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1 Basic OpenGL Transformations

Whenever we work in (dpen(:L, we have access to its APl that defines functions for basic transformations.
We use the following functions to create a transform matrix and push it onto the eurrent transform stack”:

glicalef(x, y, =) - gcale object by x,y,.2 acalare along the current axes
gllranelatef(x, y, =) - move an object by x,y.z along the current axes.
gliotatef(x, y, =, angle). - rotate an object by angle around vector Lx.y.zl

Llsing techniques from linear algebra, any transform can be decomposed into a combination of these
gimple transforma. Luckily, we do not have to resort to always using only these tramsforms - Open(: L defines
an interface to intuitively work with the camera’s onentation and perspective, or we can dehine arbitrary
transforms amd load this into (pendall.

2 OpenGL Transformation Stacks

We think of viewing in Opent:L as specifying properties about a hypothetical camera ingide our scene. Lo do
this, we will be specifying tramformations that must e applied to our world during the rendering prooess.

Open(: L supporta this by storing transformations in a nser-controllable stack. Open(:l has 3 different
transformation stacks which are applicd at different times of the rendering pipeline. We are coneerned with
two of theee stacks: the Modelview stack and the Projection stack ®? We will explore the relation between our
hypothetical camera and these transformations stacks. Each of these Opent: Ll transformation stacks specify
the following information about the camera:

o L MODELYIEW - The position and orientation of the camera and the worlkd.
o GL PROJECTION - How the camera sees the world

3 Projection transformation

The projection transform defines how a point {or vertex) ia transformed from world space to the 21 plane
of the acreen (sereen space). This is part of what we studied when we discussed perspective transforms.
Openl L gives you funetions to define an orthographic or a perspectioe projection relative to the camera:

glFuostrom (left, right, bottom, top, near, far);
gluPergpective(fovy, aspect, near, far);
glirtho{left, right, bottom, top, near, far):

The follwning sketehes should explain each of these inctions:

*Much of this handout was adapted from Stu Pomerants at the Pittshurgh Supercomparting Center. https)/ Swww pacoedof
15%ce section 2
*There is also a Texture transform stk
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() glPerspective given fickd-of-view, aspoct-ratio, near and far

Figure 1: Opent: L perapective functions



4 Modelview transformation

The Modelview transformation specifies both the position amd orientation of the camera amnd the objects in
the world. Why don't we have a model transform and a view transform? Because translating the world

amnl translating the camera has exactly the same effect - thus we combine it into one Modelview transform.
We tend to apecify a viewing transform to place the camera, followed by transformations on the objecta.

Mote that placing the camera nsing the viewing transform is exactly the same as applying the rotations and
translations to plase your camera using (pend: L transformation functions.

Define the viewing tranaform:
vold glulookAt(eyeX, eyeY eyeZ, centerX,centerY,centerZ, upX,upY,upi)

PARAMETERS
eyel eye¥, eyel - Specifies the pozition of the eye point.

centerX, centerY, centerfZ — Specifies the position of the reference point.
upk, up¥, upf - Specifies the direction of the up vector.

Since the default transformation on any stack is the identity, this transglates into a defanlt camera with
eye at (0,0,1) and center at (0,0,0) with an up direction of (0,1,0) along the v axia. In other worda,
ghLook At(0,0,1,0,0,0,0,1,0) is the defanlt view.

5 Managing the Transformation Stacks

Today's graphics programa demand ocomplex soenes with many objects, each rendered under ita own trans-
form. ‘To facilitate this, as mentioned, (pen(:l. stores transformations in a stack. We control this stack
through the following four methods:

s glMatrixMode(S5TACK) - Selects the stack to affect.

s plloadldentity() - Resets the selocted stack to the ldentity transform.
» plPushMatrix() - Duplicates the top transform of the current stack.

» glPopMatrix() - Deletes the top transform of the current stack.

We tend to initialize the ModelView stack to the identity, then apply our viewing transform (positioning
the camera). Once this has occurred, for each object we want to render, we push a duplicate matrix onto the
maodelview stack, apply the transformations for the given object, draw the object, and pop the top matnix
off the stack, therehy returning to the original view transform, ready to draw the next object.

6 Putting it all together - Specify the Camera

In order to apecify the view in Open(al:
« Sct the viewport
& Het the projection tramsformation
& Hot the modelview tramsformation

If you specify your viewport and projection on initialization, you need to specify only your modelview
transformation every time you render. Openl:l’s stack-based approach then allows you to apply ditferent
transformations to each ohject. Thus, a poasible Heshape callback function (also called on initialization)
wolld ook Like the following:



