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1. Colourspaces

Colour images are encoded as triplets of values.
RGB is anadditive colour model that is used ftight-emitting devices, e.g., CRT
displays.CMY is asubtractive model that is used fgrinters.
RGB and CMY are used for imaging, YUV (PAL) and YIQ (NT)Se used for video.
YUV & YIQ use properties of the human eye to priogtinformation. Y is the black
and white [uminance) image, U and V are the colour differenchrominance)
images.YCDbCr is used in JPEG and MPEG (and is sensitivaiio tones).
HSV (Hue, Saturation, and Value/brightness) and HLS (Higdétness, and Saturation)
are also commonly used.
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Generally speaking, the translatior{C
The RGB and CMY colour spaces can each be representedube.

from RGB to CMY is a simple one: :\(A

The CIE-XYZ colour space can be represented ona [ X abcllR
two-dimensional space by manipulating the RGB Vectory |14 e flOG
such thaX + Y + Z = 1. Given this, only two value are

required to describehromacity (Y is luminance) Z| |9 hi]|B
X Y
X=— = z=1-(x+
X+Y+Z y X+Y+Z x+y)

Different standards, including YUV (PAL) and YIQ (NTSC)gdadifferent values in
the 3x3 matrix.

A colourgamut is a certain complete subset o SpaGsardl coliurs
colours, that portion of the visible colour spac
that can be represented, detected, or
reproduced, e.g. by a monitor or a printer.
The curved edge of the colour space shows &
the colours of @ure wavelength.

CIE-u'v’ shifts the positions of the colours on the x-y plane
for thehuman eye, such that equal linear distances are
equally detectable.

This reflects the fact that the human eye can deteotges
in blue more readily than changes in green.

Grassman’s Laws:
(i) mixing two lights produces th@me results as mixing each of the R, G, B
components, i.e.
given
T, =wR +wW,G +w;B
T, =wWwiR +wWwsG + wB
then
Ty +To = (Wit Wo)R+ (Wot W5)G + (Wst+ We)B
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(i) if the weights of two lights match, then the lightatch, i.e.
given
T =wR +wW,G + wsB
T, =wWwiR +wWwsG + wB
then
if Wy =Wy, Wo =Ws and vg =W
then T =T,
(i) applying a linear product to a colour producesstimee result as applying the
product to each R, G, B component, i.e.
if
T =wR +wW,G + wsB
then
k-Ti =k-wR + k-wG + k-wsB

Colourquantization is concerned witkfficiencies. Reducing the number of colours in
an image canompresghe size of the image without noticeable degradation.

There are different formulae (standards) for convgrtiomcolour to greyscale, for
example,

ITU standardD65): Grey scale = Y = .222*Red + .707*Green + .071*Blue
This reflects the fact that the eye derives nimightness from green than it does from
blue.
Greyscaleto colour is a little trickier. Since there is no colour infaation in greyscale,
only luminance,

Note: Themixing of light can appear to give new colours, e.g. blue oye# green,
but this isdifferent from pure green light. It is the way the colour receptord the
brain interpret the blue and yellow, effectivalyeragingthe wavelength, that creates
the illusion of green light. There is no wavelengih‘White light’ — it too is an illusion!

2. Segmentation

Segmentation is processnot atask

Images can be segmented according to teefiures, which includegextures. Features
can be grouped based on proximity, similarity, enclosudecantinuity. Used in
medical applications (CT, MRI, microscopy).

Objects consist of manyegions. Identifyingobjectsis a higher-level function.

There are four popular segmenting approaches:

threshold techniques — uses intensity levels, ignores spatialm@&bon, blurred
boundaries are difficult to identify;

boundary (or edge)-based — use contour detection, weak at connecting broken
contours;

area (or region)-based — group neighbouring pixels of similar intensity, over-
stringency can cause fragmentation, leniency overmengedlurs;
connectivity-preserving — akactive contouyflexible but can get stuck in a local
minima.

Areas can be identified bystograms, K-means, water shed, seed region growing,
intensity, colour and other methods. Most have simpitablems in establishing the
number andlocations of areas.

For video, both intra-frame and inter-frame segmentatan take place. Need to break
video into scenes (i.e. similarity) and check for défeses between frames in a scene.
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3. Coding & Compression

Codingis not the same asompressioh(think about a large bitmap image)

‘Physical’ coding works on the data regardless of the informaticantains; fogical’
coding uses metadata akiowledge about the data to sensibly code/decode.
Compression can Hessless, e.g. Huffman encoding ~ optimal, variable-length, using
prior probability knowledge — a cookbook; run-length encodiagnpel-Ziv-Welch ~
dictionary-based encoding, needing no prior knowledge.

