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How does glFrustum work?

void glFrustum(GLdouble left,
GLdouble right,
GLdouble bottom,
GLdouble top,
GLdouble near,
GLdouble far)

. glFrustum computes a viewing frustum in the world coordinates.

* left and right

— Specify the coordinates for the left and right vertical clipping
planes.

* bottom and top

— Specify the coordinates for the bottom and top horizontal
clipping planes.

* near and far

— Specify the distances to the near and far depth clipping
planes. Both distances must be positive.

Note: “near” and “far” are only clipping planes. Neither of them have
anything to do with the projection plane.
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Case Study 1

left, right, top, bottom of glFrustum

Case Study Setup:
Assume in the world

coordinates we have one color Cyan
cube of size two, whose front is
red.
colorcubeO (): Purple
centered at (0,0,0)
Goal:
We will observe how varying
left, right, top, bottom of Yellow

gluFrustum will change the
camera’s view of the cube.

Orthogonal View

Front View Side View Top View

Yellow

Diagonal View

Files Used:
Perspective.c, DrawCubes.c, DrawCubes.h, MyMatrix.c, MyMatrix.h
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Cyan

Example 1: left = -2, right = 2, bottom = -2, top =2, near=2,far=9

St Set Up Viewing Angle (Fovy), Frustum and Camera
Code: ObJ&tOYewie‘L;;::::: NN NN AR
glMatrixMode (GL_PROJECTION) ; S EEEEEEE SN NEN I NEEEEEF VP IEE RN N NN SURNNEEER RN
glLoadTdentity () ; HAH A A A A A
glFrustum(-2,2,-2,2,2,9); I O \ dC ANNENE NENN SNENEEEEEEE
N EEENERREE SR REREER NN ERR NS ARARRE T T
glMatrixMode (GL_MODELVIEW) ; fovy/2=arctan22)l /| Overvitwof Frustum
glloadldentity () o fovy=90° RS dRRANRNRNRNLJCARNAYPANNAN ANNNRRNNAEN
gluLookAt (0,0,6,0,0,5,0,1,0); \ e
colorcubel () ; F R T T T e o g gL
NN LA 9 A .“1.:::::::::::‘; meetat |
T S R R R R B, — 1 _§ Vanishing py;
Set Up 90° Viewing Angle EEEEEP= =, SN | IR :.g:::::::"_‘_'_.-:—?‘_"__‘l_
. RERFARES ¥/ N W] Wikl NN EEE] SRENEERESEEC
fovy =arctan( ”':::1_)+arctan(|"glh‘|1 . :'::Z:':" Vg I =HumS NN EEEE NN
LookAt Point | ¥ EdNNEN NN EENEE SN RN
(right, top, far) =(2.2.9) BRRENELENL  FSSESSSSSSSSN=—-— "J',_ """"""""
gn=2 T A eadoh dhsast HHHH
LN O o o N 0 A A
A '-..;(/ A EEEEEN
left| =2 A\ 4 ) N SN SN E NN NN NN, SN ENEL Ju NN NN EA I NN e
near = 2 A ~ HEEEE
*‘ S T R Dlan (vt = 0 S S
fovy =900 == EEEEEE
T AL T O O T O T T T T T T
_‘_-_‘_H_'_'_“’aspeclralio=l NN
(1:1)
(left, bottom, near) = (-2.-2,2)
Note:
. Projection plane is a plane perpendicular to the line passing through the camera and its reference point. The center of the

projection plane lies on the line passing through camera and its reference point. Projection plane is what the camera sees.
. The viewing angle indirectly defined by the glFrustum is equivalent to the Fovy angle defined by gluPerspective.
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Example 1: left = -2, right = 2, bottom = -2, top =2, near=2,far=9

