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Outline

* Introduction to JPEG

 Digital Camera Example Development



JPEG

« JPEG coding standard (1988): DCT (discrete cosine
transform) based transform coding to compress bit-
map images.

« JPEG compression technique
— “Lossy” compression: Perfect data recovery not possible




Three Steps

L
e Transformation
— 8x 8 DCT

« Quantization

— uniform guantization
— DC/AC coefficients

« Coding
— Zigzag scan
— Run length/Huffman coding




 Digital Cam model
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1010110101
1010101001
0101101...

image file

=

ENCODING.C
\ A
 ——
UART.C

1010101010
1010101010
10101010..

output file




File BMP

e
« BMP format ’

— File headers (offset 0 - 14) 14
— Bmp headers (offset 14 - 54)
— Body of text (offset 54 - eof)

File headars

Bmp headers

54

Body of text

Eof




Module CCD: CcdBmplinfo()

» File BMP 8x8 pixels, grey scale
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Module CCD: CcdBmplinfo()

L
 Read File Headers

jvoid ComBapTnto void) x

int n, j: Generale |Sic1.|rezza | Dettagii | Versioni precedent |

int int_wvar; fiEiiEidi
short short_var;

& IEb‘.E _grey8.bmp

flogt float_var;

char char 2[Z]:
atatic FILE *fpo:
fpo=imageFileHandle;

Tipo difile: Immagine bitmap {bmp)

Apri con: i, Misualizzatore foto di Wi Cambia... |

printf("-----------——-- ):
printf ("SEZIONE --> Tifpln del File\n"): Percorso: CUsers‘\dante“Google Drive \HOMELABM}
o R i Dimensioni:

faeek(fpo,0,0);
n = fread(char 2,2, 1, fpo):

printf(" - Iirms i fcich\n",char_2[0],char_2[1]): [N C:\Users\dante\Google Drive\HOMELAB

Dimensioni su disco: 4,00 KB (4.096 byte)

faeek(fpo,2,0); I I I A I A I A u
- . i . P # File: .~BxB_greyd.bmp

fread(kint_var, sizeof{int), 1, fpo): R R vers. 1.1 fupnds
printf(" - Dimensione File : Td\n",int var}); Premere un tasto per continuare

faeek(fpo,10,0); T T (ML % Tatrdn An1 wi1e
fread (Gint_war, sizeol (Int), L |, DD0) -

printf(" - COffzet ¢ id\n",int_war) ;

nEE

— Dimensione File
i0ffSet=int var: - Offset .
- Premere un tasto per continuare




Module CCD: CcdBmplinfo()

- 000000000000000000_0_"1]
* Read Fi Ie H eade rS print::{:—?———:-————:——::——?—--:-_-T—j_._”__::__;:_: -------- n");

. 11 — printf (" n");
R £ Proprieta - BxB ﬂ— faeek(fpo,14,0)
( : . L ) n = fread(&int war,sizeof (int) fpa) »
Genemlel Sicurezza  Dettadli |‘u"emnn| precederml e oo e o s
printf (" - Dipengigne Header Immagine : 3d\n",int_wvar)
— = | | headers_size=int war+li:;
.
Proprieta Valore n = fread(&int_war,sizeof(int), 1, fpoc):
t Immagine — printf (" - Larghezza : 3d\n",int_war):
. __— i w=int war:;
m Dimensioni gx8 - T ) ) ) -
—— ) — n = fread(&int war,sizeocf (int), 1, fpo):
— —
(;l'\ Larghezza Lol printf(" - LZloezza : 3d\n",int_var) :
Altezza Spiels, S i_h=int_war;
Organ Profondita in bit g i fseek(fpo,28,0);
n = fread(&short war,sizecf (short fpo) »
(X c\users\dante\Google Drive\HOMELAB' o { - °f i Voot feel .
printf (" - pr. bit per golore : fhd\n",short_war):
~ Offset . nBit=short_wvar:
Premere un tasto per continuare _ - . ) _
n = fread({&int_war,sizeof(int), 1, fpo):
if {int_war==0)
R R B printf{" - Lipe coDpressione : Nessupa\n"):
Dimensione Header Immagine 1 F (int
Larghezza else 1 Eln _var.— ) . o
Altezza printf(” - Lipo comppressione : RLE 8 Bit\n"):
ne. hit per C'E_']-Dl‘ﬂ else if (int_var=I)
tipo compressione Hessuna e PP BTE 4 me e o
= i 5 cEnz printf{" - LipR SOERESIZLGRE LE 4 Bit VE
bytes immagine senza heade ) )
else if (int_wvar==I)
Premere un tasto per continuare printf(" - Lipf SODRLEs3ione : Birfielda\n™):
else
printf(” - Lipo comppressione : &d\n",int_war):
fread(&int_war, 1, sizeof(int), Ipo):
printf (" - bytes jmmagine senza header: %4d\n",int_war):
printf{("-----—-——---———— |




