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g ABSTRACT

The object editor allows one to use the real time capabilities of the anima-
tion prozessor to create and/or modiiv graphic objects. These objects can sub-
sequently be used in games. or other application programs. The editor allows
one to change the definition of objects which are being processed and displayed
by the animation processor in an interactive manner. One is presented with a
“rubber solid", which is completely manipulable. Objects, or pieces thereo!,
which appear to be quite solid can be stretched and/or squashed in real time.

The animation processor does hidden surface calculations in real time
while the object editor modifies the description of the object, resulting in a
dynamically changing object. This editor is not meant to be a production line
system for interactive object design, rather it is a research tool for exploring the
possibilities of interactive object manipulation.
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Subject. An Object Editor for 2 Real Time Animation date:  October 1, 1980
Processor
Case- 011170-0101 -- File- 39394 from: S.P. Ressler

™: 81-11356-13

MEMORANDUM FOR FILE

1. introduction

The funciion of the object editor is to allow a user to manipulate the description of a.:
obiect while it is being displayed. Display of the object is performed by the animation processo:
(4P)[1]. The term obyec: as uszd ir: this paper is a collection of x.y,z cocrdinates which define a
group of polygons that can be manipulatec and referred to as a single entity. An object in space
h:s a singie location ~nd orientation (attitude), which form part of its description. The ob:ect
editor as it exists is not meant to be a production line design tooi. rather it is a research tcol to:
exploring the possibilities of real-time interaction with computcr generated objects

2. User Interaction

The user interacts with the system by using the joysticks, buttons and sliders presen! on
the AP (see figs 1 & 2). Manv of the operations used, have been multiplexed onto the buttons
io-ated on the base of the joysticks. One button has a seiect mode function which changes the
functions of the other buttons. Feedback for the current mode is seen immediately on the
graphics screen via a blinking menu, and on the terminal which presents auxiliary text informa-
tion (see fig 3). The :wo circulai images on the terminal correspond to the fwo joysticks, as
viewed from the top. The surrounding words are labels which correspond tc the butions
Iccated on the joysticks. The words are dynamic labels and as the funciions of the buttons
chang2 so do the labels or. the terminal.

The decision to move most of the functions onto the brttons was made because the but-
tons are very discrete controls. which make them easy to use. The sliders which can also be
used, give one a means of quickly doing something, (i.e. positioning the ohject) but they can
get clumsy for accurate activities. One can effectively use the buttons, to single siep actions if
desired. The speed at which the buttons affect things is controlled by a slider. One car use the
combined effect of a speed slider and buttors to make the button con:rols very usatle, fur rmost
of the system'’s functions.

The joystick is used to control the orientation of the object. Since we are dealing with a
real time environment the need to precisely specify the orientation of the objact, is eliminated.
One simply moves the joystick that is controlling the orientation of the object, to the desired
view. The object can also be made to rotate continuously while other operations are performed.

'
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3. System Capabilities

The user is given the choice of several modes which follow a logical order, sma! er opera-
tions to larger. These modes are selected via the mode selzsct button. The possible modes are:
point, polygon, volume and addition. Seiecting one or another mode affects the functions of
the other buttons in a very straightforward manner The x,y,z moving “uttons will mcve a sin-
gle point when in point mode. a polygon when in polygon mode, and a . >lume when in volume
mode. The mechanism one uses to select or step through the data description is via the step-
ping button. The stepping button will step you along points when in point niode, polygons when
in poivgon mode. It makes no sense to step along volumes when in volume mode so the x.y,z
moving buttons do nothing in volume mode. The entire system functions in this wav. If the
svstem is in polygon mode, the copy button copies polygons. If it is in point mode, the delete
button deleter a point. etc..etc... If a capability makes no sense then the button will do nothing

Addition mode is a litile different then the others. It enables you to add pieces to the
object. It is different from copying because it adds comp.etely new points. When in addition
mode four of the joystick buttons get redefined to enable the addiuon of a dot, vector, recian-
gle. or cube.

4. Implementation Environment

The object editor exists as one part of a complete animation/games system currently
under developmerit. The AP is run og:sther with an LSI 11/23 and share a common r:emory
and bus. The system uses a Micropolis winchester disk for storagz and runs complciely stand
alone. The AP sofiware is an animation language which is written in C under UNIX V7, using
Y ACC and Lex. This new animation language was used to write the object editor.

5. Getting Hard Copy

Another facility in the object editor is the atility to take a snapshot for creating Unix typ-
plot files. The images created by this method are simple one coler line drawings. Moving slider
46 causes the system to ask for a file name. The display list of the animation processor is then
place into that file. Next you mus! transfer that file to the VAX. You can then do ore of
several things. If you are on a Tektronix terminal simplv say draw filename and the display
list will be converted and drawn on the screen. If you want to create a plot file say ropior file
and a file will be created with the nam= you gave appendec with a .f . This ic a Unix device
independent plot file and can be used to produce plots on any of the devices supported by plot.



