Object Selection
Prerequisites

An understanding of the rendering process, an understanding of event handling, and a knowledge
of list management to handle hit lists for events

Introduction

OpenGL has many facilities for responding to mouse events — clicks on the screen — but most of
them are complex and require the programmer to do significant work to identify the objectsthat lie
between the front and back clipping planes along the line between the points in those planes that
correspond to the click. However, OpenGL makesit possible for you to get the same information
with much less pain with a built-in selection operation.

The built-in selection approach calls for you to render your scenetwice. In the first rendering, you
work in the same mode you are used to: you simply draw the scenein GL_RENDER mode.
When you get a mouse event, you change to GL_SEL ECT mode and re-draw the scene with each
item of interest given aunique name. When the scene is rendered, nothing is changed in the frame
buffer but the pixels that would be rendered are identified. When any named object is found that
would meet the mouse point, that object’s name is added to a name stack for the point. Thisname
stack holds the names of all the itemsin a hierarchy of named itemsthat were hit. Thiswill create a
list of hit records, one for each item that meets the mouse click point, and you can then process this
list to identify the item nearest the eye that was hit, and you can proceed to do whatever work you
need to do with thisinformation.

The concept of “item of interest” is more complex than isimmediately apparent. It can include a
single object, a set of objects, or even ahierarchy of objects. Think creatively about your problem
and you may be surprised just how powerful this kind of selection can be.

Definitions

The first concept we must deal with for object selection is the notion of a selection buffer. Thisis
an array of unsigned integers (GLui nt ) that will hold the array of hit records for a mouse click.
In turn, a hit record contains severa items as illustrated in Figure 15.1. These include the number
of items that were on the name stack, the nearest (zm n) and farthest (z max) distances to objects
on the stack, and the list of names on the name stack for the selection. The distances are integers
because they are taken from the Z-buffer, where you may recall that distances are stored as integers
in order to make comparisons more effective. The name stack contains the names of all the objects
in ahierarchy of named objects that were selected with the mouse click.

The distance to objects is given in terms of the viewing projection environment, in which the
nearest points have the smallest non-negative values because this environment has the eye at the
origin and distances increase as points move away from the eye. Typical processing will examine
each selection record to find the record with the smallest value of zmi n and will work with the
names in that hit record to carry out the work needed by that hit. Thiswork isfairly typical of the
handling of any list of variable-length records, proceeding by accumulating the starting points of
the individual records (starting with 0 and proceeding by adding the values of ( ni t ems+3) from
the individual records), with the zmin values being offset by 1 from this base and the list of names
being offset by 3. Thisisnot daunting, but it does require some care.

In OpenGL, choosing an object by a direct intersection of the object with the pixel identified by the
mouse is called selection, while choosing an object by clicking near the object iscalled picking. In
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order to do picking, then, you must identify points near, but not necessarily exactly on, the point
where the mouse clicks. Thisis discussed toward the end of this note.
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Figure 15.1: the structure of the selection buffer
Making selection work

The selection or picking processisfairly straightforward. The function gl Render Mode( mode)
allows you to draw in either of two modes: render mode (GL_ RENDER) invokes the graphics
pipeline and produces pixels in the frame buffer, and select mode (GL_ SELECT) calculates the
pixels that would be drawn if the graphics pipeline were to be invoked, and tests the pixels against
the pixelsthat were identified by the mouse click. Asillustrated in the example below, the mouse
function can be defined to change the drawing modeto GL_SELECT and to post a redisplay
operation. The display function can then draw the scene in select mode with selection object names
defined with gl ut LoadNanme(i nt) to determine what name will be put into the selection buffer
if the object includes the selected pixel, noting that the mode can be checked to decide what isto be
drawn and/or how it is to be drawn, and then the selection buffer can be examined to identify what
was hit so the appropriate processing can be done. After the selection buffer is processed, the
scene can be displayed again in render mode to present the effect of the selection.

In the outline above, it sounds as though the drawing in select mode will be the same asin render
mode. But thisisusually not the case; anything that you don’t want the user to be able to select
should not be drawn at al in select mode. Further, if you have a complex object that you want to
make selectable, you may not want to do all the work of afull rendering in select mode; you need
only design an approximation of the object and draw that. Y ou can even select things that aren't
drawn in render mode by drawing them in select mode. Think creatively and you can find that you
can do interesting things with selection.

