e r s a.
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10.2.4 READING A GROUP OF VIEW SURFACE PIXELS

REAC ‘VIEW SURFACE PIXELS INTENSITY BY_ INDEX— (XNIN ,XNAX ,YNIN ,YMAX)
READ VIE~ SURFACE PIXELS COLOR BY INDEX

V 

— (XMIN ,XMAX ,YMIN ,YMAX)

V Reaos the intensity or color of the specified region of the
V selected view surface , into the current pixel array, using

V the pixel array packing format specified by SET_PIXEL_ARRAY
_FORMAT . If the array is a file then the specified portion
of the view surface is written into the file. The size of
the current pixel array (xmax—xflhin and ymax—ymin) must be
the same size (xirax—xmin and ynlax— ymin) of the part of the

• view surface being interrogated . This array is available by
calling the INQUIFE_CUFRENT PIXEL_APPAY. Intensities or
colors are specified by their indices.

Errors:
V I. ~3o view surface is selected .

2. Xrrin > Xirax .
3. Yirin > Yirax.
4 .  Xn~in ,Xm ax ,Yrnin or Ytrax out 01 range.
5. The current pixel array is too large or too small.
~~~. Type of the selected view surface is gray level rather than

color , or vice versa .

10.2.5 SL’1 VIEW SURFACE OVFVRLAY NODE (MODE)

This function specifies how a new; pixel will affect the old V

V - pixel on the view surface. A new p~ixel is one which is sent
by either a SET VILW SUPFTCE PIXE L or in a SET VIEW SUFFACE
PIXELS functio~ . An old pi~~el is one which aTread~ exists

V or. the view surface.

V The particular way the new pixel combines with the old is
controlled by the ~OEE. A partial list of modes is: REPLACE ,

• AND , OR , E X C L U S I V E  OR , A DD , SUBTRACT 

Defaul t —— Th€ default mode is FEPIACF.

Lr ror S:
1. No view surface is selec ted .
2. No segment is open .

V 3. Nonraster view surface is selected .
4. Invalid node value .

lO.2.( INCUIRL VIE~. SURFACE OVERLAY MODE (NODE)

‘ibis function returns the current vaue of the overlay mode ,
wrlich either has t he  init ial cetau it value or has been set by

V 
•

Lr ror s:
None.
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PART IV: MODIFICATIONS TO EXTEND A VECTOR GRAPHICS
SYSTEM TO A RASTER GRAPHICS SYSTEM

V What follows is a list of modifications and additions

that we are making to the original line drawing Core Graphics

S— stem to allow it to handle raster graphics. An explanation

of the concepts and functions needed is in the paper “Raster

Graphics Extensions to the Core Graphic System” , and in the

reference manual for those extensions.

The list given here outlines the software needed to

support this expansion. The Core System at George Washington

University is being expanded in this way , so many features

have already been implemented . Those features that have

not yet been implemented are marked by an astrisk.

We provide this list with the hope that it will be

useful to others who undertake similar efforts either

with the Core System or with other graphics packages.

1. Device Driver Extensions
V • 

1. A software scan line converter , if no hardware
scan converter is available.

V 
2. Add color and intensity levels

3. A way of specif ying if color or gray scale is
being used

4. Allow the Device Driver to accept 3D normalized
device coordinates.

5. Allow the Device Driver to deal with a modularized
V 

Pseudo Display File (see section 3)

6. A polygon scan converter

A more direct way to output a pixel array to the 
V

Screen.
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2. General Extensions

1. Add a way to set the background color or intensity

2. Add a new set of display modes:
a. Fast Mode
b. Hidden
c. Hidden Line Removal Mode

3. Create a general subroutine to control where information
should be sent (Device Driver or Pseudo Display File).
This was added to support the three display modes and
to further structure the code.

*4~ Either a simple 2!2D depth priority sort or a complete
Hidden Surface Removal Algorithm.

*5. Add direct pixel (view surface) operations

3. Pseudo Display File (PDF )

1. Add a Z component to each vertex coordinate in the
PDF . This is requi rc~d for the Hidden Surface RemovalAlgorithm (HSA) in Normalized Device Coordinate (NDC )
space.

V 2. Add opcodes for the Polygon and its attributes
3. Modularize the PDF . This means that all the coordinate

information for an output primitive (Line, Text , Polygon)
is grouped together , wnen stored in PDF. For example,
a line definition would consist of the following in
the PDF : the opcode and the coordinate of both vertex
coordinates. Befo~ V e the PDF was made modular, a line
definition would only contain one raster coordinate , 

V

the other vertex would be found in either a move,
mark , or line definition made before the lines endpoint
was given. This made the task of any Hidden Line/Surface
Removal difficult, because a search had to be made
to find the startin•~ point of the line.*4 The data structur•-~ c~ the PDF could be further deve-
loped to support Hidden Surface Removal Algorithm .

V The specific way of sLructuring the PDF will depend
• - on the type of Hidden Surface Algoriti~m that is being

used .
*5• Allow the PDF to reference pixel array fi les . Complex

ima~jes require very large pixel arrays (5l2X5l2) ,
therefore it is important to avoid storing them
inside of the PDF. The pixel array should instead

V be stored in a separate file , and the file reference
information placod in the PDF.

4 .  Viewing Primitives

1. Pass the Z components along with the X ,Y coordinates
for output primitives (]ine ,text,etc.) to the PDF .

2. Make 3D windows ( t r u n c a t e d  pyramids for  perspective
views) map into rectangular boxes in 3D Normalized
Device Coordinates. This must be done so that a
line in the world coordinates remains a straight line
in NDC space.
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3. Send all the vertex coordinates that describe a
primitive (line, text, etc.) in a group to allow a
modularized PDF to be constructed .

4. Add the basic polygon primitives and the required
support:

V a. Add the user output primitive calls.
V b. Apply the viewing transformations for the vertices

of a polygon . V

C. Calculate additional information like the minimum
Z coordinate and the equation of the plane con —
tam ing the polygon . This is passed to the
PDF to make the hidden surface algorithm more

V efficient.

*5~ Add a polygon clipping algorithm.
6. Painted Polygon extensions:

a. A new set of polygon primitive attributes.
*b. A method for mapping a section of an image onto

a polygon in the world.
*c. The translation, scaling, and rotation of images
*d. An averaging or convolution algorithm used to

maintain the appearance of an image (minimize
the distortion caused by the above transformations)

7. Shaded Polygon extensions:
*a The SET VERTEX COLORS attributes
*b. The color interpolation algorithm for GOURAND

shading
4 Mesh Extensions 

V

*a. The mesh vertex list — primitive
*b. The POLYGON EDGE LIST subroutine.

5. Attributes

1. Extensions of the color and intensity specif i—
cations

a. Color/Intensity defined by index
*b. Color/Intensity defined by value (Red , Green ,

V Blue )
~~~ A method for finding the best color fi t  for

