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Abstract. In this paper, an algorithm for extracting three-dimension shape of 
human face from two 2D images using grid light is presented. The grid pattern 
is illuminated by incandescence light instead of laser in order to protect human 
eyes or skin and reduce cost. An uncoded grid pattern is projected on human 
face to solve the problem of correspondence between a pair of stereo images. 
Two images acquired at same time are smoothed to diminish noise at first. Then 
grid stripes from these images are extracted and thinned by a marked watershed 
algorithm. A new method based on graph connectivity to locate and label grid 
intersections from these images is also presented. According to labeling 
principles, a set of matched points is build.  The set of matched points are 
further used to calculate three-dimension-depth information of human face. 
Experiment results show the feasibility of the proposed method. 

1   Introduction 

Face modeling is an important problem in many multimedia applications, such as 
teleconferencing, virtual reality, animation and face recognition. There are several 
major approaches for face modeling. 

For instance, DeCarlo et al.[1] used the anthropometric methods to build a facial 
model; At first, a manually-constructed B-spline surfaces is constructed, and then 
surface fitting and constraint optimization is applied to the surface.  

In [2], facial model is directly acquired from 3D laser scanners or structured light 
range sensors. Water’s face model is a well-known model by this kind of equipments. 
In many face modeling methods, the facial model is regarded as a generic model. 
Kawai et al.[3] presented a method of range data integration based on region 
segmentation and extraction of feature parameters. 

Also facial model is reconstructed by digital equipment, such as low-cost and 
passive input devices (video cameras or digital camera). For instance, Chen and 
Medioni [4] built facial model from a pair of stereo images. However, currently it is 
still difficult to extract sufficient information about the facial geometry only from 2D 
images. This is the reason why Guenter et al. [5] to utilize a large number of fiducial 
points to acquire 3D facial geometry. 

Though we can acquire 3D information from expensive 3D laser scanners or 
structured light range sensors, it still takes too much time to scan and detected person 
must remain stable during the scanning. In order to overcome these problems, 
recently, some researchers try to incorporate some prior knowledge of facial geometry 
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or to make use of a generic facial model. For instance, Ansari, A.-N. et al. [6] 
deformed a 3D generic model from two orthogonal views (frontal and profile views) 
to acquire facial model. Zhang [7] deformed a generic mesh model to an individual’s 
face.  

In case a generic facial model can’t be provided, some methods integrating 
structure light and computer vision is applied to human face modeling, such as 
Andrew Naftel et al. [8] and Philippe Lavoie et al. [9]. 

Philippe Lavoie et al. [9] proposed a new method for reconstructing 3D facial 
model from the left and right two-dimensional (2-D) images of an object using a grid 
of pseudorandom encoded structured light. The proposed method provided three 
distinctive advantages over a conventional stereo system:1) without new textures;2) 
less computational intensive;3) solving correspondence problem easily. We draw 
many inspirations from Philippe Lavoie’s method. 

Based on an uncoded grid light, our method allows for the introduction of a new 
procedure for the grid extraction and grid intersection location. The procedure can 
determine a set of points on the object surfaces on the left and right images with 
satisfied precision. 

In the following, we will describe the main algorithms of this procedure. Section 2 
deals with the design and extraction of the projected grid pattern. Section 3 is a 
description of the extraction process of grid information. 3D reconstruction of 
corresponding points from the right and left image is described in Section 4, and 
experimental results from different angles show the feasibility of our method. 
Eventually, in Section 5, a conclusion section reviews the main steps and the unique 
features of this system. 

2   Uncoded Grid Light 

In our method, using a projected grid pattern can capture the whole view of the face, 
instead of a line or a dot pattern in laser systems that require scanning to ensure 
covering the whole pattern. Then, a simple scheme is developed which fixes grid 
stripes along a pair of cross axes. The cross axes is easily distinguished from other 
stripes in the grid pattern. The uncoded grid light is shown in Fig. 1.  

 

 

Fig. 1. Uncoded grid light 
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The process of extracting interest points is implemented in two steps: extracting the 
grid and extracting the intersections. 

The extraction of grid stripe from the original image is also fulfilled in two steps: 
smoothing and extracting. The smoothing process consists of applying 2D Gaussian 
filter with standard deviation of σ = 6.5 (and kernel size 3×3). The filtering is used to 
eliminate noise signal in original image. 

