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Topicos Abordados AT

e (Oponentes cromaticas

e Modelo da Percepcao Cromatica

e Processos de Colorimetria

e Funcoes de Cromaticidade

e (Coordenadasr-ge x-y

e Exemplos de Calculos Colorimétricos
e Transmissao de TV a Cores

e Codificadores NTSC, PAL-M

e Qutros Codificadores Analodgicos

e Colorimetria para HDTV e UHDV

e Equipamentos de Teste para sinais de Video
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Experimentode Newton @
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Cores Opostas
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Modelo de Oponentes para Percepcao Visual =0
Cones Cones Cones
Vermelhos Verdes Azuis

Oponente Oponente

Luminancia
Vermelho-Verde Azul-Amarelo
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Sensibilidade Espectral da Visio @
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Objetivo: Reproduzir os estimulos visuais R, G e B
artificialmente
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Colorimetria de uma CorReal &2
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Estimulos R, G, B iguais nos dois casos
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BE Colorimetro R G B
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Coordenadas Colorimétricas

EPUSP - Guido Stolfi 10/ 83



Funcdes de Cromaticidade para Observador Padrao 2%
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Calculo das Coordenadas Colorimétricas
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Coordenadasr-g 4@
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Cores Espectrais nas Coordenadasr-g &2
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Colorimetria com primarios X,Y,Z At

X =0490R + 0.310G + 0.200B
Y =0177R +0.813G + 0.011B
Z = 0.000R + 0.010G + 0.990B

R=2365X —0897Y — 04682
G =-0515X +1426Y + 0.089Z
B =0.005X —0.014Y +1009Z
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Funcdes de Cromaticidade xy,z 42
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Coordenadas de Cromaticidade &2
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Diagrama de Cromat
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Linearidade na Superposicdo de Cores e

A = (YyG + xB)/(x+y)

P = (WA + zR)/(w+2)
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Sensibilidade da Visao para Diferencas de Cromaticidade Efucsf
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Exemplos
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Exemplo: Colorimetria de uma Lampada de Descarga a Gas Effsf

5
4.5
4
35
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= fSSOOP(/”L)Y(/I)dZ=1.1>< 0.0004 +2.2x0.012 +4.6x0.71+2.8x0.87 +0.5%x0.1/5=5.82

Z = f:ooP(/l)Z(ﬂ)dﬂ —1.1x0.068 + 2.2 x1.39 + 4.6 x 0.078 + 2.8 x 0.002 + 0.5x 0.0=3.50
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Exemplo: Colorimetria de uma Lampada de Descarga a Gas

X = X = 3.72 = 0.285
X+Y +Z 13.04

y = Y = °.82 = 0.446
X+Y +Z 13.04

Comprimento de onda
dominante: ~538 nm

a9
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Exemplo: Colorimetria de um Corpo Negro Agquecido
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Exemplo: Balanceamento de LED’s

Caracteristicas dos LED’s:

LED Comprimento de Onda Intensidade Luminosa a
20 mA
Vermelho 640 nm 80 mcd
Verde 570 nm 130 mcd
Azul 470 nm 25 mcd
Aplicando a funcao de luminancia:
A F(\) Pot X Y
R 640 0.175 457 204 80 0
570 0.952 137 104 130 0.3
B 470 0.091 274 53 25 353
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Exemplo: Balanceamento de LED’s AT

r(204X+80Y+027) +
+g (104 X+130Y+0.32) +
+b (53 X+25Y+3537) =

= 1000 X +1000Y + 1000 Z

Resolvendo, temos:

r =0,745=0,112 = 2,23 mA
g =6,68 = 1,00 = 20 mA
b =2,83 = 0,423 = 8,47 mA

Intensidade luminosa de R + G + B = branco:
0,112x80+1x130+0,423 x 25 = 150 mcd
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Primarios de um Cinescdopio (NTSC) =0
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Coordenadas de Cromaticidade dos Primarios (NTSC e P22) =0
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FungOes de Cromaticidade Correspondentes aos Primarios (NTSC e EBU) Eﬁ%ﬁ

Sensitivity

-1 |
300 400 500 800 700 800

Wavelength, nm

EBU: European Broadcasting Union EPUSP - Guido Stolfi 30/ 83



Transmissao de TV a Cores
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Requisitos de Fidelidade Colorimétrica AT

e Fidelidade Fisica (espectral)

e Fidelidade de Valores Tri-estimulos (R, G, B)

e Fidelidade Colorimétrica (x, y)

e Reproducao Correspondente (mesma iluminacao)

e Fidelidade Subjetiva (ao gosto do usuario)
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LCS

