3. Image Formats

1. Introduction

With the grevth in computer graphics and image applications the ability to store images for later
manipulation became increasingly importantithAho standards for image storage, application
developers created theinm formats. Hence, there are dozens dfediint formats including tif,

pict, gif, jpeg, sun rasterfiles etc. These notes attempt to documeractoesf which must be con-
sidered when looking at image storage rather than to describe the detaysaftamlar file for

mat, which can be obtained when required.

2. Bitmap and Vector Representations

There are tw principle and yet ery different methods of representing graphics imabsiaps (
also called raster or mkmaps) andectors. We will be concerned witbitmap representations of
images. This is where the image has beendmrakp into a grid and the lightle (lightness,
darkness or colour) of each plxs recorded indidually. Typically, the position of a data point in
a hitmap field determines what pkthe data point represenitsthe data points (bits) "map" to the
image; hence the nangtmap.

\ector representation means describing an image as a series of lines or shapes ardttirdiles
look like programs whenxamined. This type of file is used for line art such as CADvithgs.

Figure 1. Example of bitmap and Vector representation images

Bitmap formats wrk well for images with compkevariations in colours, or shapes, such as pho-
tographs, paintings, and digitised video frames. Some images, such as computer screen displays,
originate in bitmap format and are therefore most easily recorded in the sgme w

3. Monochrome and Colour I mages
Electronically stored images, éhotographs, may be either multi-colour or monochrome.

3.1 Monochrome

Monochrome images in their simplest form comprise pure "cologibme, typically black, and

pure white rgions. In some monochrome images, such as photographs and shaded illustrations,
shades of greare needed, such images are often cajteg scaleimages. Because the humarme e

can interpret a sfitiently fine pattern of black and white pis as grg a nonochrome file format

can be used for gyscale images; the data can be black and wHitee process of using dots of
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black or some single colour to get continuous shades pigmalled halftoning or dithering. This
technique is used for mosblume printing of images, although most image files are only con-
verted to this form by the printing diee.

Figure 2: Dithering of a 3x3 grid to produce 10 grey levels

The use of halftoning or dithering has malisadwantages as it can maknage editing ery diffi-
cult and it reduces thefettive resolution of the image.

3.2 True Greyscale Monochrome

Greyscale images can also be recorded as true shadey,abtjrer than stored in dithered format.
This is the preferred representation for images and is the formatveelteady considered.

3.3 Colour

When a wide range of colours is required, it is ackidy mixing a limited number of primaries.

The two fundamental colour mixing schemes RGB and CMYK, depend on the intended output
medium. RGB is the addi#t wmlour system used by dees which emit light, such as display
screens. CMYKcolour stands for theyan, magenta, and yellosubtractve primaries, plus black

for contrast and is used for printing materials. Because the black is also required for contrast
CMYK is less eficient than RGB. Most output diees can handle files of either type, translating
them as requiredAnother popular scheme is HSI, which stands for Hue, Saturation and Intensity
Luminance is often substituted for thend intensity and HSI is then called HSL.

Each piel in a colour bitmap image requires a set of three or falueg; one for each primary
colour (RGB, CMYK) or independentaviable (HSI), depending on the colour representation
scheme used. These sets alies are typically genised on one of tawways in an image file.

The most common &y of oganising bitmap image data is by colpimto colour planes. This
approach is most easily visualised as three or four monochrome images, one for each primary
colour In an RGB scheme forxample, all the data for red, fovesy pixel in the image wuld be
grouped togethethen all the data for green, then all the data for blue.

As an alternatie the image data can begenised into a single image plane in which the red, green
and blue alues for each p#t are grouped together

The number of colours that an input or outputicke supports is quantified by the total number of
bits. Thus a 24-bit colour supplie&*ar more than 16 million colours. The disadtage of using
such high resolution colour images is their file size.

Some computer monitor graphics adaptors ciremhy¥ile size problems by adoptingalette or
colour map approach to colouiThe graphics file format then canveamly so mawy different
colours, gen dthough each colour has a high resolutioor. iRstance the image may be composed
of colours from a 16 bit palette or 65,536f@li&ént colours. The peét data for a palette image con-
sists ofn — bit pixel codes, with each of the codes pointing to a trio of RGBalues held in a
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palette table. The data file therefore must include not only thet gdta, t the table of palette
data as well. This approach is also sometimes referred to as pseudo colour

4. Common M ethods of Encoding Data
Regardless of the ariations in image file formats, data are encoded in certain comam w

4.1 Binary and Symbolic Coding

Graphics data may be encoded in either symbolic or binary form. Symbolic coding (almayst al
in ASCII) is used mainly for actor representation and for some graphics description languages.
Binary coding is generally used for bitmap data.

4.2 Bit and Byte Order in Binary Data

Binary encoded data can usefeliént byte orders, and in the case of bitmap images, can use dif-
ferent bit orders as well.

