3. Basic image manipulation

The simplest image format PNM:

· Binary image: P1, P4 (*.pbm)

· Grayscale image: P2, P5 (*.pgm)

· Color image: P3, P6 (*.ppm)

3.1 Simple image arithmetic

· Alpha blending: to display an image over another on the same graphic space
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· Change detection: to identify the significant changes that occurred between two images (one usually being the reference)

· To extract foreground objects

· To detect intruder

· For compression, by sending only the changed part of an image

· To compare images taken at different instants (e.g. remote sensing)

By simple image difference:
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      A more practical solution requires invariance to illumination changes (remember f=r.i). Let’s form a vector with the nxn neighborhood of a pixel in each image to be compared:
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There is no change if these two vectors are linearly independent i.e. if 
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 which can be rewritten as 
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With a threshold imposed on 
[image: image8.wmf]2
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· Background subtraction: to build and update a model of the (non-moving) background while objects are moving over it. Used in visual surveillance.
Each pixel is compared with the moving average value at this location.
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If the pixel value is close to
[image: image10.wmf]m

 then it is a background pixel and 
[image: image11.wmf]m

 should be updated. If not, then it is a foreground pixel;
[image: image12.wmf]m

is not necessarily updated in this case. The variance of a pixel can also be computed and use to determine an appropriate threshold (e.g. foreground if 
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3 background subtraction algorithms:

1. Mixture of Gaussian:

a. Each pixel is associated with K background models

b. Each model is a Gaussian with mean 
[image: image15.wmf]m

 and variance 
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c. If a pixel is inside 2.5
[image: image17.wmf]s

of a model’s mean then it matches this model k i.e. 
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d. If no model matches, then the model with the smallest weight is replaced

e. The weight of the K models are then updated:
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f. Models are sorted according to 
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g. Models of the background are the ones with a sufficiently high weight, i.e.:


[image: image21.wmf]å

=

>

=

b

k

k

b

T

w

B

1

(

min

arg

)

2. Non-parametric background subtraction:

a. Consider the N most recent intensity values for a pixel, 
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b.  The probability that the current pixel value 
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belongs to background is then given by:
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c. The value of 
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 is computed from the median of the consecutive pair difference in the N most recent values (which is N(0,2
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False detection due to fluctuating backgrounds can be eliminated by matching pixels with models in the neighborhood. The pixel displacement probability is then given by the maximum probability that the current pixel value belongs to the foreground of one of the models of the neighboring pixels y.
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3. Codebook method: 
Under the codebook method, background learning and foreground detection are distinct phases.

Learning phase:

a. One codebook is associated with each pixel
b. A codebook is made of code elements

c. A code element is made of:

i. min and max value (one per channel)

ii. low and high threshold for learning

iii. last update time

iv. longest period of inactivity

d. A new code element is created if a pixel value does not lie between [min-low,max+high] of any code element. 
i. low= alpha * min;  alpha<1

ii. high= beta * max;  beta>1 

e. If a code element matches the current value then its min and max are updated 
f. if a code element is not updated for a long period then it is destroyed

Detection phase:

a. A pixel is detected as foreground if not inside any code element 

b. Update the matched code element

[image: image29.emf]
3.2 Dithering:
Objective:  to create the illusion of new colors and shade of gray by varying a pattern of dots (sometimes called halftoning) i.e. to reduce the number of gray levels from Q to Q’
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· Using fixed thresholds

· Using predefined patterns (patterning)

· Using dither matrix  Dn(i,j): an n×n matrix

Ex: to 2 levels (a dither matrix defines variable thresholds)
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Normalized dither:
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To compute any dither:


[image: image33.wmf]n

n

n

D

r

r

U

D

n

2

2

+

=


with:
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The dither matrix can be converted in a noise matrix to be added to the input image. Fixed thresholds can then be obtained
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To compensate for the lost in resolution, one can increase resolution by replicating pixel values 

· By error diffusion

To reduce the number of colors:

· Use a predefined color palette

· By color clustering (in the 3D space of colors)

· Select N samples

· Associate each pixel with its nearest sample

· Compute the center of mass of each cluster

· Repeat until convergence

[image: image37.png]
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From: http://en.wikipedia.org/wiki/Dithering#Dithering_algorithms

3.3 Histogram

Image histogram: the frequency distribution of the pixel values (a 1D graph in the case of a gray level image). The number of entries (or bins) is equal to the number of gray levels (K).
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for a NxN image: 
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[image: image42.jpg]


    [image: image43.jpg]



Changing the pixel values: to improve the quality of the image, to enhance image details

Using a lookup table: to define a transformation that changes the input pixel values into new output values.
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Image enhancement using the histogram

· By histogram stretching
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[image: image49.jpg]Luminance Hstogram
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from: http://www.wavemetrics.com/products/igorpro/imageprocessing/imagetransforms/histmodification.htm
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· By histogram equalization: to transform the image intensities in order to obtain a flat histogram. The idea is to try to have 
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 of the pixels having an intensity value below k.
· Compute a cumulative histogram
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· The lookup table becomes
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Back-projecting a histogram:
Objective: To detect a given object or texture in an image. 