Diagrama de um Sistema de TV a Cores e

Filtros
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Banda Passante Necessaria para Sistema RGB Sl
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Banda Passante para Luminancia e Oponentes Cromaticas
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. . « o LCS
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Componentes de Luminancia e Crominancia (NTSC) (LS

EPUSP

Y'=0.299R' +0.587 G' +0.114 B' (4.2 MHz)
(R'-Y')=0,701 R' - 0.587 G' - 0.114 B’
(B'-Y')=-0.299 R' - 0.587 G' + 0.886 B'

I'=074(R'-Y")-027(B'-Y') =
= 0.60R'-0.28 G' - 0.32B' (1.5 MHz)

Q'=048(R'-Y")+041(B'-Y") =
=021 R'-0.52G'+0.31 B' (0.5 MHz)

EPUSP - Guido Stolfi 38 /83



Modulador N

Sincronismo Composto
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Exemplo: Padrdo de Barras Coloridas (RGB) Ay

G (100 IRE)

R

N BN B B s
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B — G' (100 %)
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55 -32
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31 21
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Formas de Onda na Modula
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Padrao de Barras Modulado em NTSC

8.8 pyS/01V

§
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ntercalamento Espectral R

1
S i< 1
1
1
1
1
I I I
1
I I
1
! I . [
" N
1 ! i 1 -
1 ! ! 1
1 : ! 1
(NTSC - ODD MULTIPLE OF 1/2 H) f : <— > ,é f /2
H —> ! - H
L— 1
" v e 358 MHz . 1
ol AR
\( /./ I ™~
F-..““‘- S
x_“‘r // | 1 \H"‘*»..H
- -
-

i
~_ P I || |
I I |

» i
/i‘/ " | ‘IT .
0 v 1 1
HE II:"I : : H

f—= —] 15,734 kHz | —-|15_1'3m|;

-

EPUSP - Guido Stolfi 44 /83



Intercalamento Espectral no Temp_
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Referéncia de Fase

Reference R
white level 100 —

Picture bianking 10.9 L8

2
Block level — 75 _ _ _

Bignking level amplitude
wng TVl Lo - —

Sync level -40 -

—pd
Front porch

1.5ws 01 s +0.1 s
50 % Burstomplitude 50 “.Fr Tbl.éfﬂ
amplitude
limits

limits (Note13)
—
Leading -\.
edge

of sync _'l L

S3us 200 ws (12 cycles)
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Frequéncia da Sub-portadora de Cor Lo

Intercalamento Espectral:

fe=(2n+1)/2 x f,
fic—4.5 MHz = (2p+1)/2 x f,

frequéncias multiplicadas por 1000/1001 =
f,=15734,265...Hz = f,=59.94 Hz

f..=455/2fh=5x7x13/2f,=3.579545 MHz
fq="1%f, =29.97 Hz
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Espectro de um Canal NTSC

LCS
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EPUSP
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Espectro Real de um Canal de TV AT
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Modulador PAL-M =0

Sincronismo Composto

fh/2
R Y =
> —I— — A
G _ oy U Video
- Matriz i 1.5 MHz 1 42MHz  Composto
V|
e L@@ —
A Croma
B'-Y g x>
0.493 A > —
1.5 MHz
3.575611 MHz 5
A = 1 90

Oscilador Sub-portadora

PAL-M: Phase Alternating Line-rate, padréo M ' _
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Intercalamento Espectral no PALM 42
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Padrao de Barras YUV

| | G (100 IRE)
I s 0 R
H B B B

41 Y=0.299R+0.578G+0.114B

B V=0.877(R-Y)
0

52 -9.6
L 44

15 U=0.493(B-Y)
0 0
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Formas de Onda na Modulacdo PAL-M Sl

SINAIS MODULADOS
COM SUB—-PORTADORA

SINAIS BANDA BASE

180180 @ 0

VIDEO COMPOSTO

(Padrdo de Barras com 75% do Fundo de Escala)
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Outros Sistemas de Codificacao

PAL-B/G/H/I (Europa)

50 Hz / 625 linhas

f_= 4,433618 MHz

B,y (Y) = 5 MHz (padrdes B/G/H)

ou 5,5 MHz (padrao 1)

B,y(canal) = 7 MHz (B) ou 8 MHz (G/H/I)

1135 1

fec 2 fH+§fV

PAL: Phase Alternating Line-rate

EPUSP - Guido Stolfi
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Outros Sistemas de Codificacdo Lo