a particular device from an R,G,B specification .
*d. A set of functions for redefining colors

referenced by index
*e. Extend the color/intensity inquiry capabilities.

V .  2. Add the Polygon type attribute
3. The Mesh shape attribute
4. A way of handling pixel arrays and files
*5~ Painted Polygon attributes
*6. Shaded Polygon attributes

75

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



REFERENCES

AMG75 TV Programmer ’s Manual, the Architecture Machine Group, MIT,
1975.

AM G76 85 Micro Calls, The Architecture Machine Group, MIT, 1976.

AMG77 An Extention to the Magic Graphics Software, The Architecture
Machine Group , MIT , 1977 .

FULT75 Fulton, D.L. and Duquet , R.T. “List Processing Primitives
for BASIC ,” Computers and Graphics 1 (2/3), September 1975 ,

V 
pp. 203—210. -

GSPC77 Status Report of the Graphic Standards Planning Committee of
ACM/SIGGRAPH. Published as Computer Graphics 11 (3), Fall
1977. V

OBRI75 O’Brien , C.D. and Brow,V1 , H.H. “Image: a language for the
Interactive Manipulation of a Graphics Environment,”
Computer G~~ phicS 9 (1), Spring 1975 , pp. 53-60. (Proceed-
ings of SIGGRAPH ‘75 Annual Conference).