It’s worth aword on the notion of selection names. You cannot load a new name inside a
gl Begi n(node) / gl End() pair, so if you use any geometry compression in your object, it
must all be within a single named object. Y ou can, however, nest names with the name stack,
using thegl PushName (i nt) function so that while the original nameis active, the new nameis
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also active. For example, the code below creates a heirarchy of selections for an automobile
(“Jaguar”) and for various parts of the auto (“body”, “tire”, etc.)
gl LoadNane( JAGUAR );
gl PushNanme( BODY );
gl Cal | Li st ( JagBodylList );
gl PopNane() ;
gl PushNane( FRONT_LEFT _TIRE );
gl PushiMatri x();
gl Transl atef ( ??, ??, ??);
gl CallList( TireList );
gl PopMat ri x();
gl PopNane() ;
gl PushNane( FRONT_RI GHT_TI RE ) ;
gl PushiMatri x();
gl Transl atef ( ??, ??, ??)
gl CallList( TireList );
gl PopMat ri x();
gl PopNane() ;
When a selection occurs, then, the selection buffer will include the automobile as well as the lower-
level part, and you can choose which of the selections you want to use.

Picking

Picking is almost the same operation, logically, as selection, but we present it separately because it
uses a different process and allows us to define a concept of “near’ and to talk about a way to
identify the objects near the selection point. In the picking process, you can define avery small
window in the immediate neighborhood of the point where the mouse was clicked, and then you
can identify everything that is drawn in that neighborhood. The result is returned in the same
selection buffer and can be processed in the same way.

Thisisdone by creating a transformation with the function gl uPi ckMatri x(...) that is
applied after the projection transformation (that is, defined before the projection; recall the relation
between the sequence in which transformations are identified and the sequence in which they are
applied). Thefull functioncal is
gl uPi ckivatri x( GLdoubl e x, G.double y, G.double w dth, G.doubl e height,
GLint viewport[4])

where x and y are the coordinates of the point picked by the mouse, which is the center of the
picking region; the width and height are the size of the picking region in pixels, sometimes called
the pick tolerance; and the viewport is the vector of four integers returned by the function call
gl Getl ntegerv(GL_VI EWPORT, GLint *viewport).

The function of this pick matrix isto identify a small region centered at the point where the mouse
was clicked and to select anything that is drawn in that region. This returns a standard selection
buffer that can then be processed to identify the objects that were picked, as described above.

A code fragment to implement this picking is given below. This corresponds to the point in the
codefor doSel ect (...) abovelabeled “set up the standard viewing moddl” and *“standard
perspective viewing”:

int viewport[4]; /* place to retrieve the viewport nunbers */

dx
dy

gl ut Get ( GLUT_W NDOW W DTH ) ;
gl ut Get ( GLUT_W NDOW HEI GHT ) ;

gl Mat ri xMbde( GL_PRQJECTI ON )
gl Loadl dentity();
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i f( RenderMbde == G._SELECT ) {
gl Get I ntegerv( G._VI EWPORT, viewport );
gl uPi ckMatri x( (doubl e) Xmouse, (double)(dy - Ynobuse),
PICK TOL, PICK TO., viewport );

}
the call to glOtho(), gl Frustun(), or gluPerspective() goes here

A selection example

The selection processis pretty well illustrated by some code by a student, Ben Eadington. This
code sets up and renders a Bézier spline surface with a set of selectable control points. When an
individual control point is selected, that point can be moved and the surface responds to the
adjusted set of points. Animage from thiswork is given in Figure 15.2, with one control point
selected (shown as being ared cube instead of the default green).

Figure 15.2: a surface with selectable control points and with one selected

Selected code fragments from this project are given below. Here all the data declarations and
evaluator work are omitted, as are some standard parts of the functions that are presented, and just
the important functions are given with the key points described in these notes. Y ou will be directed
to several specific pointsin the code to illustrate how selection works, described with interspersed
text as the functions or code are presented.

In the first few lines you will see the declaration of the global selection buffer that will hold up to
200 values. Thisisquitelarge for the problem here, since there are no hierarchical models and no
more than avery few control points could ever line up. The actual size would need to be no more
than four GLui nt s per control point selected, and probably no more than 10 maximum points
would ever line up in this problem. Each individual problem will need asimilar analysis.

/1 globals initialization section

#define MAXHI TS 200 // nunber of GLuints in hit records
/1 data structures for selection process

GLui nt sel ect Buf [ MAXHI TS] ;

The next point is the mouse callback. This simply catches a mouse-button-down event and calls
the DoSelect function, listed and discussed below, to handle the mouse selection. When the hit is
handled (including the possibility that there was no hit with the cursor position) the control is
passed back to the regular processes with aredisplay.