Cvan
Calculate Object vs Projection Plane Ratio
Wellow
Code: NN NN RN EE T Horizontal Ratio of
) Ob]ectOverVIe EEEEE . Object vs Projection Plane
glMatrixMode (GL PROJECTION) ; O A
— EEEEEEEEEEEEEEE Projection Plane 8 Units Red 1
glLoadIdentity () ; AT T =4 units Inits i
glFrustum(-2,2,-2,2,2,9); T :::::::::::::::|::::::~:"‘ 40 units projection plane 3
GitatrixMode (51 MODELVIEW) ; e
glLoadIdentity () ; EERELAASAEEEENEAES AN GARE E L T
gluLookAt (0,0,6,0,0,5,0,1,0); N AT T mmn . ok EEEE EREEENEE
1 beo () ; EEEEEEE RS VNN df | EEEEEEEEEEE REES SCHEEEEE REEI BN SnN AN A
cotoret ' A EEEEEEEEA v, GRS |7 IEEEEREEEE . - ANSEEEEEE] L ESESEEEEEEEEEEE
—— —— nfe o » -
EEEEEEEF ANLPa \CEEEL | IRJENNCEESL Be© LoEISNENER=: SE=cSEEEEESEENEENE
Perspective View, Front View EEENEEEENES EEELVEEE | AN NNy LA NN SN A
" LookAt Point . | | ¥ [l | I [ N NN N I |
Naar Plame haalr) = 2 HINCHH-HHHHHHHH P
HEmEEEEEEEEEEEE AmS EESSEEE IS JLAESEESSENE SRS AR EEEEEEERREEY
. HE T e Pl (Tasy = R HHHHEHHHH
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Cyn Example 2: left = -2, right = 2, bottom = -2, top =2, near =5, far=9

Vellan Set Up Viewing Angle (Fovy), Frustum and Camera

Code: ENENNI NN EEEE INNSSSSNNINEENNENS INNENEEE NN TP
glMatrixMode (GL_PROJECTION) ; THORject Overview - P INNENEENEN nmERREEERE
glLoadIdentity () ; NN NN NN SR NN AN
glFrustum(-2,2,-2,2,5,9); PR S H L s HHH

fovy/2=arctan(2/5), [ | ::::::.q\fc.ﬁfwaﬁr".s.m.n.'.:

glMatrixMode (GL_MODELVIEW) ; ~ fovy=43.6 AEEEERRREE| EEL JCANNNYNEEE IRNNNNNNEEE
glLoadIdentity () ; ENEENEESL SCoEa
gluLookAt (0,0,6,0,0,5,0,1,0);

L lines
colorcubeO () ; 1

Set Up 43.6° Viewing Angle
ight
ﬁwy=anmm|hﬂ|)+ mTMang h .....
near nea

(right, top, fary=(2,29) T[]

-

fovy = 43.6°

(left, bottom, near) = (-2,-2,5)
Note:
. Projection plane is a plane perpendicular to the line passing through the camera and its reference point. The center of the
projection plane lies on the line passing through camera and its reference point. Projection plane is what the camera sees.
. The viewing angle indirectly defined by the glFrustum is equivalent to the Fovy angle defined by gluPerspective.
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Example 2: left = -2, right = 2, bottom = -2, top =2, near=5,far=9

Cvan
Calculate Object vs Projection Plane Ratio
ellow
Code: e e e
_ T ] T T T T T T T A Horizontal Ratio of
glMatrixMode (GL_PROJECTION) ; 1 Object Overview - Object vs Projection Plane
glLoadIdentity(); I . 0 }
glFrustum(-2,2,-2,2,5,9); NN NN NN A 8 Units Red _ 2
COCETT T Projection Plane [ 9T 16 units projection plane 2
glMatrixMode (GL_MODELVIEW) ; N A I O A =16unit% AEEEN :4::::. |
glLoadIdentity () ; T I L L I +
gluLookAt (0,0,6,0,0,5,0,1,0); H fﬂ?:;;’%:*fﬁ;‘;i?@
colorcubel () ; PN T P
T T T ek ¥
Perspective View, Front View 76 e |4
LookAt Point
S Near g
T Far Py
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Case Study 2
Fovy Angle of gluPerspective

