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Abstract 

Morphing is probably most noticeably used to produce incredible special effects in the 

entertainment industry. It is often used in movies such as Terminator and The Abyss, in 

commercials, and in music videos such as Michael Jackson‟s Black or White. Morphing is also used 

in the gaming industry to add engaging animation to video games and computer games. However, 

morphing techniques are not limited only to entertainment purposes. Morphing is a powerful tool 

that can enhance many multimedia projects such as presentations, education, electronic book 

illustrations, and computer-based training. We discuss what morphing is, different morphing 

techniques and examples of morphing software packages available for multimedia developers to use 

when creating multimedia projects. 

Hiding the data into cover image have differed procedures of usage created after some time. 

Insurance of the concealed data from an enemy is the most imperative objective of Data hiding and 

henceforth clearly the security of a steganography framework will increment if the image quality 

stays unintelligible to an assailant regardless of whether he holds information about the implanting 

technique. It is likewise clear that specific zones in a picture are more productive for concealing 

information than alternate parts of the picture. 

Today, the security is getting the major attention due to the increased use of internet. The 

data that is exchanged every day may become the victim of hackers. To deal with this problem one 

of the effective solution is the Steganography. The Steganography is a way to hide secret 

information behind an innocent cover file, such that the existence of information is not usually 

recognized.  

This paper presents a type-2 fuzzy logic method used for image morphing.  Here, we 

propose a fuzzy type-2 inference system that solely handles the image morphing process. The 

reason we decided to tackle the image morphing problem using fuzzy inference is the use of fuzzy 

set theory in membership functions allows us to intuitively collect, classify and categorize our 

training data, the fuzzy inference system (i.e.the if-then rules structure) gives us an intuitive 
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reasoning that mimics the human way of thinking. We have tested our type-2 fuzzy system and 

compared it with existing type-1 fuzzy system for image morphing, and it showed superiority in 

performance. This is because type-2 fuzzy logic is a powerful tool that is able to handle 

uncertainties existing in data; in our case the person’s facial image. 

Keywords: 
Image morphing, Data Hiding, Security, Virtual Machine, Steganography, Cryptography, 

Type-2 Fuzzy Logic. 

1. Introduction 

What is Morphing can be answered as; the word morph derives from the word 

metamorphosis meaning to change shape, appearance or form. According to Vaughn, morphing is 

defined as “an animation technique that allows you to dynamically blend two still images, creating a 

sequence of in-between pictures that, when played in Quick Time, metamorphoses the first image 

into the second.” Yong yue Zhang gives a detailed explanation of the process of morphing: 

Morphing is achieved by coupling image warping with color interpolation. As the morphing 

proceeds, the source image is gradually distorted and is faded out, while the target image is faded 

in. So, the early images in the sequence are much like the first image. The middle image of the 

sequence is the average of the first image distorted halfway towards the second one and the second 

image distorted halfway back towards the first one. The last images in the sequence are similar to 

the second one. Then, the whole process consists of warping two images so that they have the same 

"shape" and then cross dissolving the resulting images. Another term that warrants being defined is 

“warping‟ because it is frequently used when discussing the process of metamorphosis. A warp is a 

two-dimensional geometric transformation and generates a distorted image when it is applied to an 

image (Thalmann). Warping is similar to morphing, except that no fade occurs and only one image 

is distorted (Cybulski and Valentine). According to Clay poole, et al. there are two ways to warp an 

object. The first method is forward mapping in which each pixel in the source image is mapped to 

an appropriate place in the destination image. The second is reverse mapping, which goes through 

each pixel in the destination image and samples an appropriate source image pixel. Morphing 

involves the image processing techniques of cross-fading and warping to morph one image into a 

completely different image. Morphing software allows a step by step transformation from one 

image into another. We divide the task into two categories, morphing algorithms and automatic 

feature detection algorithms. The most difficult one is wrapping of one image into another image. It 

is the starching and pulling of the images, that makes morphing effects so realistic. The actual 

morphing of the images can be accomplished either by using morph points or morph lines. Morph 

points are the markers that you set up on the start image and the end image. The morphing program 
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then uses these markers to calculate how the initial image should bend/wrap to match the shape of 

