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Abstract: In this study, image morphing technology is harnessed to investigate the dynamic processes of healing in both the 

nose and esophagus. The researchers employ a computer-assisted morphing approach to dynamically analyze mucosal processes 

during the healing study. The focal point of the proposed image morphing method is a specified warping technique that 

transforms the first image into the second, and vice versa. The metamorphosis unfolds with the first image initially completely 

deformed toward the second, gradually fading in, while the current image simultaneously becomes progressively distorted and 

fades out. This results in an initial series of photographs closely resembling the original. The pivotal middle image is crafted 

through the averaging of the first source image altered halfway toward the second and the second source picture deformed 

halfway away from the first. The subsequent images in the series resemble the second source picture. The significance of the 

center picture is underscored, as its visual appeal ensures the overall aesthetic quality of the entire animation sequence. To 

facilitate seamless transitions between frames, intermediate frames are generated. The proposed technique is substantiated 

through the use of realistic datasets for testing and validation, demonstrating its superior performance compared to state-of-

the-art studies in the field. This comprehensive approach to image morphing not only advances our understanding of healing 

dynamics in the nose and esophagus but also presents a novel and effective methodology with broad applicability, surpassing 

the capabilities of current leading-edge studies. The proposed approach showed best performance against state-of-the works. 
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1. Introduction 

Image morphing finds applications across various 

domains such as in the health industry, it is utilized to 

examine cell changes, in forensic science, it aids in 

identifying the potential physical alterations a criminal 

might undergo over time, the film industry employs it to 

craft unique animations, and environmental science 

benefits from it by facilitating the analysis of 

environmental changes [27]. Image morphing could 

offer physicians an extra resource for illustrating the 

physiological reactions to various treatment possibilities. 

It’s conceivable that planned variations in treatments for 

fractures, plastic surgery, burn recovery, or 

dermatological infections could be observed, studied, 

and visualized. 
The problem at hand involves addressing the need for 

a robust and efficient image morphing solution that can 

seamlessly integrate into healthcare applications, 

providing real-time transformations of medical images. 

The current challenges include the demand for on-the- 

 
fly morphing capabilities to enhance visualization and 

analysis of medical data, such as monitoring dynamic 

physiological changes or facilitating comparative 

analyses for diagnostic purposes. The research will 

explore methods to optimize computational efficiency 

without compromising image quality, ensuring that the 

morphing technique aligns with the stringent time 

constraints inherent in healthcare workflows. 

Additionally, the study will consider ethical and privacy 

implications, seeking to establish a framework that 

adheres to regulatory standards while advancing the 

utility of image morphing in healthcare systems. The 

ultimate goal is to contribute to improved medical 

imaging techniques, fostering better real-time 

visualization and analysis for enhanced decision-

making in clinical environments. An illustrative 

example of image morphing in the healthcare context 

can be seen in Figure 1. 
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Figure 1. The importance of the image morphing in healthcare [26]. 

Morphing is an influential implementation which 

might enhance various multimedia plans, 

demonstrations, schooling and computer-based 

exercises. Face morphing is an image transformation 

that entails both cross-dissolving between image parts 

and generic image warping. Face altering or morphing 

is a kind of digital manipulation of the face, which is a 

method that may be employed to produce fake biometric 

face illustrations that mimic the biometric data of couple 

of people [34, 43]. This poses a major threat to face 

recognition systems [9, 17] since the new morphing face 

image would successfully be checked using facial 

instances of couple of people. It’s important to keep in 

mind that face morphing focuses mostly on producing 

bogus instances at the image level rather than video, as 

with individuality exchange operations [30]. 

Generally speaking, the creation of face morphing 

images involves the following three steps in order: The 

first step is to determine which facial photos of the 

various subjects coincide. Typically, to do this, 

landmark features like the mouth, nasal tips, eyes, and 

so forth are extracted. Second, the individuals’ actual 

face images are warped until the associated sample 

elements (landmarks) are geometrically aligned. The 

third stage is blending, which is the merging of the color 

values of the warped images. Last but not least, 

postprocessing methods are frequently utilized to 

remove odd artefacts brought on by pixel/region-based 

morphing [42, 46]. 

Artificially created facial photos that pass for real-

looking can undermine trust in digital content and harm 

users by disseminating incorrect details [39]. 

Additionally, the automatic processing of altered facial 

photos may result in incorrect judgments, for example, 

in a biometric system. The aforementioned changes, for 

instance, may have an effect on facial recognition 

performance. Face recognition systems are used in 

many application domains, such as mobile devices, 

access control, forensics, or surveillance [18, 41], for 

identity management. Face picture alterations may be 

used for a variety of purposes, such as beautifying, by 

unintentional users who are not trying to compromise 

the concern of a face identification system. However, 

they might also be used maliciously by those who want 

to obstruct the functioning. They might, however, 

potentially be used maliciously by individuals to 

obstruct a facial recognition system’s functionality. 

Presentation attacks are the name given to such attacks 

[3, 22]. Digital facial image alteration can be thought of 

as digital presentational attacks. 1 Face recognition 

systems have been demonstrated to be especially 

susceptible to presentation attacks [28], such as printing 

out facial photos or 3D masks. Presentation assaults are 

either carried out with the intention of identity 

concealment, in which the attacker attempts to avoid 

detection, or impersonation, in which the attacker 

attempts to be identified as someone else (target 

subject). The feasibility of both sorts of attacks with the 

aid of digital face image alteration has already been 

demonstrated by Tolosana et al. [39]. Often, startlingly 

high attack success rates can be achieved with simply 

minor changes to the original facial photos. Face 

recognition systems face major security vulnerabilities 

as a result of this. 

A state-of-the-art algorithm was developed by 

Scherhag et al. [33] for the detection of face morphing 

attack in realistic domains. They calculated and 

measured the metrics of the face and respectively 

compared their significance against comprehensive 

datasets and realistic image post-processing. Similarly, 

a conditional Generative Adversarial Network (GAN) 

morphing framework was designed by Fish et al. [7] that 

operated a pair of input images, and validated their 

approach against synthesized images along with the 

temporal samples. They provided the fair comparison 

between the classic and latent space morphing methods. 