For instance, in a simple one-bit-deep bitmap image, the image can be scanned left to right, top to
bottom, or in ap other combination of directionsi-urthermore, the first pgt scanned out af

could be mapped to either the high bit or the kit of ann - bit long data wrd. In order to prop-

erly decode the image, youould require toknow the scanning ordethe word length and the
bitmapping order

Where there is more than one bit pergpia a bitmap image,ven more \ariations are possible.
Each pixels multi-bit \alue can be recorded all at once, such as a 1@bhi¢ being recorded as
two consecutie bytes. Thisorder can be thought of as creating a single 16 bit deep image plane.
Alternatively, this image can be brek up into 16 one bit deep bit planes, in which the most sig-
nificant bits of all piels would be recorded together to form one plane, then all tktenmast sig-
nificant bits to form the n¢ plane, and so on.

The byte order can alsary and this will diect the images. The byte order usually depends on the
processor used in the comput@ne \ariation is the ordering of least and most significant bytes
for numbers in xcess of one byte.df example a 16 bit inger such as 51210 might appear as
00000001 00000000 (3£€) or 00000000 00000001 (@d. Theindividual elements of floating
point number ( the sign, the fraction and tRpanent) can be stored imnous orders. \thin the
fraction and gponent, byte order can be either LSB or MSB first.

In the memory of PCs and other Intel CPU computers the LSB comes first; in Motorola systems,
such as Apple Macs, the MSB comes first. UNIXrkstations from Sun, IBM and HP usually
store the MSB first; those from Intel and Dec store LSB data first.

The image file format must record some information about the bit and byte order if it is to be used
on a\ariety of machines.

5. Image Compression

With the graving demands on image quality in computer applications, the amount of storage
required has increased rapidRhis has resulted in the use of image compression techniques for
the storage of data.

Compression is simply representing the data morécédntly. It takes adantage of the three com-
mon qualities of graphical data; thare often redundant, predictable or unnecessary

5.1 Run Length Compression

A simple method of compressing data where a series of repeakegs\(g. pixel values) is
replaced by a singlealue and a count. dfF example using letters to represenalues,
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abbbbbbbccddddeebblould be replaced by 1a7b2c4d2eBhis approach wrks well with long
strings of repeatedalues. Imagewith large areas of constant shade or hue are good candidates
for this kind of compression.

5.2 Huffman Encoding

Huffman encoding wrks by substituting more fefient codes for data. The basic idesato assign

a hinary code to each uniqualue, with the codesavying in length. Shorter codes are assigned to
the more frequently occurringlues. These assignments are stored in @ecgian table, which is
sent to the decoding sofare before the codes are sent.

For example, there are six uniqualues inabbbcccddeeeeceeeeef. The frequencies with which
they appear are
alb:3c:3d:2e9f:1

The minimum code isWilt using a binary tree as shin in figure 3. The basic algorithm pairs
together the least frequently used elements; the pair is then treated as one element and their fre-
guencies are combined. This continues until all pairs are combined.

a f

Figure 3: A binary tree for Huffman encoding

The eficiengy of Huffman encoding aries with the precise algorithm and the type of image. It
typically does not get compression ratesvab®1. It performs less well for files containing long
runs of identical pigl values, which can be better compressed using run length or other encoding.

In addition, Hufman encoding requires accurate statistics om frequently eachalue occurs.
Therefore, the encoding is completed i tpasses, the first to create the statistical model and the
second to encode the dafBherefore, Hiinan codes require a lot of processing to decode and the
process is relatély slow.

A final problem with Huifman encoding is its sensiity to dropped or added bits. Since all the

bits are jammed together withouigeed to byte boundaries, the decoders ongywef knaving

when a code is finished is by reaching the end of the branch. If a bit is dropped or added, the
decoder starts in the middle of a code and the rest of the data becomes nonsense.

JMB -4- Jan 2003



5.3LZW Compression

Developed by VWelch huilding on the werk of Lempel and Zi (LWZ). LWZ is anadaptive code
which huilds an efiective able of codes as it proceeds.exploits redundancies in the patterns it
finds.

LZW starts with a table with one code entry for each possaileevin the data; 256 entries for an
8 hit image. It then adds entries to the table for each unique patteatueb\it finds. It is neces-
sary to fix the maximum length of the table so a code length can be established.

For example, consider the sequeratmbaaacaaaad where each letter for simplicity represents 2
bit data alues. The LZW encoder and decoder start with the same table grichttheas the table
expands. The initial code tableowid be:

For ababaaacaaaad
a:00 b:01c:10d:11

The LZW algorithm looks for the longest pattern it can recognise and find in its table. It finds the
first valuea and recognises it so it tries for the pattabnand doest’recognise it. So it transmits
the code for thealue it recognises (000) and nesla nes table entry for the one it doesn’

a:000 b:001 c:010 d:011 ab: 100

The encode then tak the last alue b and tries for a pattern with the xtevalue ba, which is
unrecognised so it sends the codelf¢d01).

