INTRODUCTION T0 MEDTA INFORMATICS:
IMAGES

Dr. Mathias Lux
A|pen—Ao|rio Universitat K|ogem(u rt

o e
; \‘v" t;‘ a\‘\s.";\)\\<



CONTENTS

e Color Spaces
o Compression
* Formats

. |:i|’rering



WHAT ARE (DIGITAL) TMAGES!

* An Image is

— Created by a set of phoJrons
e \With different frequency

° Moving from different sources

* Along different vectors
— A representation of sensor unit activation
* Activated by the set of photons
* Storing an image
— Based on the set of photons 777




SAMPLING & QUANTIZATION

¢ Cap’ruring continuous imoges oNn sensors
— Somphng: Continuous to matrix

— Quantization: Continuous color to value




SAMPLING & QUANTIZATION

e Size of a captu red image:
— # of samples (width*heigth) * # of colors




YTORING DIGITAL IMAGES

° Defining color per cell

e | coftto righ’r & top fo bottom

* 00,0, ...

c ...0, 01,255 21,00, ..e

ITEC, Klagenfurt

I Ininzarcitysy Arictrin

O, 110




YTORING DIGITAL IMAGES

e Header: Additional information
— Width and heigH: 10x10
— DPI etc.

— Quantization

— CO'OI’ space or CO|OI’ 'I'Oli)'@

e O -> white

e 1-> dark red

e 2 > medium red

* 3 .> |igh+ red




COLOR MODELS

e How to ,,spech(y“ color?

e Color models are an abstraction

— mopping color <-> numbers

e Color po|e+’res are an enumeration



COLOR PALETT

(HTMLE 0T pecC.)

Name [+

White
Silver
Gray
Black
Red
Maroon
Yellow
Olive
Lime
Green
Agua
Teal
Blue
Mawy
Fuchsia

Purple

C551 /HTML34 [ VGA color names

Hex triplet

fcococo
fB0BOBO
f000000
§FF0000
$a00000
$FEFEFO0
f8ne000
f00FFOO
fooe000
§00FEEE
$00B8080
$0000FF
f000080
$FFOOFF

f8000B0

Red Green Blue
] ]
100%  100% 100%
Te%  TA%  THU%
50%  50% &0%
0% 0% 0%
100% 0% 0%
0% 0% 0%
100%  100% 0%
50%  50% 0%
0% 100% 0%
0%  50% 0%
0% 100% 100%
0%  50% 50%
0% 0% 100%
0% 0% 50%
100% 0% 100%
50% 0% 50%

Hue

]
0
0"
0°
0°
0°
0°

60"

60"
120°
120°
180°
180°
240°
240°
300°
300°

Satur

]|
0%
0%
0%
0%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Light

100%
75%
50D%

0%
50%
25%
50%
25%
50%
25%
50%
25%
50%
25%
50%
25%

Satur Value

]
0%
0%
0%
0%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

b
100%

75%
50%
0%
100%
50%
100%
50%
100%
50%
100%
50%
100%
50%
100%
50%

green

cyan

magenta
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COLOR: ADDIDITIVE SCHEME
(MIXTURES OF LIGHT)

Red Magenta Blue




COLOR: SUBTRACTIVE SCHEME

(MIXTURES OF PIGMENTS)

Magenta




CIELT3LCOLOR SPACE

 First mo’rhemoﬁco”y defined color space

e Tristimulus values: X, Y, Z
—_ rougHy red, 9reen Ond b'UQ

— not observed as such

e Defined based on experiments in the 19205

13



B COLOR MODEL

e Additive color model

* BOSQd on I’QCJ, green Oﬂd IO|U€ n

e Color is defined as mixture of

intensities in all 3 channels

. Exomp|es with channel intensities in [O,1]
— (O, O, O) -> no intensities, darkest color
— (1,1, 1) -> full intensities, lightest color
— (1,0, O) -> saturated red



RGB COLOR MODEL

* |ntensities are erpico”y quomﬁzed
— E.g. 8 bit / channel (24 bit per pixel)
— 16-bit Highcolor: 5 bits / channel (+1 for green)

e With 8 bits per channel
— range from 0-255 (decimal) or OO-FF (hex)
e Web: 8 bits / channel, defined in hex