DCT step

 Transforms original 8 x 8 block into a cosine-frequency

domain

— Upper-left corner values represent more of the essence of the image

— Lower-right corner values represent finer details
 Can reduce precision of these values and retain reasonable image quality

 FDCT (Forward DCT) formula
— C(h) =if (h == 0) then 1/sqrt(2) else 1.0
 Auxiliary function used in main function F(u,v)
— F(u,v) =% x C(u) X C(V) Zx=0.7Xy=0.7 Dxy x cos(m(2u + 1)u/16) x cos(n(2y + 1)v/16)
» Gives encoded pixel at row u, column v
» Dxyis original pixel value at row x, column'y

* IDCT (Inverse DCT)

— Reverses process to obtain original block (not needed for this design)
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DCT step

]
 Call the function CntriCompressimage()

X E:l.lsers"._da nte\Google Drive \H(

—————————————— bmp riordinato—m"mMmMm———————————
?3 73 247 255 247 B @ @

leem 7291000

EEERLL RN

164 P P B A @ @ 155

247 164 73 P P O A @

91 @ 164 @ 82 @ @ @

164 B 164 164 B 164 255 164

255 164 @ 255 91 @ 255 247

578 —188 -62 3V -125 -128 18 -64
228 58 -231 18 8 122 11 49
276 78 -166 87 68 85 187 17
35 1'1 172 -31 47 —-43 119 183
-162 134 V8 -18 127 -39 -59 -35
—-88 97 -28 47 19 Y6 183 17

48 44 —66 -33 -1 37 43 /@

-6% 41 11 21 -99% 57 -34 -25
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Quantization step

 Achieve high compression ratio by reducing image
quality
— Reduce bit precision of encoded data

 Fewer bits needed for encoding

« One way is to divide all values by a factor of 2
— Simple right shifts can do this

— Deguantization would reverse process for decompression

1150 39| -43| -10| 26| -83| 11| 41 DiVi de each c ell’ S 144 5 -5 -1 3| -10 1 5
81 3] 115] 73] 6] 2| 22 5 0] o 14| o | o 3] 1
14| 11| 1] -42] 26| -3] 17] -38 value by 8 2| -1l o] 5/ 3] of 2 -5

2| -61| -13] -12| 36| -23| -18 5 ﬁ 0 -8 -2 -2 5 -3 -2 1
44| 13| 37 -4 10| -21 7 -8 6 2 5 -1 1 -3 1 -1
36| -11 -9 -4 20| -28( -21| 14 5 -1 -1 -1 3 -4 -3 2
9] 7] 21 el 3] 3] 12 21 2 ] 3] 1]l of of 2 3
-5 -13| -11| -17 -4 -1 7 -4 -1 -2 -1 -2 -1 0 1 -1
After being decoded using DCT After quantization

12



Quantization step

« How to choose the quantization matrix?
— Luminance guantization matrix
— Chrominance quantization matrix
— Compression level