The encoder can morecognise the m sequenceab and so can the decod&o a three bit code
can be used to replaced ht codes. Also in thisxample all subsequent multiple iterations of
the valuea will be entered into the table and will be represented by a single 3 bit code.

LZW encoding preides compression ratios between 1:1 and 3:1, although highly patterned
images can sometimes be compressed as much as 10:1. Noisy images are hard to compress with
LZW.

5.4 Arithmetic Compression

Arithmetic compression, l& Huffman coding, uses shorter codes for frequently occurring things
and longer codes for less common things. It is mdieiait havever, snce (like LZW) it com-
presses sequences afues, not justalues. Arithmetic compression is highlyieient.

There are mandifferent forms of arithmetic coding. The basic principle is to nvaepyeadifferent
sequence of pal values to a gion on an imaginary number line between 0 and 1. Tigainas
then represented as a binary fraction afiable precision (number of bits). Less common
sequences require a higher precision (number of bits).

Arithmetic compression can reduce the file size dramatjoddiyending on the source and the
accurag of the statistical model usedo &pect compressions of 100:1 is not unreasonable.

5.5 Lossy Compression

Lossy compression refers to techniques in which some aspect of the original data is discarded (or
lost, hencelossy compression), because iasvdeemed unnecessary to the final application. These
sorts of technique are fine for commercial ts&i®n and general photograpbut should not be

used for critical applications such as medical imaging.

The things which can be discarded in lossy compression include thinggetheeas not need for
perception in a gen Stuation, such as unnecessary sharp edges or high spatial resolution of
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colour.

The most commonly cited lossy compression scheme is the baseline algorithm for JPEG. JPEG
(Joint Photographic Experts Group) definegesa algorithms although the algorithm most com-
monly referred to as JPEG is the lgdsseline algorithm. JPEG also defines a lossless algorithm
based on di€rential pulse-code modulation. Both emplmultiple compression algorithms in
combination, including Hfiman and arithmetic coding.

JPEG algorithms lggn by separating the chroma (colour) information from the luminance (bright-
ness) information, to takedvantage of theye’s olerance for laver colour resolution. The image

is then brokn up into smaller tilesThe lossy algorithm then applies a Discrete Cosia@sform

to each of the tiles. After this transformation, the vidlial pixels nolonger xast but are repre-
sented by a series of patterns describing tapidly the pixel values wary.

MPEG is an emging standard related to JPEG and is intended for the storagevimignpictures.
An MPEG file contains JPEG-kkframes, along with information for interpolating other frames
between the JPEG Ekframes.

5.6 JPEG I mage For mat

JPEG vas designed for compressing either full-color or gray-scale images of naturalprieal-w
scenes. lvorks well on photographs, naturalistic aptk, and similar material; not so well on
lettering, simple cartoons, or line driags. JPEGhandles only still images,ub as mentioned
above there is a related standard called MPEG for motion pictures.

JPEG verks on either full-colour or gray-scale images; it does not handielgldack and white)
images, at least not welllt doesnt handle colouwimapped images either; these must fre-
expanded into an unmapped full-colour representatitEG veorks best on "continuous tone"
images. Images with mgisudden jumps in colouralues will not compress well.

JPEG is "lossy meaning that the decompressed image tuite the same as the one you started
with. JPEGis designed tox@loit known limitations of the humanye, notably thedct that small
color changes are pereed less accurately than small changes in brightnd@s$sis, JPEG is
intended for compressing images that will be kwlkat by humanslf the images are to be
machine-analyzed, the small errors introduced by JPEG may be a prolseni,tkey are invisi-

ble to the ge.

A useful property of JPEG is that thegdee of lossiness can baried by adjusting compression
parameters. Thimeans that the image naakcan trade 6file size aginst output image quality

You can male extremely small files if you dort' mind poor quality; this is useful for applications

such as inddng image archvies. Cowersely, if you arent happy with the output quality at the

default compression setting, you can increase the quality until you are satisfied, and accept lesser
compression.

Another important aspect of JPEG is that decoders can tradiearfding speed agnst image
quality, by using fast lut inaccurate approximations to the required calculati@mne viavers
obtain remarkable speedups in thiayw(Encoders can also trade accyréar speed, bt theres
usually less reason to n@kich a sacrifice when writing a file.)

There are a lot of parameters to the JPEG compression pr&yessljusting the parameters, you
can trade dfcompressed image sizeaagst reconstructed image qualityepa very wide range.
Usually the threshold of visible @i#rence from the source image is sarhere around 10 to 20
times smaller than the original i.e., 1 to 2 bits peelpiar colour images. Grayscale images do not
compress as much.

