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ABSTRACT 
In this paper, we present a novel face replacement system 
exchanging faces with large-pose differences. Traditional 2D 
image based face replacement can only replace faces with similar 
pose and appearance. This significantly limits the application of 
face replacement. In this paper, we propose to build a 3D head 
model from a single frontal face photo. The automatically 
constructed 3D head can be rendered under arbitrary poses and 
illuminations. This makes it possible to do swapping for faces 
with large pose variations. In the demo, the user captures a frontal 
face image using a capture device such as a webcam or a 
smartphone, and then the algorithm can automatically build the 
3D model using feature detection, face alignment and 
reconstruction. This 3D model is used to swap to any other target 
face photo the user selects. While our system is automatic, we 
also provide interactive tools for the user to adjust the feature 
detection to enhance the results. 

Categories and Subject Descriptors 
I.3.7 [Computer Graphics]: Three-Dimensional Graphics and 
Realism -Virtual reality; I.4.9 [Image Processing and Computer 
Vision]: Applications 

General Terms 
Design, Experimentation, Human Factors 

Keywords 
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Multi-resolution Spline 

1. INTRODUCTION 
The face replacement, called face swapping as well, exchanges 
certain face of the target image with the input face image. It can 
be used in many applications, such as personal entertainment, face 
de-identification, replacement the substitute's face with that of 
actor, et al.. There are some websites for the parents to make their 
children personal storybooks by providing the children’s photos. 
Some artists will replace the face of the character from the chosen 
story with that of the child.  

These years many attentions have been given to the 2D face 
replacement techniques. These methods swap faces through image 
editing algorithms such as image warping. Some examples 
include [1] which swaps faces with most similar faces from an 
image database and unsupervised face alignment by robust 

nonrigid mapping [5]. These methods are based on mostly 2D 
image blending, the requirement is the source face and target face 
should be in similar pose. These restrictions limit the applications.  

In this paper, we propose a system for face replacement using a 
3D model based approach. A 3D head model is built by a single 
frontal face photo uploaded by the user. The 3D head can be 
rendered into virtual faces with any required pose. Thus, the pose 
restriction of the traditional face replacement can be eliminated. 
The previous exchanging face method based on 3D face model [5] 
generates the face model with 3D Morphable Model, which 
estimates shape, texture, pose and illumination condition 
simultaneously. The process is liable to trap into local minimum 
and quite time-consuming, which on the average takes 4.5 mins 
on a 2GHz Pentium 4 processor. Compared with [5], the 3D face 
reconstruction here is done by deforming a generic head model, 
which is quite fast. The reconstruction process on the average 
takes 1.8 seconds on 3.2GHz Intel Core i5 processor. After the 
virtual source face image with the target face pose is rendered, the 
2D face replacement methods can be used for the replacement. 

2. THE PROPOSED APPROACH 
To exchange faces with large-pose variations, 3D face model is 
introduced. In our system, only one single frontal view image is 
required. The 3D reconstruction is done by deforming a textured 
generic 3D head model. The input frontal view image goes 
through face detection, face alignment, and face feature points 
matching with the 3D generic head model. The deformation tries 
to locate the 3D feature points with the same distribution as that 
of the input image. Then other non-feature vertices are refined by 
an interpolation method based on the feature points’ 
displacements and their original distributions on the 3D generic 
head model. Radial basis function is used for the interpolation. 
After the shape reconstruction, the reconstructed head model is 
projected on the input image to extract the face region texture. 
Then this face texture will replace that of the generic texture. The 
color transfer [2] and multi-resolution spline technique [4] are 
adopted to ensure a seamless and satisfied image blending. 
Mapping the texture on the shape model constructs the final 
realistic head model. Details of the reconstruction are in [6].  

As the first step of the system, pose estimation is applied for the 
target face. After that, the 3D head model with the estimated pose 
is rendered, named virtual source face image. At the same time, 
the mask of the whole head region on the image is generated as 
well. Three easily detected points: two eye center points and one 
mouth center point are selected as the fiducial points used as 
anchor points for the swapping. These three points on the 
generated virtual source face image can be obtained automatically 
by 3D head projection. These three pairs of points are used to map 
the virtual source face image and the target image into a common 
coordinate system. Here the virtual source face image is 
transformed into the target image coordinate by rigid 
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transformation fitted from the three point correspondences. The 
source mask will be transformed in the same way as well. The 
mask of the target face needs to be labeled offline, but this 
process only needs to be done once for all the source images. 
Then the intersection of these two masks is selected as the region 
for swapping. Before the face replacement, the virtual source face 
image is color-adjusted with color transfer [2] to reduce the color 
and illumination differences between the inputs. To make the face 
replacement seamless, the multi-resolution spline technique [4] is 
adopted. More details are given in [6]. The flowchart of our 
proposed system is shown in Figure 1. 

 

 

3. SYSTEM DEMONSTRATION 
Figure 2 shows the user interface of the proposed system. In part 
A, our user can either upload one frontal view image or capture 
one from a capture system such as a webcam or a smartphone, 
and then automatic face alignment is applied to locate the feature 
points. A user assistance face alignment refinement modul allows 
the user adjust these points. The face alignment and face feature 
point matching results are shown in part D. The reconstructed 3D 
head model is shown in part B. Then the user will choose one 
target image, shown in part C, and pose estimation of the target 
face is applied. The 3D head is transformed to the estimated pose 
by user assistance. By clicking the virtual image generating 
button, the virtual source face image, the related mask and the 
fiducial points file are generated simultaneously. Then the face 
replacement is done automatically. The result is shown in part E. 

 

 
Since the ground truth shape of the input face is not available, 
only subjective evaluation results can be given. We compared our 
results with a commercial software by reconstructing ten different 

subjects based on his/her frontal face image. Ten testers are asked 
to select the favorite 3D head generated by either our method or 
the software. The statistic of the user rating is given in Figure 3 
(left). For 80% cases, our system performs better than or equal to 
the software. Ten face swapping results are evaluated subjectively 
by asking fourteen testers to score them with 5, 4, 3, 2, 1. 5 points 
stands for the wonderful performance, and 1 point stands for the 
poor performance.  The average score for every result is shown in 
Fig. 3 (right). The total average score for all the results is 3.8 
points, which shows our system is quite impressive. 

         
Figure 3. The subjective user evaluations for the 3D face 
reconstruction and the proposed face swapping system. 

4. CONCLUSIONS 
In this demo, we present a face replacement system using one 
single frontal image generated 3D head model to exchange input 
faces with large-pose differences. By detecting face features of 
the source face, a generic model is deformed to reconstruct the 3D 
head model of the subject. With the aid of the 3D head model, the 
target faces with large-pose variations from the source image can 
be exchanged as well. It cannot be realized by the traditional 2D 
based face replacement. The adoption of the 3D head model 
eliminates the pose similarity restriction, which extends the face 
replacement applications. 
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Figure 2. The user interface of our proposed system.

Figure 1. The framework of our proposed system. 
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