
Advanced Image Processing 

This is the assignment which contains few important questions related to Advanced Image 

Processing subject. 

1. Answer following: 

a. Conversion metrics from RGB to LUV and LUV to RGB. 

RGB to LUV conversionmatrix is given below. 

 

To get the RGB values from the LUV components, thefollowing conversion matrix 

can be used. 

 

b. Explain Chain code with an example. 

A chain code is a more succinct way of representing a list of points than a simple [(x1, 

y1), (x2,y2) , ..... ]. It may be defined either with respect to the pixels or the boundaries 

between pixels. A pixel in a rectangular grid has either 4 or 8 neighbours depending 

on the definition of connectivity, as represented in Figure 7, below. The chain code is 

defined in this case by tracking around the white pixels in the outer boundary (as 

opposed for example to tracking round the black pixels in the inner boundary). For the 

examples shown, the codes are 1100100 etc. and 21017 etc. Alternatively, it is 

possible to track between the black and white regions along the intersections of the 

pixels using a 4-connected code. In Figure 8, the edge data is tracked directly, again 

using an 8-connected form; the short bars represent the thinned edges from a standard 

edge detection algorithm. A chain code describes the boundary as a series of one (or 

1.414 !) pixel vector transitions at different orientations; only the starting point is 

defined explicitly. 



  

Figure 7: Boundary chain codes 

  

Figure 8: A chain code for edge pixels 

Chain codes are position independent if the start point is ignored, which may simplify 

matching of orientation-fixed linear figures. The derivative of the chain code (i.e. the 

change in the code either clockwise or anti-clockwise) may be invariant under boundary 

rotation. A problem arises because of the unequal length of the vectors in a 8-connected 

scheme, since a diagonal transition is 1.414 times the length of a horizontal or vertical 

transition. This means that the length of the chain code of a straight line will be 

orientation dependent unless this is taken into account. 

c. Explain fidelity criteria for image compression. 

Fidelity criteria is used to measure information loss. ƒ  

Two classes:  

• Objective fidelity criteria - measured mathematically about the amount 

of error in the reconstructed data 

• Subjective fidelity criteria - measured by human observation. 

Subjective fidelity criteria: 

• Impairment test – “how bad the images are”  

• Quality test – “how good the images are”  

• Comparison test – 

Impairment Quality Comparison 



5 - Imperceptible  A - Excellent +2 much better 

4 – Perceptible, not 

annoying 

B - Good +1 better 

3 – Somewhat annoying C - Fair 0 the same 

2 – Severely annoying D - Poor -1 worse 

1 - Unusable E - Bad -2 much worse 

Objective criteria  

• root-mean-square (rms) error: eRMS 

 

• root-mean-square signal-to-noise ratio: SNRRMS 

 

• peak signal-to-noise ratio: SNRPEAK 

 

d. 8-point butterfly diagram for haar. 



 

2. Give the mask of 3x3 for Sobel, prewitt and high pass filter and explain their 

usefulness in image processing. 

An edge is a set of connected pixels that lie on the boundary between two regions 



 

1
st
 derivative tells us where an edge is 

2
nd

 derivative can be used to show edge direction 

 

Derivative based edge detectors are extremely sensitive to noise We need to keep this in mind 

   

Given a 3*3 region of an image the following edge detection filters can be used 



 

 

High Pass Filtering 

A high pass filter is the basis for most sharpening methods. An image is sharpened when 

contrast is enhanced between adjoining areas with little variation in brightness or darkness.A 

high pass filter tends to retain the high frequency information within an image while reducing 

the low frequency information. The kernel of the high pass filter is designed to increase the 

brightness of the center pixel relative to neighboring pixels. The kernel array usually contains 

a single positive value at its center, which is completely surrounded by negative values. The 

following array is an example of a 3 by 3 kernel for a high pass filter: 

 



 

3. Short note on Image stegnography 

Steganography is the art of hiding the fact that communication is taking place, by hiding 

information in other information. Many different carrier file formats can be used, but digital 

images are the most popular because of their frequency on the Internet. For hiding secret 

information in images, there exists a large variety of steganographic techniques some are 

more complex than others and all of them have respective strong and weak points. Different 

applications have different requirements of the steganography technique used. For example, 

some applications may require absolute invisibility of the secret information, while others 

require a larger secret message to be hidden. 