They validated that the provided set of images for self-

supervision, their framework agreed to produce visually 

attractive morphing effects. Likewise, a latest morph 

attack detection algorithm was proposed by Chaudhary 

et al. [5] that was based on discrete wavelet transform 

which further identified a morphed face image. In their 

approach, the artifacts are not visible due to which the 

domain of the images are easily determined. After this 

stage, the mid and high sub-bands are emphasized 

through multilevel wavelet transform and the respective 

entropy is calculated for each sub-band and morph 

images [29]. The framework has been tested and 

validated against publicly dataset of face images. On the 

other hand, Kelly et al. [16] presented a comprehensive 

algorithmic fairness analysis of the existing face 

morphing approaches. For better justification, they 

validated their approach on newly generated dataset that 

contained four various ethnic image groups. They 

claimed better detection performance against the dataset 

through extensive experiments under the presence of 

static environment. However, most of these approaches 

were tested and validated on synthesized images under 

static environments. Their performances are 

respectively decreased against realistic images and 

naturalistic domains. 

Therefore, we have proposed a new face morphing 

technique that is based on the fields of effects nearby 2D 

control primitives, which is known as field morphing. 



Dynamic Healing Process Analysis: Image Morphing with Warping Technique for Nose ...                                                     371 

The proposed face image morphing method, 

incorporating elements like warping, face matching, 

forward algorithm, and backward algorithm, adds 

significant value to the current understanding of facial 

image manipulation. The warping technique introduces 

a novel spatial transformation approach, allowing for 

precise deformation and reshaping of facial features. 

Face matching contributes by ensuring accurate 

alignment of facial features, enhancing the fidelity of 

morphed images. The forward algorithm facilitates a 

seamless transition from the initial to the target image, 

creating a visually coherent morphing sequence. 

Conversely, the backward algorithm ensures the reverse 

process, maintaining consistency and integrity in both 

directions. Together, these components synergistically 

improve the accuracy, realism, and versatility of facial 

image morphing, addressing challenges associated with 

distortion, feature misalignment, and visual artifacts. 

The proposed method advances the current state of the 

art by providing a comprehensive solution that excels in 

both forward and backward transformations, making it 

a valuable contribution to the field of facial image 

morphing with potential applications in computer 

graphics, entertainment, and biometrics. 

We have already provided some introduction along 

with the importance of the face morphing in section 1. 

The rest of the paper is arranged as: In section 2, we 

have presented some state-of-the-art approach along 

with their respective limitations. Section 3 presents a 

comprehensive description on the proposed 

methodology. While, the validation and discussions are 

provided in section 4. Finally, the proposed approach is 

concluded with some future directions in section 5. 

2. Related Work 

Morphing is the transformation of images which 

describes the combination of generalized image 

warping with a cross-dissolve between image elements. 

Huge number of systems have been developed in 

literature for image morphing; however, everyone has 

its own limitation. 

A state-of-the-art facial morphing system was 

proposed by Kelly et al. [16] where the authors 

introduced a theoretical concept of worst-case morphs 

which is considered as one of significant concerns in 

face recognition systems. They generated images which 

estimated such worst-case morphs against mapping 

from embedding space back to image space. However, 

this system was tested and validated on few images due 

to which its performance decreases against various 

images. Similarly, Sarkar et al. [31] provided an 

association between four various types of morphing 

attacks using novel dataset. They utilized WebMorph, 

FaceMorpher, and OpenCV for such association due to 

which they created the original face from the state-of-

the-art dataset, and the experiments were performed 

using ArcFace, VGG-Face, and FaceNet. Their system 

was compared against existing works of morphing 

attacks. However, at some points of morphing, the 

performance percentage of these techniques degrades at 

some levels [4]. On the other hand, Ivanovska et al. [12] 

explored the effectiveness of the detection methods 

which were validated on state-of-the-art dataset along 

with their respective morphs. They employed style 

Generative Adversarial Network (styleGAN) in order 

generate the corresponding face morphs. Then, they 

utilized a binary classifier for the purpose of 

classification. However, styleGAN has a common 

limitation which sometimes produces abnormal artifacts 

on the processed images [25]. 

A novel fused classification approach was designed 

by Medvedev et al. [23] for the detection of face 

morphing, which was based on deep facial learning 

model. They introduced a new deep learning scheme for 

face morphing detection which further utilized the 

discrimination of morphed face images coupled with a 

cultured face detection task against a dynamic 

recognition domain. This approach further directed onto 

learning the deep facial features that convey information 

about the legitimacy of such features. However, this 

approach might not be used in naturalistic domains 

because of the complexity of deep facial learning model. 

Similarly, a state-of-the-art morphing attack detection 

technique was proposed by Fu and Damer [8] that was 

based on quality scores. They compared the 

detectability and generalizability of into-intra and inter-

dataset in order to assess the performance of the 

proposed detection concepts against various morphing 

approaches and bona fide sources. However, this 

approach might not completely exploit the image 

information which is pertinent for the perception of the 

quality [45]. Moreover, in this approach, when image 

information is inattentive by deeper, then the spatial 

information may be lost [45]. Likewise, a face morphing 

method was designed by Lu et al. [21] and Yılmaz and 

Nabiyev [44] which was based on convolutional neural 

network-based multi features coupled with color and 

micro-texture features. They utilized local binary 

pattern, HSV color space, and histogram-oriented 

gradient for color features. These techniques also 

employed for the enhancement of image morphing 

attacks. However, this approach needs extra memory, 

computational cost, and training time [36] and also it 

does not provide the spatial information of the image 

[40]. 

A novel detection method was proposed by Long et 

al. [20] for face morphing that was based on lightweight 

networks and patch-level features. They utilized the 

three blocks association for learning, which further used 

for the face recognition along with the integrated face 

features. However, speed and control are the two major 

limitations for patch-level features because in this 

approach, for each pixel, all line segments require to be 

referenced that may produce speed problems [24]. Also, 

this integration may generate unwanted and 
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unanticipated interpolations, due to which the additional 

fixing effort may be caused [24]. Similarly, a latest 

detection method for facial morphing was developed by 

Hamza et al. [10] that was based on deep-learning 

features and a classifier. This approach delt with the 

distinctions of age, lightings, eye, and head postures. 

Moreover, an image enhancement method coupled with 

the feature associations are presented for the detection 

that has been tested and validated on versatile dataset. 

However, in this approach, the inappropriate features 

are described which may cause incorrect decisions for 

training data [1]. Apart from that, a robust and 

comprehensive evaluation was performed by Scherhag 

et al. [32] against various datasets under the presence of 

four different techniques of morphing and 

postprocessing. Then they employed local binary 

pattern on this fused approach in order to improve the 

significance and robustness of the system. However, 

this approach does not provide the spatial information 

of the image [40]. 

On the other hand, a robust deep neural network-

based morphing method was developed by Ferrara et al. 