Case Study Setup:

Assur_ne in the world
coordlnat_es we have one colo_r
cube of size two, whose front is
red.

colorcube ():

centered at (0,0,-1)

Yellow
Goal:

We will observe how varying
fovy angle of gluPerspective will

change the camera’s view of Yellow
the cube.
Orthogonal View
Front View Side View Top View Diagonal View

- e Ve EiE W v LEE

Files Used:
Shearing.c, DrawCubes.c, DrawCubes.h, MyMatrix.c, MyMatrix.h
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i Example 1: left = -2, right = 2, bottom = -2, top =2, near=2,far=9

St Set Up Viewing Angle (Fovy), Frustum and Camera
Code: | Object Overview
glMatrixMode (GL_ PROJECTION) ; T ey
glLoadIdentity(); EENNEEEmENEEEEEEEEEEEEEEEE
glFrustum(-2,2,-2,2,2,9); o e e
glMatrixMode (GL MODELVIEW) ; ~ fovy/2 = arctan(2/2)
glLoadIdentity () L. fn‘r}'zguﬂ el
gluLookAt (0,0,6,0,0,5,0,1,0); NN \I """"
colorcubeO () ;
Set Up 90° Viewing Angle EREnEREmAr. - ¢, EE
e 26
o ) |lefi| ) ) right EEEEEEEEE
fovy =arctan( car) + arctan( = =) " Lookat Point 1

right, top, far) =(2,2.9 iii|'_ """""
‘ If/ - top, fa) =( ) | Near Plane (near) =2
|right| =2 it A A e L
& A // [ A I |
// .// ..............
IRV A B ammsEaa
el = <2 ! - N O .. i A i I
1 7\ g /// I
near=g S A FarPlane(fr)=9 W]
¥ I A v "
fovy =900 —,::/,,:- // e PP e rrryd
4+ Ve NN EEEEEEEEEEEEE
T aspectratio= 1 NN NENENEE NN NN
(1:1)

(left, bottom, near) = (-2.-2,2)

Note:

. Projection plane is a plane perpendicular to the line passing through the camera and its reference point. The center of the
projection plane lies on the line passing through camera and its reference point. Projection plane is what the camera sees.

. The viewing angle indirectly defined by the glFrustum is equivalent to the Fovy angle defined by gluPerspective.
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Cvan

Yellon

Code:
glMatrixMode (GL PROJECTION) ;
glLoadIdentity();
glFrustum(-2,2,-2,2,2,9);

glMatrixMode (GL_MODELVIEW) ;
glLoadIdentity () ;
gluLookAt (0,0,6,0,0,5,0,1,0);

colorcubeO () ;

Perspective View, Front View

Calculate Object vs Projection Plane Ratio

=]
(]
]

LopkAt Point
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EEEEEEEEEEREESS == EEEEE
iiiiii"HnrizuntalRatiuuf

""" Object vs Projection Plane

. 8 Units Red i
3 48 units projection plane 6
M,
..... o I
gipy SUmtsRed s
:,:,:::/'/[::: ”:r:: EEEEEEN R
A T .'.'E.S‘f.“!uﬁdohédy,i&"'
. AN EEI EEEEE. - IS ESEEE
aiding 1 = | < X0ishing pojay
e M M NP e N R
NN Owverview of Erustum
. I b e
Eamnmm HHHHEH

Example 1: left = -2, right = 2, bottom = -2, top =2, near=2,far=9
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Cyon Example 2: left = -2, right = 2, bottom = -2, top =2, near=6, far=9
Vellan Set Up Viewing Angle (Fovy), Frustum and Camera

Code:
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity () ;
glFrustum(-2,2,-2,2,6,9);

glMatrixMode (GL_MODELVIEW) ;
glLoadIdentity () ;
gluLookAt (0,0,6,0,0,5,0,1,0);

colorcubeO () ;

