Page 1

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

Evolution from Vector to Ra ster

History: Vector Drive a oscilloscope w ith x -y deflections Ca lligra phic or line dra w ing displa y (�50s) Phosphors deca y, m ust be refreshed: displa y list Future la ser-ba sed displa ys?

Ra ster Motiva ted by television (�30s) Refresh m onitor from fra m ebuffer (�70s) Adva nta ge: im a ges very genera l (tv,tex t,m ovies) Disa dva nta ge: origina l cost of m em ory, low -level

Page 2

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 2

Perceptua l Resolutions

Ex perim ents

Resolving lines pa irs, sinusoida l gra tings

Ma x 50-60 cycles per degree

Hypera cuity

5 a rcsecs for very fine line position judgem ents!

Photoreceptor m osa ic

Fovea l (1deg.) vs. periphera l

Tw o types of photorceptors

Rods: 100 m illion tota l, 1μ dia m eter

Cones: 3 subtypes (L,M,S), 5 m illion tota l

1-10μ dia m eter (fov.-per.),

Fovea res: 10 a rcm ins (S), 0.5 a rcm ins (L,M) spa cing

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 2

Im a ge Resolutions in Pra ctice

Television

NTSC 640x 480x 8b 1/ 4 MB

GA-HDTV 1920x 1080x 8b ~2MB

Worksta tions

Bitm a pped displa y 960x 1152x 1b ~1 Mb

Color w orksta tion 1280x 1024x 24b 5 MB

La serprinters

300 dpi (8.5�x 300)(11�x 300) 1.05 MB

2400 dpi (8.5�x 2400)(11�x 2400) ~64 MB

Film (line pa irs/ m m )

35m m (dia gona l) slide (ASA25~125 lp/ m m ) = 3000

3000 x 2000 x 3 x 12b ~27 MB

Page 3

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

Field of View

Visua l field Monocula r: 160� (h) x 135� (v)

Binocula r: 200� (h) x 135� (v) Wide field of view crea tes a sense of im m ersion

Conventiona l Television 8� 11� �VD = 7.1 PH

�10� / 1200 = 0.5 a rcm in

PH = Picture Height

VD = View ing Dista nce

From Gibson 1968

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

Aspect Ra tio

Fra m e a spect ra tio (FAR) = horizonta l/ vertica l size

TV 4:3 HDTV 16:9 Pa ge 8.5:11 ~ 3:4 35m m Film 3:2 Pa na vision 2.35:1 (2:1 a na m orphic) Vista vision 2.35:1 (1.5 a na m orphic)

Pix el a spect ra tio (PAR) = FAR vres/ hres Nuisa nce in gra phics if not 1

Page 4

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 2 vs + Interla ced Non-Interla ced

(Progressive Sca n)

Refresh Ra tes a nd Ba ndw idth

Critica l flicker fusion ra te

high a m bient light, la rge field: - 80 Hz low a m bient light: 20-30 Hz

Fra m es per second (FPS)

Film (double fra m ed) 24 FPS

TV (interla ced) 30 FPS x 1/ 4 = 8 MB/ s

Worksta tion (non-interla ced) 75 FPS x 5 = 375 MB/ s

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 2

Ra ster Gra phics Architecture CPU CPU Mem Mem Gra phics

Processor

Gra phics

Processor

Fra m ebuffer Fra m ebuffer

Displa y

Controller

Displa y

Controller_{hello, w orld}

System Bus

Page 5

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

Hom e PC PCI % hello, w orld

Host CPU Host CPU ChipSet

ChipSet

Gra phics Accel.

Gra phics Accel. FB Mem ory FB Mem ory

Mem ory

Mem ory

533 MB/ s

533 MB/ s

133 MB/ s

200 MB/ s

800 MB/ s

32 MB

2-4 MB

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

SGI Rea lity Engine

GEGE GEGE GEGE GEGE GEGE GEGE GEGE GEGE

Com m a nd Processor

Com m a nd Processor

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

FGFG

IEs

5 FG�s/ RM

80 IE�s/ RM

4 RM�s = 340 P�s

Page 6

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 2

OpenGL Architecture

Video

Displa y Video

Displa y

Tex ture

Buffers Tex ture

Buffers

Pix el Ops Pix el Ops

Ra sterize Ra sterize Fra gm entOps Fra gm ent Ops Vertex Ops Vertex

Ops Fra m eBufferFra m eBuffer

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 2

RGB Fra m ebuffer R G B DACs

Monitor

Fra mebuffer

Page 7

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

Color Index Fra m ebuffer

Color

DACs

Monitor

Fra mebuffer

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 2

Buffers

Single a nd double buffering: Front a nd Ba ck Z-Buffer Tex ture Ma p Buffer Window ID Buffer Accum ula tion Buffer Stencil Buffer Stereo: Left a nd Right