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f = imread('cameraman.tif');
imshow (£, [ 1)
dct2 (£f) ;
figure;
imshow(log(abs(J)),[ 1), colormap(gray),
colorbar;title('DCT2")
figure
imshow (log(abs(J)),[ 1), colormap(jet(64)),
colorbar;title('DCT2")
K = idct2(J);
figure;imshow (K, [ 1),

Noe

Noe




f = imread('cameraman.tif') ;
imshow (£, []) ;

J = dct2(f);

a=ones (size (f)) ;
a(:,(size(f,2)/2) :end)=0;
J2=J.*a;
figure;imshow (log(abs (J2)),[]) ;
K = idct2(J2);
figure;imshow (uint8 (K), []) ;
Diff=f-uint8 (K) ;
figure;imshow (Diff, []) ;




f = imread('cameraman.tif')
imshow(£f,[]) ,

J = dct2(f);

a=ones (size(f) ),
a((size(f,2)/2) :end, :)=0;

J2=J. *a;

figure,; imshow (log (abs (J2)),[])
K = idct2(J2) ;

figure,; imshow (uint8(K),[]);
Diff=f-uint8 (K) ,

figure;imshow (Diff, []) ;




f = imread('cameraman.tif');
imshow (£, [ 1) ;

J = dct2(f);

a=ones (size (f)) ;
a((size(f,2)/2) :end, (size(£f,2)/2) :end)
=0;

J2=J.*a;

figure;imshow (log(abs(J2)),[ 1):
K = idct2(J2) ;

figure;imshow (uint8(K) ,[ 1),
Diff=f-uint8 (K) ;

figure;imshow (Diff, [ ]);




f = imread('cameraman.tif');
imshow (£, []) ;
J = dct2(£f);
figure;imshow(log(abs(J)),[]1);
a=zeros (size (f)) ;
for i=l:size(f,2)/2

for j=1:((size(£f,2)/2)-1i)

a(i,j)=1;

end
end
J2=J.*a;
figure;imshow (log(abs(J2)),[]);
K = idct2 (J2);
figure;imshow (uint8 (K), []);
Diff=f-uint8 (K) ;
figure;imshow (Diff, []); v
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siz=8;

I = imread('cameraman.tif');
fun = @dct2;

J = blkproc(I,[siz siz], fun);
figure;imshow (I, [ 1)
figure;imagesc (J), colormap(jet);
fun = @idct2;

I2 = blkproc(Jd,[siz siz], fun);
figure;imshow (I2,[ 1);




siz=16;

I = imread('cameraman.tif') ;

fun = @dct2;

J = blkproc(I,[siz siz], fun);
figure;imshow (I, [ 1)
figure;imagesc (J), colormap(jet);
fun = @idct2;

I2 = blkproc(Jd,[siz siz], fun);
figure;imshow (I2,[ 1)
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siz=16;
I = imread('cameraman.tif') ;

fun = @dct2;

J = blkproc(I,[siz siz], fun);
figure;imshow (I, []);
figure;imagesc (J) , colormap (hot) ;
a=ones (siz);a(3:siz,3:s81z)=0;
figure;imshow(a, []) ;

fun = Q(x) (x).*a;

J2 = blkproc(J,[siz siz], fun);
figure;imagesc (J2), colormap (hot) ;
fun = @idct2;

I2 = blkproc(J2,[siz siz], fun);
figure;imshow (I2,[]);
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siz=16;I = imread('cameraman.tif');
fun = @dct2;

J = blkproc(I,[siz siz], fun);
figure;imshow (I, []) ;
figure;imagesc (J), colormap (hot) ;
a=zeros (siz);a(l:2,1:2)=1;
figure;imshow(a, []) ;

fun = Q(x) (x).*a;

J2 = blkproc(J,[siz siz], fun);
figure;imagesc(J2) , colormap (hot) ;
fun = @idct2;

I2 = blkproc(J2,[siz siz], fun);
figure;img =
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120 134 24 17
145 145 230 25

16 234 23 18
23 24 28 19

Compression!!

