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JFEGD OOOOOO0DOO

[Reference]
http://en.wikipedia.org/wiki/Jpeg

2006/1021 000000000000
2006/10/21 Takuichi Hirano (Tokyo Institute of Technology)

BMPUOOOOOOOO

In[1] := SetDirectory["d:/hira2/public_html/hobby/edu/jpeg"]

out [1]= d:\hira2\public_html\hobby\edu\jpeg
SetDirectory["d:/Home/takuichi/hira2/public_html/hobby/edu/jpeg"]

In[2]:= g = Import["a.bmp"]

Out [2]= = Graphics =

In[3]:= Show[g]

£
Out [3]= = Graphics =
InputForm[g]

In[4]:= ImgList=g[[1, 1]]; (* {R,G,B} O20000T0 =)

ImgListRed = Map[ (#[[1]] &), ImgList, {2}]; (% R (0-255) 200000 =)
ImgListGreen = Map[ (#[[2]] &), ImgList, {2}]; (* G (0-255) 0200000 =)
ImgListBlue = Map[ (#[[3]] &), ImgList, {2}]; (+ B (0-255) 0200000 =)

nx = Length[ImgList[[1]]];
ny = Length[ImgList];

In[9] := MakeRGBRasterImage[ImgListRed , ImgListGreen , ImgListBlue ] := Module[{},
Graphics[Raster[Table[{ImgListRed[[]j, i]],
ImgListGreen[[j, i]], ImgListBlue[[j, i]1]}, {j, 1, ny}, {i, 1, nx}],
{{0, 0}, {nx, ny}}, {0, 255}, ColorFunction -» RGBColor]]
1:
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In[10] := Show[MakeRGBRasterImage[ImgListRed, ImgListGreen, ImgListBlue],
AspectRatio -» Automatic]

Out [10]= = Graphics =

In[11] := ZeroTable = Table[0, {n, 0, ny-1}, {m, 0, nx-1}];

Print["*#*** Red Component *x**"];

Show[MakeRGBRasterImage[ImgListRed, ZeroTable, ZeroTable],
AspectRatio » Automatic];

Print["+*** Green Component #*x*"];

Show[MakeRGBRasterImage[ZeroTable, ImgListGreen, ZeroTable],
AspectRatio » Automatic];

Print["**%** Blue Component *%%*"];

Show[MakeRGBRasterImage[ZeroTable, ZeroTable, ImgListBlue],
AspectRatio » Automatic];

*%xx* Red Component xx*xx
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*% Green Component xxxx

+x Blue Component x#xx*

(R,G,B) - (Y, Cb, Cr)
JPEGOORGBO O OO YChCOOOYUVOOOOOO)IOOOODOO
00000O00YUWOOOOODOOPALOOOOOOOOOOOOOO

http://en.wikipedia.org/wiki/YCbCr

The Y component represents the brightness of a pixel
The Cb and Cr components together represent the chrominance

The human eye can see more detail in the Y component than in Cb and
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Cr. Using this knowledge, encoders can be designed to compress
images more efficiently.

In[18] := YCbCrFromRGB[{r_ , g , b }] :={0.299%r+0.587%g+0.114*Db,
128 -0.168736*xr - 0.331264xg+0.5*Db,
128 + 0.5%*r - 0.418688xg-0.081312+b};
RGBFromYCbCr[{y , cb , cr }] :=
{-179.45579155073017 - 1.2175717664097974 *"-6xcb + 1.4019995886573404 *cr +Yy,
135.45879483222961" - 0.3441356788389385 xcb -0.7141361555818125  xcr +vy,
-226.81606046360054~ +1.7720000660738162 xcb +4.062980628562637 **-7xcr +y};