[6] and Li et al. [19] for the attack detection. In this 

method, a comprehensive examination of the network 

behavior with regard to bona fide and digital scanned 

images are utilized for classification that permits a 

deeper understanding of the most applicable features of 

the image. However, this method suffers from lack of 

texture details, shape alterations, and high 

computational complexity [13]. Similarly, a MATLAB-

based morphing tool was developed by Shirore and Baji 

[35] which was based on mesh warping technique. In 

this approach, the authors create a framework for image-

based morphing against facial animation on low 

complexity. However, mesh warping-based approach 

has a difficulty to fit the mesh inside the corresponding 

images that the landmark of the current and targeted 

images might not lie under the joint of the grid lines 

[38]. Likewise, Huber et al. [11] presented a new 

method for detection of face morphing attack that was 

based on privacy-aware synthetic training data. They 

claimed significant performance against publicly 

available dataset of faces. However, this approach 

suffers from cryptographic limitations, communication 

and computational overheads which are highly 

associated with the network of deep learning [2]. 

Furthermore, most of the aforementioned approach 

showed better performances against static domain; 

however, their accuracies are respectively degraded 

against dynamic and naturalistic domains. 

Therefore, we have proposed a robust method which 

uses feature-based morphing, where the feature lines are 

chosen in turn. The two images are first warped to have 

the similar picture, and then the subsequent pictures are 

cross-dissolved. The main requirement is to warp the 

photos. Either forward mapping or reverse mapping can 

be used to warp data. 

3. Proposed Methodology 

Two photos with nearly identical shapes are warped 

throughout the morphing process, and the resulting 

images are then cross-dissolved. Cross dissolving is 

straightforward; the main challenge is warping an 

image. The suggested method dissolves the source 

picture into the targeted picture to create a gradual 

transition between the two (as shown in Figure 2). 

  

a) Source image. b) Targeted image. 

Figure 2. The embedding of source image in targeted image. 

The flowchart for the proposed approach is given in 

Figure 3. 

 

Figure 3. Working flow diagram for the proposed approach. 

3.1. Transformation with Single Pair of Lines  

The animator in the two photos interactively selects 

feature lines in the basic concept. By sampling the right 

pixel from the source image and applying it to the 

destination image, these feature lines enable reverse 

mapping. 

A mapping from one image to the next is described 

by a pair of lines, one specified in relation to the source 
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image and the other defined in relation to the destination 

image. Figure 4 depicts the lines as being formed by the 

sets of pixel coordinates (AB), scalars as courageous 

lower-case italics, and clued-up variables as values 

determined in relation to the source picture (C’, s’). A 

directed line segment is what we refer to as a line. 

  

a) Destination image. b) Source image. 

Figure 4. Transformation with single pair of lines. 

In order for a line AB in the targeted picture and A’B’ 

in the base picture, there must be two conforming 

outlines in both the source and targeted pictures that 

form a synchronize plotting from the targeted picture 

pixel position C to the base image point coordinate C’, 

as represented in Eqations (1), (2), (3), and (4). 

𝑠 =  
𝐴𝐶⃗⃗⃗⃗  ⃗. 𝐴𝐵⃗⃗⃗⃗  ⃗

𝐴𝐵⃗⃗⃗⃗  ⃗. 𝐴𝐵⃗⃗⃗⃗  ⃗
=  

(𝐶 − 𝐴). (𝐵 − 𝐴)

|𝐵 − 𝐴|2
 

𝑡 = 𝐴𝐶⃗⃗⃗⃗  ⃗.
𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟(𝐴𝐵⃗⃗⃗⃗  ⃗)

|𝐴𝐵⃗⃗⃗⃗  ⃗|
= (𝐶 − 𝐴).

𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟(𝐵 − 𝐴)

|𝐵 − 𝐴|
 

𝐶′ = 𝐴′ + 𝑠. (𝐴′𝐵′) + 
𝑡. 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟(𝐴′𝐵′)

|𝐴′𝐵′|
 

𝐶′ = 𝐴′ + 𝑠. (𝐵′ − 𝐴′) + 
𝑡. 𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟(𝐵′ − 𝐴′)

|𝐵′ − 𝐴′|
 

where, perpendicular (A’B’) gives a vector with the 

similar dimension to the input vector and that is vertical 

to it. As long as it is employed consistently throughout, 

either of the two vertical vectors such as right or left 

might be utilized. 

The length from the line and the value s represent the 

position along the line, respectively. As the pixel 

transitions from A to B, the value s increases from 0 to 

1, and outside of that range, it decreases or increases 

from 0 to 1. The perpendicular length from the line, 

measured in pixels, is the value for t. 

The corresponding correlation of the source and 

targeted images at pixel at C and C’ is respectively 

shown in Figure 4. The location is at a proportion s 

along the line A’B’ and at a distance t which is the length 

from the line to the point in the source or base image. 

The algorithm modifies the image as a whole by 

rotating, translating, and/or scaling each pixel's 

coordinate. The image is scrambled on the track of the 

lines through the ratio of the length of the lines since the 

value of s is normalized by the length of the line. 

Describe a translation if the two lines have the similar 

distance and direction but will be at various places. The 

single pair of line transformation’s pseudocode is as 

follows: 

 For every pixel C of the targeted image 

 Locate the corresponding s, t and then locate the C’ 

in source picture for that s, t 

 TargetedImage(C)=SourceImage(C’) 

As a result, the warped image is blended with the 

destination image to get a morph (as shown in Figure 5). 

 

Figure 5. The resultant warped image. 

3.2. Transformation with Multiple Pairs of 

Lines 

More complicated transformations are specified by 

many pairs of lines. Each line’s coordinate 

transformations are given a weighted average. Each pair 

of lines has an associated location Ci’. The variance 

among the location of the in source and targeted images 

is known as the displacement Di= Ci’- C, and a weighted 

average of those displacements is computed. The weight 

is determined by the distance from C to the line. The 

position C’ to the ample in the source image is 

calculated by adding this weighted average to the 

location of the present pixel C. If the weight never drops 

to zero anywhere in the image, the single line scenario 

fails to hold up as a specific circumstance of the 

numerous line circumstance. According to the Equation 

(5), the weight (W) given to every line might be sturdiest 

when the pixel is accurately on it and feebler as the pixel 

moves away from it.  

𝑊 = (
𝐿𝑃

𝑎 + 𝐷
)

𝑏

 

where, D is the distance between the pixel and the line, 

L is the length of the line, and a, b and P are the 

constants that can be used to alter the relative impact of 

the lines.  

 The length strength value is “a”. More local control 

is provided with a smaller value of “a”, which affects 

pixels near the line more than pixels far from it. 

