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ABSTRACT
Ageing is a natural phenomenon and it is part of our daily life process; the Facial Ageing (FA)
process has been of a great interest to many researchers and some firms like airports and police
departments; this is due to the fact that the face appearance changes as people age resulting in
difficulties identifying certain individuals. In this paper, two-dimensional wrinkle maps will be
used in the design of a three-dimensional system for the purpose of facial wrinkles simulation
and prediction. Our findings will challenge many commercial softwares in the innovation of the
techniques in setting solid grounds to generate real-time 3D wrinkles that can be used later for
various reasons that may include security, 3D facial ageing simulation systems, facial
animation, etc. The 2D binary wrinkles will be mapped on the corresponding 3D face models
using the generated outlined images. NURBS curves will then be projected on those wrinkles to
form a three-dimensional wrinkle map. The coloured wrinkle map, as well as some parameters,
will be combined together in an algorithm to predict the appearance of the individual wrinkles
in every age group that are divided into decades, starting from the age of 20. The novelty of the
adopted procedure in comparison to the previous works, is the new elements that have been
integrated and collaborated to boost accuracy and to generate a more realistic outcome.
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1. INTRODUCTION
Facial Ageing (FA) process has been of a great interest to many researchers and some firms like
airports and police departments; this is due to the fact that the face appearance changes as people
age resulting in difficulties identifying certain individuals. FA research is a form of Facial
Recognition (FR) and the main reason for facial recognition is delivered from the forensic needs
to identify victims or suspects[1]. The human brain has the ability and capacity to quickly
distinguish between known and unknown faces. The biggest advantage of using the face (over
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other parts of the human body) in many applications is that wherever a person may be, the face is
also there.
Moreover, the face carries a significant number of features that identify individuals such as
gender, emotional state, ethnic origin, age etc. The available facial ageing simulation and
prediction technologies lack in simulation accuracy, especially when simulating the appearance of
wrinkles. This might be due to the fact that wrinkles appear in different locations on human faces
and the amount of change in their development also differs. Failing to simulate the wrinkles in
real-time can have a direct impact on the ageing prediction accuracy as wrinkles play a vital role
as a major ageing feature.
One of the most popular 2D facial ageing simulation systems is the April Age Progression
Software ‘age-me’[2]. On the other hand, FaceGen [3] is a widely known 3D face generator
modelling software that includes an embedded ageing system. Both softwares are available for
commercial purposes and share the disadvantage of generating wrinkles based on assumptions
and no real data is considered. Our findings will challenge both commercial softwares in the
innovation of the techniques in setting solid grounds to generate real-time 3D wrinkles that can be
used later for various reasons that may include security, 3D facial ageing simulation systems,
facial animation, etc.
This work will commence by generating a 3D face model for any given individual. 2D binary
wrinkles will be mapped on the corresponding 3D face models using the generated outlined
images. NURBS curves will then be projected on those wrinkles to form a three-dimensional
wrinkle map. The coloured wrinkle map, as well as some parameters, will be combined together
in an algorithm to predict the appearance of the individual wrinkles in every age group that are
divided into decades, starting from the age of 20.
In the following section a review of related literature will be presented, while section 3
explainsthe work methodology, in which the 3D models are acquired, as well as the 3D face mesh
processing, texture mapping and wrinkles construction are discussed. The results of the
simulations and predictions are presented in section 4. Finally, section 5 will conclude the
findings on the 3D modelling, simulation and prediction of facial wrinkles.

2. RELATED WORK
In addition to the fact that facial wrinkle appearance is a vital sign of ageing, it also plays an
important feature in presenting FE; therefore, it became the focus of a number of FE research.Yin
and Basu [4] presented a partial texture updating method for facial expression synthesis with
facial wrinkles. Based on the observation of the wrinkle appearance and the change along with
performed expressions, they extracted the partial texture information, then used the texture
dissimilarity between the neutral expression and the active expression to extract the active texture
for the expression representation.
For expressive facial animations, Li et al. [7] developed a method for modelling dynamic facial
wrinkle. They started with structured facial mesh, then divided the face region into wrinkle subregions, and created some wrinkle lines with their algorithm in these sub-regions. Some key
nodes were labelled on the facial mesh; these key nodes affect wrinkle lines if wrinkle lines
located the sub-regions that abut on the key nodes. With the algorithm, motion of wrinkle lines
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was produced by movement of the key nodes. Consequently, wrinkle line
liness derived facial mesh to
model expressive wrinkles.
From expressions on a 3D face model, Antini et al. [8] proposed a framework for threethree
dimensional face representation and matching for identification purposes. Basic traits of a face
were encoded by extracting
acting curves (wrinkles) of salient ridges and ravines from the surface of a
dense mesh. A compact graph representation was then extracted from these curves through a
modelling technique that was capable to quantitatively measure spatial relationships between
betw
curves in a three-dimensional
dimensional space. Therefore, face recognition was obtained by matching 3D
graph representations of faces.