the final image. The second method is lines instead of individual points. Both methods produce very 

realistic morphing image. The process of morphing is not all that complex, but like rendering, it 

takes a lot of processing horse power to accomplish. To morph between two images, we have to 

first digitize the “before” and “after” pictures into the computer. Next, we have to choose series of 

sequences points on the before picture. Then we have to mark the same number of pints on the after 

picture so that each point directly corresponds to a point placed on the before picture. Decisions is 

to be taken about how many intermediate pictures is to be make and computer does the rest once the 

process is complete, you have a series of images that create a illusion of motion. The points can be 

moved, edited, deleted or added whatever it takes to create final realistic series of images. Morphing 

is probably most noticeably used to produce incredible special effects in the entertainment industry. 

It is often used in movies such as Terminator and The Abyss, in commercials, and in music videos 

such as Michael Jackson‟s Black or White. Morphing is also used in the gaming industry to add 

engaging animation to video games and computer games. However, morphing techniques are not 

limited only to entertainment purposes. Morphing is a powerful tool that can enhance many 

multimedia projects such as presentations, education, electronic book illustrations, and computer-

based training. We discuss what morphing is, different morphing techniques and examples of 

morphing software packages available for multimedia developers to use when creating multimedia 

projects. 

1.1 Morphing Techniques 

Image morphing techniques can be classified into two categories such as mesh-based and 

feature-based methods in terms of their ways for specifying features. In mesh-based methods, the 

features on an image are specified by a non-uniform mesh. Feature-based methods specify the 

features with a set of points or line segments. (Thalmann) One way of achieving the morphing 

effect is to transform one image into another by creating a cross-dissolve between them. According 

to Claypoole et.al., in this method, the color of each pixel is interpolated over time from the first 

image value to the corresponding second mage value. However, this is not very effective in 

portraying an actual metamorphosis and the metamorphosis between faces does not look good if the 

two faces do not have about the same shape. This method also tends to wash away the features on 

the images (Thalmann). A second way to achieve morphing is feature interpolation, which is 

performed by combining warps with the color interpolation. The features of two images and their 

correspondences are specified by an animator with a set of points or line segments. Then, warps are 

computed to distort the images so that the features have intermediate positions and shapes. The 

color interpolation between the distorted images finally gives an in between image (Thalmann). In 
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morphing the most difficult task is the warping of one image into another image (Claypoole et.al.). 

It is the stretching and pulling of the images that makes the morphing effect so realistic. The actual 

morphing of the image can be accomplished either by using morph points or morph lines. Morph 

points are the markers that you set up on the start image and the end image. The morphing program 

then uses these markers to calculate how the initial image should bend/warp to match the shape of 

the final image. The second method uses lines (edges) instead of individual points. Both methods 

produce very realistic morphing effects. One of the most time consuming tasks in morphing is 

selecting the points or lines in the initial and final image so that the metamorphosis is smooth and 

natural. There are several useful tips to remember when morphing objects. The first is to choose 

carefully those pictures to morph (Morphing Software). For example, if you wish to morph two 

animals, it is best to use pictures that have the same general size and outline. If one picture of the 

animal is a close up of the head then the other picture should also be a close up of the head to obtain 

successful results. A second tip is to carefully select the background (Morphing Software). If a 

single color background is used, the morphing effect focuses on the object. Ideally, it is best to use 

the same background. 

 

Fig.1 View morphing between two images of an object taken from two different viewpoints 

produces the illusion of physically moving a virtual camera. 

 

The effect can be described by what you would see if you physically moved the object (or 

the camera) between its configurations in the two images and filmed the transition, as shown in Fig. 

1. More generally, the approach can synthesize 3D projective transformations of objects, a class 

including 3D rotations, translations, shears, and tapering deformations, by operating entirely on 

images (no 3D shape information is required). Because view morphing employs existing image 

morphing techniques as an intermediate step, it may also be used to interpolate between different 

views of different 3D objects, combining image morphing’s capacity for dramatic shape 

transformations with view morphing’s ability to achieve changes in viewpoint. 
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1.2 Image Morphing 

Image morphing, or metamorphosis, is a popular class of techniques for producing 

transitions between images. There are a variety of morphing methods in the literature, all based on 

interpolating the positions and colors of pixels in two images. At present, there appears to be no 

universal criterion for evaluating the quality or realism of a morph, let alone of a morphing method. 