Since the rise of the Internet one of the most important factors of information technology and 

communication has been the security of information. Cryptography was created as a 

technique for securing the secrecy of communication and many different methods have been 

developed to encrypt and decrypt data in order to keep the message secret. Unfortunately it is 

sometimes not enough to keep the contents of a message secret, it may also be necessary to 

keep the existence of the message secret. The technique used to implement this, is called 

steganography. Steganography is the art and science of invisible communication. This is 

accomplished through hiding information in other information, thus hiding the existence of 

the communicated information. The word steganography is derived from the Greek words 

“stegos” meaning “cover” and “grafia” meaning “writing” defining it as “covered writing”. In 

image steganography the information is hidden exclusively in images. 

Steganography differs from cryptography in the sense that where cryptography focuses on 

keeping the contents of a message secret, steganography focuses on keeping the existence of 

a message secret. Steganography and cryptography are both ways to protect information from 

unwanted parties but neither technology alone is perfect and can be compromised. Once the 

presence of hidden information is revealed or even suspected, the purpose of steganography 

is partly defeated. The strength of steganography can thus be amplified by combining it with 

cryptography. 

Two other technologies that are closely related to steganography are watermarking and 

fingerprinting. These technologies are mainly concerned with the protection of intellectual 

property, thus the algorithms have different requirements than steganography. These 

requirements of a good steganographic algorithm will be discussed below. In watermarking 

all of the instances of an object are “marked” in the same way. The kind of information 



hidden in objects when using watermarking is usually a signature to signify origin or 

ownership for the purpose of copyright protection. With fingerprinting on the other hand, 

different, unique marks are embedded in distinct copies of the carrier object that are supplied 

to different customers. This enables the intellectual property owner to identify customers who 

break their licensing agreement by supplying the property to third parties. In watermarking 

and fingerprinting the fact that information is hidden inside the files may be public 

knowledge – sometimes it may even be visible – while in steganography the imperceptibility 

of the information is crucial. A successful attack on a steganographic system consists of an 

adversary observing that there is information hidden inside a file, while a successful attack on 

a watermarking or fingerprinting system would not be to detect the mark, but to remove it. 

 

4. Short note on JPEG Image compressionand compare JPEG compression with 

Huffman coding. 

JPEG Compression 

JPEG stands for the Joint Photographic Experts Group, a standards committee that had its 

origins within the International Standard Organization (ISO).JPEG provides a compression 

method that is capable of compressing continuous-tone image data with a pixel depth of 6 to 

24 bits with reasonable speed and efficiency.JPEG may be adjusted to produce very small, 

compressed images that are of relatively poor quality in appearance but still suitable for many 

applications. Conversely, JPEG is capable of producing very high-quality compressed images 

that are still far smaller than the original uncompressed data 

JPEG is primarily a lossy method of compression.JPEG was designed specifically to discard 

information that the human eye cannot easily see. Slight changes in color are not perceived 

well by the human eye, while slight changes in intensity (light and dark) are. Therefore 

JPEG's lossy encoding tends to be more frugal with the gray-scale part of an image and to be 

more frivolous with the color.DCT separates images into parts of different frequencies where 

less important frequencies are discarded through quantization and important frequencies are 

used to retrieve the image during decompression. Compared to other input dependent 

transforms, DCT has many advantages: (1) It has been implemented in single integrated 

circuit; (2) It has the ability to pack most information in fewest coefficients; (3) It minimizes 

the block like appearance called blocking artifact that results when boundaries between sub-

images become visible. 

The forward 2D_DCT transformation is given by the following equation: 

 

 

The inverse 2D-DCT transformation is given by the following equation:  



 

Where 

 

JPEG Process:  

 Original image is divided into blocks of 8 x 8.  

 Pixel values of a black and white image range from 0-255 but DCT is designed to 

work on pixel values ranging from -128 to 127 .Therefore each block is modified to 

work in the range.  

 Forward DCT Transformation equation is used to calculate DCT matrix.  

 DCT is applied to each block by multiplying the modified block with DCT matrix on 

the left and transpose of DCT matrix on its right.  

 Each block is then compressed through quantization.  

 Quantized matrix is then entropy encoded.  

 Compressed image is reconstructed through reverse process.  

 Inverse DCT is used for decompression.  

 

 

Image Compression Model 

 

 

Image Decompression Model 

 

 



HUFFMAN CODING 

DCT usually results in a matrix in which the lower frequencies appear at the top leftcorner of 

the matrix. Quantization then makes many of the higher frequencies rounddown to 0. 