Reference:
http://www.impulseadventure.com/photo/jpeg-quantization.html

13



Quantization step

- /]
« GImp luminance guantization matrix

const unsigned short QuantShiftTable[8][8] = { FCD

{3: 21 21- 31- 51 EJ‘ 181 12}1 _444 _1EE _EE 3? _125 _123 1E _54
{2, 2, 3, 4, 5, 12, 12, 11}, 228 58 231 18 8 122 11 49

f3, 3, 3, 5, 8, 11, 14, 11}, =276 -8 -166 -87 68 B85 —-1@4Y 17
f3, 3, 4, 6, 1@, 17, 16, 12}, =35 11 172 -31 47 —-43 117 183
{4, 4, 7, 11, 14, 22, 21, 15}, -162 134 8 18 127 -39 59 3%
{s, 7, 11, 13, 16, 21, 23, 18}, -38 9797 28 47 —19 7% 183 17
{10,13,16, 17, 21, 24, 24, 2a}, 44 44 -66 —33 -1 -3V —43 74
{14,18, 19, 2@, 22, 28, 21, 20} 67 41 11 21 —99 57 —-34 -25

s
unantization
-148 -58 31 12 -25 —-16 1 -5
29 -7 41 18 8 4
23 55 47 8§ ? -7 -1
LY -43 -5 4 -2 7 8
33 114 1 9 -1 -2 -2
—-13 -2 -3 -1 3 4 8
-4 -1 8 -1 -1 3
-4 2 E_l -4 2 -1 -1

14



Coding

- /]
« There are two steps:

— ZigZag scan and reorder

— Huffman coding
* run length encoding technigue
« Luminace and Chrominance Huffman tables

15



ZlgZag step
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Zigzag Scan

L)

&)

)

&
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S
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)

(20 5 =31 3 =2
21

1
1
0
0 0 0
0
0

o oo oo oo o

o oo oo oo =

o Do O = =
o oo oo =
o oo oo oo

0

Zigzaq' Scan

(20,5,-3,-1,-2,-3,1,1,-1,-1,
0,0,1,2,3,-2,1,1,0,0,0,0,0,
0,1,1,0,1,EOB)

End Of the Llock:
All following coefficients

are zero
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ZlgZag step

uantization
—-148 548 -31 12 -25 16 1 -5
29 9?7 41 -18 A 4
—23 55 17 8 ? -7 1
LY —43 -5 -4 -2 7 8
33 11 1 9 1 -2 -2
-13 -2 -3 -1 3 4 A4

-4 -1 8 -1 -1 3
-4 281 42 -1 -1
Order zig zag
-148 -58 114 -2 29 -31 12 -7?? -23 11 48 57 55 -4 -25 —16 1 17 43 33 1
4 -13 11 - 8 181 580 % 4 -1 -23 42 -4-3%-2-74-1%7-1-1-18
g3 -28-24-1-42-183-1-1

17



Huffman encoding example

« Pixel frequencies on left
— Pixel value —1 occurs 15 times

Pixel value 14 occurs 1 time

»  Build Huffman tree from bottom up

Create one leaf node for each pixel

Pixel
frequencies

Huffman tree

value and assign frequency as node’s
value

— Create an internal node by joining any
two nodes whose sum is a minimal
value

* This sum is internal nodes value
— Repeat until complete binary tree
« Traverse tree from root to leaf to

obtain binary code for leaf’s pixel
value

— Append O for left traversal, 1 for right
traversal

« Huffman encoding is reversible
— No code is a prefix of another code

15x

8x

6X

5x

5x

5x

5x

4x

3x

2X

=

1x

1x

1x

1x

SN NG N NE R

1x

[EEY
iSN

1x

Z

00
1
() 6a)

-1

-10

1

S

/]

-5

o

(o)

(o)
0

Q,{
53 ()

(1)
o
D)
2
(D

-3

-9

144

Huffman
codes

00

100

110

010

1110

1010

0110

11110

10110

1
Bla|b|a|w|dkil o)

01110

[y
N
N

111111

111110

101111

IS

101110

011111

[N
SN

011110

18




Huffman Table

-
... but actually

Table K.3 — Table for luminance DC coefficient differences
Table K.4 — Table for chrominance DC coefficient differences

Category Code length Code word
Category Code length Code word

0 2 00

0 2 00
1 3 010

1 2 01
2 3 011

2 2 10
3 3 100 3 3 110
4 3 101 4 4 1110
3 3 110 5 5 11110
6 4 1110 6 6 111110
7 5 L1110 7 7 1111110
8 6 111110 8 8 11111110
9 7 1111110 9 9 111111110
10 8 11111110 10 10 1111111110
11 9 111111110 11 11 11111111110

19



Huffman Table

e And...