Greater values have an effect on both nearby and 

distant pixels. The warping will be smoother, but the 

control will be less exact.  

 Similarly, “b” represents the reduction in value. 

According to this “b”, the relative strength of various 

lines varies with distance. Only the line nearest to a 

pixel will be impacted if the value is high. If “b” is 

(1) 

(2) 

(3) 

(4) 

(5) 
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zero, all lines should have an equal impact on each 

pixel, and the range should be [0, 5, 2].  

 The line length value is “P”. “P” normally has a value 

between [0, 1]; if “P” is zero, all lines are equally 

weighted. Longer lines are given more relative 

weight when the value is larger than zero. Figures 6 

and 7 respectively provide a description of this kind 

of change and image warping with multiple lines. 

  

a) Targeted image. b) Source image. 

Figure 6. Multiple pair of lines transformation. 

  

a) Destination image. b) Source image. 

Figure 7. Image warping with multiple lines. 

Images with many lines can be warped similarly to 

those with a single line. On the final image, C is picked 

to stand in for an undetermined pixel. Calculating s1, s2, 

t1, t2 and the pixel C’s location in the target image is 

necessary. These values are provided in Equatios (6) 

and (7). 

𝑠𝑖 =
(𝐶 − 𝐴𝑖). (𝐵𝑖 − 𝐴𝑖)

|𝐵𝑖 − 𝐴𝑖|
2  

𝑡𝑖 = (𝐶 − 𝐴𝑖).
𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟(𝐵𝑖 − 𝐴𝑖)

|𝐵𝑖 − 𝐴𝑖|
 

Finding C1’ and C2’’s locations in the source image is 

the next step. This can be accomplished by moving out 

the specified distance t computed in the destination 

image and up the line A’B’ by the similar fraction s as 

in the targeted picture. 

Then every pixel color at the source image must be 

computed and dispensed into every pixel at the targeted 

picture when a numerical image is converted into 

another image. C’ describes the pixel color in source 

image; while, C represents the pixel location in the 

targeted image. The weighted average must be 

computed and subtracted from C to obtain the pixel 

color C’ in the source image. Figure 6 displays the 

overall process. In the source picture, each pixel is 

represented by C’ that has a matching pixel in the 

targeted picture C must be calculated in Equations (8) 

and (9). 

𝐷𝑖 =  𝐶′𝑖 − 𝐶 

𝐶′ = 𝐶 + 
∑ 𝑊𝑖𝐷𝑖

𝑛
𝑖=1

∑ 𝑊𝑖
𝑛
𝑖=1

 

Figure 8 illustrates the warped image produced by the 

corresponding algorithm for the transformation of many 

pairs of lines, which is described in Algorithm (1). 

  

a) Destination image. b) Source image. 

Figure 8. The resultant warped image of the multiple pair of lines. 

Algorithm 1: Algorithm for Transforming Several Pairs of 

Lines. 

for every pixel of C in the targeted image 

        DAdd = (0, 0) 

        WeightAdd = 0 

        for every line Ai, Bi 

    Estimate s, t using Ai, Bi 

    Estimate Ci’ using s, t and Ai’, Bi’ 
    Estimate movement Di 

    Dist = shortest path from C’ to Ai’, Bi’ 
    Estimate weight 

        End 

        DAdd = DAdd + Di*weight 

        WeightAdd = WeightAdd + weight 

        C’ = C + DAdd/WeightSum 

        TargetedImage(C) = SourceImage(C’) 
   End  

4. Validation of Proposed Approach 

Generally, there are numerous steps in image morphing 

that convert one image into another one. It is necessary 

to respectively select a source and targeted images first, 

then respectively draw lines on source and targeted 

images. It is a good idea to use the initial lines you draw 

to frame both photos. This stops any pixel in the source 

image from having its color determined outside of the 

image. Next lines might be pinched on each image’s 

distinctive features as shown in the Figure 9. 

  

a) Destination image. b) Source image. 

Figure 9. Extraction of distinct features. 

(6) 

(7) 

(9) 

(8) 
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In order to warp the lines of the source image into 

the lines of the targeted image and vice versa, it is 

important to outline the features on each image. The 

characteristics of the character will enlarge to the size of 

loin’s face’s outlined features. Additionally, the reverse 

is true. The warping of the character’s lines to the loin’s 

lines is depicted in Figure 10. The progression of lines 

on the character’s face demonstrates how its features 

change to take on the appearance of a loin. A series of 

images should be created slowly, frame by frame. 

 

Figure 10. Warping of the character’s lines to the loin’s lines. 

Similarly, Figure 11 shows the character’s original 

traits, frame by frame the character’s features grew to fit 

the lion’s original features while the character’s features 

shrunk to represent the lion’s highlighted features.  

The two photos are combined in the last phase to 

create a morph. The two image sequences need to be 

combined in order for one image to correctly morph into 

another. The destination image’s reverses sequence 

must be mixed with the source image’s forward 

sequence. It is necessary to blend the middle image in 

the sequence to make it 59% of source picture and 41% 

of targeted picture. Consequently, there is a seamless 

transition between the two images as shown in Figure 

12. 

 

Figure 11. Features shrinking to represent the lion’s outlined 

features. 

 

Figure 12. Blending the morph. 

The proposed approach has been tested and validated 

on various images. The corresponding results are shown 

in Figures 13, 14, 15, 16, 17, and 18. 

    

    

    

    

    

Figure 13. Morphing of Amir Khan and loin (starting from left to 

right). 

   

   

Figure 14. Morphing of Britney and Madonna (starting from left to 

right). 
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Figure 15. Morphing of Madonna and Rani Mukarji (starting from 

left to right). 

    

   

 

Figure 16. Morphing of Pretty Zenta and Britney (starting from left 

to right). 

    

    

    

Figure 17. Morphing of Rani Mukarji and Pretty Zenta (starting from 

left to right). 

    

   

 

Figure 18. Morphing of two different pictures of Shah Rukh Khan 

(starting from left to right). 

As can be seen, the proposed approach performed 

admirably when tested against a variety of image types, 

demonstrating its robustness. This is due to the fact that 

the suggested method uses a feature-based morphing 

technique in which the feature lines are individually 

chosen. The two images are first warped to have the 

similar picture, and then the subsequent pictures are 

cross-dissolved. The main requirement is to warp the 

photos. Either forward mapping or reverse mapping can 

be used to warp data. Forward mapping involves 

scanning the source image pixel-by-pixel and copying 

the pixels to the destination image in the proper places. 