6. Object Editor Users Manual

6.1. Starting Up

This section is basically a users manual ior the objects editor and contains informali.on
which is quite specific 1o the operation of the editor. The editor was written in ap2 code which
is shown ir some explanations, however an understanding of this code is not necessary for the
use of the directions

The editor is started up via the command ap2 Obedit

6.2. Selecting an Object for Editing

The first 7 sliders, (pot numbers 32-38, see figure 1 for the location of all the pot
numbers) control the visibility of 7 differeni objects to be zdited. Move the sliders down and
up to select or deselect the objects. The object initially displayed is attached to the first stider. If
more than one objec’ is being displayed only the last object selectec can be edited the other
objects will be rotatec by the joystick but cannot be edited. The 7 objects attached to the object
select sliders are default examples cf objects and may be changed by editing the file Obed.
Modify the code with the following form:

name: obj { mix_fin; loc(0.0,0); invis;
#include "x1obj" /* replace file name x1obj with your own */

}

These object files must contain only the point descrintions not the o#j declaration. This
will force the system to recompile the next time you run the editor, which does take a while
(about 10 min.).

6.3. Funct'on Selection

The first and last buttons on joystick 2, (pots 11 & 15) are the function select buttons.
The first button (pot 11) steps you forward, (Funkpos) and the second steps you backwards
(vot 15). Both buttons will continuc!v cycle through all possible modes. "wrapping around ,
however they step in opposite directions. When the system starts up, you are in point mode,
and I would advisz you 1o cycle through all the modes upon starting up to check the system out
and make sure all is well. When in point mode the dot in the menu (sec fig 4) at the top of the
screen should be blinking. The order of modes and their visual feedback, in parenthesis is as
follows:

1 Point (blinking dot, in menu’
2 Polygon (blinking solid square, in menu)
3 Volume
3.1 Volume Select (volume select cube blinks blue)
3.2  Volume Scale (volume seleci cube blirks green’
3.3 Volume Points Movement (biinking open square, in menu)
3.4 Volume Points Scaling (blinking line above open square, in menu)
4 Addition /blinking dot, vector, rectangle. cube in menu)

Following is a dctailed explanation of each mode: '



\Mode:

Point

I eedback Blinking dot in the menu. Bliaking dot at the current point.
Description: Enables the manipulation of any single point in the object being edited.

Usage:

The x.y.z buttons on the joystick move the current point, ir. the x,y.z dirac-
tions. The speed slider affects the speed of x,y,z movement. The sign button is
a toggle between plus and minus Point movement is in the sign direction for
each axis. The sign is displayed in the menu and on the terminal. The copy and
delete buttons will copy and delete a single point. The point is selected via the
step button which will step forwards if the sign is plus and backwards if the sign
is minus. Point stepping will "wrap around" through the entire object descrip-
tion.

origin:l

~;

N

delete




-0-

Mode: Polygon

Feedback Blinking sclid square in menu. Show poly button blinks current polygon.
Description:  Enables the manipulation ¢ any polygon in the object being edited.

Usage: The x,y.z buttons on the joystick move the current polygc  in the x,y.z direc-

tions. The speed slider is active, and sign affects movement direction. The copy
and delete buttons will copy and delete a single polygon. The current polygon is
selected via the step button which will step through the object description a
pol:'gon ai a time in the sign direction. The show poly button is a toggle to
blink and unblink the current polygon. (Note: Make sure to unblink the polygon
before moving on to another polygon, as color information can get lost)

original | move

=;

copy delete -
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Mode : Velume Select
Feedback Volume cube blinks blue.

Description: Moves the volume cube around to enable the selection of any point inside the
cube. for further manipulation, in volume pts move or volume pts scale modes.

Usage: The x.y.z buttons on the joystick move the volume selection cube in the x,y,z
directions. The speed slider is active, and sign affects movement direction.

Mode Vo'ume Scale
Feedback Volume cute blinks green.
Description:  Scales the volume cube so more flexible volume can be selected.

Usage: The x,y,z buttons on the joystick scale the volume selection cube in the ».y.z
directions. The speed slider is active, and sign affects movement direction.

move

scale




Mode:
Feedback
Description:
Usage:

Volume Points Movement
Open square in menu blinks.
Points inside the volume cube are activated for movement.

The x,y,z buttons cn the joystick move all points inside “he vo'ime cube in tte
X.y.z directions. The speed slider is active, and sign affects . ovement direc-
tior.. All points will move regardless of whether or not only par: of a polygon is
in the volume cube

before

after




Mode:

-12-

Volume Points Scale

Feedbachk Line above open square in menu blinks.
Descripiion: Points inside the volume cube are activated for scaling.