Table K.5 - Table lfor laminance AC cocllicients (sheei 1 of 4)

Table Kb - Table for chrominance AC coellicients (sheet 1ol 4)

RunSie Code length Code word
o (ECB) 4 100
wl 2 oo
w2 2 al
w3 3 100
[iTeS 4 1ot
w3 5 1o
[0 7 JRRRL]
L # [RRL
wE 1] LR RS RNTRT]
e L TTETLRTT R D000 1D
WA 16 TEETLRTTID0000L
i 4 1100
iz 5 IR
113 7 1110l
1 9 IR RLRT]
15 1l [RRRRNRLIRIT
i L& TLETLETTEO000 | 0
w7 L6 TEETLRTT I D000 0]
& 16 TTETLETTIO0001 b
| 16 TLEILELILO000L L]
{1 16 TEETLETTEO00 100
b | 5 1o
e ] 1renoal
3 1] (RN SRR
b 12 [N R RNRRIT]
5 L6 TEETLRTT I D00 1001
6 16 TTETLETIID00 1010
b 16 TLETLELLLO0010L]
ME 16 TTETLETTIIO001 | 0d
e 16 TLETLEL I LB00 1]
A L TTRTNLETIID00T ] 1
Hl L [Ry L]
' 9 [RRRRUTRY
X3 12 [RRSRNARII
) 16 TLRTLETTID00T LYl
5 16 TEETLET TR O010000
£ 16 TLETLEL LI O01000]
T L& TLETLETLLO0L00 10
HE L TEETLE TR D010
e 16 TERTLRTTRDO00 ] 0
HA L6 [RR SRR LT LT

RunfSire Code length Code word
o (EOB) 2 oo
oWl 2 ol
w2 3 100
w3 4 100
o4 5 11000
05 3 11l
L3 L 111000
w7 7 1111000
WE 9 1HLT10100
L) 1] LRRRRNLN]
WA 12 [RNRRRRRTICE)
1N 4 1o
iz & 1100l
13 & [RARIRIT
14 9 LRSI
15 I TELTTEIOE D
L& 12 [RRRRNRRTEII
7 L TLUTTETTIO00] 000
& L TLUTTETN 000100
[E] L& TLLTTETTEO00101D
WA L TELTTETI 000008l
b | 5 111
m & 1o
23 11} [RNRRRLINN
4 12 [RNRRRRRTIRIE)
5 15 TLUTTETLRO000 10
b L TLUTTETTRO000 100
7 L& TEETTETNEO00] 1]
e L LN R RN RR L]
e L& LR RRRRRTTIE RN
A L TLUTTETTRO0 D000
kY| 5 11t
n & TTLT1000
3 1] 1LLTE000
R 12 [RNRRTRNTIRN]
X5 L& TLETTETNEO0LD00]
X L TLLTTETTIO0IO0LD
7 L& TLLTTETLIO0LD0L]
e L& TLLTTETLLO0LD] 00
El) L& TLLTTETNIO0LD 1]
Ha L LR R BRI L]
41 é 1ol

20



Huffman Table

- /]
 To encode what we need Is:
— DC
« Difference between DC block; and DC block; ,
— AC
* Run Length technique

« Example

21



Huffman Table Example

« Consider two subsequent 8x8 blocks:
29,-2,1,1,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0.....
22,-2,1,1,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0.....