Compression can Hessy: JPEG is an ISO standard for colour & grey-scalehas
modes of operation: sequential, progressive, hierarcli@zsless.

Discrete Cosine Transforr@CT), as used in JPEG, helps separate the image into parts
of differing importance, similar to discrete Fourier T3famm: they transforms a signal
or image from the spatial domain to the frequency domain.

Quantization is a process that determines what information candeaudied without a
significant loss in quality. Quantisation Tables arewetifrom empirical
experimentation, not theory. By taking the top-lefiues from the quantization tables,
most of the image can be reproduced, discarding the rest.

The eye iot very perceptive to smatblour changes, bus sensitive to small
changes imntensity. YUV, YcbCr, etc, can retain the brightness elenimrn reduce
colour information.

Moving Pictures Experts Groupl PEG-1 part 3 (audio) is used fonp3, MPEG-2 is
used forHDTV. MPEG-4 combines communications and information algosthm
separates object planes (background/foreground).

Imageentropy is a quantity which is used to describe the ‘business’ ahage. A flat
image with little contrast will have a low entropy. Anage of high contrast such as the
heavily cratered surface of the moon would lbegh entropy image,

Entropy => pi -10gz- p

Main motivation for compression are reduckat age & bandwidth. Considerations
include quality,complexity & delay ( important foreal-time decompression). There is
no single “correct” compression algorithm. It dependshenmage.

4. Linear filtering

Filters carreduce noise, accentuate edges, etc. They areimple to apply and can be
analysedheoretically. Includes smoothing (blurring) and edge detection.

Linear filteringdoes thinggo images.

Images are stored as arrays of numbers. Linear filtsglegts groups of pixels and
produces a new number. Result is a slightly smallagen

e.g. a ‘block averaging’ mask to averagen25 025
four pixels would be: 025 025

applying a mask isot matrix multiplication, but is aoverlay, i.e. sum the
product of each pixel and its corresponding mask pixel.

The size of the resultant image can be fractionafigler, unless we add artificial
values around the edge to preserve the size.
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The values of the mask dictate the effect of therfilt
e.g.Sobel filters

12 1) _ accentuates horizontal lines [ 1 0 ~1
00O o 2 0 -2
1-2 1 accentuates vertical lines| ;o _4

Combining the results of the two filters highlights bbtrizontal and vertical changes.
Prewitt filters perform a similar function.

. _ 121
Gaussian filters, e.g. 1 o4 2

16
121

2D Gaussian distribution with mean (0,0) and 1.

approximate to a smoothing effect

N‘ )
CHAAAKNE
?"3’0"? X

’ Yt
OB

Y -4 4 X
The idea of Gaussian smoothing is to use this 2-D diskitbats a "point-spread’
function, and this is achieved by convolution. Since tiege is stored as a collection
of discrete pixels we need to produce a discrete approrimitithe Gaussian function
before we can perform the convolution. In theory, @aissian distribution is non-zero
everywhere, which would require an infinitely large wolaotion kernel, but in practice
it is effectively zero more than about three stand@ndations from the mean, and so
we can truncate the kernel at this point.
Other filters includemean filters, median filters andfrequency filters. Compass filters
involve rotating the values in the filter, producing 8 différeariants for a 3x3 filter.

TheFourier Transform is used to decompose an image into its sine and cosine
components. The output of the transformation represéatimage in the Fourier or
frequency domain, while the input image is thgpatial domain equivalent. In the
Fourier domain image, each point represents a partittetamency contained in the
spatial domain image. The Fourier Transform is usedaitdea range of applications,
such as imaganalysis, imagefiltering, imagereconstruction and image
compression.
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5. Non-Linear filtering

Thethreshold operator is non-linear because individually, correspangirels in the
two images A and B may be below the threshold, whetesapixel obtained by adding
A and B may be above threshold.

Similarly, anabsolute value operation is non-linear:
[~1+1[# |3+ [1]

as is the exponential operator:
exdl + 1)+ exg1l) +exq1)

6. Histogram Equalisation

Histogram equalization employs a non-linear mapping which re-assigns thasitie
values of pixels such that the output uniform distributid intensities (i.e. a flat
histogram). This technique is used in image comparison prec@gsEssause it is
effective in detail enhancement).

For an 8-bit greyscale, for example, there are 256 binrsa E600x1000 pixel image
(i.e. 10 pixels) we want to place approximately 4,000%2956) pixels in each bin,
which will deliver an image afiniform distribution of intensities. This involves
changing the intensity of pixels in order to ‘move’ theErmanother bin. The resultant
image is not what was seen, but is what can be egtrdcim the original image.