A natural question to ask, however, is does the method preserve 3D shape. That is, does a morph 

between two different views of an object produce new views of the same object? Our investigation 

indicates that unless special care is taken, morphing between images of similar 3D shapes often 

results in shapes that are mathematically quite different, leading to surprisingly complex and 

unnatural image transitions. These observations motivate view morphing, introduced in the next 

section, which preserves 3D shape under interpolation. We write vectors and matrices in bold face 

and scalars in roman. Scene and image quantities are written in capitals and lowercase respectively. 

When possible, we also write corresponding image and scene quantities using the same letter. 

Images, I, and 3D shapes or scenes, S, are expressed as point sets. For example, an image point 

(x; y) = pR2  

is the projection of a scene point 

(X; Y;Z) = PR2RS. 

A morph is determined from two images 10 and I1 and maps 

(C0 : 10 ) I1 and C1 : I1 ) I0  

specifying a complete correspondence between points in the two images. Two maps are required 

because the correspondence may not be one-to-one. In practice, C0 and C1 are partially specified by 

having the user provide a sparse set of matching features or regions in the two images. The 

remaining correspondences are determined automatically by interpolation [15, 1, 8]. A warp 

function for each image is computed from the correspondence maps, usually based on linear 

interpolation: 

WR0R(pR0R; s) = (1 _ s)pR0 R+ sCR0R(pR0R)                                                                                           (1) 

WR1R(pR1R; s) = (1 _ s)CR1R(pR1R) + spR1                                                                                                                         R(2) 

WR0R and WR1R give the displacement of each point pR0 R2 I0 and pR1R 2 I1 as a function of s 2 [0; 

1]. The in-between images Is are computed by warping the two original images and averaging the 

pixel colors of the warped images. Existing morphing methods vary principally in how the 

correspondence maps are computed. In addition, some techniques allow finer control over 

interpolation rates and methods. For instance, Beier et al. suggested two different methods of 

interpolating line features, using linear interpolation of endpoints, per Eqs. (1) and (2), or of 

position and angle. In this paper, the term image morphing refers Image Morphing specifically to 
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methods that use linear interpolation to compute feature positions in in-between images, including 

[15, 1, 8]. 

To illustrate the potentially severe 3D distortions incurred by image morphing, it is useful to 

consider interpolating between two different views of a planar shape. Any two such images are 

related by a 2D projective mapping of the form: 

H(x; y) = (aRxR + bRyR + cRgxR+ hRyR + i; dRxR + eRyR + f 

             gRxR + hRyR + i) 

Projective mappings are not preserved under 2D linear interpolation since the sum of two 

such expressions is in general a ratio of quadratics and therefore not a projective mapping. 

Consequently, morphing is a shape-distorting transformation, as in-between images may not 

correspond to new views of the same shape. A particularly disturbing effect of image morphing is 

its tendency to bend straight lines, yielding quite unintuitive image transitions.  

1.3 Steganography 

Data hiding holds skill as well as art of microscopic coherence. Latest picture steganography 

the info is shrouded only in image. The term Steganography alludes via craft based on undercover 

correspondences. Aside executing steganography, it’s workable as long as Person A to relay a 

mystery memo towards Person B in a like route, that nobody will realize the reality of message. 

Ordinarily, the message is installed inside addition question admitted in the act of mask production, 

by pinching its equity. The coming about yield is admitted as a stegoimage. It is built with the end 

goal close to indistinguishable intuitive model of the mask production, and in the meantime it 

likewise contains the covered up message. It is this stegoimage that is sent amongst Person A and 

Person B. 

