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Abstract - This work describes a system that re-
places an individual’s facial features with corre-
sponding features of another individual -possibly of
different skin color- and fuses the replaced features
with the original face, such that the resulting face
looks natural. The final face resulting from the fu-
sion of the original face with exogenous features,
lacks the characteristic discontinuities that would
have been expected if only a replacement operation
was performed. The proposed system could be used to
simulate and predict the outcome of aesthetic max-
illofacial plastic surgeries.

To achieve its task, the system uses five modules:
face detection, feature detection, replacement, shift-
ing and blending. While these modules are designed
to address the problem of face fusion, some of the
novel algorithms and techniques introduced in this
work could be useful in other image processing and
fusion applications..

Keywords: Virtual Surgeon, face detection, feature de-
tection, edge detection, blending, shifting, RGB and HSV
(a.k.a. HSL) color models.

1 Introduction

Motivated by reports of increased self-confidence [1],
and driven by shifting cultural values, number of aes-
thetic maxillofacial plastic surgeries have increased
dramatically in the past few decades. More recently,
advances in computer modeling have allowed pre-
surgical observation and simulation of the effects of
such operations, thus reducing the risk of unwanted
results.

Most of these systems focus on overall three dimen-
sional simulation, thus ignoring finer details that nev-
ertheless contribute immensely to the success of plastic
surgeries [2], [3]. For example, prior work [4] showed
that symmetries and proportions of a frontal face play
a fundamental role in our concept of beauty. As a re-
sult, in this work we have tried to focus on fine-tuning
the frontal, two dimensional image that results from
replacement of patients facial features with those of
the model.

In addition to the classical problems of face find-
ing and feature detection, our system addresses and
solves the problem of fusing a face with facial features
belonging to another individual -possible of different
color. This is required in order to achieve a natural
looking result.

The problem of face detection has been extensively
studied in the past and numerous solutions with vary-
ing degrees of success have been proposed -see [5] for
a thorough review of the most successful algorithms.
Recent work illustrates increased interest in algorithms
-such as Neural Networks- that require extensive prior
training. For example, in [6] and [7] very successful
methods of detecting faces were developed, which can
detect faces regardless of pose and orientation. How-
ever, due to our exclusive interest in frontal views of
the face, we have chosen a simpler algorithm that uses
a stored, generic face template, which was first pro-
posed in [8]. Whereas the algorithm in [8] does not
use the color of skin, an alternative solution proposed
in [9], utilizes the color of skin in detecting the face.
In our face detection algorithm we use aspects of both
solutions.

Blending and replacing facial features requires a two
level processing. On one hand, it is required that the
shape of the original shape be changed to that of the
desired object, and on the other hand it is desired that
the color of the replaced feature be same as the origi-
nal feature. The final requirement is crucial if we are
to achieve a seamless transition from the replaced fea-
ture to the underlying face. To solve this problem we
use a probabilistic model which takes advantage of pre-
assumed information regarding the location of the ob-
ject, as well as information about the color of the face.
If a pixel is at the right place to be a feature and has a
color different from that of the skin, then most proba-
bly it belongs to a facial feature, such as the eyes, nose
or lips.

2  Overview
Figure 1 shows the block diagram representation of

the virtual surgeon system. Aside from the two faces,
the user has to input -by clicking- the approximate



coordinate of the tip of the nose belonging to the face
of interest. As will be discussed in subsequent sections,
this additional information will be used to find the face
in an image, as well as giving us an idea of the skin
color for each face.

The first step is to detect faces in the input images.
The face detection module achieves this goal by using
a stored template of a generic face -figure 3(a). Once
the face is detected, the feature detection module finds
three rectangular regions containing the left eye, the
right eye and the lips. This information is then fed into
the replacement module which replaces the eyes and
lips of the original face with those of the model face.
Together, the shifting and blending modules achieve
smooth blending of the replaced features in the original
face, such that the result will look natural. Figure 2
shows the outcome of these operations performed on
two sample faces.
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Figure 1: Block diagram representation of the system.
Aside from the two faces, the user has to input -by
clicking- the approximate coordinate of the tip of the
nose belonging to the face of interest. B is the face re-
sulting from replacement of the original features of the
face with the corresponding features of the model face.
M and O are two pictures containing the faces of in-
terest and (M,, M,) and (O, O,) are the coordinates
of the tip of the nose in the two faces.
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Figure 2: The eyes and lips of the top left image is re-
placed with those of the top right image. The resulting
picture is smoothed for the most natural look.