Following in a zig-zag path (figure 5) through the 8*8 blocks typically yieldsa few non-zero 

matrix coefficients followed by a string of zeros. 

 

Figure: the zig-zag pattern of coefficients in an 8*8 block used for Huffman coding 

Huffman coding takes advantage of redundancies – such as a list of numbers ending witha 

long list of zeros by inserting a new code in the place of a frequent combination ofnumbers. 

In JPEGs a common code signifying that the rest of the coefficients in a matrixare zero is 

EOB. 

For example, a list of 64 coefficients that you might get from an 8*8 block such as –2, 0,5, 

10, -43, -3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, can be simplifiedas –2, 0, 5, 

10, -43, -3, EOB, which takes up much less space than the original list. 

 

Figure: compares an uncompressed JPEG with one compressed at a high quality 

butusing Huffman coding. 

The image quality in the two images in figure is nearly equal, but the image withHuffman 

coding is 213 kilobytes in size while the image without Huffman coding is292.15 kilobytes. 



Formats such as the bitmap and tiff require a lot of information to be able to store an image 

because they need 32 bits to encode the colour at every pixel. JPEGs, on the other hand, have 

three levels of compression. First, the discrete chunks of information at every pixel are 

transformed into a pattern of 2-dimensional curves. Next, the excess information that the 

human eye can’t resolve is taken out. The information left over is perfect for further 

compression by Huffman coding. The combination of these three steps allows for very small 

image sizes and a large variety of image quality and level of compression. It is because of 

these features that the JPEG is now the dominant format of images on the internet. 

5. Explain following point processing techniques. 

  1. Image negation 

  2. Contrast stretching 

  3. Thresholding 

  4. Image Averaging 

  5. Bit plane Slicing 

1. Image negation:This type of transformation simply negates all of the values in image and 

adds the value of the maximum (absolute) intensity to all pixels in the image. Image Negative 

is a typical grey scale transformations that does not depend on the position of the pixel in the 

image. 
 

2. Contrast stretching: Contrast stretching (often called normalization) is a simple image 

enhancement technique that attempts to improve the contrast in an image by `stretching' the 

range of intensity values it contains to span a desired range of values, e.g. the the full range 

of pixel values that the image type concerned allows. It differs from the more 

sophisticated histogram equalization in that it can only apply a linear scaling function to the 

image pixel values. As a result the `enhancement' is less harsh. (Most implementations accept 

a graylevel image as input and produce another graylevel image as output.) 
 

3. Thresholding:Thresholding is the simplest method of image segmentation. From 

a grayscale image, thresholding can be used to create binary images. The simplest 

thresholding methods replace each pixel in an image with a black pixel if the image 

intensity  is less than some fixed constant T (that is, ), or a white pixel if the 

image intensity is greater than that constant. In the example image on the right, this results in 

the dark tree becoming completely black, and the white snow becoming complete white. 
 

4. Image Averaging: The technique is also basic - averaging the grey level values for a 

series of images. Image averaging is an effective way to remove noise from a series of noisy 

images. This does, however, rely on images being corrupted with additive, uncorrelated, 

zero-mean noise. The idea of image averaging should follow simply from these constraints. 

Of course if the noise is zero mean over a large number of samples it will average to zero! 
 

https://en.wikipedia.org/wiki/Grayscale


5. Bit plane Slicing:Bit plane slicing is new way of looking at an image. In bit plane slicing 

the image is considered to be a stack of binary images. The images closes to the bottom are 

least significant and the images on top are most significant. 

Instead of highlighting intensity ranges, highlighting the contribution made to the total image 

appearance by specific bit might be desired. 

Imagine that the image is composed of eight 1-bit planes, ranging from plane 0 for least 

significant bit to plane 7 for the most significant bit. 

Bit-plane slicing reveals that only the five highest order bits contain visually significant data. 

Also, note that plane 7, corresponds exactly with an image threshold at gray-level 128. 

6. Explain Dilation and erosion with the help of an example. 

Dilation & Erosion 

• Most primitive operations in morphology. 

• All other operations are built from a combination of these two. 

Dilation 

• Dilationof Aby B,denoted , is defined as 

 
• Intuition: for every point zB, we translate A by those coordinates. We then take 

the union of all these translation. 

• From the definition, we see that dilation is commutative, 

A

• Bis referred to as a structuring elementor as a kernel. 

 



 
• Dilation has the effect of increasing the size of an object.  