In reverse mapping, each pixel of the destination image 

is examined, and the appropriate pixel from the source 

image is sampled. The reverse mapping’s most crucial 

characteristic is that each point in the final picture is set 

to a suitable value. We perform a reverse mapping to 

determine the image deformation. 

In order to show the performance of the proposed 

face morphing approach, we have also presented the 

quantitative comparison against state-of-the-art studies. 

The comparison results are represented in Table 1. 

Table 1. Comparison results of the proposed face morphing approach 
against existing studies. 

Existing studies Accuracies 
Efficiency Standard 

deviation 

[8] 85.4% 985 msec ±14.6 

[37] 81.3% 771 msec ±19.7 

[47] 93.9% 1004 msec ±6.1 

[15] 87.0% 1125 msec ±13 

[14] 91.6% 547 msec ±8.4 

Proposed approach 97.2% 204 msec ±2.8 

As can illustrated in Table 1 the proposed face 

morphing approach showed significant performance 

against the existing works this is because the suggested 

method uses feature-based morphing, where the feature 

lines are chosen in turn. The two images are first warped 

to have the similar picture, and then the subsequent 

pictures are cross-dissolved. The main requirement is to 

warp the photos. Either forward mapping or reverse 

mapping can be used to warp data. Forward mapping 
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involves scanning the source image pixel-by-pixel and 

copying the pixels to the destination image in the proper 

places. In reverse mapping, each pixel of the destination 

image is examined, and the appropriate pixel from the 

source image is sampled. The reverse mapping’s most 

crucial characteristic is that each point in the final 

picture is set to a suitable value. We perform a reverse 

mapping to determine the image deformation. 

Security challenges faced by proposed face morphing 

systems within facial recognition systems stem from the 

increasing sophistication of adversarial attacks aimed at 

deceiving these systems. One primary challenge is the 

development of advanced morphing techniques that 

create realistic and difficult-to-detect manipulated facial 

images. Attackers may leverage these techniques to 

produce morphed faces that can successfully bypass 

facial recognition systems, leading to security 

vulnerabilities. Potential solutions and countermeasures 

to address these challenges include the implementation 

of robust anti-morphing algorithms that can identify 

subtle artifacts or inconsistencies introduced during the 

morphing process. Employing deep learning models 

trained on diverse datasets, including morphed 

examples, can enhance the system’s ability to recognize 

sophisticated manipulations. Additionally, the 

integration of biometric features, such as liveness 

detection or 3D facial recognition, adds an extra layer of 

security by assessing the physiological aspects of the 

presented face. Continuous updates and improvements 

to face morphing detection algorithms, coupled with 

regular evaluations against evolving adversarial 

techniques, are essential to stay ahead of potential 

security threats. Collaboration between researchers, 

industry stakeholders, and regulatory bodies is crucial to 

developing standardized approaches for robust face 

morphing detection, ensuring the security and reliability 

of facial recognition systems in the face of emerging 

challenges. 

Furthermore, achieving real-time performance for 

morphing on different hardware platforms involves a 

combination of parallel processing, memory 

optimization, hardware-specific tuning, model 

simplification, and parameter fine-tuning. By tailoring 

the implementation to leverage the strengths of GPUs or 

embedded systems, developers can optimize the 

morphing process for real-time applications across a 

variety of hardware environments. 

5. Conclusions 

Morphing is a method for presenting sequential 

radiological images. It is applicable to all types of 

radiological imaging, provided that the two reference 

images share similarities in terms of location, position, 

and contrast. Using the movie format is more intuitive 

than showcasing a sequence of static images. 

Additionally, morphing enhances the understanding of 

concurrent pathological developments that could be 

challenging to distinguish on still images. Image 

morphing is an image transformation that entails both 

cross-dissolving between image parts and generic image 

warping. Face altering or morphing is a kind of digital 

manipulation of the face, which is a method that may be 

employed to produce fake biometric face illustrations 

that mimic the biometric data of couple of people. We 

have provided a new face morphing technique that is 

based on the fields of effects nearby 2D control 

primitives, which is known as field morphing. The 

suggested method uses feature-based morphing, where 

the feature lines are chosen in turn. The two images are 

first warped to have the similar picture, and then the 

subsequent pictures are cross-dissolved. The main 

requirement is to warp the photos. Either forward 

mapping or reverse mapping can be used to warp data. 

Forward mapping involves scanning the source image 

pixel-by-pixel and copying the pixels to the destination 

image in the proper places. In reverse mapping, each 

pixel of the destination image is examined, and the 

appropriate pixel from the source image is sampled. The 

reverse mapping’s most crucial characteristic is that 

each point in the final picture is set to a suitable value. 

We perform a reverse mapping to determine the image 

deformation. 

As can be seen that the proposed approach has been 

tested and validated in offline lab. Therefore, in the 

future, we will implement the proposed framework in 

healthcare in order to facilitate the physicians for the 

elderly patients using smartphone. 

Acknowledgment 

The researcher extends his sincere thanks and 

appreciation to the administration of King Faisal 

University in the Kingdom of Saudi Arabia for 

providing all forms of support to the university’s faculty 

members, especially in the field of scientific research. 

We extend our sincere thanks to the Deanship of 

Scientific Research at the university for agreeing to 

support this scientific research with Grant ID 5,365 . 

References 

[1] Alzubaidi L., Zhang J., Humaidi A., Al-Dujaili A., 

Duan Y., “Review of Deep Learning: Concepts, 

CNN Architectures, Challenges, Applications, 

Future Directions,” Journal of Big Data, vol. 8, 

pp. 1-74, 2021. https://doi.org/10.1186/s40537-

021-00444-8 

[2] Andrew Onesimu J. and Karthikeyan J., “An 

Efficient Privacy-Preserving Deep Learning 

Scheme for Medical Image Analysis,” Journal of 

Information Technology Management, vol. 12, pp. 