Set Up 36.8° Viewing Angle

right
ﬁwy=ammmlmm) +ammn“ gl}
near near

(right, top, far)=(2,2,9)

Iright| = 2 oy
\" // 1 e
S
// /'/
lef=2 X Ay
near = 6 ‘ -
L ///
==
z /

(left, bottom, near) = (-2.-2,6)

Note:

. Projection plane is a plane perpendicular to the line passing through the camera and its reference point. The center of the
projection plane lies on the line passing through camera and its reference point. Projection plane is what the camera sees.

. The viewing angle indirectly defined by the glFrustum is equivalent to the Fovy angle defined by gluPerspective.
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Example 2: left = -2, right = 2, bottom = -2, top =2, near =6, far=9
Calculate Object vs Projection Plane Ratio

Vellan
Code : A A A A oAl iHrizontal Ratio of
glMatrixMode (GL PROJECTION) ; e e e e L Object vs Projection Plane -
glLoadIdentity(); T H OB Oy O )

_ _ . ~ | Object|Overview || 8 Units Red _
glFrustum(=2,2,72,2/6,9) 7 e ®=5 T 16 units projection plane 2
glMatrixMode (GL MODELVIEW) ; e e e T e e P T T LA T T —
glLoadIdentity () ; T T T T LT ":::::::::|:::|::......::::::::

L fpyy/2 = arctan(2/6) | iecti I | T |

colorcubeO () ; ::::::::::::']r:::::::.._..".“.'i:si;,\:‘:':::....I O
T N Br=any ) B7dEEEE o dotted fines |

A S =t B W ) meetar ||

N NEEEE Vanishing pojny

Perspective View, Front View T T o gl [l 14 TR T T A = o
Lo EEREENE EEER AN SEEEE | A — ) T Overview of Frustum

I I T ET 10 T 0 N

NN EEE NSRS AN NN EEE N AR O

L L L 1 i S M B R
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Case Study 3

Aspect Ratio of glFrustum

Case Study Setup:

Assur_ne in the world
coordinates we have one color Cyan
cube of size two, whose front is
red.

colorcubeO ():
centered at (0,0,0)

Cyan
~ Yellow

Goal:

We will observe how varying

Aspect Ratio of gluPerspective Yellow
while fixing the window’s

Aspect Ratio will change the

camera’s view of the cube.

Orthogonal View

Front View Side View Top View Diagonal View

Files Used:
Perspective.c, DrawCubes.c, DrawCubes.h, MyMatrix.c, MyMatrix.h
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Cyan Example 1: left = -2, right = 2, bottom = -2, top =2, near=5,far=9
i glFrustum’s Aspect Ratio matches Window’s Aspect Ratio

Code :

// in reshape () function
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity () ;

glFrustum(-2,2,-2,2,5,9); //aspect ratio 1

glMatrixMode (GL_MODELVIEW) ;

glLoadIdentity () ;

gluLookAt (0,0,6,0,0,5,0,1,0);

colorcubel(); // a 2x2x2 cube,

// centered at (0,0,0)

// in main
glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;

Note:
» Aspect Ratio: width/height ratio
*In this case: (2-(-2))/(2-(-2)) =1

* When aspect ratio of gluFrustum matches the
window’s Aspect Ratio, object will not be distorted.

