
 

 

 
Abstract 

 
We describe a framework for face recognition at a 

distance based on sparse-stereo reconstruction. We 
develop a 3D acquisition system that consists of two CCD 
stereo cameras mounted on pan-tilt units with adjustable 
baseline. We first detect the facial region and extract its 
landmark points, which are used to initialize an AAM 
mesh fitting algorithm. The fitted mesh vertices provide 
point correspondences between the left and right images 
of a stereo pair; stereo-based reconstruction is then used 
to infer the 3D information of the mesh vertices. We 
perform experiments regarding the use of different 
features extracted from these vertices for face recognition. 
The cumulative rank curves (CMC), which are generated 
using the proposed framework, confirms the feasibility of 
the proposed work for long distance recognition of human 
faces with respect to the state-of-the-art.  
 

1. Introduction 
Face recognition is a challenging task that has been an 

attractive research area in the past three decades [1]. 
Initially, most efforts were directed towards 2D facial 
recognition which utilizes the projection of the 3D human 
face onto the 2D image plane acquired by digital cameras. 
The recognition problem is then formulated as: given a 
still image, it is required to identify or verify one or more 
persons in the scene using a stored database of face 
images. The main theme of the solutions provided by 
different researchers involves detecting one or more faces 
from the given image, followed by facial feature 
extraction which can be used for recognition. 

Recently, there has been interest in face recognition at-
a-distance. Yao, et al. [2] created a face video database, 
acquired from long distances, high magnifications, and 
both indoor and outdoor under uncontrolled surveillance 
conditions. Medioni, et al. [3] presented an approach to 
identify non-cooperative individuals at a distance by 
inferring 3D shape from a sequence of images. 

In this paper, we propose to use active appearance 
models (AAM) to provide sparse point correspondence.  

Given a stereo pair (left and right images), we first detect 
facial region using the logRGB space, landmark points 
such as eye centers, mouth center and nose tip are then 
extracted to initialize the AAM mesh fitting algorithm. We 
exploit the correspondence between the fitted mesh 
vertices of the left and right images to apply stereo 
reconstruction.  

To achieve our goal and due to the lack of facial stereo 
databases, we built our own passive stereo acquisition 
setup to acquire a stereo database. Our setup consists of a 
stereo pair of high resolution cameras (and telephoto 
lenses) with adjustable baseline. The setup is designed 
such that user can remotely pan, tilt, zoom and focus the 
cameras to converge the center of the cameras field of 
views on the subject’s nose tip. We used our acquisition 
system to capture stereo pairs of 30 subjects at various 
distances (3-, 15- and 33-meter ranges). 

The paper is organized as follows: Section 2 describes 
stereo-based reconstruction, Section 3 discusses AAM 
mesh initialization and fitting, Section 4 talks about the 
features used for recognition, and later sections deal with 
the experimental results, discussions and conclusions.  

2. Stereo-based Reconstruction 
Stereo camera systems are usually calibrated (e.g., with 

a calibration pattern) before 3D reconstruction is 
performed. For this work, we use the known orientation 
between the two cameras to estimate 3D points. The 
theoretical explanation of the cameras relationship is 
illustrated in Fig. 1.  
 

 
 

Figure 1: General stereo pair setup, where OL, OR are the left 
and right camera coordinate systems and Ow is the world 
coordinate system. 
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Since the system parameters (i.e. baseline B (meter), focal 
length f (mm), pan angle Φ (degree), and scale factor of 
the cameras kα (pixel/mm)) are known, the scene point 
(X,Y,Z) can be reconstructed from its projections p and q 
using the geometry shown in Fig. 1, assuming py = qy, as 
follows. First we calculate the values  

௫̂݌  ൌ ඥ݌௫ଶ ൅ ݂ଶ݇ఈଶsinሺԄ ൅ tanିଵሺ ௣ೣ௙௞ഀሻሻ, መ݂ ൌ ඥ݌௫ଶ ൅ ݂ଶ݇ఈଶcosሺԄ ൅ tanିଵሺ ௣ೣ௙௞ഀሻሻ, ݍො௫ ൌ መ݂tanሺԄ ൅ tanିଵሺି௤ೣ௙௞ഀሻሻ. 
 

Then, we compute the reconstructed scene point (X, Y ,Z) 
as follows (starting from Z to X and Y) [4]:  
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3. Active Appearance Model (AAM) Fitting 
Matthews and Baker [5] considered the independence of 

shape and appearance (independent AAMs) in their AAM 
version. The shape ݏ can be expressed as the sum of a base 
shape ݏ଴ and a linear combination of ݊ shape vectors ݏ௜, ݏ ൌ ଴ݏ ൅ ∑ ௜௜ݏ௜݌ , where ݌௜  are the shape parameters. 
Similarly, the appearance ܣሺ࢞ሻ can be expressed as the 
sum of the base appearance ܣ଴ሺ࢞ሻ and a linear 
combination of basis images ܣ௜ሺ࢞ሻ, ܣሺ࢞ሻ ൌ ଴ሺ࢞ሻܣ ൅∑ ௜ሺ࢞ሻ௜ܣ௜ߣ , where the pixels ࢞ lie on the base mesh ݏ଴. 