— #000000 -> black
— #FFOO0Q00 -> red



SRGB COLOR SPACE

* Standard defined by HP & Microsoft (1996)

e Used for monitors, printer & internet

e Uses 8 bits per channels

* Transformation to and from CIE XY /Z defined
by

WO

inea 3.2406 —1.5372 —0.4986| | X
mear | = | —0.9689 18758 0.0415 | |Y

linear
linear
[ inear 0.0557 —0.2040 1.0570 VA




COLOR SPACE: HSV

e Transformation of RGB to
— Hue: The actual color (0°-360°)

— Saturation: The brilliance of the color

— Value: The lightness of the color
o Useful for chomging hue (co|or) withouth

chonging |ighness (vo|ue) or brilliance

(saturation)



COLOR SPACE: 5V

Increase saturation

Set fixed hue




COLOR SPACE: HSV




GRAYSCALE

* A pixel just has an intensity value
* Intensity channel := Y

e Conversion from RGB
—Y = 02126™R + O.7152*G + O.0722*B




CACR

. Sp|i+s color into luma & chroma

— Y- intensity

— Cb: blue-difference
— Cr: red-difference

e Used for chroma subsomphng

— Reducing “color” in images




[RANSPARENCY & ALPHA CHANNEL

e How to define the opacity of a color / pixe|?

i A'pl’]@ CI’]OHH@'
— 0% ... Fu”y transparent
— 100% ... Fu”y opaque pixe|

¢ CO|OI’ SpOCQS
— RGBa - Red, Green, Blue & Alpha
— ARGB - A|pho first used in Flash, Si|\/er|igh+



TRANSPARENCY & ALPHA CHANNEL




DEMO: GIMP

e Create a text |oyer on an image

* Change opacity of the layer  pssmmms
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ST1E OF DIGITAL IMAGES ...

¢ EXOI’T]p'Q: COI’]OI’] EOS M

— 333 € (Nov 22, 2013)
— 18 Mega Pixels

e What's the size of an imoge?
— 5,184 x 3,456 pixe|s

— 924 bits per pixe| for color = 3 loeres
— Size: 5184 x 3,456 x 3 by’res =~ 504.7 MB




COMPRESSTON: LOSSLESS V. LOSSY

Compression is o tradeoff processing fime vs.
storage space

* | ossless
— All information is retained
— Image can be re-constructed without flaws

* Lossy

— UnimporJronJr information is dropped

— |moge reconstruction is similar to origino| image



463 KB -- 3.5 KB



[0SSLESS COMPRESSTON

(AMIE)
e Run-le ng+h encoding

— CI’UﬂCl’]iﬂg |OI’19 sequences 01( sdme numbers

— WWWWOOOWWOOOOWWWW -> 4w 302w4dodw

. Didonory encoding (LZW, ZIP, ...)

— Re-occu ring sequences geft short codes

¢ Hugmonn
— Variable |eng+h, entropy encodmg
— Numbers with high Frequency get short

represe ntations



[055Y COMPRESSTON: DCT

e DCT == ,discrete cosine transform"

* Expresses data points as sum of cosine functions

e Defined by Fo”owing equation:

N-1 N-1

Fll"f C(E)CU)ZZP JJEGE[L;;E}CD{W} 1
x=0 y=0 - -

D(.j) =

o amd

.-% ifu =0 l
C(u) = b 2

1 ifu;}DJ



DISCRETE COSINE TRANSFORM

Actual encoding process easier than the equation
looks:

1. For each 8x8 pixe| block from an image
. Mu|’rip|y with DCT matrix
3. Quantize with quantization matrix

4. Encode in Zig-zAdg manner



DCT: EXAMPL

e Extract 8x8 pixe|s block
e Subtract 128 from each entry

154 123 123 123 123 123 123 136
192 180 136 154 154 154 136 110
254 198 154 154 180 154 123 123
239 180 136 180 180 166 123 123
180 154 136 167 166 149 136 136 ~
128 136 123 136 154 180 198 154
123 105 110 149 136 136 180 166
110 136 123 123 123 136 154 136