7. Pixel relationships

A pixel p at co-ordinatesx(y) has fourhorizontalandvertical neighbours. These are
known as th&-neighbours of p, and are denoted INy(p). The four diagonal
neighbours op are denoted bip(p). The combination of the two are known as the
8-neighbours of p, and are denoted Ns(p).

4-neighbours: 8-neighbours:

A digital 4-path is a list of pixels such that each
pixel in the list is a 4-neighbour of the next pixelif [P |P|P|P|P|P|P|P|P
the list. The 4-path islosed if the first and last P PP
pixels in the list are the same. Pl |Q|Q|Q P

. . — : . Plaja| |a P
A setSof pixels is &-region if any two pixels inS Fla a 6
are joined by a 4-path entirely containedin SRR S
This example shows two 4-patRsandQ, bounding | |P [P |P|P|P PP PP
a 4-region (shaded blue).
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8. Structuredetection (line, corner, edge)

Method: Apply one or severlihear filters which havdarge responses, to the
structure/image in questions and choose a threshold tegaldetect those parts of the
image where the filter value exceeds the threshold.

This example filter, | _1 | =1 | —1 | has the useful property that its entities add up
to zerg meaning that for uniform areas of the
-1| 8 | -1| image, the response is 0.

-1/-1|-1

A histogram for response levels after applying a filter
should ideally show a decaying curve, since we wish tc
discardmostof the image and focus on a small part of it

v

discard retain

Edges — look for large differences in grey levels, withaaremon direction. Think of an
image as a contour map and grey levels as heights. Lotdkede gradients. Sobel
filters offer a computationally cheap and practical waigentify edges.

Hough Transform method for line detection, was so good it was patented! Record all
the structures on which each point lies, then loolstiarctures that get many votes, e.g.
for grouping points that lie on lines, take each point @rest in turn and vote for all
lines that could go through it; do this for each point. Tine($) of interest will be those
with the most votes.

The formula for a line i-co® + x-co® +r = 0.

Problems with the Hough Transform include difficulties witloise, and choosing the
appropriategranularity.

9. Affinetransformations

One in which parallel linesemain parallel

size 1D:

y=ax+hb
/ rotate 2D:

_— BRI

X ab cyx (o}

yi—>de flyl|+c

stretch

z ghi \z C,
cosfg-sing ) . ) a 0. XY . )
) is a rotation; is a skew; is a translation.
sind-cosf 0 nl@& y
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10. Stereo | mage matching

It is desirable to be able to match points in one imagertdar points in another. We
can do this by calculating tlwerrelation between similar points.

To calculate the correlation between two areas aihage,

(i) calculate themean average value of pixel for each area;

(i) subtract the area average from each pixel in that area;

(iii) treating each area as a vector, calculatectiheelation between both vectors.

e.g.to compute the correlation 15| 44 and 15| 56
between

18|31 40| 21

() mean average my = (15+44+18+31)/4 = 27
mp = (15+56+40+21)/4 = 33
(i) subtract mean vi = (15-27, 44-27, 18-27, 31-27) = (-12, 17, -9, 4)
v, = (15-33, 56-33, 40-33, 21-33) = (-18, 23, 7, -12)
(i) correlation p =Vvivof|vi| 2| = 0.667

It is a useful fact that if wecale the grey levels, or make the images brighter or duller,
thecorrelation is still the same.

In general, for a given area in one image, e.g. 5x5, tmitsearch to a larger area in the
second image, e.g. 40x40, but in a similar position witlenrnrage, and search for the
area with the largest correlation, i.e. correlatiasest to 1. The size of the search area
Is critical — too small and the match may be missmulldrge and false matches may
occur.

11. Pinhole Camera and Stereo

The pinhole camera flatten3® image onto a2D plane. A small pinhole provides a
sharp but dim image; a larger pinhole gives a brighteblouted image.

The point on the image radiating light becomgs#chon the 2D plane. This is why
pinhole images are by necessitplurred.

The origin of the World Co-ordinate System is atdpécal centre, i.e. the pinhole.
The origin of the 2D image is at (0,0, —1) in worldardinates.

: {_X/Zj
Image points are at
-ylz

For stereo pinholes, we can think of the optical cerasdseingoehindthe 2D image
plane. This allows us to think of the images as beingidgig way up’.

Theepipolar line is the projection of the plane into either image.

We know that a common point on an object lies orstme plane common to the
epipolar line:. we only have to search a line in the other image tbtfie point of
correlation we are looking for (rather than an area).
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