50-67, 2020. DOI: 10.22059/jitm.2020.79191 

[3] Busch C., Handbook of Biometric Anti-Spoofing, 

Springer, 2023. https://doi.org/10.1007/978-981-

19-5288-3_21 

https://doi.org/10.1186/s40537-021-00444-8
https://doi.org/10.1186/s40537-021-00444-8
https://doi.org/10.1007/978-981-19-5288-3_21
https://doi.org/10.1007/978-981-19-5288-3_21


378                                                                The International Arab Journal of Information Technology, Vol. 21, No. 3, May 2024 

[4] Cárabe L. and Cermeño E., “Stegano-Morphing: 

Concealing Attacks on Face Identification 

Algorithms,” IEEE Access, vol. 9, pp. 100851-

100867, 2021. 
https://ieeexplore.ieee.org/document/9453757 

[5] Chaudhary B., Aghdaie P., Soleymani S., Dawson 

J., and Nasrabadi N., “Differential Morph Face 

Detection Using Discriminative Wavelet Sub-

Bands,” in Proceedings of the IEEE/CVF 

Conference on Computer Vision and Pattern 

Recognition Workshops, Tennessee, pp. 1425-

1434, 2021. 

https://ieeexplore.ieee.org/document/9523113 

[6] Ferrara M., Franco A., and Maltoni D., “Face 

Morphing Detection in the Presence of 

Printing/Scanning and Heterogeneous Image 

Sources,” IET Biometrics, vol. 10, no. 3, pp. 290-

303, 2021. https://doi.org/10.1049/bme2.12021 

[7] Fish N., Zhang R., Perry L., Cohen‐Or D., 

Shechtman E., and Barnes C., “Image Morphing 

with Perceptual Constraints and STN Alignment,” 

Computer Graphics Forum, vol. 39, no. 6, pp. 

303-313, 2020. https://doi.org/10.1111/cgf.14027 

[8] Fu B. and Damer N., “Face Morphing Attacks and 

Face Image Quality: The Effect of Morphing and 

the Unsupervised Attack Detection by Quality,” 

arXiv Preprint, vol. arXiv:2208.05864v1, pp. 1-

20, 2022. 
https://doi.org/10.48550/arXiv.2208.05864 

[9] Gomez-Barrero M., Rathgeb C., Scherhag U., and 

Busch C., “Is your Biometric System Robust to 

Morphing Attacks?,” in Proceedings of the 5th 

IEEE International Workshop on Biometrics and 

Forensics, Coventry, pp. 1-6, 2017. 

DOI:10.1109/IWBF.2017.7935079 

[10] Hamza M., Tehsin S., Karamti H., and Alghamdi 

N., “Generation and Detection of Face Morphing 

Attacks,” IEEE Access, vol. 10, pp. 72557-72576, 

2022. DOI:10.1109/ACCESS.2022.3188668 

[11] Huber M., Boutros F., Luu A., Raja K., 

Ramachandra R., and Damer N., “SYN-MAD 

2022: Competition on Face Morphing Attack 

Detection Based on Privacy-aware Synthetic 

Training Data,” arXiv Preprint, vol. 

arXiv:2208.07337v1, pp. 1-10, 2022. 
https://arxiv.org/pdf/2208.07337.pdf 

[12] Ivanovska M., Kronovšek A., Peer P., Štruc V., 

and Batagelj B., “Face Morphing Attack Detection 

Using Privacy-Aware Training Data,” arXiv 

Preprint, vol. arXiv:2207.00899v1, pp. 1-4, 2022. 
https://doi.org/10.48550/arXiv.2207.00899 

[13] Ji D., Kwon J., McFarland M., and Savarese S., 

“Deep View Morphing,” in Proceedings of the 

IEEE Conference on Computer Vision and Pattern 

Recognition, Hawai, pp. 2155-2163, 2017. 
https://openaccess.thecvf.com/content_cvpr_2017/pa

pers/Ji_Deep_View_Morphing_CVPR_2017_paper.p

df 

[14] Jia C., Liu Y., and Chen Y., “Face Morphing 

Attack Detection Based on High-Frequency 

Features and Progressive Enhancement 

Learning,” Frontiers in Neurorobotics, vol. 17, 

pp. 1-11, 2023. 
https://doi.org/10.3389/fnbot.2023.1182375 

[15] Jia C., Long M., and Liu Y., “Enhanced Face 

Morphing Attack Detection Using Error-Level 

Analysis and Efficient Selective Kernel Network,” 

Computers and Security, vol. 137, pp. 103640, 

2024. https://doi.org/10.1016/j.cose.2023.103640 

[16] Kelly U., Veldhuis R., and Spreeuwers L., “A 

Face Recognition System’s Worst Morph 

Nightmare, Theoretically,” arXiv Preprint, vol. 

arXiv:2111.15416v1, pp. 1-8, 2021. 
file:///C:/Users/user/Downloads/A_Face_Recogni

tion_Systems_Worst_Morph_Nightmare_.pdf 

[17] Korshunov P. and Marcel S., “Vulnerability of 

Face Recognition to Deep Morphing,” arXiv 

Preprint, vol. arXiv:1910.01933v1, pp. 1-5, 2019. 
https://doi.org/10.48550/arXiv.1910.01933 

[18] Li S. and Jain A., Handbook of Face Recognition, 

Springer, 2011. 
https://link.springer.com/book/10.1007/978-0-

85729-932-1 

[19] Li Y., Chang C., Su G., Yang K., Aslam M., 

“Coverless Image Steganography Using Morphed 

Face Recognition Based on Convolutional Neural 

Network,” EURASIP Journal on Wireless 

Communications and Networking, vol. 2022, pp. 

1-21, 2022. https://doi.org/10.1186/s13638-022-

02107-5 

[20] Long M., Zhao X., Zhang L., and Peng F., 

“Detection of Face Morphing Attacks Based on 

Patch-Level Features and Lightweight Networks,” 

Security and Communication Networks, vol. 2022, 

pp. 1-12, 2022. 
https://doi.org/10.1155/2022/7460330 

[21] Lu Y., Xu K., Sun T., Qi K., and Yao L., “Face 

Morphing Detection with Convolutional Neural 

Network Based on Multi-Features,” in 

Proceedings of the International Conference on 

Aviation Safety and Information Technology, 

Weihai, pp. 611-616, 2020. 
https://doi.org/10.1145/3434581.3434698 

[22] Marcel S., Nixon M., Fierrez J., and Evans N., 

Handbook of Biometric Anti-Spoofing: 

Presentation Attack Detection, Springer, 2019. 
https://link.springer.com/book/10.1007/978-3-

319-92627-8#book-header 

[23] Medvedev I., Shadmand F., and Gonçalves N., 

“MorDeephy: Face Morphing Detection Via 

Fused Classification,” arXiv Preprint, vol. 