1 sage:

The x,y,z butions on the joystick scale all points inside the volume cube in the
x.,y,z directions. The scaling is always towards or away from the cente: of the
volume cube. The speed slider is active, and sign affects the direction of the
scaling. All points will scale regardless of whether or not only part of a polygon
is in the volume cube.

before ' after
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Mode: Addition

Feedback Dot, vector, rectangle and cube in menu blink. Terminal disy lay the dot. vec-
tor, rectangle and cube button.

Description:  Allows the addition of a dot, vector, rectangle or cube to the object description.

Usage: The buttons on joystick 1 get redefined when this mode 1s entered, to be do.
vector, rectangle or cube addition buttons. Press one of these butions once ar.d
the corresponding shape will appear at the center of the abject (location 0.0.0).
Enter one of the movement modes to subsequently move this new shape to :ts
desired location.

before after cube addition i
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7. Getting Hard Copy

Anotter facility in the object editor is the ability to take a snapshot for creating Unix type
plot files. The images created by this miethod are simpls one color line drawings. Moving .lider
46 causes the system 1o ask for a file name. The display list of the animaticn processor is ther
place into that file. Ncxt you must transfer that file to the VAX. You can then do o of
several things. If you are on a Tekironix terminal simply say draw filenare and the display
list will be converted and drawn on the screen. If you want to create a plot file say roplot fiie
and a file will be created with the name you gave appended with a f . This is a Unix device
independent plot file and can be used to produce plots on any of the devices supported by plot.
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Appendix: Object Manipulation Techniques and Subroutines

In the course of creating the object editor a number of techniques for dealing with the
object descriptions were developed. This section is a discassion cf these techniques and an
explanation of some subroutines used in the editor.

In order to manipulate the objects one must first understand little of how they are
represented. Objects exist in part as a collection of polygons. A polygon consists of a coliectinn
of x,y,z, coordinates, i.e. points. Ail polygons end with a color description point. All points
have the following C[2] structure:

typedef  struct |
unsigned size: 9;
unsigned type: 7; /* type of point */
unsigned uu2: 4;

unsigned x: 12: /* x coerd. */
unsigned uu3: 4.
unsigned y:  12; /* y coord. */

unsigned uu4: 4,
unsigned z: 12;/* z coorc */
| Pts_s, *Pts;

Each point in the display can be modified via the PTS macro which accesses the memory
where the points are located in the 11/23. This PTS macro points tc the Pts_s structure. The
type field in above structure is the identifying op code of the poi~. which can be cae of th2 fol-
lowing:

DOP_COI.0K color of sub object
DOP_ENDOBJ end of object
DOP_DOT small dot

DOP_LRGLOT big dot

DOP_PVSRI start of polvgon or vector
DOP_POLY perimeter continue
DOP_VEC vector continue
DOP_END end of picture

A typical polygon would start with a point which has a DOP_PVSRT as its type, followed
by a collection of points with DOP_POLY as their types. The last pcint for each polygon
would be a DOP_COLOR, and the z field of the point structure will contain the color informa-
tion, which is 4 bits for the intensity, blue, green, and red components. The last polygon of
the object would contain a DOP_ENDOBJ instead of a DOP_COLOR. Polygons must have a
matching first and last point for closure, whereas vectors and dots need not. Vectors and dots
also are always foliowed by a DOP_COLOR as the last point in their data descriptions.

Each point in the display can be modified via the PTS macro which accesses the memory
where the points are located ir the 11/23. This PTS macrc points to the Pts_s structure. The
macro takes as an argument the point number. Each noint in the display is consecutively
number. The trick with object manipulation is to find the desired poin: at tne right time. The
statement:

spt = PTR(obj name)- > pts;

will assign to spt the number of the first point for the object obj_name. Objects Jike pcints are
also consecutively numbered, and the argument to the macro PTR is the object numoer. To
find the last point for the particular object:

ep! = spt + PTS(spt)- >size:



the volume selection cube.

comb_obj(objl,obj2.buf,fbuf) .
int objl.0bj2; /* two object names*/
Pts_s *buf, *fbuf:  /* pointers to point buffers */

Comb_obj combines two objects into a single one. Objl is appended to the end of obj2.