In the subsequent sections, we will discuss each of
the system modules in detail.

a)

Figure 3: (a)Face template and (b)an image before and
after the transformation of equation 1

3 Face Detection

Our face detection algorithm requires the user to input
-by clicking- the approximate coordinate of the tip of
the nose belonging to the face of interest. The program
will then superimpose on the picture a scaled version of
a generic face template -shown in figure 3(a). The tem-
plate is enlarged in small intervals until it falls outside
of the face boundary.

The first step is to transform the image according
to the following formula:

F: ManX3 TanXl

(1)

such that,
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Where M (i, j, k) is the Red, Green or Blue -for k=1, 2
and 3, respectively- value of a pixel in the i*" row and
4t column of the original face. And T is the resulting
image and my,m2 and T3 are the mean RGB values
for a box of size 10 pixel x 10 pixel centered around
the tip of the nose.

In the resulting image, T, those pixels with colors
different from the skin will appear lighter, whereas
those whose color resemble that of the skin appear
darker. Figures 3(b) and 3(c) show an image, before
and after the transformation.

As the stepwise enlargement of the generic face tem-
plate superimposed on the transformed image, T, con-
tinues, the sum of the intensities of pixels in T that lie
on the boundary of the face template is calculated. Let
us call this value I, where I is a function of the scaling
factor used to enlarge the face template.

Storing the values of I, normalized by the size of the
template, enables us to detect the boundaries of the
face. As long as the template is small enough to lie
within the outline of the face, I values remain small,
but as soon as the right scaling factor is reached, for
which the template lies completely outside the face, I
values increase substantially. This sudden increase in
values of I, the location of which can be found math-
ematically by finding where the first derivative of the
graph of I vs. scale factor is maximum, could be used
to find the location of the face. Since the location of fa-
cial features -such as eyes and lips- for all human faces
obey certain rules [11], once we have found the general
boundary of the face we can envisage an eye box and a
lip box containing these features. Figure 4 summarizes
these steps.



4 Feature Detection

As discussed in the previous section, using the face
finding algorithm and utilizing the homology among
human faces, it is possible to find rectangular regions
-such as the ones shown in figure 4- that contain the
eyes and lips. However, keeping in mind our ultimate
goal of smooth blending of features belonging to two
distinct faces, regions of the size shown in figure 4 are
too large. We have to pinpoint the exact position of the
eyes and the lips with more accuracy. This is achieved
using the feature detection algorithm discussed in this
section.

Figure 4: Once we have found the general location
of the face, utilizing the homology among all human
faces, it is possible to construct rectangular regions
containing the eyes and lips.

Let us consider the eyes first; from the previous step,
we have an eye box of size L, x L, which contains both
eyes -figure 5(a). Let us agree that two smaller boxes
of size I, x l,, centered around the pupil of each eye
capture the salient features of an eye, without includ-
ing unnecessary regions. Our task then, is to find two
boxes of size I, x I, within the original eye box, E.

Figure 5(b) is obtained by performing the Prewitt
edge detection algorithm [12] on E. Notice that as we
approach the eyes more edges become visible. These
edges include the outline of the eyes themselves, the
eyelids and the eyebrows.
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Figure 5: The result of performing the Prewitt edge
detection algorithm on the eye box.

Next, for each column along the length of E, we sum

the edges in that column:

0= Bulins) ®)

where 1 < i < L,, and E; is the image representing
the edges in the eye box of size L, x L,. Figure 5(c)
shows the result of this operation. Notice that peaks
are observed around the location of the eyes reflecting
our previous observation that the majority of edges oc-
cur around the eyes. The idea of using projecting edges
in horizontal and vertical axis as an indication of infor-
mation content was first introduced in [10]; however,
whereas they used this technique to detect the loca-
tion of faces, we have applied it to pinpoint the exact
location of the eye.

Finding two intervals of equal length, [, -one on
each side of the face- for which H is maximized yield
the horizontal edges of the desired boxes.

K+l
k = arg max > H(i) (4)

1=K

where k < i < k + [, is the horizontal edge of the left
eye box or the right eye box, depending on whether
the equation 4 was performed on the left or right side
of the face.

Performing the exact same algorithm in the vertical
direction, but this time summing the edges in each row
instead of each column, yields the vertical edges of the
eye boxes. Figure 6 shows these steps.