Fitting the AAM to an input image involves 
minimizing the error image between the input image 
warped to the base mesh and the appearance ܣሺ࢞ሻ ൌܣ଴ሺ࢞ሻ ൅ ∑ ௜ሺ࢞ሻ௜ܣ௜ߣ , that is 

 ෍ ൤ܣ଴ሺ࢞ሻ ൅ ෍ ௜ሺ࢞ሻ௜ܣ௜ߣ െ ;൫ܹሺ࢞ܫ ሻ൯൨ଶ࢞ఢ௦బ݌  

 
For this work, the error image is minimized using the 
project-out version of the inverse compositional image 
alignment (ICIA) algorithm [5].  

AAM Initialization: To facilitate a successful fitting 
process, the AAM mesh is initialized according to 
detected face landmarks (eyes, mouth centers, and nose 
tips). Fig. 2 shows the results of the detection of face 
landmarks. After detecting these face features, the AAM 
base mesh is warped to these points. 

The logRGB space is used to detect candidate face 
regions, and each candidate is scored whether a face or not 
by trying to detect a pair of eyes. The detection of eyes 
involves the concept of eigeneyes [6].  The mouth center 
detection [7] involves transforming the image by a linear 
combination of the red, green, and blue chrominance 
components of the RGB color space. This transformed 
image emphasizes the lips pixels. Estimating the nose tip 
involves finding the centers of mass of two nostril 
candidates. The mean of these centers is considered to be 
the nose tip. The nostril candidates are determined by 
taking into account its low red response in the RGB space, 
and their distance to the mouth and eye centers.  
 

 
 

Figure 2: Detection of face features.  

4. Features for Face Recognition 
For face recognition, we use four approaches for using 

the 3D face vertices derived from AAM and stereo to 
identify probe images against the gallery, namely: (a) 
feature vectors derived from Principal Component 
Analysis (PCA) of 3D vertices, (b) goodness-of-fit 
criterion (Procrustes) after rigidly registering  the 3D 
vertices of a probe with that of a gallery subject, (c) 
feature vectors from PCA of x-y plane projections of the 
3D vertices, and (d) the same procedure as (b) but using 
the x-y plane projections of the 3D vertices of both probe 
and gallery, after frontal pose normalization. The use of 
the x-y plane projections will be explained further in the 
experimental results (Sec. 5). 
 Principal Component Analysis (PCA) [8]: To apply 
PCA for feature classification, the primary step is to solve 
for the matrix P of principal components from a training 
database, using a number of matrix operations. The feature 
vectors Y can then be determined as follows: ܻ ൌ ்ܲܺ, 
where ܺ is a centered input data. The similarity measure 
used for recognition is the L2 norm. 
 Goodness-of-fit criterion (Procrustes): The 
Procrustes distance between two shapes is a least-squares 
type of metric that requires one-to-one correspondence 
between shapes. After some preprocessing steps involving 
the computation of centroids, rescaling each shape to have 
equal size and aligning with respect to translation and 
rotation, the squared Procrustes distance between two 
shapes ࢞ଵ and ࢞ଶ is the sum of squared point distances:  
 ௗܲଶ ൌ ԡ࢞1 െ ࢞2ԡଶ 
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Fig. 7 shows stereo reconstruction results of three 
subjects, visualized with the x-y, x-z, and y-z projections, 
after rigid alignment to one of the subjects. Notice that in 
the x-y projections, the similarity (difference) of 2D 
shapes coming from the same (different) subject is 
enhanced. This is the main reason behind the use of x-y 
projections as features in Sec. 4.  

Figures 8-10 show the cumulative rank curves (CMC) 
curves for the four types of feature vectors mentioned in 
the previous section, using 3-, 15-, and 33-meter probes.  
 
 
 

 
 
Figure 7: Reconstruction results. The 3D points are visualized as 
projections in the x-y, x-z, and y-z planes. Red (circle) and green 
(diamond) markers belong to the same subject, while the blue 
(square) maker is that of a different subject.  
 
 

 
 

Figure 8: Cumulative match characteristic (CMC) curve of the 
3-meter probe set  
 

 
 

Figure 9: Cumulative match characteristic (CMC) curve of the 
15-meter probe set  
 
 

 
 

Figure 10: Cumulative match characteristic (CMC) curve of the 
33-meter probe set.  
 