Fpoly determines the data bounds of a polygon given a point in that polvgon. It sets ‘wo
global variables, Polypt and Pept, to the beginning and ending of the polygon.

movpts(objname,stanpt,endnt,xd,yd.zd)
int objname; /* object name */
int startpt,endpt; /* the starting and ending points */
/* to be moved */
int xd,yd.zd; /* the amount of X,y and z to move the points*/

Movpts physically moves the points from startpt to endpt by xd, yd, and 2d. M akes sure
to match up the beginning and ending points of polygons if only part of the polygon is 1o be
moved. Fmovpts is a faster version which doesn’t do the polygon beginning and ending peint
checking.

cop_pt(obiname. buf,fbuf)
int objname;  /* object name */
Pts_s *buf. *fbuf; /* point buffers */

del_pt(objname,buf,fbuf)
int objname;
Pts_s *buf, *fbui;

These routiries copy and delete a single point from th= point description of the object. The
point to be deleted or copied is in the global variable Obpt.

cop_poly(objname.buf,fbuf)
int objname: /* object name */
Pts_s *buf, *fbuf; /* wo temporary point buffers */

del_poly(objname,buf.fbuf)
int objname;
Pts_s *buf. *fbuf;

These routines copy and delete the current polygon, (can be determined by fpoly). The
point buffers can be written to and read from using the _rd_obi and _wt_oby subroutines. The
display is immediately changed and updated to show the result.

get_volume(objname)
int objname; /* determines the points located inside */
/* the volume selaction cube */

This routine determines those points in object objname, that are inside the selection cube.
The point numbers are places in an array called Volume, and an index tc the last point in the

array is set in the in: Vi.

mov_volume(objname,xd.vd,zd)
int ob:name;  /* object nzame */
int xd,yd.zd; /* distance in x y and z to move */

The mov_volume subroutine uses the array Volume to move all the points inside of the
volume selection cube a distance xd,yd and zd. It simply calls the fmovpts routine w.th the
point numbers in Volume.

'

scl_pts(objname.xs,vs,zs)
int objname;  /* objec: name */
int xs,ys,zs; /* x y and z scaling factors */

This routine scales all the points in Volume independently in the X,y and z dimensions by
the factors xs,ys anc zs. The scaling is towards or away (depending on Sign) from the center of



The field. size, is only valid at the first point of the obiject and contains the number of
points for that particular object. Do nor write 10 this field unless vou know whar vour doing!'' The
integer ept now contains | + the last point of the object. One now has the point boundaries of
the object to be dealt with. This technique is object indepecndent and does not depend on any
particular poi':t names, and is used frequently.

Another useful technique is to combine the capability of processes, with mvrs tc create
thruster controls. The X, Y, Z buttons of the system are controls which cause constant action
while depressed and stop the action when lat go. For example to move a polygon in the x
direction you press the X button ( if in polygon mode) and the polygon will keep on moving as
long as the button is pushed. A mvr s a statement in the AP language, which allows one
to define the function of a particular physical pot. A process is a piece of C or AP code which
executes periodically, (up to 30 times a second), and can be started or stopped any time wiin a
high degree of flexibility. To create a thrusier one must do the following:

Detect when a button has been pushed.

Start a processes which performs the desired function.
Detzct when the button is released.

Stop the process.

Buttons which function as tt.rusters are very useful control devices which are very easy .
deal with.

Some useful functions for dealing with objects are:
_rd_obj(objname,buf)

int objnzme;  /* the name of an object */
Pts_s *buf: /* pointer 1o a section of point data*/

The subroutine rd_obj reads the points which make up the description of an object frem
the pe-tion of 11/23 memory which is DMA'ing out to the animation processor, and places it
into a buffer which can be manipulated without affecting the display:

_wt_obj(objname.buf,size)
int objname;

Pts_s *buf;
int size; /* the size of the object in points */
initbufs() /* initialized point buffers */

The subroutine _wt_obj will take the contents of the buffer and put the points back into
the section of 11/23 memory which DMA's out to the animation processor and reallocates the
space in that memory to accommodate objects that have changed in size. It is the users respon-
sibility to know what the size of the object is for reallocation into the displayable portion of
memory.

02j_write(fname,objname)
char *fname; /* pointer to name of file*/
int objname;  /* object name*/

The routine obj_write takes an obiect that is currently being displayed and writes a file
(fname) which contains AP source code for the description of that object. This new file can
then be used asc a valid AP object for any sort of application program on the animation proces-
BOI'. "

fpoly (objnamie,pt)
int objname; /* object name */
int pt; /* point number */



Board

S1ider

23 34 35 36 27 an 39 40 4] 42 43 44 45 46 47

2

Figure ]

1]

D -

(S

{z=l

& r

O —

L

{3

©

(N

D«

1]

(s

& |

1]

®

8

©

&1

i

& —
]

S

(B

&

L

]

&

D

]

% |

(S

1]

&

Ll

&

D |

1)

R

{1

&

13

(S,

(S,

T

&

© —

S

r

(S

S

:
: —
]
:. -
- \
L
[]
- ]

®c

LL

61 62 63

60

56 Si

55

49 50 51 52 53

-48



Figure 3

Animation Processer 3D Object Ed.tor
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Figure 4

OBJECT EDITOR MENU SYMBOLS
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