Original =

64 52 8 26 26 26 8 -—18
126 70 26 26 52 26 -5 -5

JM:
52 26 8 39 38 21 8 8

-5 -23 -18 21 8 8§ 52 38




DCT: EXAMPL

. App|y DCT with D = T*M*T-

3536 .3536 3536 3536 3536 3536 .3536 .3536 26
4904 4157 2778 0975 —.0975 2778 —4157 —.4904 64
4619 .1913  -1913 -4619 —-4619 -1913 .1913 4619 126
T 4157 —0975 —4904 2778 2778 4904 .0975 4157 M= 111
3536 —3536 —-3536 .3536 3536 3536 -—.3536 .3536 52
2778 —.4904 0975 4157 —.4157 0975 4904 2778 0
1913 —4619 4619 —-1913 —1913 4619 —4619 .1913 -5
0975 2778 4157 —4904 4904 4157 2778 0975 —18

162.3 40.6 200 723 303 125 -19.7 -11.5
30.5 1084 10.5 323 27.7 -155 184 2.0
-94.1 -60.1 12.3 434 313 61 33 7.1
-38.6 834 54 222 -135 155 -13 35
-31.3 179 -55 -124 143 -6.0 115 -6.0
-09 -11.8 12.8 02 281 126 84 2.9
46 -24 122 6.6 187 -128 7.7 12.0
-10.0 112 7.8 -163 215 0.0 59 10.7




DCT: EXAMPL

. App|y quantization matrix

1623 406 200 723 303 125 -197 —115 | 16 11 10 16 24 40 51 61
305 1084 105 323 277 —155 184 —20 12 12 14 19 26 58 60 55

041 —60.1 123 —434 313 61 —33 7.1 14 13 16 24 40 57 69 56

o _| 386 834 —54 222 135 155 13 35 0| 14172220 51 87 50 6
313 179 55 —124 143 —60 115 —6.0 18 22 37 56 68 109 103 77

09 —118 128 02 281 126 84 29 24 35 55 64 81 104 113 92

46 24 122 66 —187 —128 77 120 49 64 78 87 103 121 120 101

_100 112 78 -163 215 00 59 107 72 92 95 98 112 100 103 99

C

D :
;= i'mmd( L] )
Qi

0 4 2 5 1 000

3 91 2 1 000

-7 51 -2 -1000

C- -3 -50-1 0 000
-2 1 0 0 0 000

0 00 0 0O0O0

0 00 0 00O

0 00 0 00O




DCT: EXAMPLE

' Encode N zig—zog manner

(0,0) [(0.1) . 10425 1000 |
e 3912 1000
(1,0),7(1.1) -7 51 -2 -1000
c_| 35010000
2100 0000
Vi 0 000 0 O0O0O
- 0 000 0000
0 000 0000

* 10,4, 5,-7,9,2,5,1,-5-3,-2, ...

Note: There are a lot of zeros at the end!



DCT: EXAMPLE

Inverse process:

. Mu|+ip|y component-wise by the same

quantization matrix & round

e Perform IDCT: T*"M*T
e Add 128 per component



DCT: EXAMPLE

e DCT with Qso

o Comp ressed version

to the rig ht




IMAGE CONTAINERS & FORMATS

* Windows Bitmap File Format (BMP)
* Portable Network Graphics (PNG)

* Tagged Image File Format (TIFF)

* JPEG images and file format (JPEG)
e Scalable Vector Graphics (SVG)



BITMAP HILE TORMAT

. Popu|or format for storing raster grophic
e Microsoft Windows and former OS/2 p|cd‘Forms

* Also known as Device Independent Bitmap (DIB) format
° Typico| file extensions .bmp and .o|ib, M|ME—Type imoge/x—ms-bmp

e Characteristics:
— Stores pixel values typically uncompressed or in RLE
— Color |o0||eHe mode available
— Supports RGB color model and greyscale bitmaps
— Color depth of 1, 4, 8,16, 24, or 32 bits per pixel
— Simple format, easy handling