306.2500 104.8835 -114.7500 -45.3384
100.0207 62.2961 -1.1577 30.1075
-111.7500 -6.2990 99.2500 5.0445
-55.7716 26.107/5 -7.3678 -160.7961

S)bwos)nd



O 53D -

GWHILS Clps ABs 1 93)5 (533n (saAlauwg @ o
i @ s a5 $slaigs @ e Awls
33)5 Asn

s ) )by a5 sgine Gel dlus ol @
3319 J3ss3 yaw @ U0 slagnil5ys

Oypo oD sxia ol il eslaiwl b a5 S\Gw] e
SAWID A5 e QAT Slaigday spdyie
ABE pbuil ens sly pdes sa G Sjlwib
A0 C1y0)

S)bwo3)nd



JOo -

9-8-7T-6-5-4-3-2-10123 456 7 8 9cusuiculs

39.4J ¢(SMD (503921400

S)bwos)nd



—415 —-33 —-58 35 58 51 —-15 —12] .
5 =34 49 18 27 1 -5 3

-46 14 80 =35 =50 19 7 =18 —=

-53 21 34 =20 2 34 36 12
9 -2 9 =5 =32 =15 45 37
-8 15 =16 7 =8 11 4 7
19 28 -2 =26 -2 7 =44 =21

18 25 -—-12 —-44 35 48 37 -3

round (_415

T) = round (—25.9375) = —26

i _ 26 —3
16 11 10 16 24 40 51 61 0 3
12 12 14 19 26 58 60 55 3 1
14 13 16 24 40 57 69 56 4 1
14 17 22 29 51 87 80 62 T o5
18 22 37 56 68 109 103 77 j> 0 o
24 35 55 64 81 104 113 92

49 64 78 87 103 121 120 101 il
72 92 95 98 112 100 103 99 00
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Differential Pulse Code Modulation (DPCM)
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21 -2 -3 0 -1 0 0 0
-3 0 1 0 0 0 0 0 [-33, 21, -3, -2, -3, -4, -3, 0,
2,1,0,1,0,-2,-1,-1,0, 0,0,
2 0 0 0 1 0 0 0 -2,0,0,0,0,0,0,0,0,0,0, 0,
1 0 0 0 0 0 0 0 1,0,0,0,0,0,0,0,0,0,0,0,0,
) 0 0 0 0 0 0 0 0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0 0 0 0 0 0 0 0 0,0,0,0,00] S
0 0 0 0 0 0 0 : &,‘,.,
B>
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Coefficient  Size
15 1111 E
14 1110
13 1101
12 1100 —
11 1011
10 1010
" Lol (RUN, CAT)
8 1000 |
7 111 7
: :;f g CAT is the category for the amplitude of
4 ioo a nonzero coefficient in the zigzag
: : ; } ‘B order, and RUN is the number of zeros
1 1 ; preceding this nonzero coefficient
—1 o }
—2 01
-3 00 } .
-4 011 N
-5 010 -
-6 001
-7 000 |
-8 0111 b
-8 0110
-10 0101 Pl
-1 0100 — % b
-12 0011 -
—13 0010 s
—14 0001 n



p3lis (53is00)5 -—

D 0 N/A

-1,1 1 1
-3,-2,23 Z 2
~Teey—hd, 0 T 3 3
—15,...,—8,8,...,15 4 4
-31,...,-16,16,...,31 5 5
-63,...,-32,32, 63 6 6
—127,...,—64,64,... 177 7 7
-255,...,—128,128,..., 255 8 8
—511,..., —256,256,..., 511 9 9
—1023,...,-512,512,..., 1023 A A
—2047,...,—1024, 1024, ... , 2047 B B
—4005,...,—2048,2(48, ... , 4095 C C
—8191,...,—4096, 4096, ... , 8191 D D
—16383, ..., —8192, 8192, ... , 16383 E E
—3276T1,...,—16384, 16384,.. ., 32767 F N/A
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Gonzalez, R. C. and R. E. Woods (2002). Digital image processing