In[20]:= p[0] = {0, O, O};
p[1l] = {255, 0, 0};
pl[2] = {255, 255, 0};
p[3] = {0, 255, 0};
p[4] = {0, 0, 255};
p[5] = {255, 0, 255};
pl[6] = {255, 255, 255};
p[7] = {0, 255, 255};
pcubeRGB = {{p[0], p[1]}, {pP[1], P[2]}, {P[2], P[3]1}, {P[3], P[O]},
{p[4]1, p[51}, {p[5], p[61}, {p[6], P[71}, {P[7], P[4]},
{p[0], p[4]}, {p[1], P[5]}, {P[2], P[6]}, {P[3], P[7]}};
pcube¥YCbCr = Map [YCbCrFromRGB, pcubeRGB, {2}];
pcubeRGB2 = { {RGBColor[1l, 0, 0], Line[{p[0], P[1]}]1}.,
{RGBColor[0, 1, 0], Line[{p[0], p[3]1}]}, {RGBColor[0, O, 1], Line[{p[0], p[4]1}]}};
pcube¥YCbCr2 = { {RGBColor[l, 0, 0], Line[{YCbCrFromRGB[p[0]], YCbCrFromRGB[p[1]]}]1}.,
{RGBColor[0, 1, 0], Line[{YCbCrFromRGB[p[0]], YCbCrFromRGB[p[3]]}]}.
{RGBColor[0, 0, 1], Line[{YCbCrFromRGB[p[0]], YCbCrFromRGB[p[4]]}]1}}:
Show[ {Graphics3D[{Map[Line, pcubeRGB, 1], pcubeRGB2}],
Graphics3D[{Map[Line, pcubeYCbCr, 1], pcube¥YCbCr2}]},
Boxed -» False];
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In[34]:= ImgListY = Map[ (YCbCrFromRGB[#][[1]] &), ImgList, {2}];
ImgListCb = Map[ (YCbCrFromRGB[#] [[2]] &), ImgList, {2}];
ImgListCr = Map[ (YCbCrFromRGB[#] [[3]] &), ImgList, {2}];

ImgListY = ImgListY - 128;

In([35]:= Print["x*** Y Component **%%"];
ListDensityPlot[ImgListY,

FrameTicks » False,

PlotRange -» {-128, 127}];
Print["**** Cb Component #*x*"];
ListDensityPlot[ImgListCb,

FrameTicks -» False,

PlotRange -» {0, 255}];
Print["**** Cr Component #*x*"];
ListDensityPlot[ImgListCr,

FrameTicks -» False,

PlotRange -» {0, 255}];

*++x+ Y Component x*x*x*x*

xx+x Cb Component »xxx
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*xx% Cr Component xxxx

In[44] := FImgListY = Fourier[ImgListY];
FImgListCb = Fourier[ImgListCb];
FImgListCr = Fourier[ImgListCr];
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In[47] := << Graphics Legend~;
ShowLegend [
ListDensityPlot[Abs[ Reverse[FImgListY] ],
Mesh -» False,
PlotRange -» Automatic,
PlotLabel » "Amplitude",
FrameLabel » {"m, wx", "n, wy"},
FrameTicks —» None,
ColorFunction-» (Hue[-0.7* (#-1), 1, 1] &),
DisplayFunction -» Identity]
, {(Hue[0.7* (#), 1, 1] &), 16, "Max", "Min",
LegendPosition- {1.1, -.4}, LegendSize» {0.4, 1.}, LegendLabel » ""}
1:
colfun[x ] := RGBColor[0, 3*x, 1] /; (x<1/3);
colfun[x ] :=RGBColor[3* (x-1/3), 1, 1] /; (1/3<x=<2/3);

colfun[x ] :=RGBColor[-3* (x-2/3)+1, -3%(x-2/3)+1,1]1/:; (2/3<x);