3. METHODOLOGY
3.1 3D Face Creation
The construction of 3D face models using 2D face photographs, such as the work in [9], has
become the focus of study on 3D face modelling, in which generated textures will affect directly
the sense of reality of the generated 3D face models[10] and it is indeed one of the most difficult
problems in the fields of computer graphics and compute
computer vision.
On the other hand, 3D scanners are becoming widely employed for the task of 3D face
generation. However, in this work, the 3D face models are generated from the neutral face of any
individual using FaceGen for its simplicity and relative low cos
cost.
The 2D face image is marked (Figure 1) for feature point extraction then processed. The method
is based on a 3D morphable face model that encodes shape and texture in terms of model
parameters. The stages of this process are shown in Figure 2, where th
thee 3D face model as well as
the facemask (texture) are exported.

Figure 1: Marked 2D face image

Figure 2: The process of generating and exporting the 3D face model
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The process of the image takes about 10 – 15 minutes depending on the speed of the system. The
result of the 3D face model is displayed in Figure 3 while the exported materials are shown in
Figure 4.

Figure 3: The 3D face model

Figure 4: Exported items

3.2 The 3D Face Mesh
The generated face models contain simple mesh; in the modelling process of wrinkles, we take
into consideration the flow of the facial muscles, so that the edge loops are in the direction of the
natural flow of the human muscles (as described in Figure 5).
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Figure 5: Facial muscle flow

The 3D face has to be processed further for optimisation; this process involves increasing the
mesh by adding edge loops in order to boost the smoothness of the wrinkles later in the
simulation. This method might cause the program to have a slow loading time due to the addition
addit
of more geometry to the model.
An alternative method to create wrinkles can be implemented by generating a so
so-called
called normal
map [11, 12].. In 3D computer graphics, normal mapping is a technique used for faking the
lighting of bumps and dents. It is used to add details without using more polygons,
We fabricated our own normal map (an example is shown in Figure 6); the depressions make the
surface look deeper, which gives the illusion of wrinkles. In our work, accuracy and realistically
in terms of the wrinkle locations are top priorities; hence, using normal maps will be inadequate.
For this reason, the higher resolution
esolution 3D face polygons will be used in this work despite the
contingency of a slow loading time.

Figure 6: Our generated normal map
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3.3 Texture Mapping
Texture mapping is the method for adding detail or colour to a computer
computer-generated
generated graphics or
3D Models. In this section, the texture that is generated in Figure 4 is considered using a UV
space. The UV mapping is the process of texturing a 2D image on a 3D object. In contrast to X, Y
and Z, which are the coordinates for the original 3D object in the modelling space, another set of
coordinates is required to describe the surface of the mesh, so the letters U and V are used. The
Figure 7 shows an example of our 3D faces that is opened up to be a UV map.

Figure 7: (a) Our 3D face and its UV map; (b) Textured 3D head model

The eyes are textured in the same manner but on a smaller scale.The final texturing result is
presented in the figure 8.

Figure 8: Final texture
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3.3 Wrinkles Construction
The generated binary wrinkle maps are mapped on their corresponding 3D face models; Figure 9
illustrates an example. Wrinkles are then constructed on the 3D models by the projection of the
NURBS curves.

Figure 9: The binary wrinkle map is textured on the 3D face model

Upon the projection of the NURBS curves; the curves are modelled to enhance the look of the 3D
wrinkle maps (Figure 10). This is performed by observing the original images in order to add or
fill gaps that might be present in the binary wrinkle maps due to detection failure.

Figure 10: An enhanced 3D wrinkle map
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3.4 Wrinkles Simulation and Prediction
For the tasks of simulation and prediction, three elements (for any individual) are considered: the
binary wrinkle map, the general development of the wrinkles over the decades and the coloured
wrinkle map.
The binary map acts as a benchmark that displays the full facial wrinkles and their locations.
While the coloured map will work within each age group, i.e. the wrinkles that have the highest
intensity values will appear first and so on. Finally, the findings will be displayed in a form of a
graph to study the behaviour of the wrinkles as age progresses.

4. RESULTS
Some sample results are presented in figure 11 and compared to the simulation results that are
generated by the commercial software FaceGen. Our results are presented on the left hand side
while FaceGen results are presented on the right hand side.
Our method doesn’t only work on the standard head models that are taken from FaceGen, but it
accepts 3D face scans as well. Figures 12 are generated results using a 3D face scan for Person S
and also compared to the generated results from FaceGen:

Figure 12: A comparisons between our proposed system results(on the left hand side) and FaceGen results
(on the right hand side).

5. DISCUSSION AND CONCLUSION
In this work, novel techniques were used in the tasks of facial wrinkles simulation and prediction.
Various parameters were utilised in order to develop this unique facial wrinkle pattern formation
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system, which include the generated wrinkle maps for any given individual along with published
literature on the general development of the facial wrinkles over the years.
The provided system has the privilege of using real-time data that has high potential to boost the
accuracy. Moreover, the system was compared to other available popular technologies and proved
competence.

Figure 12: A comparisons between generated results using a 3D face scan results (on the left hand side) and
FaceGen results (on the right hand side).

In comparison to FaceGen, it was seen from their results that their system could only display
common facial wrinkles; Better results than FaceGen were obtained by using the age-me
software. This software uses 2D images and performs the age predictions using 2D approach. The
generated wrinkles in this software do not match the actual wrinkle maps of the individuals,
which shows that either some assumptions were made in the generation of wrinkles based on data
estimation or wrinkles were randomly produced. Though, both cases jeopardise the accuracy of
wrinkles formation.Furthermore, the developed system has the distinctive advantage of its ability
to accept standard (mean) 3D head models as well as 3D face scans.
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