The Steganography calculations are help to perform mystery correspondence. The most 

mainstream information groups utilized are .bmp, .jpeg, .mp3, .txt, .doc, .gif. Data deposit without 

end is the approach in the direction of camouflage a secrecy data inside mask medium, for example, 

picture, video, content, sound. Concealed picture has numerous applications, particularly in the 

present current, innovative world. Preservation together along with mystery does misery as frequent 

society beside network. The shrouded information requisite guarded amid change as it may be 

gained by two different approach: Encryption and Data Hiding. Combination of this approach is 

utilized to expand information security.  

We use type-2 fuzzy logic, introduced by (Zadeh, 1965), and develop a fuzzy type-2 

inference system for image morphing. Type-2 fuzzy Logic is a powerful tool that is able to handle 

uncertainties in data, it is able to give a better performance and produce better identification results 

in contrast to its counterparts. The use of type-2 fuzzy set theory in membership functions allows us 
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to intuitively collect, classify and categorize our training data. The type-2 fuzzy inference system 

(i.e. the if-then rule structure) makes us able to intuitively visualize the problem. Moreover, those 

very simple set of rules make it possible to express the problem at hand in a linguistically 

understandable and logical way. 

             Due to the facebook, twitter, instagram, whatsapp facilities the people are sharing their 

important information, documents with the other person. People share their private and secret data 

with the other person through the internet. Transferring private data through internet may become a 

victim of hackers. So security is utmost important while sending the data through internet. The 

solution to this problem is “Steganography”. The proposed system uses the Steganography for 

hiding the secret data behind the video clips.  

Steganography is a sub-category of Anti-Forensic technique which is used to hide the secret 

information behind the cover medium. Steganography is a most commonly used technique to hide 

the data. The cover medium can be audio, video, image or text. In the proposed work video is used 

as cover medium to hide the secret data. In cryptography the any one can easily detect the existence 

of secret data behind jumbled word but in Steganography the existence of secret data is completely 

hidden behind innocent medium. No one can easily detect that secret information is hidden behind 

the video. Once the data is hidden behind the video we can see that there is change in the size of 

original video and encrypted video. 

 
Fig.2 Types of Steganography 

The figure shows the types of steganography. There are 5 types behind which we can hide 

our secret data. Hiding the data behind protocols means we can hide data behind the OSI layer. 

Hiding the data behind the video is same as hiding data behind the image. In proposed system video 

is used as cover media, where the video is divided into frames/images to hide the secret data. Next 

the secret information may be in text format or document is chosen to hide behind video. The 

proposed system uses the DES encryption algorithm to encrypt data. For embedding the encrypted 

data behind video the LSB technique is used. This outputs the stego media. It is the encrypted video 

behind which the data is hidden 
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1.4 Related Research  

A black & white picture requires just 1 bit for every pixel as contrasted and 8 bits for every 

dark pixel or 24 bits for each shading pixel. The little memory or capacity prerequisite makes a 

paired picture a perfect configuration for digitizing, preparing, transmitting and filing expansive 

measure of day by day records whose substance are ordinarily high contrast in nature. These reports 

incorporate different content and realistic archives.  Information stowing away is regularly 

accomplished by modifying some unimportant data in the host message. For instance, given a 

shading picture, Least Significant Bit based on every picture element conceivably reversal towards 

inserting concealed mystery is proposed by Van et al. E. Franz et al. show a concealing plan in 

view of the regular key stream generator. Data covering up for security records (e.g., money) is 

examined by D. Gruhl.  

Wang et al. Proposed Data hiding method that conceals information for different purposes, 

including security assurance and confirmation. Data Hiding installs messages into important 

pictures, alluded to as cover pictures, without making consideration pernicious people. Information 

hiding on vast inserting limit and maintaining high picture quality after messages are covered up 

input image. Be that as it may, vast installing limit and high picture quality make an exchange off 

circumstance, since a substantial implanting limit dependably acquires a significant measure of 

picture mutilation. It is important to maintain balance in between high installing limit and high 

picture quality. Impressive endeavors have concentrated on high installing limit or high picture 

quality in information concealing proposed by Wu et al. A basic and old steganography strategy 

LSB substitution, implants ‘n’ mystery bits within a wrap picture element by supplanting n Least 

Significant Bits substitution implement by Yang. In spite of performing superior to different 

methodologies, this way is effectively identified by means of various pernicious plans moreover not 

think about revelation of individual. The attainability of accomplishing a high inserting limit against 

an individual revelation viewpoint acquires significant consideration. To accomplish elevated 

inserting limit, D.C. Wu et al. built up a pixel value differencing (PVD) method. In this method 

pixel distinction stuck between 2 neighboring pixels are utilized and to calculate how many number 

of bits are put up. A multi-pixel differencing and Least Significant Bit substitution approach 

projected by Jung et al. In this technique a square by means of 4 picture element is utilized in the 

direction of install information.  