ShowLegend [

180
ListDensityPlot[Arg[Reverse[FImgListY]] * ’
7

Mesh -» False,
PlotRange » {-180, 180},
PlotLabel -» "Phase",
FrameLabel » {"m, wx", "n, wy"},
FrameTicks - None,
ColorFunction -» colfun,
DisplayFunction -» Identi ty]
;, {colfun[-#+1] &, 16, "180", "-180",
LegendPosition- {1.1, -.4}, LegendSize - {0.4, 1.}, LegendLabel - "deg"}

|E

Amplitude

m, wx

Arg::indet : OOOArg[0.+0.1]000000000 OO
Arg::indet : OOOaArgfo.+0.i)000000000 OO
DensityGraphics::zval : 000 Interval[{-180, 180}]0 01000004, 33000000000 OO

DensityGraphics::zval : 00 OInterval[{-180, 180}]00100000(4, 73000000000 OO
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Phase

wy

m, wx

oooooooobooboooboo
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In[53]:= c[p_] := If[p =0, 1/'\/?, 1];

(2*m+ 1) *xu*s (2*n+1) *v*r

| *cos|

]

2
bfu , v ,m , n ] :=—*c[u]*c[v]*Cos[
- - - - n 2 *nn

2 %xnn
nn = 8;
buv[u , v ] :=
ListDensityPlot[Reverse[Table[b[u, v, m, n], {m, 0, nn-1}, {n, 0, nn-1}]1],
Mesh -» False,
Frame -» True,
FrameTicks —» None,
DisplayFunction -» Identity]:;
Show[GraphicsArray[Table[buv[u, v], {u, 0, nn-1}, {v, 0, nn-1}]],
ImageSize -» {320, 320}]
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Out [57]= = GraphicsArray =

goooooobpctoooooonog

[0o]
0o0o0o0obOo0oboobooboooboooecQuuUnp.a23

Tn[58] := DCT[lis_] := Module[{c, g, nn},

clp ] := If[p =0, 1/'\/?, 1];
nn = Length[lis];

2
glu , v.]:= —xclul xc[v] »Sum[lis[[m+1, n+1]] %
nn

(2+*m+ 1) xu*m (2*n+1) *v*rw

Cos[ ]*Cos[ ],{m, 0, nn-1}, {n, O,nn—l}];

2 %nn 2 *nn
Table[g[u, V], {u, 0, nn-1}, {v, 0, nn-1}]

I
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In[59] :=

FImgListY = DCT [ImgListY];

FImgListCb = DCT[ImgListCb];
FImgListCr = DCT[ImgListCr];

Print[Round[FImgListY] // MatrixForm];

Print[Round[FImgListCb] //
Print[Round [FImgListCr] //

442 -108 24
0 19 -231
333 60 32
163 25 32
-64 -23 142
-162 -42 163
138 31 -77
230 46 -46
1024 0 O O O
0 0 0 0 0
0 0 0 0 0
0 0O 0 0 0
0 0O 0 0 O
0 0 0 0 O
0 0 0 0 O
0 0 0 0 O

024

O O O ©O O O O~
O O O O O O © o
O O O O O O o o
O O O O O O o o
O O O ©O O O © o

o O O O O o o o

O O O ©O O O © o

-157
-121
158

61
66
-18
35

o O O O O o o o

O O O ©O O O © o

O O O O O O O o

O O O O O O © O

128
-15

-201

151

-30
14
-22

MatrixForm] ;

MatrixForm] ;

-66
-181
-99
302
47
40
-4
52

59
57
-13
-81
10
-54
32
-38

11
-100
-90
125
185
-212
183
-64
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In[65] := << Graphics Legend~;
ShowLegend [
ListDensityPlot[Abs[ Reverse[FImgListY] ],
Mesh -» False,
PlotRange -» Automatic,
PlotLabel » "Amplitude",
FrameLabel » {"m, wx", "n, wy"},
FrameTicks - None,
ColorFunction-» (Hue[-0.7* (#-1), 1, 1] &),
DisplayFunction -» Identity]
, {(Hue[0.7* (#), 1, 1] &), 16, "Max", "Min",
LegendPosition-» {1.1, -.4}, LegendSize - {0.4, 1.}, LegendLabel » ""}
1:
colfun[x ] := RGBColor[0, 3*x, 1] /; (x<1/3);
colfun[x ] :=RGBColor[3* (x-1/3), 1, 1] /; (1/3<x=<2/3);
colfun[x ] :=RGBColor[-3* (x-2/3)+1, -3%(x-2/3)+1,1]1/:; (2/3<x);