An object can be characterized using its histogram. This histogram can be seen as a probability function showing the probability that a given intensity value (or color) is present in the object’s image.

Consequently, a probability map of the presence of an object in an image can be obtained by using the object’s histogram as a lookup table for this image. This process is called histogram back-projection. Region of high probability will correspond to region where the object has good chance to be visible.

Possible improvement: use the ratio of histogram between the object’s histogram and the image’s histogram. This will emphasize the intensity values that appears frequently in the object but not so frequently in the image.

[image: image59.emf]
From: multi-object tracking in video, Agbinya and Rees, Real-time Imaging, 1999.
Histogram comparison:

To measure image similarity based on color distribution. 

For example: content-based image retrieval, color indexing, object recognition, shot boundary detection.
Histogram intersection (Swain&Ballard) between I and I’:

D=
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Statistical comparison between two distributions (chi-square test):
D=
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Earth mover’s distance (solution to the transportation problem):

· One histogram is the supplier (each bin correspond to an amount of ‘earth’ available), the other one is the consumer (each bin represents the amount of ‘earth’ required)

· We want to find a flow that minimizes the amount of ‘earth’ to be moved from the supplier to the consumer.
· The problem can be solved using the simplex algorithm.

· If 
[image: image63.wmf]ij
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is the amount of ‘earth’ moved from bin i to bin j and 
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 is the distance between bin i and bin j, then:

D=
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  i.e. D is the average work required per unit of ‘earth’

[image: image66]

[image: image67]
3.5 Integral image

Integral images are useful when you need to sum pixels over several image areas.

By definition, this one is obtained by replacing each pixel by the value of the sum of all the pixels located inside the upper-left quadrant delimitated by this pixel. 

The integral image can be computed by scanning the image once as the integral value of a current pixel is simply given by the integral value of the pixel above plus the value of the cumulative sum of the current line. 
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Once the integral image has been computed, any summation over a rectangular region can easily be obtained through four pixel accesses:

SUM inside ABCD = A-C-B+D.
3.6 Adaptive thresholding

Sometimes a fixed threshold does not give good results.
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[image: image70.png]2] Fixed Threshold




 
A simple solution consists in comparing a pixel with the mean value of the pixels in a given neighborhood.
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3.5 Object Tracking
Tracking is the localization of an object over time to produce a trajectory (path) of the object.

A Connected Component (CC) is a contiguous foreground object:  a connected blob.

A new set of blobs are produced for each frame. 

[image: image73]
A blob feature is a set of useful characteristics that describe a blob.  These include:


- bounding box (upper-left and lower right corners)


- centroid (center of pixel mass)


- size (pixel count)


- grayscale histogram


[image: image74]
A trace is a list of blob features belonging to the same object.

Trace  t = { F1, F2, F3, … , Fn }

·   For every frame the object is detected, a blob feature is added to the list.

·   An object trajectory is built using the centroid of each blob feature in the list.

[image: image75]
In order to build a trajectory, the blobs in each frame must be correctly matched to the current traces.  

Five situations may arise:


- a blob has no match (new object?)


- a trace has no match (object lost?)


- a trace has one match


- a trace has multiple matches (object splitting?)


- a blob matches multiple traces (object merging?)

The Challenge:  To find the matching scheme that is closest to reality.

Consider:


- a trace t = {F1, F2, … , f}

- a blob b with blob feature  g

A metric is needed to evaluate the similarity between two blob features.

For example, a metric could use four features for comparison:


- size (number of pixels)  s

- width  w

- height  h

- grayscale histogram  H
Given two blob features f and g, the similarity measure would be as
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· The matching cost is the similarity between a trace and a blob.

· To reduce complexity, the cost is only considered if the blob is in the neighborhood of the trace’s last position.
To compare each trace to each blob, a cost matrix id defined where Cij is the cost of  trace ti and blob bj
Matching Criterion:

     ti and bj match   IF   Cij is the minimum cost of row i and column j



           and Cij < TRACE COST THRESHOLD
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