Picture steganography strategies that recommend immense installing limit along with 

convey a reduced amount of contortion towards the stego picture anticipated Chang et al. The 

inserting procedure install stream of mystery bits on the stego picture pixels. Rather than 

supplanting the Least Significant Bit of every picture element, already stated technique reinstate the 
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picture element power through comparative esteem. The scope of adaptable pixel esteem is superior 

in border regions as compare to soft regions towards keep up great perceptual magnificence. Picture 

steganography conspire that settles the restriction of steganography system proposed in Chang et al. 

This technique is falling of limit issue i.e. the pixel decided for inserting end up unacceptable; since 

it surpasses the most extreme force level which is more noteworthy than 255 (greatest dark scale 

power). Less number of pixel bits are included, yet on said picture element that enhance the 

installing limit exclusive of trading off Peak Signal Noise Ratio.  

An unusual picture steganography system examined by Amitava Nag et al.The mask picture 

spatial esteem is changed into Discrete Cosine Transformation (DCT); its lowest bit in a series is 

adjusted towards mystery message. The mystery information used Huffman coding technique to 

preset preceding the inserting plan that accomplishes a noteworthy pressure rate. A superior 

inserting limit as well as PSNR is gotten utilizing indicated method. The said procedure is superior 

to the LSBs method proposed in Chang.  

Khosalaet. Al paper is a combination of Video Steganography and Digital Watermarking 

which provides strong backbone for its security. This process can be used on any of the 

steganography types either audio, image or text. In this process first the secret data is converted into 

binary form. Then the LSB technique is applied to replace the least bit of cover image pixel with the 

binary bit. After applying LSB we get the stego image. Now the combined DWT and DCT 

technique is applied on stego image to get watermarked image. The watermarked image is then 

securely transferred to the destination. Fuzzy Fisher face (Belhumeur et al, 1997) has been 

introduced for feature extraction and face recognition. Fuzzy Fisher face computed fuzzy within-

class scatter matrix and between-class scatter matrix by incorporating class membership of the 

binary labeled faces (patterns). Although it was proved to be effective, Fuzzy Fisher face did not 

completely incorporate the class membership into the definition of between-class and within-class 

scatter matrices and ignored the discriminative information in the null space of fuzzy within-class 

scatter matrix. 

2. The Proposed Methodology 

2.1 Algorithm for the selection of Pixel component  

In our proposed work we have to select the component of pixel. The following algorithm 

shows the working of selection of components present in a pixel. Pixel is also represented as picture 

element.  

 Step 1: Select Input Image.  

 Step 2: Select Picture element from input image.  
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 Step 3: Select Master colour component of image consist of Red, Green & Blue ingredients.  

 Step 4: Select any components out of three.  

 Step 5: IF ((R + 32)>255) OR (R-32) <0), ((G + 32)>255) OR (G-32) <0), ((B + 32)>255) 

OR (B-32) <0), THEN cast off picture ingredients else replace its 5 LSB side bits with data bits.  

 (this IF…THEN rule is for type2 fuzzy inference system) 

 Step 6: Repeat step 4 to 5 until all sentinel pixel region not scanned.  

 Step 5: Stop  

2.2 Algorithm for the identification & Conversion of Key into Binary for the creation of Key 

File  

In our work we have to convert our data in the form of fuzzy numbers and saved the data 

behind Master color components. Once the Component is identified we have to generate the key 

mapping table.  