Figure 6: Feature detection algorithm: The edges in
the face box are projected in the horizontal and ver-
tical directions, as in equation 3. The horizontal and
vertical interval for which the projected areas are max-
imum form the horizontal and vertical edges of the eye
box, respectively.

Since the original eye box, E, could contain regions
outside of the face, some spikes may be observed on
either ends of the graph of H, corresponding to regions
outside of the face. This could cause some problems
for our feature detection algorithm. Multiplying H by
a double gaussian with means around the expected lo-
cation of the eyes and standard deviations of [, will
eliminate this problem.

Using the same algorithm, we can detect the exact
location of the lips.



5 Replacement

Once we have found the two eye boxes containing the
left and right eyes and a lip box containing the lips,
we can proceed with the ultimate goal of replacing the
current features of the original face with the desired
features of the model face. The first step is to resize
the eye and the lip boxes belonging to the model face
such that they fit their appropriate places in the origi-
nal face, and then superimposing them on the original
face. Figure 7 shows the result of this operation. It is
evident that this simple replacement will not result in
a natural looking face, due to the possible mismatch in
the skin colors. The subsequent sections address the
problem of “blending” the replaced features such that
the resulting face will look natural.

Figure 7: (a) and (b) are the model face and the orig-
inal face, respectively. Simple replacement of features
will not result in a natural-looking result, as seen in

(c).

5.1 Blending

In this section we will focus on the eyes. However,
everything that we state could also be applied to the
lips.

We define P(z;,x;) to be the probability that pixel
(x;,x;) constitutes the eye in the original face. Simi-
larly, P(z},2’) is the probability that pixel (x7, ) is
part of the desired eye. For the moment, let us as-
sume that we know the probability distribution func-
tions (pdf) P(z;, ;) and P(xj, ;). Consider the new
eye box, N, constructed from the original eye box, O,
and the desired eye box, D, using the following formula:

N(i,j,k) = Plag,5)D(ij, k) ()
+ (1= P}, 25))(1 = Pxi,2;))0(i, §, k)
= (1= P(aj,25))P(2, 2;) My,

for k =1,2,3; where N, D and O are of equal size,
and M, My and M3z are the mean RGB values for the
skin color of the original face.

We argue that equation 5 gives us a way of replacing
the original eye with the desired eye, while maintaining
a smooth and natural looking face. To see this, let us
consider a pixel in the i** row and j** column of the
newly constructed eye box, N. the corresponding pixel
in D, D(i,j), is either a part of the desired eye, or it is
not. If it is, N(i,j) must equal D(i,j). This is achieved
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Figure 8: The result of replacing the left eye in the
original face with the left eye of the model face. To-
gether, the shifting and blending modules achieve a
smooth, natural-looking result.

in equation 5, since in this case P(xz;,x;) is close to
one, making the result to be dominated by the first
term.

On the other hand, if D(i,j) is not part of the desired
eye, we have two cases: either O(i,j) is part of the
original eye or it is not. If O(i,j) is not part of the
original eye, N(i,j) must equal O(i,j); effectively this
ensures that the skin color and texture of the original
face is preserved, which would achieve a smooth and
natural blending. On the other hand, in the second
case where neither O(i,j) nor D(i,j) are eye pixels, we
need to N(i,j) with the “skin” of the original face. Close
examination of equation 5 reveals that in all of the
possible cases, the correct result is obtained.

Thus, our task is to obtain the probability distrib-
ution functions (pdf) P(x;,z;) and P(x}, 7). Define
P(z;) to be the probability that the pixels in the i
row of the original eye box, O, are eye pixels. Similarly,
let P(x;) to be the probability that the pixels in the
jt" column of the original eye box, O, are eye pixels.
P(x}) and P(z%) are the corresponding pdf’s for the

desired eye box, D. We can write P(z;, x;) in terms of
P(z;) and P(xz;) as follows:

P(zi,z5) = Plai[ ;) (6)
= P(z;)P(z;) (7)

Where we have assumed independence of random vari-

ables x; and z;. Similarly, for P(x,2;) we can write:

P(a},af) = Plaj()a)) (8)
P(x;) P(x5) 9)

z J

In section 4 we devised a method for calculating the
pdf’s P(z;), P(x;), P(x}), and P(z}). For example,
we can calculate P(z;) by summing the edges in the
jt" column of the original face’s eye box.