6. Discussion of Results 
From Figs. 8-10, we can draw three conclusions: (a) 

both 2D Procrustes and 2D PCA outperform both 3D 
Procrustes and 3D PCA, (b) goodness-of-fit criterion 
(Procrustes) slightly outperforms PCA in both 2D and 3D, 
and (c) degradation of recognition at increased distances. 

The conclusion in (a) can be explained with help of Fig. 
11. The diagram shows the top view of a simple stereo 
system. Ol and Or are centers of projection, and pl, pr, ql, qr 
are points on the left and right images. 

Assume that the y-coordinates of the four image points 
are equal (see Sec. 2). pl and pr will reconstruct P, ql and 
qr will reconstruct Q, and so on. Notice that a small 
change in the correspondence affects the xyz 
reconstructions hugely, i.e., their Euclidean distance 
between each other is huge. But when they are projected 
to the x-y plane, their 2D Euclidean distances with each 
other are considerably lesser. This scenario is possibly 
happening with the correspondence of the AAM vertices 
between the left and right image. What essentially 
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happened here is using stereo as pose correction of the 
vertices in Fig. 5. The left and right AAM vertices, by 
themselves, cannot perform recognition due to presence of 
pose but after performing stereo reconstruction and 
orthographic (x-y) projection, the real 2D shape of the face 
is extracted.  
 
 

 
 
Figure 11: Simple stereo illustration. 3D reconstruction is 
sensitive to the correspondence problem but projection to the x-y 
plane minimizes the error.  
 

The conclusion in (b) is related to the primary purpose 
of PCA, which is optimal reconstruction error, in the 
mean-square-error (MSE) sense. It is possible that 
projecting the original shape vector to a low-dimensional 
space removes the classification potential of the vectors. 
There is no dimensional change with rigid alignment using 
Procrustes; similar shapes are expected to have less 
Procrustes distance after rigid alignment and geometric 
information of faces (e.g., distance ratios between face 
parts) are maintained.  

Results are expected to degrade with distance since 
the captured images are at less ideal conditions (although 
recognition using 2D x-y projections remain stable). The 
work in Medioni [3] deals with identification at a distance 
using recovered dense 3D shape from a sequence of 
captured images. The results at the 15- and 33-meter range 
(Figs. 9 and 10) are comparable (and slightly better) than 
their 9-meter results; however, their experimental setting 
may be less controlled than ours. 

Fig. 12-14 shows the CMC curves for the test cases in 
Fig. 3. The points here are the x-y projections of the 
original 3D vertices and the recognition approach involves 
the goodness-of-fit criterion (since they perform best in 
Figs. 8-10).There are two conclusions that can be drawn 
here: (a) with the 3-meter probe set, Case 3 is enough to 
perform perfect recognition and (b) with the 15- and 33-
meter probe, however, Cases 3-5 outperform (or perform 
similarly) the full number of AAM points at rank 1. For 

the 15- and 33-meter probe sets, the points inside the 
mouth contour, as well as the face outline, contribute to 
the error. From a correspondence problem perspective, 
this is expected since the face outline points (as well as the 
inside mouth points) are found in homogenous regions of 
the face and are prone to correspondence artifacts that 
affect depth estimation (see Fig. 11). 

 

 
 

Figure 12: Cumulative match characteristic (CMC) curve of the 
test cases in Fig. 3, using the 3-meter probe set.  
 

 
 

Figure 13: Cumulative match characteristic (CMC) curve of the 
test cases in Fig. 3, using the 15-meter probe set. 

 
The conclusions here are valid, at least, for this 

database. Further work will involve testing these concepts 
on larger databases (e.g., increasing the number of 
subjects in our database).  

7. Conclusions and Future Work 
We have studied the use sparsely-reconstructed points 

from the AAM vertices of a stereo pair, in the context of 
long-distance recognition. Using our database of images 
taken at the 3-, 15-, and 33-meter distances, we have 
illustrated the potential of using these few vertices, as 
opposed to the whole set of points of the human face. 
Results show comparable performance compared to the 
state-of-the-art.  
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Figure 14: Cumulative match characteristic (CMC) curve of the 
test cases in Fig. 3, using the 33-meter probe set. 
 

The next steps in this project are to increase the 
database size and capture images at further distances (with 
the help of state-of-the art equipment). The authors expect 
more challenging recognition scenarios and will 
incorporate additional information and techniques (e.g., 
texture and super-resolution) to improve the recognition 
algorithms. Further studies involving sensitivity analysis 
of the recognition performance with respect to various 
errors introduced to the system (e.g., inaccurate location of 
feature points in both left and right images), will be 
performed in the future.    
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