* In this case:
* Window’s Aspect Ratio:
400px/400px =1
* glFrustum’s Aspect Ratio: 1
* Therefore, object is not distorted.

fovy =arctan( ) + arctan(

[left] [right|
ear near
(right, top, far) = (2,.2,9)

e

|right| = 2 A g
Sl Ry
// 1 //
\ P
lleft] =2 X pZ
near = 2 \ p
~ ) 4
fovy = 90° e
/

T >aspect ratio = 1
(1:1)
(left. bottom_ near) = (-2.-2.2)

Perspective View, Front View

© 2004, Tom Duff and George Ledin Jr
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Cyan Example 1: left = -2, right = 2, bottom = -2, top =2, near=5,far=9
i glFrustum’s Aspect Ratio matches Window’s Aspect Ratio

Code

// in reshape () function
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity () ;

glFrustum(-2,2,-2,2,5,9); //aspect ratio 1

glMatrixMode (GL_MODELVIEW) ;
glLoadIdentity () ;

gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubel(); // a 2x2x2 cube,

// centered at (0,0,0)

// in main
glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;

Note:
* glFrustum’s Aspect Ratio: 1

Projection Plane
=16 units\

I Horizontal Ratio of

8 Units Red

Ohject vs Projection Plane

S

8 Units Red

16 units projection plane

ol

* Window’s Aspect Ratio: 400px/400px = 1

* Object is not distorted.

© 2004, Tom Duff and George Ledin Jr
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Example 2: left = -4, right = 4, bottom = -2, top =2, near=5, far=9

glFrustum’s Aspect Ratio is Twice Window’s Aspect Ratio

Code :

// in reshape () function
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity () ;
glFrustum(-4,4,-2,2,5,9); //aspect ratio 2

glMatrixMode (GL_MODELVIEW) ;

glLoadIdentity () ;
gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubel(); // a 2x2x2 cube,

// centered at (0,0,0)
// in main

glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;

Note:

» glFrustum’s Aspect Ratio: (width/height ratio)
(4-(-4))/(2-(-2)) = 2

* Window’s Aspect Ratio: 400px/400px = 1

* When glFrustum’s Aspect Ratio is twice of the Window’,

object’s height remains the same, but its width shrinks by half.

* The effect is like: glScale(2,1,1)

Perspective View, Front View

glFrustum’s Aspect Ratio = 1

glFrustum’s Aspect Ratio = 2

3 Coordinates

© 2004, Tom Duff and George Ledin Jr
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Example 3: left = -2, right = 2, bottom = -4, top =4, near=5, far=9
glFrustum’s Aspect Ratio is half of Window’s Aspect Ratio

Code :

// in reshape () function
glMatrixtode (GL_PROJECTION) ; Perspective View, Front View
glLoadIdentity () ;
glFrustum(-2,2,-4,4,5,9); //aspect ratio 0.5 glFrustum’s Aspect Ratio = 1
glMatrixMode (GL_MODELVIEW) ;
glLoadIdentity (),
gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubeO(); // a 2x2x2 cube, centered at (0,0,0)

// in main
glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;

Note:
» Aspect Ratio(width/height ratio)
(2-(-2)) / (4-(-4)) = 0.5

glFrustum’s Aspect Ratio = 0.5

* Window’s Aspect Ratio:
400px/400px = 1

* When gluFrustum’s Aspect Ratio is half of the Window’s, object’s
width remains the same, but its height shrinks by half.

* The effect is like: glScale(1,0.5,1); -
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Difference between gluPerspective and glFrustum when 0< Aspect Ratio < 1

Code A:
glFrustum(-2,2,-4,4,5,9); //aspect ratio 0.5

gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubeO(); // a 2x2x2 cube, centered at (0,0,0)
glutInitWindowSize (400,400);

Code B:
glPerspective (43.6, 0.5, 5,9); //aspect ratio 0.5

gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubeO(); // a 2x2x2 cube, centered at (0,0,0)
glutInitWindowSize (400,400) ;

Note:
* Code A and B’s Similarity:
» Aspect Ratio: width/height ratio = 0.5
* Window’s Aspect Ratio: 400px/400px = 1

* However the output of two codes are different:

* When gluFrustum’s Aspect Ratio is half of the Window’s,
object’s width remains the same, but its height shrinks by
half.

* When gluPerspective’s Aspect Ratio is half of Window’s,
object’s height remains the same, but the width shrinks by
half.