DC elements (22-29=-7)-> C1(-7)=000

Mumber of bits Range

0
1,1
-3..-2; 2...,3
Ty 45 47 >
15..-8; 8..15
-31..-16; 16...31
-63..-32; 32..63

-127...-64; 64..127
-255...-128; 128...255
-511...-256; 256...511
-1023..512; 512...1023

-2047...-1024; 1024...2047

\DC!)"-IO‘-U'I&C'J/M—'-D

Yy ey
el =

22



Run Length

- /]
 1° step: count of zeros before the number

29,-2,1,1,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0.....
(01_2)9(091)9 (091)9 (091)9 (391)9 -------

Mumber of bits Range
0 0
1 -1,1
( 2) (-3..-2; 2..,3D
3 T d; 4.7
. . 4 -15...-8; 8..15
([O ,'2),([0,1],1) ([3,1],1), ....... 5 -31...-16; 16...31
6 -63...-32; 32...63
7 -127...-64; 64..127
8 -255...-128; 128...255
9 -511...-256; 256...511
10 -1023..512; 512..1023
11 -2047...-1024; 1024...2047

23



Apply Huffman tables

now

[3;600];([0,2],01);([0,1],1)..... ([3,1,1);.......

Catcg%\

Code length

N

2
\ ;
3
3
3

\Tab]e K.3 — Table for luminance DC coefficient differences
Code word
00
1

[011,000] DC

llllll
lllllll
llllllll
lllllllll

24



Apply Huffman tables

now

([0.21,01):([0,11.1)..... ([3.11.1);.......
e
RS Code kengih ///// Code word
o - 101,01]

TTURTURT DO 1 1D
1101010
11urenn

[111010,1]

v

25



Apply Huffman tables

L
e Result

0110000101...1110101......

26



Come back to application

runlenght
-148 -58 114 -92 29 -31 12 -7 -23 —11 -48 57 -55 —4 -25 -16 1 —17 -43 33 - 148 8 111118
1 -23 42 4-39-2-74-1%7-1-1-18 DC hlniigagiiﬂiﬂii

81181

AC_runlenght_buffer
AC_runlenght_buffer 11166818
AC_runlenght_buffer
AC_runlenght_buffer [ ? 8180811
AC_runlenght_buffer i 11181
AC_runlenght_buffer 1
AC_runlenght_buff i aaaaa
AC_runlenght_buffer
AC_runlenght_buffer i 1188
AC_runlenght_buffer
AC_runlenght_buffer a 8110610
AC_runlenght_buffer 11818
AC_runlenght_buffer 21068
AC_runlenght_buffer a 4 1611 7168
AC_runlenght_buffer 1111008
AC_runlenght_buffer ] : Bigiid
AC_runlenght_buffer
AC_runlenght_buffer 3 3
_runlenght_buff 1110681
_runlenght_buff -5 A91 888
_runlenght_buffer 3 188
AC_runlenght_buffer i -4 @11
AC_runlenght_buffer
AC_runlenght_bhuffer i —25 B8118
AC_runlenght_buffer L
AC_runlenght_buffer -16  @1111
AC_runlenght_buffer 1 68
A g_run %engiﬂ: _l]:u.iger [ 11
AC_runlenght_buffer - _
AC_runlenght_buffer 17 61118
AC_runlenght_buffer

33 1886861
-17 81118

4 188
AC_runlenght_buffer L
AG_runlenght_buffer -13 @818
4 1811

11 1811
-5 @618

8 16888
-18 8161
i1

AC_runlenght_buffer
AC_runlenght_buffer i —
AC_runlenght_buffer 3 1111881
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End coding
- /]

ompleto byte stuffing
|11113311513111111@@@@@113111111@@@111331511111EEEEiEﬂﬂi111@1@111@111@1@@@@@@

1A11118A1111188AA11881811818801AAA1A11A1981111AWAA1A1111111AAA1118A1111 14888081
AAH188A111191 8118911811111 88111818A11181111A8881 81881111 88A1498801114A188111
188181911881 A19111A1116868801 8111188011191 0181188811111 8811111 808811484881 81
4111186811611 810886811 8188168111 881681 811808481 881 AH08A1 BW111898800A0B01 1881118111
131891108111 8808H1 811801 80HAE1 AAN118118MA118111100888A1A181111111

count_byte <448

completo byte stuffing HEX
F?AFC1BF1CBE11 EBBABSE?C32D22D3C2ZFEI?FA44/A362EY4EFBAYE8Y4E?2CAEEZBBB53172F185

8DA34B?58241380W33BD6E16411 BUDERS/F
count_hex HEX 112
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Jpeg File
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Fig. 15 - File JPEG.

29



Thanks for the attention