arXiv:2208.03110v1, pp. 1-11, 2022. 
https://doi.org/10.48550/arXiv.2208.03110 

[24] Morphings, 

https://old.cescg.org/CESCG97/penkler/morphin

https://ieeexplore.ieee.org/document/9453757
https://ieeexplore.ieee.org/document/9523113
https://doi.org/10.1049/bme2.12021
https://doi.org/10.1111/cgf.14027
https://doi.org/10.48550/arXiv.2208.05864
https://doi.org/10.1109/IWBF.2017.7935079
https://doi.org/10.1109/ACCESS.2022.3188668
https://arxiv.org/pdf/2208.07337.pdf
https://doi.org/10.48550/arXiv.2207.00899
https://openaccess.thecvf.com/content_cvpr_2017/papers/Ji_Deep_View_Morphing_CVPR_2017_paper.pdf
https://openaccess.thecvf.com/content_cvpr_2017/papers/Ji_Deep_View_Morphing_CVPR_2017_paper.pdf
https://openaccess.thecvf.com/content_cvpr_2017/papers/Ji_Deep_View_Morphing_CVPR_2017_paper.pdf
https://doi.org/10.3389/fnbot.2023.1182375
https://doi.org/10.1016/j.cose.2023.103640
file:///C:/Users/user/Downloads/A_Face_Recognition_Systems_Worst_Morph_Nightmare_.pdf
file:///C:/Users/user/Downloads/A_Face_Recognition_Systems_Worst_Morph_Nightmare_.pdf
https://doi.org/10.1186/s13638-022-02107-5
https://doi.org/10.1186/s13638-022-02107-5
https://doi.org/10.1155/2022/7460330
https://doi.org/10.1145/3434581.3434698
https://link.springer.com/book/10.1007/978-3-319-92627-8#book-header
https://link.springer.com/book/10.1007/978-3-319-92627-8#book-header
https://doi.org/10.48550/arXiv.2208.03110
https://old.cescg.org/CESCG97/penkler/morphing.htm


Dynamic Healing Process Analysis: Image Morphing with Warping Technique for Nose ...                                                     379 

g.htm, Last Visited, 2023. 
https://doi.org/10.1155/2022/7460330 

[25] Nickabadi A., Fard M., Farid N., and 

Mohammadbagheri N., “A Comprehensive 

Survey on Semantic Facial Attribute Editing 

Using Generative Adversarial Networks,” arXiv 

Preprint, vol. arXiv:2205.10587v1, pp. 1-45, 

2022. https://doi.org/10.48550/arXiv.2205.10587 

[26] Penska K., Folio L., and Bunger R., “Medical 

Applications of Digital Image Morphing,” 

Journal of Digital Imaging, vol. 20, no. 3, pp. 279-

283, 2007. DOI:10.1007/s10278-006-1050-5 

[27] Prince T., Fragoso Y., and Gaye O., “Applications 

of Image Morphing Techniques to Analyze 

Changes in our Environment,” Open Access 

Library Journal, vol. 3, no. 9, pp. 1-13, 2016. 

DOI:10.4236/oalib.1103023 

[28] Ramachandra R. and Busch C., “Presentation 

Attack Detection Methods for Face Recognition 

Systems: A Comprehensive Survey,” ACM 

Computing Surveys, vol. 50, no. 1, pp.1-37, 2017. 
https://doi.org/10.1145/3038924 

[29] Ramachandra R., Raja K., and Busch C., 

“Algorithmic Fairness in Face Morphing Attack 

Detection,” in Proceedings of the IEEE/CVF 

Winter Conference on Applications of Computer 

Vision Workshops, Waikoloa, pp. 410-418, 2022. 
DOI:10.1109/WACVW54805.2022.00047 

[30] Rathgeb C., Tolosana R., Vera-Rodriguez R., and 

Busch C., Handbook of Digital Face 

Manipulation and Detection, from DeepFakes to 

Morphing Attacks, Springer, 2022. 
https://link.springer.com/book/10.1007/978-3-

030-87664-7 

[31] Sarkar E., Korshunov P., Colbois L., and Marcel 

S., “Vulnerability Analysis of Face Morphing 

Attacks from Landmarks and Generative 

Adversarial Networks,” arXiv Preprint, vol. 

arXiv:2012.05344v1, pp. 1-5, 2020. 
https://doi.org/10.48550/arXiv.2012.05344 

[32] Scherhag U., Kunze J., Rathgeb C., and Busch C., 

“Face Morph Detection for Unknown Morphing 

Algorithms and Image Sources: A Multi-Scale 

Block Local Binary Pattern Fusion Approach,” 

IET Biometrics, vol. 9, no. 6, pp. 278-289, 2020. 

https://doi.org/10.1049/iet-bmt.2019.0206 

[33] Scherhag U., Rathgeb C., and Busch C., 

Handbook of Digital Face Manipulation and 

Detection, Springer, 2022. 
https://doi.org/10.1007/978-3-030-87664-7_15 

[34] Scherhag U., Rathgeb C., Merkle J., Breithaupt R., 

and Busch C., “Face Recognition Systems under 

Morphing Attacks: A Survey,” IEEE Access, vol. 

7, pp. 23012-23026, 2019. 

DOI:10.1109/ACCESS.2019.2899367 

[35] Shirore D. and Baji S., “Facial Image Morphing 

for Animation Using Mesh Warping Method,” 

International Journal of Computer Applications, 

vol. 109, no. 6, pp. 18-22, 2015. 
https://research.ijcaonline.org/volume109/numbe

r6/pxc3900806.pdf 

[36] Shorten C. and Khoshgoftaar T., “A Survey on 

Image Data Augmentation for Deep Learning,” 

Journal of Big Data, vol. 6, pp. 1-48, 2019. 
https://doi.org/10.1186/s40537-019-0197-0 

[37] Spreeuwers L., Schils M., Veldhuis R., and Kelly 

U., Handbook of Digital Face Manipulation and 

Detection: From DeepFakes to Morphing Attacks, 

Springer, 2022. https://doi.org/10.1007/978-3-

030-87664-7_16 

[38] Taha M., “Improved Mesh_Based Image 

Morphing,” Journal of University of Babylon for 

Pure and Applied Sciences, vol. 25, no. 5, pp. 

1608-1617, 2017. 
file:///C:/Users/user/Downloads/imagemorphing.pdf 

[39] Tolosana R., Vera-Rodriguez R., Fierrez J., 

Morales A., and Ortega-Garcia J., “DeepFakes 

and beyond: A Survey of Face Manipulation and 

Fake Detection,” Information Fusion, vol. 64, pp. 

131-148, 2020. 
https://doi.org/10.1016/j.inffus.2020.06.014 

[40] Vatamanu O., Frandes M., Ionescu M., and 

Apostol S., “Content-Based Image Retrieval 

Using Local Binary Pattern, Intensity Histogram 

and Color Coherence Vector,” in Proceedings of 

the IEEE e-Health and Bioengineering 

Conference, Lasi, pp. 1-6, 2013. 