2.1   Watershed Algorithm  

For most classical 3-Dmodeling methods [9-12,24-28], the projected grid stripes is 
illuminated by laser because laser is by far the most perfect light source for 3D 
modeling. The grid stripes can be easily extracted according to brightness, texture or 
color. The extracted stripes will be thinned by shrinking each stripe to its skeleton 
in[10,11] or thinning on binary images[12,13,27,28]. In [14], the process is also 
performed by a least square method approximation of the center points of the lines. 
Moreover, in [24-26], extracting line edge and line fitting is used to deal with the 
problem. 

But the quality of our grid stripes is worse than classical structure light system 
because the grid light is illuminated by incandescence instead of laser in our system. 
The classical methods of extracting and thinning can’t meet our requirements. In [9], 
Philippe Lavoie et al. applied directly the watershed algorithm to extracting and 
thinning grid stripe because grid stripe has illuminated by laser in this case. 

Considering these conditions, our grid extraction process starts with the application 
of a watershed algorithm [15-17]. The watershed algorithm is applied on the gradient 
magnitude image. A fast immersion based on the algorithm developed by Vincent and 
Soille[15] is employed. All pixels in the gradient image are sorted by increasing gray-
level values. Once the image is completely flooded, the watershed lines will be 
obtained. The lines from the watershed algorithm have exactly one pixel wide. Thus, 
the thinning process is also performed at the same time. 

The watershed algorithm can find contiguous edges in an image accurately but 
suffers from the over-segmentation problem. Consequently, we may obtain many 
extra details that don’t need when grid stripe is segmented, as shown in Fig 2(a). The 
original image is shown in Fig. 1. There are many methods to deal with over-
segmentation, such as prior information [18], classifier [19] and marker [20-22] and 
so on. But in this paper, selected markers are employed to overcome the problem. 

2.2   Marker Watershed Algorithm 

The marker-based watershed algorithm is a very efficient means for image 
segmentation and has been used in recent years. In this algorithm flooding starts 
directly from the marker instead of minima basins. There are some methods to choose 
right marker. For instance, in [20], S.Beucher et al. applied the marker-controlled 
watershed to road segmentation and obstacle recognition. These markers have been 
introduced by hand. Meyer's watershed algorithm [21] floods from two markers so 
that the final watershed line is located at the highest-crest line only.  The result is a 
more meaningful or a more visually sensible segmentation.  Hai Gao et al.[22] 
extracted marker based on luminance and color information. 
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Considering these methods and aiming at our images, a marked watershed 
algorithm is applied in this paper.  As shown in Fig.1, the gray intensity of grid stripes 
is larger than other parts of original images.  In order to remove those unuseful 
details, we flood directly from edge of grid stripe instead of the original image. The 
marker image can be expressed as followed: 

( , ) , ( ( , ) )

( , ) ,otherwise

I x y M if I x y Threshold

I x y M

∈ <⎧
⎨ ∉⎩

 (5) 

Where I(x,y) is gray-level intensity of the original image, and x, y is pixel 
coordinate; M is the set of markers; Threshold is gray-level threshold of pixels in 
original images. In order to save time and remove unuseful details, the threshold 
should be selected to approximate the minimum intensity of grid stripes in original 
image. It can be acquired by Ostu’s method [23]. 

Beginning from the marker image flooding is performed. The right watershed lines 
will be obtained. The original image is shown in Fig. 1. The extracted grid is shown in 
Fig. 2 (b) when selected markers are applied. 

 

                (a)                                                           (b) 

Fig. 2. Extracted grid 

3   Extracting Grid Information 

More grid information, such as the precise location of these intersection points, their 
connectivity and their label, are needed after the grid has been exacted by the marker 
watershed algorithm. To obtain all information, some steps are required. 

3.1   Intersection Detection and Location 

For most classical methods of grid location [9-14,24-28], in general, suitable 
projector’s angle is selected in order to deal with the problem when we have to extract 
intersections, such as [25,26]. In some cases, a conditional set that includes all cases 
on the extracted grid is proposed. Only those intersections that satisfied one case can  
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be regarded as candidates. In those cases, a template whose size is 3 by 3[9,12-14] or 
7 by 7[10] is applied. Pixels with special location can be regarded as candidates in the 
template. 