Perspective View, Front View

Aspect Ratio = 1

glFrustum’s Aspect Ratio = 0.5

gluPerspective’s Aspect Ratio = 0.5

© 2004, Tom Duff and George Ledin Jr
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Example 4: left = -1, right = 3, bottom = -4, top =4, near=5, far=9
glFrustum’s Aspect Ratio is half of Window’s Aspect Ratio
Code :

// in reshape () function
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity(); Perspective View, Front View
glFrustum(-1,3,-2,2,5,9); //aspect ratio 0.5

glFrustum’s Aspect Ratio = 1
glMatrixMode (GL_MODELVIEW) ;
glLoadIdentity (),
gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubel(); // a 2x2x2 cube,

// centered at (0,0,0)

22 Coordinates.

// in main
glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;

Note:
» Aspect Ratio (width/height ratio)
B--1)/(2-(-2)) =1 glFrustum’s Aspect Ratio = 1
[left] < |right]
» Window’s Aspect Ratio: 400px/400px = 1 o
* When aspect ratio of gluFrustum matches the window’s Aspect Ratio,
object will not be distorted.

* When |left| < |right|, object shifts to the left.
*In this case: |left| = 1, [right| = 3, object shifts left.

© 2004, Tom Duff and George Ledin Jr
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Example 4: left = -1, right = 3, bottom = -4, top =4, near =5, far =9
glFrustum’s Aspect Ratio is half of Window’s Aspect Ratio

Code :
// in reshape () function
glMatrixMode (GL_PROJECTION) ; (right, top, far) = (3.2.9)
glLoadIdentity () iright| = 3 //4 //
glFrustum(-1,3,-2,2,5,9); //aspect ratio 1 \ e ///
\ . p
| e 1
glMatrixMode (GI, MODELVIEW) ; lleft| = 1 // 4 //

glLoadIdentity () near=5
gluLookAt (0,0,6,0,0,5,0,1,0);
colorcubel(); // a 2x2x2 cube,
// centered at (0,0,0)
// in main (left, bottom, near) = (-1.-2,5)

glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;
Perspective View, Front View

Note:
+ Aspect Ratio (width/height ratio) glFrustum’s Aspect Ratio = 1
(3-(-1)) 1 (2-(-2)) =1 lleft| < [right|

* Window’s Aspect Ratio: 400px/400px = 1

* When aspect ratio of gluFrustum matches the window’s Aspect Ratio,
object will not be distorted.

* When |left| < |right|, object shifts to the left.
*In this case: |left] = 1, [right| = 3, object shifts left.
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Example 5: left = -3, right =1, bottom = -4, top =4, near=5, far=9
glFrustum’s Aspect Ratio is half of Window’s Aspect Ratio

Code :

// in reshape () function
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity () ;

glFrustum(-3,1,-2,2,5,9); //aspect ratio 1 Perspective View, Front View
glMatrixMode (GL_MODELVIEW) ; glFrustum’s Aspect Ratio = 1
glLoadIdentity () ;

gluLookAt (0,0,6,0,0,5,0,1,0);

colorcubel(); // a 2x2x2 cube,
// centered at (0,0,0)

// in main
glutInitWindowSize (400,400);
glutReshapeFunc (reshape) ;

Note:
» Aspect Ratio (width/height ratio):
(1-(-3)) / (2-(-2)) =1

glFrustum’s Aspect Ratio = 1

* Window’s Aspect Ratio: 400px/400px = 1 lleft] > [right]

* When gluFrustum’s Aspect Ratio is half of the Window’s, object’s

width remains the same, but its height shrinks by half.

* When |left| > |right|, object shifts to the right.
*In this case: |left] = 3, [right| = 1, object shifts right.

© 2004, Tom Duff and George Ledin Jr
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glFrustum vs gluPerspective’s Similarities

The gluFrustum can simulate fovy in gluPerspective by adjusting near plane and the
distance between left and right of the glFrustum.