Amplitude

n, wy

Quantization (I O O)

ooooood
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16 11 10 16 24 40 51 61
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 87 80 62
Inl70]:= at¥= |14 25 37 56 68 109 103 77 |’
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101

72 92 95 98 112 100 103 99

17 18 24 47 99 99 99 99
18 21 26 66 99 99 99 99
24 26 56 99 99 99 99 99
47 66 99 99 99 99 99 99
99 99 99 99 99 99 99 99|’
99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99

gtcber =

In[76] := text = Table[{Text[StyleForm[
ToString[Transpose[Reverse[qgty]][[i, j]] ], FontSize » 16, FontWeight » "Bold",
FontColor -» Hue[0.7 * (Transpose[Reverse[qgty]][[i, j]]/255.), 1, 11],
{i, 31}, {i, 1, 8}, {3, 1, 8}1;
Show[Graphics[{text}],
PlotRange - {{0.5, 8.5}, {0.5, 8.5}},
AspectRatio » Automatic];

16 11 10 16 24

12 12 14 19

14 13 16 24

14 17 22
18 22
24

ooooo

su0ooobooooooo
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In[85]:= s8=1;

FImgListY2 = Round [FImgListY/ (gqty/s)];
FImgListCb2 = Round [FImgListCb/ (gtcbcr/s)];
FImgListCr2 = Round[FImgListCr/ (qtcbcr/s)];

Print[FImgListY2 // MatrixForm];
Print[FImgListCb2 // MatrixForm];
Print[FImgListCr2 // MatrixForm];

28 -10 2 -10 5 -2 1 0
0 2 -17 -6 -1 -3 1 -2
24 5 7 -5 -2 0 -2
12 1 1 0 3 3 -1 2
-4 -1 4 1 0 0 0 2
-7 -1 3 1 0 0 0 -2
3 0 -1 0 0 0 0 2
3 0 0 0 0 1 0 -1
60 0 0 0O O O O O
0 0 0 0 0 0 o0 O
0 0 0 0 0 O o0 O
0 0 0 0 0 0 o0 o©
0 0 0 0 0 0 o0 O
0 0 0 0 0 0 o0 O
0 0 0 0 0 0 o0 o©
0 0O 0 0 0 0 o0 O
60 0 0 O O O 0 O
0 0O 0 0 0 0 o0 O
0 0O 0 0 0 0 o0 O
0 0 0 0 0 0 0 O
0 0 0 0 0 0 0 O
0 0 0 0 0 0 o0 O
0 0 0 0 0 0O o0 O
0 0 0 0 0 0 o0 O

gobooobooobooooboobboobobooboooobooboobooboobooobo
ooooooJdeEGOOOOooooon
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In[92]:= dx=dy=1.;
ggrid = Table[{Line[{{dx* (i-1), 0}, {dx* (i-1), dy*8}}],
Line[{{0, dy* (3 -1)}, {dx*8, dy* (3 -1)}}1}, {i, 1, 9}, {j, 1, 9}]:

1 2 6 7 15 16 28 29
3 5 8 14 17 27 30 43
4 9 13 18 26 31 42 44
10 12 19 25 32 41 45 54
11 20 24 33 40 46 53 55
21 23 34 39 47 52 56 61
22 35 38 48 51 57 60 62
36 37 49 50 58 59 63 64

zigzagmat =

mat = Transpose[Reverse[zigzagmat]];
zigzaglin = Line[Table[Position[mat, i][[1]] - {dx/2, dy/2}, {i, 1, 64}]1];
text =
Table[{Text[StyleForm[ToString[mat[[i, j]] ], FontSize » 16, FontWeight -» "Bold"],
{i-ax/2, j-dy/2}]}, {i, 1, 8}, {3, 1, 8}];
Show|[Graphics[{ggrid, {RGBColor[1l, 0, 1], AbsoluteThickness[2], zigzaglin}, text}],
AspectRatio » Automatic];