 Step 1: Select Input Image (I)  

 Step 2: Input Secret Data  

 Step 3: Convert Secret Data to Fuzzy Data (SD)  

 Step 4: Select Master Pixel (Mp)  

 Step 5: Convert Master Pixel to Fuzzy number 

 Step 6: For i=1 to Length (SD Fuzzy)  

 Step 7: Bit Bi = SD Fuzzy (i)  

 Step 8: For i=0 to 8(Triangular Membership Function is used for i) 

 Step 7: if Bi ==Mp(i)  

 Step 8: Add i to Key File  

 Step 9: Save Key  

2.3 Algorithm for Data Compression of Key File  

 Step 1: Input Key File  

 Step 2: for I = 1 to 2 

 Step 3: Cluster key file with Length (c) = i(Fuzzy number) 

 Step 4: Find c into the Key  

 Step 5: If Frequency ( c ) >= 2  

 Step 6: replace c with Single character that is A-Z, a-z etc 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 02, February 2022  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

28 

 Step 7: End  

 Step 8: i = i - 1(I is Fuzzy number) 

 Step 7: Save Key Mapping Table.  

There are a lot of uncertainties that we can come across in the application of image 

morphing. Such uncertainties are variations that could be introduced to a person’s face image that 

would require handling so as to make the system robust and capable of accepting those variations. 

Those variations make it almost impossible to capture two images of the same person that would 

not involve some significant differences between them. Some of those variations are; the person’s 

pose angle (or, equivalently, camera viewpoint) in the image, smile, hair color and style, wrinkles, 

fringe, make-up, and eye direction in the image. And of course the variation in the illumination 

conditions of the image plays a major role. 

Figure 1 depicts a diagram illustrating the proposed type-2 fuzzy inference system. As can 

be seen in the figure, the system is composed of two units, namely; the training unit and the testing 

unit. We first start by the training unit of the system. We have a chosen set of image morphing that 

play the role of the training set. Those images are fed to the feature extraction module where the 

significant features are extracted from the facial images. After which, we compute certain values of 

interest that enter as input to the next module; the training module. In this module, we simply build 

up the type-2 fuzzy inference system (T2FIS) by using the computed values where we create the 

different membership functions for the inputs and outputs as well as build the rule base. The system 

is now trained and ready to accept new morphed images to identify them. The testing unit consists 

of two modules; namely, the (1) image morphing module and the (2) virtual steganography 

module. In the testing unit, a set of testing images goes through the image morphing module first, 

where significant values are computed and are fed into the virtual steganography module. The crisp 

inputs undergo type-2 fuzzification, where we compute two different membership values one for 

each membership set we have (i.e. lower and higher membership sets).This step is followed by 

feeding the produced type-2 fuzzy values into the type-2 inferencing where each rule in the rule 

base is fired twice, once using the lower MF and once using the upper MF, and consequently 

producing two firing strengths (lower and upper firing strengths). We have the option of choosing 

either that all rules would have the same weight during the inferencing process, or each rule will 

affect the inferencing by a different weight than the other according to one of two algorithms; (1) 

assigning the latent value of the rule’s antecedent feature, (2) calculating an absolute mean value for 

the antecedent feature from the feature’s values in the training data. In the aggregation step of the 

activated rules, we aggregate all rules fired by the lower MFs together and all rules fired by the 

higher MFs together. For each output set (for each image frame), we sum all activated rules 
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indicating this output set. After this, we go through all the output sets and we choose for the next 

type reduction and defuzzification step three output sets; the person set with the maximum total 

firing strengths using the upper firing strengths values only, the person set with the maximum total 

firing strengths using the lower firing strengths values only, and the person set with the maximum 

total firing strengths using the average of both the upper and lower firing strengths values. In the 

following sections, we present more details about the training unit and our Type-2 Fuzzy Logic 

Controller (T2FLC). 

In designing our T2FLC, we examine three parts; (1) the input to the system, (2) the rule 

base and (3) the output of the system. More details about each part are discussed in the following 

subsections. 

2.4 The system input 

The input to our T2FLC contains two components; the first is an image pixel matrix 

containing the training data for our rule base, this matrix consists of two vectors per image one 

containing the mean values of each feature from this image’s training images and the second 

containing the standard deviations of these values. This matrix is used to construct our rule base. 