REEV77 Reeves, V. GAPC User s Manual , University of Toronto,
January 1977.

V 
SPRO75 Sproull , IL and Newman , W .  “The Design of Gray-Scale

• Graphics Software ,” ( ‘c nf e r e n c e  on Computer Graphics, Pattern
Recognit-xon and Data~~~ x 1 1975 , 18-20

SUTH74a Sutherland , I., Sproull , IL. and Schumacker , R. “A Charac-
terization of Ten Hidden-Surface Algorithms ,” Computing
Surveys_6, 1 (March 197 4 ) , 1—56.

V SUTH74b Sutherland , I. and Hodgiiian , G. “Reentrant  Polygon Clipping, ”
CACM 17 , 1 (January 1974), 32—38.

VAND78 van Dam , A. and Newman , W ., “The Development of a Graphics
Standard ,” Computin~~ Surv oys 10 , 4 (December 1978), uvw-xyz.

76

V V — __
~~ _ V  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~__ ~~~~ — ~~~~ —~~~~~~

-•~~~~
—-

~~~ 
— — V  - —  

~~~~~~~~~~~~~~~~~~~~~~ V V V  V_

V

V~



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

In accordance with letter from DA~N-RDC, DAEN-ASI dated22 July 1977 , Subject : Facsimi le  Catalog Cards for
Laboratory Technical Publica tions , a facsimile  catalog
card in Library of Congress MARC format is reproduced
below.

Foley, James D
Raster graphics ex tensions to the Graphics Compatibi l ity System

(GCS) / by James D. Foley, James Temp leton, Dara Dastylar , De-
partment of Electrical Engineering and Computer Science, George
Washington University, Washington, D . C. Vicksburg, Miss.
U. S. Wa terways Exper iment Station ; Spring f ield , Va. : available
from Na t ional Technica l Informa tion Service , 1979. V

76 p. : ill. ; 27 cm. (Miscellaneous paper - U . S. Army Eng i-
V neer Waterways Experiment Station ; 0-79-3)

Prepa red for Off ic e, Chief of Eng ineers , U. S. Army, Washing-
V ton, 0. C., under Contract No. DACA39-78-M-O073.

Ref erences : p. 76.

1 . Computer graphics. 2. Graphic arts. 3. Graphics Compati-
bil ity System . 4. Raster graphics. I. Templeton , James , joint
author. II. Dastylar , Dara , joint author. III. George Washing-
ton University, Washington , D. C. Dept. of Electrical Engineer-
ing and Computer Science. IV . United States. Army . Corps of Engi-
neers. V. Series: United States. Waterways Experiment Station ,
Vicksburg , Miss. Miscellaneous paper ; 0-79-3.
TA7.W34m no.0-79-3

L ~~~~~~~ V V t ~~~~~~~~~~~~~~~~~~~~~~~
V
~~~~~~~~~~~~ V • V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V ~~ ~~~~~~~~~~~~~~~ --
- V _ VV V W__ V V~~~~~_~ _

~ V —~~~~ ~~~~~~~~~ V ~~~~~~~~~~~~ 
V~~~~~_  ~~~~~~~~~~~ —

WATERWAYS EXPERIMENT STATION
REPORTS PUBLISHED ON THE

GRAPHICS COMPATIBILITY SYSTEM

Title Date
Miscellaneous Paper 0-79-1 Host- Computer Implementation Guidelines for the Three- Mar 1979

• Dimensional . Graphics Compatibility System (GCS)
Miscellaneous Paper 0-79- 2 Device Implementation Guidelines for the Three- Mar 1979

Dimensional Graphics Compatibility System (GCS)
Miscellaneous Paper 0-79-3 Raster Graphics Extensions to the Graphics Compatibility Mar 1979

System (GCS)

- •~~~~~~ 

~~~~~~~~~~ 
~~~~~~~~~~~~~~~ 

V ~~~V~~~~~~~~~~~~~ V~~~~~~~~~~ V •V VV~~~~~ 
.