— Typica”y used for icons and small pic+ures



BITMAP HILE TORMAT

e File orgonizaﬁon

— Bitmap File Header (14 Bytes)
* Magic Number (0Ox42 Ox4D, ASCIl Code for BM')
* Total size of the bitmap file (4 Bytes)
o Offset to |oiero|o data in file (4 Bytes)

— Bitmap Information
* Structure depends on file format version (eg. V3, V4, V5)
* Size ranging from 12 - 124 Bytes
* Bitmap width and height in pixels (4 Bytes each)
* Number of bits per pixel (color depth)

o Qp+iono| compression method

* Number of colors in palette (O - 2"392)



BITMAP HILE TORMAT

o File organization (contd)
— Color Palette (optional)
* Color descriptions using 24 Bit RGB values + 1 Byte Padding

e Number of p0||eHe entries specified in Bierop |nformation block

* Colors referenced in Bitmap Data by index into Color Palette

— Bitmap Data
* Pixel values (either color or index into palette) stored row-by-row

e Unless otherwise speciﬂed rows are stored in a boHom—up fashion,
ie. lower left corner to upper righ’r corner

* First byte of a row has to be word (32-bit) aligned

¢ Remcrks

— Actual storage depends on co|or—o|e|o’rh, compression etc.

— Values are Little-Endian encoded (Intel x86)



CRAPHICS INTERCHANGE FORMAT (GIF)

. Deve|oped by CompuServe in the late 805
— GIF87a - introduced 1987
— GIF89a - extension in 1989 (animated GlFs)

. S+oroge of raster image

— 8 Bit color |o01|eJrJre

— Each pixe| consists of index into p0|e’r+e
e L/\W-based compression of image data

— Paper in 1984, Patent in 1985 in different countries,
claims by Unisys in 1993,
Patent expired in 2003 and 2004 (can be used freely)

* Supports
— mu|’rip|e images per file
— fransparent color
— Progressive mode (interlaced image transmitted first)

* File extension .gif, MIME Type image/gif



PORTABLE NETWORK GRAPHICS (PNG)

* Design goals
— Portable storage of raster-images

— _OSS|€SS comp ression

— Patent-free rep|ocemen+ for GIF format

. Deve|opmen+ History
—v10in 1996, RFC 2083 and W 3C Recommendation
—Vv11in 1998 and v1.2 in 1999 - minor modifications

— official 1ISO standard since 2004 - ISO/IEC
15948.9004



PORTABLE NETWORK GRAPHICS (PNG)

e Characteristics
— indexed-color, greysco|e and true-color raster images
— Supports on|y RGB color model (no YCbCr or CMYK)
— Progressi\/e o|isp|c1y mode
— S+reomo|oi|i+y (files can be read or written serio”y)
— [ransparency and o|pho channel support

— Checksums for file corrupﬁon checking

e Metadata

— Anci”ary information (e.g. Textual descrip’rions)

— Gamma correction and color calibration information



PNG — FILE STRUCTURE

* PNG signature
— File must start with fixed 8-Byte sequence
— Hex: Ox89 Ox50 Ox4E Ox47 OxOD OxOA OxIA OxOA
— ASCIEA2IT P N G \r \n \O32 \n

¢ Sequence O]c ChUﬂkS
— First chunk: IHDR, last chunk: IEND

— Each chunk consists of
. Lenngh (4 Bere): number of beres in the chunk data (n)
* Chunk Type (4 Byte): ASCII letters (a-z, A-Z)
e Chunk Data (n Bytes): actual payload of chunk
* CRC (4 Bytes): checksum over Type and Data field




PNG — INTERLACED MODE

e For imp|emen’ring progressive o|isp|oy of piCJru res/|ogos

¢ USQ case
— Slow internet connections
— Low-res image is immediately visible

* |Implementation - Adam? interlace mode
— Seven passes over the pixe| of the image
— |n each pass O subset of pixe|s are encoded