We have a preparation unit to handle the feature extraction from the training images and to project 

any new image we want to recognize on the same feature space and to resize/reshape the image if 

necessary to match the training images in order to facilitate comparison. The membership functions 

used in the fuzzification unit are constructed in the training process. Each type-2 fuzzy set 

corresponds to and defines one of the extracted features from the training images of the persons 

making up the facial image database. That is to say, the number of membership functions defining 

the linguistic variables is linearly proportional to the final number of extracted features that we use 

for training. Each of those linguistic variables is defined by a set of linguistic labels that 

corresponds to the set of persons we have in our facial image database. Our type-2 fuzzy set input is 

made up of an infinite number of type-1 fuzzy sets. All those type-1 fuzzy sets make up what is 

called the foot print of uncertainty (FOU). In our case, we will only be having two embedded type-1 

fuzzy sets. The FOU is created by one of two ways; one is by applying the standard deviation value 

of all images of one person. This approach is responsible to accommodate for the specific variations 

between the images of a certain person at hand. While the other is applying the Secret Data (SD) 

value of all images of all persons. This approach is to accommodate for the general variations that 

exist between different persons. We will call the first approach specific person SD and we will call 

the second General SD. 

We have used Gaussian membership function for the upper and lower MFs. The Gaussian 

MF is created by two values; the mean and the standard deviation. Figure 3 shows our Gaussian 
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shaped type-2 input membership function. We also compute the centroids of the output membership 

sets. We calculate two centroids per linguistic label, namely; the left and right centroids of both the 

lower and upper membership sets. 

 

 
Fig.3 Proposed type-2 Fuzzy Inference System for Image Morphing Technique to Securing Data 

Transmission through Virtual Steganography 

 

2.5 The rule base 

The rule base of our system is a very intuitive and dynamic one. By dynamic we mean the 

number of rules depend on the number of persons and the number of features, when a person is 

added to the database, a number of rules equivalent to double the number of features, F1,2,.. n is 

added to the rule base. One set of rules to the upper MFs and another for the lower MFs. Eqn 1 

shows the general form of our rules for the upper MFs and rules of the lower MFs are constructed in 

a similar fashion. What these rules simply say is: IF the value for feature-1 from the image we are 

trying to recognize is a member of person-1’s feature-1 membership set, THEN the rule will 

determine the output that the picture belongs to person-1, and the same with every feature and every 

person. In the end the outputs of all the rules will aggregate (sum). We do this separately for the 

upper and lower firing strengths. The result of the aggregation process is a set of type-2 output 

fuzzy sets. After which those output values go through the type reduction and defuzzification phase 

where they are reduced to become type-1 output fuzzy sets and then defuzzified to obtain a single 

crisp output value representing the recognized person’s id number.  
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For the upper MFs (upper firing strengths); 

If FR1R is in PR1R THEN output is PR1 

If FR2R is in PR1R THEN output is PR1 

... 

If Fn is in PR1R THEN output is PR1 

If FR1R is in PR2R THEN output is PR2 

If FR2R is in PR2R THEN output is PR2R                                                                              (1) 

… 

If Fn is in PR2R THEN output is PR2 

.. 

If Fn is in Pn THEN output is Pn 

Initially the project is implemented with MATLAB tool of version 2015.The MATLAB tool 

is also used to design the user interface of this project.  

3. Experimental Results 

Testing of the system has been performed with facial image databases; there are 40 distinct 

gray scale subjects each with 10 different images. For some subjects, the images were taken at 

different times, varying the lighting, facial expressions (open / closed eyes, smiling / not smiling) 

and facial details (glasses / no glasses). All the images were taken against a dark homogeneous 

background with the subjects in an upright, frontal position (with tolerance for some side 

movement).  

 

 
Figure 4 and 5 shows set of images taken with the different variations as mentioned above. 

