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Abstract. We propose a hierarchical scheme of tracking facial regions in video 
sequences. The hierarchy uses the face structure, facial regions and their 
components, such as eyes and mouth, to achieve improved robustness against 
structural deformations and the temporal loss of image components due to, e.g., 
self-occlusion. The temporal deformation of facial eye regions is mapped to es-
timate the head orientation around the yaw axis. The performance of the 
algorithm is demonstrated for free head motions. 

1   Introduction 

Approaches to face image analysis can be roughly subdivided into tasks for recognition 
of identity and the interpretation of changeable aspects. In the latter, several computa-
tional approaches have been suggested for the detection of head position and orientation 
([5][7]), eye gaze [8] and facial expression ([2][3]). However, most investigations con-
sider static images as input or if they process temporal sequences the analysis is often 
based on individual snapshots. We propose to extract motion information from se-
quences to track faces. The estimated deformations of facial structures during motion 
are then used to measure the head orientation of the observed human face. 

2   Multi-level Face Tracking and Head Pose Estimation 

Our approach takes video sequences as input to continuously track a human face and 
its facial regions. We employ a region-based registration algorithm for correspon-
dence finding and subsequent estimation of head orientations from image sequences. 

2.1   Region-Based Facial Motion Tracking 

The key problem to motion computation is to find corresponding matches in subse-
quent image frames. Utilizing small regions or localized features for correspondence 
finding renders algorithms insensitive against distortions, but makes them sensitive to 
noise and leaving ambiguities due to multiple possible interpretations. Using large 
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regions, on the other hand, leads to more robust detection and unambiguous interpre-
tation, but often suffers from distortions due to the varying appearances of object 
shapes through rotations, e.g., leading to perspective foreshortening. 

To track faces over time, we assume an approximately flat facial region such that 
deformations in frame-to-frame image registration can be accounted for by an affine 
warping transformation, ( )pxwarp

rr
; , with ( )Tpppp 621 ,...,,=r  ([4]). The frame-to-

frame image registration is computed using a quadratic grey level error measure using 
the inverse compositional image alignment method ([1]) 

( ) ( )( ) ( )[ ]∑ ∈∆∆ −∆=∆
Nxpp xIpxwarpIpE rrr

rrrr 2
21 ;minmin  (1) 

as a computationally more efficient alternative to the Lucas-Kanade tracker ([6]). 

2.2   Facial Component Matching in Temporal Sequences 

Region-based matching of surface regions over longer temporal sequences renders the 
problem of deterioration of match quality due to changes in surface appearance. As a 
consequence, the matching must be supplied with a proper consistency measure for 
the error measure E. We investigated several methods for frame-wise segment track-
ing. Among others, we utilized frame-to-frame matching, Mf-f, in which a previously 
selected region (rendered by a circumscribing polygon) is warped into the next frame. 
Alternatively, a model-matching approach, Mm, was employed in which the current 
image frame It is compared against a constant model Imodel (often the first image in the 
sequence). The former approach has deficits due to instabilities by accumulating 
propagated errors, while the model matching approach suffers from long-term deterio-
ration of the reference from current image frames when time proceeds. To utilize the 
best features, both approaches were combined into Mf-f→m. 

 

Fig. 1. Hierarchical multi-level feature tracking scheme. The polygons need to be initialized 
once in the first image frame using a set of control points. Three levels are employed that ana-
lyze central face area, Lface, facial sub-regions, Lreg, and facial components, Lcomp. 

In order to take advantage of more global as well as localized information, we pro-
pose a hierarchical tracking at three levels namely full face, facial regions and facial 
components, Lface, Lreg and Lcomp (see Fig. 1). The method must be initialized in the 
first image by manual selection of individual feature points of a polygon frame. All 
levels employ the model matching-approach Mm utilizing different motion predictions 
for different levels. The predicted motion warp at Lface is computed by a weighted 
average of motions of its components derived at the next lower level in the hierarchy. 
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The weighting of the individual contributions is inverse proportional to the error 
measure of the region-based motion for the particular region. At the region level, Lreg, 
the Mf-f→m method is applied using the frame-to-frame motion estimate without initial 
prediction, and then employs the model matching for similarity measure. At the com-
ponent level, Lcomp, the motion estimates for both eyes and the mouth region are pre-
dicted by results from the region levels, using model matching to find the best fit. 

 

Fig. 2. Estimating head rotation. (a) Manually labeled head rotations in 7 categories ranging 
from -3 to +3 corresponding to extremely leftwards, leftwards, nearly centered, centered, ..., 
extremely rightwards. (b) The estimated angle deduced from the spatial extent of automatically 
detected and tracked facial sub-regions (see text). The estimated head pose roughly corresponds 
to the manually labeled data. (c) Individual frames from the input sequence and the correspond-
ing detected sub-regions around the eyes utilized for pose estimation. 

During an extended tracking period a facial region may get lost temporarily. We 
employ a statistical measure to detect whether a patch disappeared to resume tracking. 
The criterion is based on the observation that different facial sub-regions are ap-
proximately coherent. A facial loss is detected when translational components along 
the x- and the y-axis of different facial regions at one time step show high variances, 
particularly, if var(tx)⋅var(ty) > threshold. In such cases the face is searched in an ex-
tended area at Lface and iterated until the error E drops below a preset level. 

2.3   Estimating Head Rotation 

With the hierarchical multi-level approach it is possible to track moving faces for long 
temporal sequences and to estimate the head pose for visual communication. Our 
approach assumes a dominant horizontal facial rotation (around the yaw axis) utiliz-
ing a geometric model of the head as a cylindrical object with circular base and ortho-
graphic projection for simplicity. The method investigates the two juxtaposed facial 
sub-regions around the eyes which increase or decrease in their horizontal extension 
due to the head rotation. The change in the size of the sub-region that has better 
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visibility is mapped using a non-linear function (derived from the geometric model) to 
yield possible solutions for the rotation angle. The other sub-region is utilized to 
select one of those solutions as the final estimate. 

3   Results 

A comparison of the different tracking methods demonstrates the desired stability and 
quality (as measured by the mean distance of detected polygons) for the combined 
matching approach, Mf-f→m (results not shown). Thereupon the hierarchical scheme 
was employed to track faces demonstrating the robustness against intermediate loss of 
facial sub-regions. The analysis of the upper left and right sub-regions (eye regions) 
and their mapping to head orientation angles is shown in Fig. 2. The results demon-
strate that the yaw axis rotation is robustly estimated over long video sequences. 

4   Summary and Further Work 

We propose an approach for coupled hierarchical facial component tracking based on 
an affine image registration method. The hierarchical multi-level approach achieves 
robust tracking of faces and their sub-components even in cases when some elements 
are temporarily lost. This algorithm is augmented by a non-linear mapping to estimate 
the orientation angle of the moving head. Extensions of the approach could be em-
ployed along different directions. The current initialization of the facial region can be 
automatized through a face detection approach. The incorporation of localized fea-
tures (at a fourth level Lfeat), such as, e.g., eye corners, may help to further improve 
tracking performance. The prediction of translational motion components might be 
improved using, e.g., a Kalman filter approach on region centers. 
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