JPEG defines a "baseline" lossy algorithm, plus optioxtahsions for progress& and hierarchi-
cal coding. There is also a separate lossless compression mode; this typivaflydgput 2:1
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compression, ie, about 12 bits per colourpixMostcurrently aailable JPEG hardare and soft-
ware handles only the baseline mode.

5.6.1 Outline of the baseline compression algorithm:
The baseline algorithm consists of 5 basic steps.

1. Colour Schemesand Sub Sampling

Transform the image into a luminance/chrominance colour space (Y&hG&k etc). (Note:

this is not required for gyscale images).The luminance component is grayscale and the
other two axes ae colour information.The reason for doing this is that you cafoif to lose

a lot more information in the chrominance components than you can in the luminance compo-
nent: the humanye is not as sensie © high-frequeng chroma information as it is to high-
frequeng luminance. (Seary TV system for precedents.)

(Optional) Davnsample each component byeaaging together groups of mbs. Thelumi-

nance component is left at full resolution, while the chroma components are often reduced 2:1
horizontally and either 2:1 or 1:1 (no changejtically This step immediately reduces the data
volume by one-half or one-third. In numerical terms it is highly lobgl/for most images it

has almost no impact on penegl quality, because of theye's poorer resolution for chroma
information. Notethat davnsampling is not applicable to grayscale data; this is one reason
why colour images are more compressible than grayscale.

2. DCT Coding

The Discrete Cosineransform (DCT) turns an array of intensity data into an array of fre-
queng data that tells ho fast the intensitiesary. The result of the DCT is a set of spatial fre-
quencies F(u,v). F(0,0) is the DC areeage \alue. The rest of the cdigfients are &£ coeffi-
cients.

To goply the DCT the pigls are grouped into 8x8 blockEach 8x 8 block is transformed by
applying the DCTgiving a frequeng map, with 8x8 components. Thus yownbave num-
bers representing theeage \alue in each block and succesi higherfrequeng changes
within the block. The motvation for doing this is that you can wathrow away high-fre-
queng information without &ecting lav-frequeny information, which theye is more sensi-
tive .

3. Quantization

The quantization step sets the precision to which each ohthesvwresulting from the DCT are
stored.

In each 8x8 block, #lide each of the 64 frequencomponents by a separate "quantization
coeficient”, and round the results to igs. Thigs the fundamental information-losing step.
The lager the quantization cdafients, the more data is discardedote that gen the mini-

mum possible quantization cfiefent, 1, loses some information, because #@EEDCT out-

puts are typically not ingers. Highefrequencies are whys quantized less accuratelyv@i

larger coeficients) than laver, since thg are less visible to theye. Also,the luminance data

is typically quantized more accurately than the chroma data, by using separate 64-element
quantization tables.uhing the quantization tables for best results is something of a black art,
and is an acote research areaMost eisting encoders use simple linear scaling, using a single
user specified "quality” setting to determine the scaling multiplibis works fairly well for
midrange qualities (it is quite nonoptimal atery high or lev quality settings).

The DC component is then treated specially: since adjacent DC components tend to he similar
each DC component is stored as théed#nce from the DC component of the preceding block.
The other frequeryccomponents are logically placed in zigzag order (see figure 4), which puts
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the lowvest frequeng components first. The quantised high freqyecemponents will often
be zero and the final compression stagmrks well on groups of zercalues.
F(0,0)

i F(0.8)
L k] [ [ ] o 0 [ ] (]

o

S,
—_ High frequency component
e 6 o 6 6 ¢ o~ o oh frequeney comp

F(8,8)
8x8 block

Figure 4: Zigzag sequence

4. Final Compression

The results of the quantisation are compressed (gntamfed) using either Hfrhan or arith-
metic coding. Notice that this step is lossless, so it dbafatt image quality The arithmetic
coding option uses patented systemMost &isting implementations support only the Huf
man mode, so as to/@d license fees.The arithmetic mode fdrs maybe 5 or 10% better
compression.

5. Form Image

Add on appropriate image headers, etc, and output the r&salthormal JPEG file, all of the
compression parameters are included in the headers so that the decompresserseathee
process. Thesgarameters include the quantization tables and thértdafcoding tables.d¥
specialized applications, the specification permits those tables to be omitted from the file; this
reduces the file sizeubit means that the decompressor mustwkaepriori what tables the
compressor used. Omitting the tables is safe only in closed systems.

The decompression algorithmveeses this processThe decompressor multiplies the reduced
coeficients by the quantization table entries to produce approximate DClicizog$. Since
these are only approximate, the reconstructed| ppdues are also approximateytlif the design
has done what &'aipposed to do, the errorowit be highly visible. A high-quality decompressor
will typically add some smoothing steps to reducelpia-pixel discontinuities.
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