We have presented a new algorithm based on graph connectivity. Define candidate 
Pt be those pixels lying on the extracted grid stripes (Fig.3).  Based on a set of 
conditions on the set of nonzero pixels in a 3 by 3 square neighborhood centered 
about the candidate points, these intersections are detected. We call these nonzero 
pixels the border point Po, as shown in Fig.3. 

Firstly, our algorithm requires that the set X of candidates consists of three or four 
connected border points Po in the square neighborhood, shown in Fig.3(a) and (b).  

If two intersection points Pt are connected, they are treated as one class. Then the 

average coordinates Pt of these intersections Pti( i=1…n, where n is the number of 
intersections from the same class) and the Euclidean distances between the average 

point Pt and all intersections Pti ( i=1…n) of a class are calculated. The intersection 
Ptj with minimum Euclidean distance in the class Pti ( i=1…n) will be regarded as the 
candidate Pt. 

For flat areas, there is one intersection for each node of grid stripes. But for curved 
areas, there may be more than one intersection from the same node (shown in 
Fig.3(c)). Secondly, we will calculate P3((x1+x2)/2,(y1+y2)/2)) if two intersections 
P1(x1,y1), P2(x2,y2)from the same node are so close to each other that the distance 
between them is no more than 5 pixels, then will replace these intersections by new 
candidate P3. 

 
      (a)                                    (b)                                  (c) 

Fig. 3 

3.2   Intersection Labeling 

A key step in the 3-D reconstruction using grid light is to label these intersections in 
each 2D image (the stereo correspondence problem). For classical methods [9-14,24-
28], coded grid pattern is used to deal with 3-D reconstruction problem according to 
pattern [9-12,24,28] or color [13,14,24-27]. This leads higher cost. We solve the 
problem by labeling all grid intersections before matching the left and right images. In 
[9], a labeling methods based on line can be found out. Labeling methods based on 
point is applied in [10]. We present a labeling method integrating line and point 
labeling by three steps: 
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1) Locating the cross axes; 
2) Finding out all grid intersections on the cross axes, and then labeling these 

grid intersections; 
3) Labeling all grid intersections based on labeled grid intersections. 

The first step is to locate the cross axes in the original image. We can locate very 
easily the cross axes because its gray intensity and stripe width is more than that of 
other stripes. The erosion and dilation are employed in our method. 

The second step is to find out intersections Pt on the cross axes. By comparing the 
sets X of all grid intersections with the locations of cross axes, we can find out that the 
set Xc of all grid intersections on the cross axes. The intersection of center Pt on the 
cross axes will be regarded as the principle point in the set Xc, and other intersections 
on the cross axes will be labeled referenced on the principle point Pc.  

The final step is to label all grid intersections based on these labels of labeled grid 
set Xc on the cross axes. Since we have labeled the grid intersections on the cross 
axes, labeling set of grid intersections X can be obtained by using the method in [9]. 

4   Calculating 3D Information  

In most classical structure light system, 3-D information is acquired as a result of a 
triangulation procedure. In order to avoid the risk of occlusion, binocular vision is 
applied to acquire 3D information of the object in our system. 

Original left image and right image are acquired from two digital cameras. The 
resolution of cameras is 1024×768 in our system. The two cameras’ intrinsic 
parameters and the relative position between the two cameras can be acquired by 
calibration. The results from binocular vision will be used to show the feasibility of 
our system. Original right and left image are shown in Fig. 4. 

 
       (a) left image                                               (b) right image 

Fig. 4. Original images 

3D face information is calculated by binocular vision. When two images of human 
face are taken, a 3D information map can be easily obtained. The disparity of a point 
gives a scaled version of its 3D information. The result from authors’ system is shown 
in Fig.5. 
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                                                                    (a)                               (b) 

        Fig. 5. The final 3D reconstruction results 

5   Conclusion 

In this paper, an algorithm to recover 3-D information of human face from two 2-D 
images of the same object is suggested by using incandescence light system 
consisting of a projector and two digital cameras. The grid pattern in our system 
facilitates the matching of the similar points situated on the two 2-D images. The 
resulted matched points help to determine the depth map. 
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