Each image is 92 x 112 pixels in dimension and 100 x 100 respectively. Such high dimensionality 

(92 x 112 = 10304) and (100 x 100 = 10000) is difficult to work with. This is why we first resized 

the images to quarter of its size to become 23 x 28 = 644 and 25 x 25 = 625 pixels respectively. At 

first, the set of significant features of all training images were computed then we define the 

membership sets representing each extracted feature. We also define the rule base as well as the 
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output of the system. This step of defining the whole system is the training step of the system. Then 

we run the type-2 fuzzy inference system (T2FIS) after feeding it in with the test images. The set of 

images in our face database were divided into a training set and a testing set. In order to avoid the 

bias of the results due to the selection of training vs. testing images, the selection are not done 

randomly but rather considers all combinations of images for both the train set and test set. In the 

end, an average value for the accuracy is calculated. We conduct several experiments to analyze the 

accuracy of the proposed system when varying number of extracted features and number of training 

images comparing our results to the results obtained by our type-1 fuzzy system as well as the 

results reported by other previously developed fuzzy-based image morphing systems. The 

comparisons are done on two systems; that is we analyze and compare the results for the different 

two image databases. 

 

 
Fig. 4 Type-2 input membership functions. The Gaussian shaped type-2 functions are represented 

by a mean value and two SD values. 

 

In the first experiment, we compare between type-1 and type-2 FIS when varying the number of 

features. 
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Fig.5 Type-1 FIS and Type-2 FIS performances when varying the number of extracted features 

 

 
Fig.6 Type-1 FIS and Type-2 FIS accuracies when varying the number of training images 

 

As shown in Figure 6, type-2 T2FIS gives a better virtual steganography performance when 

having lower numbers of features. This indicates that type-2 has a better ability to handle 

uncertainties resulting from a low number of features representing the facial image. In the second 

experiment, we investigate the performance of our T2FIS system when the number of training 

images decreases. In this experiment, we used 58 features (images).  

Figure 6 shows a graph illustrating the accuracies of type-1 and type-2 FIS. It could be 

observed that the performance of our type-2 system exceeds that of type-1. It can also be seen that 

as the number of training images decreases, the performance of both systems decreases. In another 

experiment, we compare our results against the Complete Fuzzy Linear Discriminant Analysis 

(CFLDA).  
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Table 1 Results analysis of CFLDA and both our proposed type-1 and type-2 FIS 

 
Table 1 shows the recognition accuracies of the CFLDA, type-1 fuzzy and type-2 fuzzy algorithms 

 

Table 2 Results analysis of NN and both our proposed type-1 and type-2 FIS 

 
In table 2, we show the image morphing accuracies as the number offeatures increase. If we decide 

to compare their recognition results with our proposed algorithm’s results, we will perform the 

comparison on the least number of Linear Discriminant Analysis (LDA) features. In this case, the 

number of features showing highest morphing rate for their algorithm is 100. Table 2 shows the 

morphing accuracies of the conventional approach and our type-1 and type-2 fuzzy algorithms. It 

can be seen in the table that throughout varying the number of training images, our type-2 FIS 

shows higher morphing rates.  

4. Conclusion 

Morphing is probably most noticeably used to produce incredible special effects in the 

entertainment industry. It is often used in movies such as Terminator and The Abyss, in 

commercials, and in music videos such as Michael Jackson‟s Black or White. Morphing is also used 

in the gaming industry to add engaging animation to video games and computer games. However, 

morphing techniques are not limited only to entertainment purposes. Morphing is a powerful tool 

that can enhance many multimedia projects such as presentations, education, electronic book 

illustrations, and computer-based training. We discuss what morphing is, different morphing 

techniques. 
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Hiding the data into cover image have differed procedures of usage created after some time. 

Insurance of the concealed data from an enemy is the most imperative objective of Data hiding and 

henceforth clearly the security of a steganography framework will increment if the image quality 

stays unintelligible to an assailant regardless of whether he holds information about the implanting 

technique. It is likewise clear that specific zones in a picture are more productive for concealing 

information than alternate parts of the picture. In this piece of research type-2 Fuzzy Inference 

System for Image Morphing Technique to Securing Data Transmission through Virtual 

Steganography is proposed. From the experimental results, it can be seen in the table that 

throughout varying the number of training images, our type-2 FIS shows higher morphing rates.  
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