PAL-N (Argentina, Paraguai, Uruguai)

50 Hz / 625 linhas
f..= 3,582056 MHz
By, (Y) = 4,2 MHz
B,y(canal) = 6 MHz

(Resolucdo diferente na Vertical e Horizontal)
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Outros Sistemas de Codificacao LCS

EPUSP

SECAM (Franca, URSS)

— ——» DELAY
E D 15MHz f_= 4.406 MHz

Bl MATRIX R
e F—{ LPF  FPPREEMPHI>FM MOD | S

I BELL OUTPUT

, K =91 FILTER [FP{ADDER
E f =425MHz | T

R D' 1.5MHz o C
—> —Epl 1pr |efpreempri] Fm moODHR H

7.8 KHz SECAM TRIGGER T
SYNC
GENERATOR | COMPOSITE SYNC

SECAM: Séquential Coleur Avec Mémoire
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Formas de Onda n
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Outros Sistemas de Codificacdo Lo

S-VHS (Super-Video)

Sinais separados para Luminancia (Y’ + Sync)
e crominancia ( I/, Q’ e “burst”

modulados em 3,58 MHz)

Componentes (YUV)

Sinais Y’, (R’-Y’) e (B’- Y’) separados
Aplicacao profissional, DVD, Blu-Ray etc.

S-VHS: Super Video Home System
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Colorimetria para HDTV e UHDV
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Aproximagdo da Curva de Percepgdo de Brilho %
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Colorimetria para HDTV

SMPTE 274M / ITU-R BT.709

Primario
R
G
B
Branco

x (CIE)
0.640
0.300
0.150
0.3127

Y =02126 R” + 0.7152G" + 0.0722 B’

SMPTE: Society of Motion Picture and Television Engineers

ITU-R: International Telecommunications Union - Radiocommunication

P,'=
1.8556

P.'=
1.5748

y (CIE)
0.330

0.600
0.060
0.3290

EPUSP - Guido Stolfi
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Representagdo de Cores por Oponentes &

Lumindncia:
Y =0.2627 R” + 0.6780 G' + 0.0593 B’

Cromindncia:

1 -
P,'= Q-
R 1.4746 -

Recomendacao
ITU-R BT.709

P,'= G-V
® 1.8814 -
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Decimao das Oponentes Cromaticas &

64 amostras de Luminancia

amostras de

Crominancia
Recomendacao
ITU-R BT.709
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SMPTE 274M / ITU-R BT.709

| ErEG Ej Ey
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Colorimetria para UHDV (WCG - “Wider Color Gamut”) L0s

ITU-R BT.2020

Primario
R
G
B

Branco

4.5-V
V'i= 0.45
1.0993 -V "> —0.0993

x (CIE)
0.708
0.170
0.131
0.3127

O0<V =<0.0181
0.0181 <V <1

Y =0.2627 R” + 0.6780 G" + 0.0593 B’

EPUSP

y (CIE)
0.292
0.797
0.046
0.3290
1 -
I: l_YI
® 1.8814 € -
1 -
I: l_Yl
R 1.4746 & -
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Colorimetria para UHDV (WCG - “Wider Color Gamut') 2
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Equipamentos e Sinais de Teste para TV
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Equipamentos para Testes de Video

Monitor de Forma de Onda

8.8 yS/01V
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Equipamentos para Testes de Video s

Vetorscopio
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Sinais de Teste: “Black Burst” 48
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80~
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Pulsoe Barra R
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40t
20+
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100 ' ' ' ] 200 ' ' |
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Multiburst (0.5,1,2,3,3.58, 42 MHz) 42

80

60

40+

20

20+

-40

100

Efeito da limitacdo da S0f
resposta em frequéncia: 0

-50
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Combinado NTC7 (Multiburst + Escada) e
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Efeito de ndo-linearidade
(Filtro de rejeicao de croma ativado):
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GCR (Ghost Cancelling Reference) e
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Efeito de nao-linearidade
(filtro de croma ativado):
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Sinal de Teste para TV de Alta Definicao

Padrdo de barras SMPTE RP219 / ARIB STD-B28
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Sinal de Teste para TV de Alta Definig_

Padrao de Teste de Resolucao

(Tektronix)
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Sinal de Teste para TV Digital e

Diagrama de Olho para interfaces digitais
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Apelidos...

NTSC = Never Twice the Same Color
SECAM = System Essentially Contrary to American Methods
PAL = Peace, At Last

PAL-M = Pay a Little More
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