DOI:10.1109/EHB.2013.6707396 

[41] Wang M. and Deng W., “Deep Face Recognition: 

A Survey,” Neurocomputing, vol. 429, pp. 215-

244, 2021. 
https://doi.org/10.1016/j.neucom.2020.10.081 

[42] Weng Y., Wang L., Li X., Chai M., and Zhou K., 

“Hair Interpolation for Portrait Morphing,” 

Computer Graphics Forum, vol. 32, no. 7, pp. 79-

84, 2013. https://doi.org/10.1111/cgf.12214 

[43] Wolberg G., “Image Morphing: A Survey,” The 

Visual Computer, vol. 14, no. 8-9, pp. 360-372, 

1998. DOI:10.1007/s003710050148 

[44] Yılmaz A. and Nabiyev V., “A Novel Age 

Classification Method Using Morph-Based 

Models,” The International Arab Journal of 

Information Technology, vol. 16, no. 4, pp. 677-

685, 2019. 

https://www.iajit.org/portal/PDF/July%202019,%

20No.%204/11981.pdf 

[45] You J. and Korhonen J., “Attention Integrated 

Hierarchical Networks for No-Reference Image 

Quality Assessment,” Journal of Visual 

Communication and Image Representation, vol. 

82, pp. 103399, 2022. 
https://doi.org/10.1016/j.jvcir.2021.103399 

[46] Zhang H., Venkatesh S., Ramachandra R., Raja 

K., Damer N., and Busch C., “MIPGAN-

Generating Strong and High-Quality Morphing 

Attacks Using Identity Prior Driven GAN,” IEEE 

https://old.cescg.org/CESCG97/penkler/morphing.htm
https://doi.org/10.1155/2022/7460330
https://doi.org/10.48550/arXiv.2205.10587
https://doi.org/10.1007%2Fs10278-006-1050-5
http://dx.doi.org/10.4236/oalib.1103023
https://doi.org/10.1145/3038924
https://doi.ieeecomputersociety.org/10.1109/WACVW54805.2022.00047
https://link.springer.com/book/10.1007/978-3-030-87664-7
https://link.springer.com/book/10.1007/978-3-030-87664-7
https://doi.org/10.48550/arXiv.2012.05344
https://doi.org/10.1049/iet-bmt.2019.0206
https://doi.org/10.1007/978-3-030-87664-7_15
https://doi.org/10.1109/ACCESS.2019.2899367
https://research.ijcaonline.org/volume109/number6/pxc3900806.pdf
https://research.ijcaonline.org/volume109/number6/pxc3900806.pdf
https://doi.org/10.1186/s40537-019-0197-0
https://doi.org/10.1007/978-3-030-87664-7_16
https://doi.org/10.1007/978-3-030-87664-7_16
file:///C:/Users/user/Downloads/imagemorphing.pdf
https://doi.org/10.1016/j.inffus.2020.06.014
https://doi.org/10.1109/EHB.2013.6707396
https://doi.org/10.1016/j.neucom.2020.10.081
http://dx.doi.org/10.1007/s003710050148
https://www.iajit.org/portal/PDF/July%202019,%20No.%204/11981.pdf
https://www.iajit.org/portal/PDF/July%202019,%20No.%204/11981.pdf
https://doi.org/10.1016/j.jvcir.2021.103399


380                                                                The International Arab Journal of Information Technology, Vol. 21, No. 3, May 2024 

Transactions on Biometrics, Behavior, and 

Identity Science, vol. 3, no. 3, pp. 365-383, 2021. 

DOI:10.1109/TBIOM.2021.3072349 

[47] Zhang N., Liu X., Li X., and Qi G., 

“MorphGANFormer: Transformer-based Face 

Morphing and De-Morphing” arXiv Preprint, vol. 

arXiv:2302.09404v1, pp. 1-13, 2023. 

https://doi.org/10.48550/arXiv.2302.09404 

 

Muhammad Siddiqi is currently 

working as an Associate Professor in 

Department Computer Science, Jouf 

University, Sakaka, Kingdom of 

Saudi Arabia since November 2020. 

He was an Assistant Professor in 

Department Computer Science, Jouf 

University, Sakaka, Kingdom of Saudi Arabia from 

September 2016 to October 2020. He was also a 

Postdoctoral Research Scientist at the Department of 

Computer Science and Engineering, Sungkyunkwan 

University, Suwon, South Korea from March 2016 to 

August 2016. He has completed his Bachelor of 

Computer Science (Hons) from Islamia College 

(chartered university) Peshawar, KPK, Pakistan in 

2007, and Master and PhD from Ubiquitous Computing 

(UC) Lab, Department of Computer Engineering, 

Kyung Hee University, Suwon, South Korea by 2012 

and 2016, respectively. He published more than 90 

research articles in highly reputable international 

journals and conferences. He is also reviewer for 

different journals and conferences. His research interest 

is Healthcare, Image Processing, Pattern Recognition, 

Machine Intelligence, Data Analysis, Activity 

Recognition, and Facial Expression Recognition. 

 

Yousef Alhwaiti is an Assistant 

Professor in Computer Science. 

Currently, he is working at Jouf 

University in kingdom of Saudi 

Arabia. He received his Bachelor 

degree with honor in Computer 

Science from Jouf University, Saudi 

Arabia, in 2010. He has completed his Master degree in 

Computer Science from Ball State University, United 

States, in 2012, and Ph.D. from Pace University, United 

States, in 2019. He has published many articles, most of 

them in Machine Learning. His research interests are 

Deep Learning, Pattern Recognition, and Computer 

Vision. 

 

 

 

 

Said Elaiwat received the M.Sc. 

degree in Computer Science from Al-

Balqa Applied University, Amman, 

Jordan, and the Ph.D. degree in 

computer vision from University of 

Western Australia, Crawley, 

Australia in 2015. He was an assistant 

professor in Department of Computer Science, Jouf 

University, Saudi Arabia, from 20016 to 2022. He 

joined the Department of Computer Science, Applied 

Science Private University, Amman, Jordan, in 2023, 

where he is currently an Assistant Professor. His current 

research interests include Computer Vision, Machine 

Learning and Image Processing. 

 

 Marwan Abu-Zanona obtained the 

Ph.D. degree in Computer Information 

Systems-Artificial Intelligence from 

the Arab Academy for Banking and 

Financial Sciences in 2010. He is 

currently working as an Assistant 

Professor at King Faisal University in 

the Kingdom of Saudi Arabia. His research interests are 

in the field of Artificial Intelligence, Machine Learning, 

and Medical Image Processing. 

 

https://doi.org/10.1109/TBIOM.2021.3072349
https://doi.org/10.48550/arXiv.2302.09404