— Based on a 8x8 pattern rep|ico’reo| over the image data

— Each pixe| ossigned to a spech(ic pass

N | U |IN|PdIN |V |IN |+

N| UV |IN|WIN|UV|IN|R=
N | O|IN|OO|IN|O|IN|O®
N | O|IN|OO|IN|O|IN|O®
N | UV |IN|WIN|UV NN
N | O|IN|OO|IN|O|IN|O®

N | U |IN|HPdIN|UV|IN |+

N | oO|IN|OO|IN|O|IN]|O®




PROGRESSTVE MODE ..

iil H!nf&! e, ;I:' ‘

Src. http//msdn.microsoft.com/en-us/library/ee720036(VS.85).aspx



PG — INTERLACED MODE

1st pass, 1/64 2nd pass, 1/32 3rd pass, 1/16

4th pass, 1/8 5th pass, 1/4 6th pass, 1/2 7th pass, full




[k — TAGGED IMAGE FLE FORMAT

* |nitially developed by Aldus (first version in 1986)
* Now part of Adobe Systems Inc.
e | atest revision 6.0 - June 19992,

since than no further deve|opmen+

° We”—suppoﬁed |oy many Opp|ic0+ions especio”y N

the context of scanners and fax software

. Spech(icoﬁon divided into two parts
— Baseline TIFF
— TIFF Extensions



[1H = FILE STRUCTURE

* Each file consists of a fixed-size header and a set of (at least

one) Image File Directory (IFD)

e Each file begins with a 8—by’re image header

— Byte O-1: signals the byte order
* Ox49 Ox49 ("II')..Little-endian encoding
* Ox4D Ox4D ("MM").Big-endian encoding

— Byte 2-3: magic number (Ox2A or decimal 42)
— Byte 4-7: offset (in bytes) of the first IFD

. |m0|ge File Direc’rory
— Represerﬁs an image in the file

— One TIFF file can contain more than one image (e.g. Scanner)



[kt = TLtr EXTENSTONS

* Support for mu|+ip|e images per file
— SJroroge of a scanned document in a sing|e file
— Storage of a received fax message
* Document Storage and Retrieval
— Additional TIFF fields for annotations & metadatae.
* Compression
— Enhanced CCIT Bilevel Encodings
- LZW
— JPEG Compression support
e Color spaces
— YCbCr <WiH’] chroma subsomphng suppor+)
— CIE L*a*b*
— RGB |mc:ge Co|orime+ry
— CMYK (Cyom, Mogerﬁo, Yellow, Key) for printing



[1E = SUMMARY

Supports a great variety of color spaces

— RGB, CMYK, YCbCr, Grayscale, ..

Mu|+ip|e, orbiJrrory sized images per file

— Scanned documents, Fax servers

— Thumbnails

Compression modes

— Uncompressed, Lossless & Lossy

Wide range of color dep’rhs

— 1 Bit B/W up to 48 Bit RGB (e.g., for scientific imaging)
— Support of Alpha Channels

Fragmentation - Strips or Tiles can be decoded independently

File extension tif or tiff, MIME-Type image/tiff



JPG

 Standardized as CCITT Rec.81 in 1992

— Specificoﬁon of encoder

— Specificoﬁon of decoder

— Definition of an inJrerchcmge format (Annex B)
. App|ico+ions

— Good compression of phoJrogrophs and pain’rings

— Not very suitable for drowings, icons or text (sharp edges)

— Not recommended as infermediate format during image ediﬁng
. Coding tools

— DCT-based |ossy compression

— Prediction-based lossless compression

— Huffman or arithmetic entropy coding



JPEG — FILE FORMAT

e JPEG |n’rerchonge Format (JIF)
— Annex B defines the JPEG |n+erchomge Format (JIF)

— Some shorJrcomings (definition of co|or—spoce etfc.)

— Almost never used in opp|ic0’rions nowadctys

* JPEG File Inferchange Format (JFIF) in 1992
— Defines YCbCr as default color space
— Allows for defining somp|e aspect ratios
— Clarifies the location of chroma subsomp|es
— Thumbnail support

e Wide support in opp|ic0+ions as well as devices like o|igi+0| still cameras,
mobile phones etfc.