The pdf’s derived from equations 6 and 8, and the
sum of edges in rows and columns as P(x;), P(z;),
P(z}), and P(z}), suffer from one major shortcoming:
They consist of discontinuous sharp peaks, and deep
valleys between the peaks rather than continues func-
tions of position, which is what we would ideally need



if we are to obtain smooth fusion of faces. We have ad-
dressed this problem by convolving the pdf’s of equa-
tions 6 and 8 by the sinc function. Note that we have
not investigated the possibility of using other functions
for this smoothing task. Potentially, any other differ-
entiable, slowly changing function, such as a gaussian,
could be used. Figure 9 shows the result of this oper-
ation.

Figure 9: The top left figure shows P(z;,z;) calcu-
lated using equation 6. Convolving this with the sinc
function -bottom left figure- leads to a continuous pdf.

Up until this point, we have not mentioned anything
about the relative position of the eyes in the original
eye box, O, and the desired eye box, D. For instance, it
is possible for the eye to be located in the upper right
corner of O and the desired eye to be in the lower left
corner of D. In this case, equation 5 will construct a
new eye box, N, in which the upper right corner is cov-
ered by the “skin” of the original face, and the lower
left corner is occupied by the desired eye. It can be
predicted that in this case, the constructed eye box,
N, will not look as natural as desired. This is because
the average skin color M, in equation 5 is an average
for the entire face, which might not be a good repre-
sentative of the skin color in the region of interest, i.e.
around the eyes. This problem is resolved if we shift
the desired eye box, D, such that the desired eye in D
is located at around the same relative position that the
original eye is located in O. If such shifting is performed
prior to using equation 5, the discussed problem is ef-
fectively eliminated, since there are a few pixels that
need to be covered by “skin”. This is achieved using
the shifting module in figure 1.

6 Shifting

We have used the location of the center of mass of
P(x;,x;) and P(x},2}) to determine where the eyes
are located within the original eye box and the desired
eye box, respectively. The x and y coordinates of the
center of mass ,C'M,, and CM,, for a given pdf P(z;, x;)
could be found using the following formulae:

CM, = iP(wi,xj) (10)
j=1
CMy = ip(i'z,%j) (11)
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(a) i and ii are the eye boxes for the faces shown center of
mass in each figure. In iii, i and ii are superimposed to find
the translation vector under which the eyes will have the
same location.

(b) i and ii are the eye boxes for the faces shown on the left
and right, respectively, after the eye box in figure 10(a) i
was shifted.

Figure 10: Shifting the eye box, so that the eyes are in
the same general location.

In figure 10(a) i and ii show the center mass of the
original eye box and the desired eye box. In iii we
have superimposed the two images and indicated the
translation under which the eye in the desired eye box
will be transferred to a location same as the location of
the eye in the original eye box. Alternatively, instead
of moving the eye using this translation vector, we can
move the eye box using the inverse of the translation.

Figure 10(b) shows the resulting situation if the eye
box is translated as discussed above; both the desired
eye and the original eye will be located at approxi-
mately the same relative position within their corre-
sponding eye boxes.

The same shifting operation is performed on the lip
boxes. The face resulting from the replacement of fea-
tures of the face in figure 7(b) with the corresponding
features of the face in figure 7(a), followed by shifting
and blending, is shown in 11. Comparing this pic-
ture with the one shown in 7(c), shows the importance
of the shifting and blending modules in obtaining a
smooth and natural-looking result.

7 Conclusion

In this work we described details of a system that
achieves fusion of a face with facial features belonging
to another individual -possibly of different skin color.
The resulting face looks natural, without discontinu-
ities in color or texture. This system could be used as
a tool to predict the outcome of aesthetic maxillofacial



Figure 11: The face resulting from the replacement of
features of a) the original face with the corresponding
features of b) the model face, followed by shifting and
blending. Comparison with figure 7(c) shows the im-
provement gained as a result of performing the shifting
and blending algorithms described above.

surgeries.

Our algorithm uses five modules: face detection, fea-
ture detection, replacement, shifting and blending. To
detect faces, we combine aspects of two well-known
face detection algorithms by utilizing the color infor-
mation as well as using a generic face template. In
the facial feature module we have used vertical and
horizontal projection of edges in a face to find the ex-
act location of features -such as eyes and lips. This
information was also used to construct probability dis-
tribution functions, used to fuse the replaced features
within the original face.

While this work targets the problem of facial feature
fusion, some of the techniques outlined here could be
used in other areas of image processing and fusion.
However, there are certain limitations in our system,
which need to be addressed.
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