/1 nouse cal | back for selection
void Mouse(int button, int state, int nouseX, int nouseY)

{
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if (state == GLUT_DOMW) { // find which object, if any was sel ected
hit = DoSel ect ((GLi nt) nouseX, (GLint) nouseY)

}
gl ut Post Redi spl ay(); /* redraw di splay */
}

The control points may be drawn in either GL_RENDER or GL_ SELECT mode, so this function
must handle both cases. The only difference is that names must be loaded for each control point,
and if any of the points had been hit previously, it must be identified so it can be drawn in red
instead of in green. But there is nothing in this function that says what is or is not hit in another
mouse click; thisis handled in the DoSelect function below.

voi d drawpoi nt s( G.enum node)

e
int i, j;
i nt nanme=0;
gl Materi al fv(G._FRONT_AND BACK, G._AMBI ENT_AND DI FFUSE, green);
/l iterate through control point array
for(i=0; i<GRIDSIZE; i++)
for(j=0; j<GRIDSIZE; j++) {
if (nbde == GL_SELECT) {
gl LoadNane(nane); // assign a name to each point
nane++; /1 increnent nanme nunber

}
gl PushiMatri x();
.. place point in right place with right scaling
if(hit==i*16+j9%6) { // selected point, need to draw it red
gl Material fv(G._FRONT_AND BACK, GL_AMBI ENT_AND DI FFUSE, red);
gl ut Sol i dCube( 0. 25);
gl Materi al f v( GL_FRONT_AND BACK, G._AMBI ENT_AND DI FFUSE, green);

}
el se gl ut Sol i dCube( 0. 25);
gl PopMat ri x();

}

The only real issue here is to decide what you do and do not need to draw in each of the two
rendering modes. Note that the surface is only drawn if the program isin GL_RENDER mode;
because nothing in the surface is itself selectable, the only thing that needs to be drawn in
GL_SELECT mode is the control points.

voi d render (GLenum node) {
... do appropriate transformations
if (mde == GL_RENDER) { // don't render surface if nbde is G._SELECT
surface(ctrlpts);
some ot her operations that don't matter here

i f(points) drawpoi nts(node); // always render the control points
pop the transform stack as needed and exit gracefully
}

Thisfinal function isthe real meat of the problem. The display environment is set up (projection
and viewing transformations), the gl Render Mode function sets the rendering mode to
GL_SELECT and the image is drawn in that mode, the number of hitsis returned from the call to
the gl Render Mode function when it returns to GL_ RENDER mode, the display environment is
rebuilt for the next drawing, and the selection buffer is scanned to find the object with the smallest
zm n value as the selected item. That value is then returned so that the dr awpoi nt s function
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will know which control point to display in red and so other functions will know which control
point to adjust.

GLint DoSelect(Gint x, Gint y)
{

int i;

Glint hits, tenphit;

GLui nt zval;

gl Sel ect Buf fer (MAXH TS, sel ect Buf);
gl Render Mode( GL_SELECT) ;

gl I ni t Names();

gl PushNane(0) ;

/1l set up the view ng nodel
standard perspective viewi ng and view ng transfornmation setup

render (GL_SELECT); // draw the scene for selection

/1 find the nunmber of hits recorded and reset node of render

hits = gl Render Mbde( G._RENDER) ;

/'l reset view ng nodel

. st andard perspective viewi ng and view ng transformation setup
/1 return the |abel of the object selected, if any

if (hits <= 0) return -1;

el se {
zval = selectBuf[1];
tenmphit = sel ectBuf[3];
for (i =1; i < hits; i++) { // for each hit
if (selectBuf[4*i+1] < zval) {
zval = sel ectBuf[4*i+1];
temphit = sel ect Buf [ 4*i +3];
}
}
}

return tenphit;
}

A word to thewise...

This might be a good place to summarize the things we've seen in the discussions and code
examples above:
» Definean array of unsigned integers to act as the selection buffer
» Desgnamouse event callback that calls afunction that does the following:
- SetsGL_SELECT mode and draws selected parts of the image, having loaded names so
these parts can be identified when the selection is made
- when thisrendering is completed, returns a selection buffer that can be processed
- returnsto GL_ RENDER mode.
This design structure is straightforward to understand and can be easily implemented with alittle
care and planning.

Another point to recognize is that you cannot pick raster characters. For whatever reason, if you
draw any raster characters in select mode, OpenGL will always think that the characters were
picked no matter where you clicked. If you want to be able to pick aword that is drawn as raster
characters, create arectangle that occupies the space where the raster characters would be, and
draw that rectangle in select mode.
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Code examples

* pool . ¢ — Ben Eadington's source for interactive control point manipulation
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