Subsampling 1

M ®Ipum R =k (human visual system, HVS) 577 (colour)ruap i, A+ 517l (luminance , brightness)fiy
gt o ¢ RGB iR [ > = |[ﬁ‘5|%(R,G,B)f:J TERIE 3*,‘ ﬁ'[ﬁ fruifT (resolution) %ﬁﬁ
component - [[IRIF 3SR ZRLE = i 61557 E # @(chrommance chroma) i’ (luminance , luma) -
LB T A uqﬂj T~ KSR PR ST DA SR VRS > chrominance componentg‘ I (i et
s i o :I{Z\HJFI;@R » T ﬁ?(encode)ﬁ&’ﬁ%{#(compress)ﬁntj UK RGB /1) 2 [ Shflginy = YCbCr <1532

t] > Y A% (luminance) component > Cb » Cr %534 (chrommance) component - 1§¥1H3:‘J‘ chrominance
component sub-sample {7 down-sample [ & » [ ] [l -
B 1“%’ YCbCr subsampling T?T :

(1)4:4:4 sampling
= i components(Y,Cb » Cr)='# 4 ﬂ BT, 5 &) W pixel ﬁ*é] fi [ I~ components » #7159

Y Cb Cr
Y1 | Y2 Cbl|Cb2 Crl | Cr2
Y3 | Y4 Cb3|Cb4 Cr3 | Cr4

G BT £ 176 x 144 pixels

=) [ pixel ’EJ R,G,B = [l component » 176 x 144 x 3 = 76032 bytes

& fii pixel ¥ R,G,B = {iif component #i5% Y,Cb,Cr> 37 iy component % Y,Cb,Cr- i3 4:4:4 sampling
176 x 144 x 3 = 76032 bytes

P pixels 85— 5 4:4:4 sampling » = [ pixels = f’%ﬁ"?&' 3 [l bytes ( 3 bytes per pixel )

(2)4:2:2 sampling
¥f chrominance component ;%= horizontal subsampling - |fij 3%/~ vertical subsampling » Y1 == Y2

HHCbl®» Crl> Y3Z Y4 HH| Cb2% Cr2 -

Y Cb Cr
Y1l Y2 Cb1 Crl
Y3 Y4 Cb2 Cr2

G Y pviEdT £ 176 x 144 pixels

EJ[af pixel £ R,G,B = [# component - 176 x 144 x 3 = 76032 bytes
2 i pixel i R,G,B = fli component {#55 Y,Cb,Cr- 3l 7 iv component £} Y,Cb,Cr 55 4:2:2 sampling
176 x 144 +(176/2) x 144 + (176/2) x 144

=176 x 144 x 2

= 50688 bytes.

P pixels 85— 72 > 4:2:2 sampling > & ([ pixels 7 f‘d%ﬁ;}l 2 [ bytes ( 2 bytes per pixel )
Y1+Y2+Y3+Y4+Cbl+Cb2+Crl+Cr2=8bytes » — 3= 7"l pixels
8 bytes / 4 pixels = 2 bytes per pixel
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Subsampling 2
(3)4:2:0 sampling
%f chrominance component %= horizontal subsampling =' vertical subsampling » Y1~Y2-Y3 % Y4
HHCbl1=2Crl -

Y Cb Cr

Y1 | Y2

Cb1 Crl
Y3 | Y4

ARG WY pvEErTY £ 176 x 144 pixels
= {[i pixel ¥] R,G,B = {[if component » 176 x 144 x 3 = 76032 bytes
2 i pixel i R,G,B = fli# component §#55 Y,Cb,Cr- 3l 7 fiv component £} Y,Cb,Cr- 55 4:2:0 sampling
176 x 144 +(176/2) x (144/2) +(176/2) x (144/2)
=176 x 144 + 176 x 144 x 0.5
=176 x 144 x 1.5
= 38016 bytes.
I P4 pixels £~ 52 > 4:2:0 sampling » & i pixels = f’%ﬁ%’ 1.5 {[i bytes ( 1.5 bytes per pixel )
Y1+Y2+Y3+Y4+Cbl+Crl=6bytes ~ it f pixels
6 bytes / 4 pixels = 1.5 bytes per pixel
ﬁn‘%{%’ Subsampling Format & » £ ™ RIFFY[T subsampling -

(1)4:4:4 subsampling
T g e R TR .

(2)4:2:2 subsampling

RGB #%iHifs:1 [V YCbCr
Y Cb Cr
Y1 | Y2 Cb1|Cb2 Crl | Cr2
Y3 | Y4 Cb 3|Cb 4 Cr3 | Crd

IV 4:2:2 subsampling

Y Cb Cr
Y1 | Y2 Cb1’ crl’
Y3 | Y4 Cb2’ Cr2’

EEN
Cbl’=(Cbl+Cb2)/2
Cb2 ‘= (Cb3 +Cb4)/?2
Cr1’=(Crl+Cr2)/2
Cr2‘=(Cr3+Crd) /2
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Subsampling
o e
void h2vl_subsampling(unsigned char *origin,unsigned char *result,int width,int height)
{
int outrow,outcol;

unsigned char *inptr ;

for (outrow = 0 ; outrow < height ; outrow++ ){
inptr = origin + outrow * width;
for (outcol = 0 ; outcol < width ; outcol += 2 ){

*result++ = (inptr[0] + inptr[1] ) >>1;

inptr += 2;
}
}
}
(3)4:2: 0 subsampling
RGB 7% % i YCbCr
Y Cb Cr
Y1 | Y2 Cbl|Cb?2 Crl | Cr2
Y3 | Y4 Cb3|Cb4 Cr3 | Cr4

IV 4:2:0 subsampling
Y Cb Cr

Y1 | Y2

Cb’ Cr’
Y3 Y4

IV
Cb’=(Cbl1+Cb2+Cb3+Ch4)/4
Crr=(Crl+Cr2+Cr3+Cr4)/4

o (A
void h2v2_subsampling(unsigned char *origin,unsigned char *result,int width,int height)
{

int outrow,outcol;

unsigned char *inptr0 ;

unsigned char *inptrl ;

for (outrow = 0 ; outrow < height ; outrow += 2 ){
inptr0 = origin + outrow * width;

inptrl = inptr0 + width;
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Subsampling 4
for (outcol = 0 ; outcol < width ; outcol += 2 ){

*result++ = (inptrO[0] + inptrO[1] + inptrl[0] + inptrl[1]) >> 2 ;
inptr0 += 2;
inptrl += 2;

}
SRR LLJ*EJ&EFVT f%;l/ﬁfjﬂpf bias - ﬁ’éjiﬂ ¢ =0 g smoothing subsampling > ]"Eﬂiéﬁ’éﬁ%&’ a ’F‘JI
I o EF IR source code Wk ' #] Independent JPEG Group(http://www.ijg.org/)Z. ™ #i JPEG

source code - £l [ fii " jcsample.c £L7 il JPEG subsampling v jesample.c fU#f (SRl 1 gt ) -

Digital Image Warping, George Wolberg, 1990.
Pub. by IEEE Computer Society Press, Los Alamitos, CA. ISBN 0-8186-8944-7.
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