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The basics of image analysis

Å2 types of images, convertible
What is common and what is different?



The basics of image analysis

ÅEmphasis on color

ÅDifferent color systems, e.g. RGB 

(red-green-blue), CMYK (cyan-

magenta-yellow-black), numerical 

values irrelevant

ÅHundreds of file formats: JPEG, 

PNG, BMP, DIB,TIFF, PICT, 

Photoshop, X11 bitmap, Sun raster, 

IRIS RGB, Targa

ÅCompression important,  ñlossyò 

compression: JPEG, GIF, etc.

ÅEmphasis on the numerical value (e.g. SST)

ÅEach pixel (picture element) is defined by its 

x,y & Lat, Lon coordinates and a numerical 

value

ÅNumerical values do not have color, color 

is added for visualization but can be 

changed without changing the essence of 

the image

ÅMany file formats (e.g. HDF), can use 

ñlosslessò compression, ñlossyò compression 

not used



Difference between bitmap and quantitative 
image data

Å Bitmap-type images (GIF, JPEG, PNG) available on the web

Å The usage of Bitmap-type data is very limited!

Quantitative imagery, such as HDF, nCDF

allows to perform many operations not 

generally possible with bitmaps:

ÅLook-up coordinates, pixel values, geo-

physical values

ÅOverlay coastlines, lat-lon grids, stations, etc.

ÅDo mathematical operations, e.g. compositing, 

averaging, differencing

ÅUse images to calculate complex new images 

(e.g. NPP calculated from Chl-a, PAR, SST)

ÅChange color palettes and stretch color look-

up tables

ÅCreate RGB images from 3 composites

ÅMuch-much more!!!

ÅDonôt be fooled with bitmaps!



What is a Digital raster image ?
ÅA rectangular matrix of numbers where cells are called 

pixels (=picture elements)

ÅPixels can be of different type (bpp = bytes per pixel):

Å1 bpp, BYTE , values 0:255 (unsigned), -127:127 (signed)

What is a byte?

Å2 bpp, SHORT INTEGER 0:65535 (unsigned), -32767:32767 

(signed short)

Å4 bpp, LONG INTEGER : 0:~4 billion (unsigned), -2 billion : 

2 billion (signed)

Å4/8 bppFLOAT ( Float32, Float64): almost unlimited

ÅRemember: Numbers have no color!

ÅColors can be assigned to pixels depending on their value 

in the color palette (LUT = look-up table)

ÅGeo-referencing (projection) is an algorithm that maps 

each pixel to a location on earth



Example of a digital raster image :

199 200 201 202

200 200 201 202

200 200 201 201

198 199 200 200

197 198 199 199

196 197 198 198

4 x 6 pixel image (itôs a very small ñimageò!)

1) Need to know the number of columns, rows: 

4 x 6 or 6 x 4?

Storage in computer memory is just a sequence of bytes 

with no additional information, such as:

ÅWhat is the number of columns? Number of rows?

(If we have 24 pixels, the image could be 4 x 6 or 6 x 4 pixels)

ÅWhat is the pixel type? Byte: values from 0 to 255; 

Uint16, Int16, Uint32, Int32, Float32, Float64

ÅWhat is the scaling? Geo-location?

ÅOther attributes? Č HDF takes care of all that!

199 200 201 202 200 200 201 202 200 200 201 201 é



Value Scaling

ÅValue scaling, used for 1 

bpp(Byte) and 2 bpp

(Int16)  images; not 

needed for Float32or 

Float64. Why?

ÅLinear Slope Intercept Range

ÅPathfinder SST, C 0.15 - 3.0 - 3.0:35.25

ÅLogarithmic Base=10.0 Slope Intercept Range

SeaWiFS Chl-a, mg m-3 0.015 - 2.0 0.01:66.83

Value Scaling
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We need it because a Byte can have values 0:255 but real life values (e.g. Chl-a conc) are real numbers



Color Scaling
(needed because numbers donôt have color!)

SST: 24.9 25.05 25.05 24.9 25.05 25.5 25.8 25.65 26.1 25.95 25.95 25.95 25.8 25.65 25.35 24.45 24.15 24.45... 

PV: 249  250   250    249   250   255   258  256    255  259   259     259    258  256    253    244    241    244é.



Color Scaling for Byte images

Å256 pixel values (PV or DN, from 0 to 255) vs. Palette (LUT) of N colors

ÅPalette usually of N = 256 colors

0

255

256 pixel values 256 colors (Linear Stretch) Color Image

\LUT\chl.lut

(Start)

(End)



Start:     16 32 48 64 80 96 112

Palette: \LUT\chl.lut

0 132   0 124

1 132   0 124

2 132   0 124

3 132   0 124

4 122   0 134

5 122   0 134 ééé



ÅInt16: 64K (~65 thousand) values vs. Palette (LUT) of 256 colors

ÅFloat: unlimited number of values vs. Palette (LUT) of 256 colors

ÅUsing Color Scaling Minand Maxto ñmapò these ranges of values to 0:255 and then use 

the same method as with Byte images.

Color Scaling for multi -Byte images



ÅHistogram

Å1 bpp: 256 possible values

Å2 bpp: 65 thousand possible values

Å4 bpp: ~unlimited number of different values

Basic operations on images



ÅBand Compositing

ÅRGB color composite from 3 bands

Åe.g. Thematic Mapper on Landsat 5 bands 1-3 correspond ~ to Blue, Green, Red

ÅTM1 (.45-.54 mm), TM2 (.52-.60 mm), TM3 (.63-.69 mm)

Basic operations on images



ÅTM RGB composite, 1995/04/03

ÅSensor striping - destriping algorithms