• However, it is not necessarily true that the original object A will lie within its 

dilation. 

Erosion  

• Erosion of A by B is  

• Intuition: all point w=(x,y) for which Bw is in A.  

• Consider A and B below:  

 

 

 
 

7. Explain in brief LBG algorithm. 

The Linde–Buzo–Gray algorithm (introduced by Yoseph Linde, Andrés Buzo and Robert M. 

Gray in 1980) is a vector quantization algorithm to derive a good codebook.It is similar to 

the k-means method in data clustering. 

The LBG VQ design algorithm is an iterative algorithm which alternatively solves the above 

wo optimality criteria. The algorithm requires an initial codebook C
(0)

. This initial codebook 

is obtained by the splitting method. In this method, an initial codevector is set as the average 

https://en.wikipedia.org/wiki/Robert_M._Gray
https://en.wikipedia.org/wiki/Robert_M._Gray
https://en.wikipedia.org/wiki/Vector_quantization
https://en.wikipedia.org/wiki/Codebook
https://en.wikipedia.org/wiki/K-means
https://en.wikipedia.org/wiki/Data_clustering


of the entire training sequence. This codevector is then split into two. The iterative algorithm 

is run with these two vectors as the initial codebook. The final two codevectors are splitted 

into four and the process is repeated until the desired number of codevectors is obtained. The 

algorithm is summarized below.  

Algorithm 

 LBG Design Algorithm 

1. Given . Fixed  to be a ``small'' number. 

2. Let  and 

 

Calculate 

 

3. Splitting: For , set 

 

Set . 

4. Iteration: Let . Set the iteration index . 

i. For , find the minimum value of 

 

over all . Let  be the index which achieves the 

minimum. Set 

 

ii. For , update the codevector 



 

iii. Set . 

iv. Calculate 

 

v. If , go back to Step (i). 

vi. Set . For , set 

 

as the final codevectors. 

5. Repeat Steps 3 and 4 until the desired number of codevectors is obtained. 

 

8. Short notes on: 

a. Digital Watermarking 

A digital watermark is a kind of marker covertly embedded in a noise-tolerant signal such 

as an audio, video or image data. It is typically used to identify ownership of the copyright of 

such signal. "Watermarking" is the process of hiding digital information in a carrier signal; 

the hidden information should, but does not need to, contain a relation to the carrier signal. 

Digital watermarks may be used to verify the authenticity or integrity of the carrier signal or 

to show the identity of its owners. It is prominently used for tracing copyright in 

fringements and for banknote authentication. 

Example of a watermark overlay on an image; the logo of Wikipedia can be seen on the 

center to represent the owner of it. 

Like traditional watermarks, digital watermarks are only perceptible under certain conditions, 

i.e. after using some algorithm, and imperceptible otherwise. If a digital watermark distorts 

the carrier signal in a way that it becomes perceivable, it is of no use Traditional Watermarks 

may be applied to visible media (like images or video), whereas in digital watermarking, the 

signal may be audio, pictures, video, texts or 3D models. A signal may carry several different 

watermarks at the same time. Unlike metadata that is added to the carrier signal, a digital 

watermark does not change the size of the carrier signal. 

https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Carrier_signal
https://en.wikipedia.org/wiki/Copyright_infringement
https://en.wikipedia.org/wiki/Copyright_infringement
https://en.wikipedia.org/wiki/Banknote
https://en.wikipedia.org/wiki/Wikipedia
https://en.wikipedia.org/wiki/Watermark
https://en.wikipedia.org/wiki/Metadata


The needed properties of a digital watermark depend on the use case in which it is applied. 

For marking media files with copyright information, a digital watermark has to be rather 

robust against modifications that can be applied to the carrier signal. Instead, if integrity has 

to be ensured, a fragile watermark would be applied. 

Both steganography and digital watermarking employ steganographic techniques to embed 

data covertly in noisy signals. But whereas steganography aims for imperceptibility to human 

senses, digital watermarking tries to control the robustness as top priority. 

Since a digital copy of data is the same as the original, digital watermarking is a passive 

protection tool. It just marks data, but does not degrade it or control access to the data. 

One application of digital watermarking is source tracking. A watermark is embedded into a 

digital signal at each point of distribution. If a copy of the work is found later, then the 

watermark may be retrieved from the copy and the source of the distribution is known. This 

technique reportedly has been used to detect the source of illegally copied movies. 