The following two commands display the same output.

gluPerspective(90, /I fovy (b) glFrustum(-2, /] left
1, I/ aspect ratio 2, /l right
2, /I near -2, /l bottom
9); /I far 2, I top
2, /I near
9); /[ far
far=72 fovy =arctan( IM:L ) + aretan( |:f::')
//// | (rig/ljt_ top, far) = (2,2,9)
// | |right| ==‘2 //: /*
e /// :////

/ left| =2

- near =2

;s
r
g fovy =900, “Sd=mm=h.
T T >aspectratio = |

aspect ratio = | a1

( 11 ) (left, bottom, near) = (-2,-2,2)
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glFrustum vs gluPerspective’s Similarities, continued

« The near plane in gluPerspective is only near clipping plane, and has
nothing to do with the viewing angle. Yet glFrustum’s near plane in also
both as near clipping plane, and one important parameter which
contributes to the construction of viewing angle.

gluPerspective(90,
1,

2,
9

I fovy

/[ aspect ratio
/I near

// far

aspect ratio = |
(1:1)

(b) glFrustum(-2, I eft
2, I/ right
-2, // bottom
2, /1 top
2, /I near
9); /] far
fovy =arctan( lleft| ) + arctan( |"gh'|)
ar H
(right, top, far) = (2,2,9)
right = 2 il
Y
// |//
\ P
left] = 2 A / e
A\ ’ “
near =2 ¥ //
\ Ve
fovy = 90° Caie— e
D

aspect ratio = |
(1:1)

(left, bottom, near) = (-2,-2,2)

© 2004, Tom Duff and George Ledin Jr
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glFrustum vs gluPerspective’s Similarities, continued

« Both far plane in gluPerspective and gluFrustum are clipping planes only and have nothing
to do with the viewing angle.

gluPerspective(90, /I fovy (b) glFrustum(-2, /I left
1, /[ aspect ratio 2, /I right
2, I/l near -2, // bottom
9); /I far 2, /I top
2, /I near
9); /I far
o |left| |right|
far =2 fovy =arctan( ncar) + arctan( nmr)
e /’/
// : // y | (riglljt_ top, far) = (2,2.9)
A e |right| =2 4 4
e //| gt //// 1 ////
\
/// llefi| = 2 X S Ve
- g
e near =2 \ ///
~ 4

fovy = 90°

T >aspect ratio = |
(1:1)
(left, bottom, near) = (-2,-2,2)

aspect ratio = |
(1:1)
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glFrustum vs gluPerspective’s Similarities, continued

* For both gluPerspective and glFrustum, when object is outside the area
between the near and far planes, object cannot be viewed.

gluPerspective(90, /I fovy (b) glFrustum(-2, /] left
1, I/ aspect ratio 2, /l right
2, /I near -2, /l bottom
9); /I far 2, I top
2, /I near
9); /[ far
fovy =arctan( left| ) + aretan( |rig|1t|}

aspect ratio = |
(1:1)

(right, top. far) =(2,2.9)

-
Iright| = 2 Pa /
s A
S
\ Vi
R \ A )
lefi] =2 X P p
AN\ / g )
near =2 \ > < /// .
fovy = 90° h = /:f,'..:‘ //
T

aspect ratio = 1
(1:1)
(left, bottom, near) = (-2,-2,2)
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glFrustum vs gluPerspective’s Similarities, continued

« Changing the Aspect Ratio will result the reverse changing the of width and

height ratio.
gluPerspective’s Aspect Ratio = 1 glFrustum’s Aspect Ratio = 1
e —
gluPerspective’s Aspect Ratio = 2 glFrustum’s Aspect Ratio = 2
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glFrustum vs gluPerspective’s Differences

* gluPerspective is more intuitive and easy to use than Frustum.