Table is from slides at Gonzalez/ Woods DIP book website (Chapter

Catepory Base Code Lenpth Category Base Code Length

0 010 3 6 1110 10

1 011 4 7 11110 12 -
2 100 5 8 111110 14
3 00 3 9 1111110 16

4 11 7 A 11111110 18

AC culw 110 8 B 1111110 20

Run/ Run/
Category Base Code Length Category Base Code Length

0/0 1010 (=EOB) 4

0/1 0o 3 8/1 11111010 9

072 01 4 8/2 1L 1000000 17

073 100 4] a3 111110110111 19

0/4 1011 3 8/4 1111111110111000 20

0/5 11010 10 8/5 11111111101 11001 21

0/6 111000 12 §/6 1111111110111010 22

0/7 1111000 14 8/7 1111111110111011 22

0/8 1111110110 18 /= 1111110111100 24 ; &‘B
0/9 IT11111110000010 25 89 11111011101 25 .
0/A TETTLTERT0000011 26 8/A JRRARRRARILIRRRRIY 26 o
1/1 1100 3 9/1 111111000 10

1/2 111001 8 9/2 1111111110111111 18

1/3 1111001 10 9/3 111111111 1000000 14




Codeword for the DC coefficient

1
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DIFF =31 -28 = 3 e CAT = 2

CATis 100 === DIFF=3>0 == the DC coefficientis 10011

Codeword for the AC coefficients
AC=18
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the codeword for (0, 5) iS 11010 =) 1101010010

AC=-21
the codeword for (0, 5) iS 11010 =) 1101001010 0/0 1010 (=]
0/1 00
02 0
D 0 N/A 0/3 100
-1,1 1 1
s-ia : : T

siboondip TR T s ‘ ‘
—31.....—16.16.....31 5 5




Ghanbari, M. a (2003). Standard codecs: image compression to advanced video coding, Institution of Electrical Engineers.

26-31-3-2-62-41-41150200-1200000-1-1EOB

-3 [ (0/2)=0100 -4 [ (0/3)=100011 2 [ (1/2)=11100110
1 | (0/1)=001 1 | (0/1)=001 -1 | (2/1)=110110
-3 [ (0/2)=0100 4 | (0/3)=100011 2 | (02)=0110

-2 [ (0/2)=0101 1 | (0/1)=001 -1 [(5/1)=11110100
-6 | (0/3)=100001 1| (0/1)=001 -1 | (0/1)=000

2 [(0/2)=0110 5 | (0/3)=100101 EOB | 1010

110110 0110 11110100 000 1010

0100 001 0100 0101 100001 0110 100011 001 100011 001 001 100101 lll(lll10
|

<w 85 )l (slocuy ST

D
1,1
-3,-2,2,3
Terer—td, ., T
—15,...,—4,8,...,15
-3,...,-16,16,...,31
-3,..,-32,32, 63
127, . 64,64, 127
—255,...,—128,128,..., 255
—511,.. ., 256, 256,...,, 511
—1023,...,-512,512,..., 1023
—2047,....,—1024, 1024, ..., 2047
—4005, ..., —2048, 2048, ... , 4095
| —819L,....—4096, 4006, ... , 8191
(5063 —$192, 8192, ..., 16383
—32767,...,—16384, 16384, ., ., 32767

0/0 1010 (=EOB)
0/1 00
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0/3 100
o/4 1011
0/5 11010
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Original JPEG
bpp = 8.00 mse = 0.00 bpp = 1.00 mse = 17.26

JPEG JPEG
S)lwasynsd bpp = 0.50, mse = 33.08 bpp = 0.25, mse = 79.11




Block dlagram for JPEG encoder.
YIQ or YUV
I I | I
L f(i,5) F(u,v) o Fu,v)
DCT Quantization }
' gx8 T
T L Qllﬂﬂllz_ .
i____ Coding Tables
i Tables
Header i l
Tables (= -- R
Entropy \
Codin ¢
Data g |
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Quality Metrics PSNR -—

peak signal-to-noise ratio
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PSNR =10xIo
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PSNR=22.97 & W PSNR=2287
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