JPG

e File orgonizoﬁon based on marker
— Can be identified in the file without o|ecoo|ing the image
— In contrast to chunks (PNG) the marker do not contain

|eng’rh information about the compressed image data

° \/orieer of compression modes
- |_OSS|€SS CIHCI DCT—bOS@d

— Sequen+io|, progressive and hierarchical storage

8 or 12 Bit samp|e precision per component

JFIF supports inclusion of thumbnail

File extension jog or .joeg, MIME-Type image/jpeg



IMAGE FORMAT SELECTION ...

Consider Fo||owing use cases:
e Print: Color Model CMYK.
e Web: SJroring a |ogo without compression

artifacts.
e Email: Sending a pho’ro to a friend.

¢ |mcge PFOCQSSiﬂgZ SJrore a preprocessed pl"]O+O

for more processing later on.



SPATIAL HILTERING

e Methods for enhancing or fransforming the
image

o Typico”y a kernel or filter is used:
— A matrix which is opp|ied to the image

— |n a linear transformation



SPATIAL HILTERING

1/9 1/9 1/9
1/9 1/9 1/9
1/9 1/9 1/9

194 128 102 197 69
162 68 103 144 115
121 85 57 27 14
24 183 192 239 150
92 93 154 138 170
194 128 102 197 69
162 68 103 144 115
121 85 122 27 14
24 183 192 239 150
92 93 154 138 170




SPATIAL HILTERING

e Thisis a simp|e smoo’rhing kernel

e Other operations

— Shorpen
— Gradient




SO0BELHILT

e 3x3 kernel




SHARPENING

e 3x3 kernel
ve | e | s
1/9 9 1/9




BLUR FILTER

e 3x3 kernel
1/9 1/9 1/9
1/9 1/9 1/9




(GAUSSTAN BLUR FILTER

e Kernel depends on Gaussian distribution




SELECTIVE BLUR (EGDE RETAINING)

e More comp|ico’reo|

1M (z) = Z 2) (| (x:) = 1(2) 1) gs(ll2: — )




DGE VETECTION




DGE DETECTION

. App|y two Kernels
— with results |—>< and |_y

e Then compute the
grodierﬁ mogni’rude

Vi =112

* Edge direction: ochrcm(Ly/LX)
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DITHERING

. |n+en+iono||y infroduced noise
— to prevent color bonding.

— to have a more oppeo|ing visual represenJrQJrion

with fewer colors.

e Used in newspapers

— ie. fo print groysco|e

images in black & white

H(‘O our OO?’T(‘JH’Tg examp (’()“H L’)\’ PLT‘CL\P at en V,'\Lﬂ@?d\ﬂ - T!’C’TS{?\ V(’(‘J \[\OV"T en.w ‘Mp@()‘ a by
IS Y C
> !’PPBO* ‘ \CPYTS?(‘J u Pd?\ PUC‘\( [/‘OH’TU n via

S Commons -
‘“Jr'ps //commons.wikimedia org/w m,”f:\‘@-(:o‘c\w,om“dwg,@xnmp‘e(ﬂ omg#/'m@d\o/:\‘@ Colour_b S-bit gradif:nt S'bit gradiﬁnt, 24'bit gradiﬂnt
m“du“g,@xcn"p‘e(ﬂ png dithﬁl’ﬁd
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DITHERING




DITHERTNG EXAMPLE




L0YD- STEINBERG DITHERTNG

Color quantization error is pushed to neighbor

pixe|s

3 5 1
16 16 16

for each v from top to bottom
for each =x from left to right

oldpizxel = pixel[x] [v]

newpixel = find closest palette color(oldpizel)
pixel[=][v] = newpixel

guant_error = oldpixel - newpizxel

pixel [=x+1] [ | = pixel [x+1] [ 1 + 7/16 * gquant error
pizel[x®-1 +1 = pixel [x-1 +1] + 3/16 ® guant error
pixelx +1 = pixel[x +1] + 5/16 * quant error
pixel[=x+1 +1 = pixel [x+1 +1] + 1/1& * guant error

sm.Wﬂkpe&o