— It’s easy to think of “changing the fovy” of gluPerspective to change the
view angle than think of “changing the left, right, top, bottom” parameters
of glFrustum to change the view angle.

gluPerspective(90,
1,

2,
9

I fovy

/[ aspect ratio
I/l near

/I far

aspect ratio = |
(1:1)

(b) glFrustum(-2,
2,
-2,
2,
2,
9);

fovy =arctan(

|nght| = 2

[left = 2

near =2

-
fovy = 90°

) + arctan(

/] left

// right

/I bottom
Il top

/I near

/I far
|right|}

(right, top, far) =(2,2,9)

aspect ratio = |

(1:1)

(left, bottom, near) = (-2,-2.2)
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glFrustum vs gluPerspective’s Differences, continued

« The sideview profile of gluPerspective’s frustum is trapezoidal, whereas the
sideview profile of glFrustum’s viewing frustum is always rectangular.
Therefore, glFrustum’s viewing frustum is more restricted than gluPerspect.

» (This is another reason to use gluPerspective than rather than glFrustum.)

gluPerspective(90, /I fovy (b) glFrustum(-2, /I left
1, /[ aspect ratio 2, /I right
2, I/l near -2, // bottom
9); /I far 2, /I top
2, /I near
9); /I far
far =2 fovy =aretan( lll:;:lr) + arctan( l:i:lrﬂ)
/// | (rig’l;u. top, far)=(2,2.9)
pd Iright| = 2 //; i
e ; | \ /// :////

yd left| =2 X e p

// near =2
/
g \\

fovy = 90°

s
£
p
T T aspectratio = |
(0

aspect ratio = |
(1:1)

(left, bottom, near) = (-2,-2.2)
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glFrustum vs gluPerspective’s Differences, continued

« glFrustum can have input where left <> right, and therefore, shift the object’s position on
the projection plane; whereas, gluPerspective will not shift the object’s position.

— Example: glFrustum(-1,3,-2,2,5,9); //aspect ratio 1

Perspective View, Front View

glFrustum’s Aspect Ratio = 1

glFrustum’s Aspect Ratio = 1
[left] > [right]|
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glFrustum vs gluPerspective’s Differences, continued

 When the Aspect Ratio is less than one, gluPerspective and
glFrustum work slightly differently. gluPerspective fix the height,
lengthens the width, whereas glFrustum fixes the width, shrinks the
height.

Perspective View, Front View

Aspect Ratio = 1 glFrustum’s Aspect Ratio = 0.5 gluPerspective’s Aspect Ratio = 0.5
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Summary

glFrustum vs gluPerspective

Similarities

Fovy in gluPerspective can be simulated by
adjusting near plane and the distance
between left and right of the glFrustum.

The near plane in gluPerspective is only near
clipping plane, and has nothing to do with the
viewing angle. Yet glFrustum’s near plane in
also both as near clipping plane, and one
important parameter which contributes to the
construction of viewing angle.

Both far plane in gluPerspective and
gluFrustum are clipping planes only and have
nothing to do with the viewing angle.

For both gluPerspective and glFrustum, when
object is outside the area between the near
and far planes, object cannot be viewed.

Changing the Aspect Ratio will result the
reverse changing the of width and height
ratio.

Differences

gluPerspective is more intuitive and easy to
use than Frustum.

* It's easy to think of “changing the fovy” of
gluPerspective to change the view angle than
think of “changing the left, right, top, bottom”
parallmeters of glFrustum to change the view
angle.

The sideview profile of gluPerspective’s
frustum is trapezoidal, whereas the sideview
profile of glFrustum’s viewing frustum is
always rectangular.

* (This is another reason to use gluPerspective
than rather than glFrustum.)

glFrustum can have input where left <> right,
and therefore, shift the object’s position on the
projection plane; whereas, gluPerspective will
not shift the object’s position.

When the Aspect Ratio is less than one,
gluPerspective and glFrustum work slightly
differently. gluPerspective fix the height,
lengthens the width, whereas glFrustum fixrs
the width, shrinks the height.
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