1— 9
3

1
1 5
2 1
2 2
64

ooooooJsgeEGOOOODOOoDoooon
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In[105] :=

FImgListY3 = Round [FImgListY2* (gqty/s)];

FImgListCb3 = Round [FImgListCb2 * (gtcbcr/s)];
FImgListCr3 = Round [FImgListCr2 % (gqtcbcr/s)];

Print[FImgListY3 // MatrixForm];

Print [FImgListCb3 // MatrixForm];
Print [FImgListCr3 // MatrixForm];

448 -110
0 24

336 65

168 17

-72 -22
-168 -35
147 0

216 0

1020 0 O
0 0 O
0 0 O
0 0 O
0 0 O
0 0 O
0 0 0
0 0 0
1020 0 O
0 0 O
0 0 0
0 0 0
0 0 O
0 0 O
0 0 O
0 0 O

In[112] :=

20
-238
32
22
148
165
-78

O O O O o o o o
O O O O o o o o

O O O O O o o o
O O O O O o o o

-160
-114
168
0

56
64

0

0

O O O O o o o o
O O O O o o o o

O O O O O o o o
O O O O O o o o

o O O O ©O O O o

o O O O O O O o

120 -80

-26 -174
-200 -114
153 261

0 0

0 0

0 0

0 100

IDCT[lis_] := Module[{c, £, nn},

c[p ] := If[p =0, l/'\/E, 1];
nn = Length[lis];

51

-80

o o o o

-110
-112
124
154
-184
202

-99

f[m , n ] := nz—n*Su.m[c[u] xc[v] *lis[[u+1, v+1]] *

Cos[

Table[f[u, v], {u, 0, nn-1}, {v, 0, nn-1}]

|E

In[116] :=

(2*m+ 1) *xu*sm

2 xnn

| *cos|

IFFImgListY = IDCT [FImgListY3];
IFFImgListCb = IDCT[FImgListCb3];
IFFImgListCr = IDCT[FImgListCr3];

(2*n+1) *v*mw

2 *xnn

], {u, 0, nn-1}, (v, O, nn—l}];
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(Y, Cb, Cr)»(R,G,B)

(Y,Cb,Cn~(R,G,B)IDDDODNONOODO

In[119] :=
Clear[y, cb, cr, r, g, b];
Solve[{y =0.299%r+0.587%xg+0.114 Db,
cb==128-0.168736*r -0.331264xg+0.5%b,
=128 +0.5%r-0.418688%g-0.081312+b}, {r, g, b}] // Simplify

cr

Out [120] =
{{r—>-179.456-1.21889x10°cb+1.402cr+1.vy,
g - 135.459-0.344136cb - 0.714136cr+1. vy,
b->-226.816+1.772cb+4.06298x107 cr+1.y}}

(Y, Cb, Cr)>(R,G,B)
ooo

In[121]:=
IFFImgListY = IFFImgListY + 128;
ImgList2 = Table[{IFFImgListY[[i, j]].,
IFFImgListCb[[i, j]], IFFImgListCr[[i, §]1}, {i, 1, nx}, {j, 1, ny}]:

In[124] :=
ImgListR2 = Map[ (RGBFromYCbCr[#][[1]] &), ImgList2, {2}] // Round;

ImgListG2 = Map [ (RGBFromYCbCr[#][[2]] &), ImgList2, {2}] // Round;

ImgListB2 = Map[ (RGBFromYCbCr[#][[3]] &), ImgList2, {2}] // Round;
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ooood

In[125]:=
Show[MakeRGBRasterImage[ImgListR2, ImgListG2, ImgListB2],
AspectRatio » Automatic];