Applications 

Digital watermarking may be used for a wide range of applications, such as: 

 Copyright protection 

 Source tracking (different recipients get differently watermarked content) 

 Broadcast monitoring (television news often contains watermarked video from 

international agencies) 

 Video authentication 

 Software crippling on screencasting programs, to encourage users to purchase the full 

version to remove it. 

 

b. CBIR 

Content-based image retrieval (CBIR), also known as query by image content (QBIC) 

and content-based visual information retrieval (CBVIR) is the application of computer 

vision techniques to the image retrieval problem, that is, the problem of searching fordigital 

images in large databases (see this survey for a recent scientific overview of the CBIR field). 

Content-based image retrieval is opposed to traditional concept-based 

approaches (see Concept-based image indexing). 

"Content-based" means that the search analyzes the contents of the image rather than 

the metadata such as keywords, tags, or descriptions associated with the image. The term 

"content" in this context might refer to colors, shapes, textures, or any other information that 

can be derived from the image itself. CBIR is desirable because searches that rely purely on 

metadata are dependent on annotation quality and completeness. Having humans manually 

https://en.wikipedia.org/wiki/Use_case
https://en.wikipedia.org/wiki/Steganography
https://en.wikipedia.org/wiki/Screencasting
https://en.wikipedia.org/wiki/Computer_vision
https://en.wikipedia.org/wiki/Computer_vision
https://en.wikipedia.org/wiki/Image_retrieval
https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Database
https://en.wikipedia.org/wiki/Concept-based_image_indexing
https://en.wikipedia.org/wiki/Metadata_(computing)


annotate images by entering keywords or metadata in a large database can be time consuming 

and may not capture the keywords desired to describe the image. The evaluation of the 

effectiveness of keyword image search is subjective and has not been well-defined. In the 

same regard, CBIR systems have similar challenges in defining success. 

The term "content-based image retrieval" seems to have originated in 1992 when it was used 

by T. Kato to describe experiments into automatic retrieval of images from a database, based 

on the colors and shapes present. Since then, the term has been used to describe the process 

of retrieving desired images from a large collection on the basis of syntactical image features. 

The techniques, tools, and algorithms that are used originate from fields such as statistics, 

pattern recognition, signal processing, and computer vision. The earliest commercial CBIR 

system was developed by IBM and was called QBIC (Query by Image Content). 

 

Technical Progress 

The interest in CBIR has grown because of the limitations inherent in metadata-based 

systems, as well as the large range of possible uses for efficient image retrieval. Textual 

information about images can be easily searched using existing technology, but this requires 

humans to manually describe each image in the database. This can be impractical for very 

large databases or for images that are generated automatically, e.g. those from surveillance 

cameras. It is also possible to miss images that use different synonyms in their descriptions. 

Systems based on categorizing images in semantic classes like "cat" as a subclass of "animal" 

can avoid the miscategorization problem, but will require more effort by a user to find images 

that might be "cats", but are only classified as an "animal". Many standards have been 

developed to categorize images, but all still face scaling and miscategorization issues. 

Initial CBIR systems were developed to search databases based on image color, texture, and 

shape properties. After these systems were developed, the need for user-friendly interfaces 

became apparent. Therefore, efforts in the CBIR field started to include human-centered 

design that tried to meet the needs of the user performing the search. This typically means 

inclusion of: query methods that may allow descriptive semantics, queries that may involve 

user feedback, systems that may include machine learning, and systems that may understand 

user satisfaction levels. 

Application 

Potential uses for CBIR include:
[2]

 

 Architectural and engineering design 

 Art collections 

 Crime prevention 

 Geographical information and remote sensing systems 

 Intellectual property 

 Medical diagnosis 

https://en.wikipedia.org/wiki/Content-based_image_retrieval#cite_note-Eakins-2


 Military 

 Photograph archives 

 Retail catalogs 

 Nudity-detection filters 

 Face Finding 

 Textiles Industry 

Commercial Systems that have been developed include: 

 IBM’s QBIC 

 Virage’s VIR Image Engine 

 Excalibur’s Image RetrievalWare 

 VisualSEEk and WebSEEk 

 Netra 

 MARS 

 Vhoto 

 Pixolution 

Experimental Systems include: 

 MIT’s Photobook 

 Columbia University’s WebSEEk 

 Carnegie-Mellon University’s Informedia 

 iSearch - PICT 

 

 

 

https://en.wikipedia.org/wiki/Vhoto

