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Example-Based Learning for View-Based
Human Face Detection

Kah-Kay Sung and Tomaso Poggio

Abstract —We present an example-based learning approach for locating vertical frontal views of human faces in complex scenes.
The technique models the distribution of human face patterns by means of a few view-based “face” and “nonface” model clusters. At
each image location, a difference feature vector is computed between the local image pattern and the distribution-based model. A
trained classifier determines, based on the difference feature vector measurements, whether or not a human face exists at the

�
current image location. We show empirically that the distance metric we adopt for computing difference feature vectors, and the
“nonface” clusters we include in our distribution-based model, are both critical for the success of our system.

Index Terms —Face detection, object detection, example-based learning, example selection, pattern recognition, view-based
recognition, density estimation, Gaussian mixture model.
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Fig. 1. Overview of our face-detection system. (a) A “canonical” face pattern, a 19 � 19 mask for eliminating near-boundary pixels of canonical
face patterns, and the resulting “canonical” face pattern after applying the mask. (b) At each scale, the image is divided into many possibly over-
lapping windows. Each window pattern gets classified as either “a face” or “not a face,” based on a set of local image measurements. (c) The key
components of the Face Pattern Recognizer block in greater detail.
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Fig. 2. Our distribution-based canonical face model. Top Row: We model an empirical distribution of face patterns using six multi-dimensional
�

Gaussian clusters, whose centers are as shown on the right. Bottom Row: We also model a carefully chosen sample of nonface patterns using six
multidimensional Gaussian clusters to help localize the boundaries of the face distribution. The final model consists of six Gaussian “face” clusters
and six “nonface” clusters.
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              (a)                                                     (b)
Fig. 4. Matching a test pattern against our distribution-based model. (a)
Each set of measurements is a vector of 12 distances between the test
pattern and the model’s 12 cluster centroids. (b) Each distance meas-
urement between the test pattern and a cluster centroid is a two-value

distance metric. Ø 1 is a Mahalanobis distance between the test pat-
tern’s projection and the cluster centroid in a subspace spanned by the

�
cluster’s 75 largest eigenvectors. Ù 2 is the Euclidean distance be-
tween the test pattern and its projection in the subspace.

�

Fig. 3. An example of a naturally occurring “nonface” pattern that resembles a face. Left: Viewed in isolation. Right: Viewed in the context of its
environment.
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Fig. 5. (a) Artificially generating virtual examples of face patterns. For each original face pattern in our training database, we generate a few new
face patterns using some simple image transformations. (b) Some false detects by an earlier version of our face detection system, marked by
solid squares on the two images above. We use these false detects as new negative examples to retrain our system in a “boot-strap” fashion.
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Fig. 6. Some face-detection results by our system. See text for details.
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Fig. 7. Some face-detection results with mistakes. The top right image is very heavily quantized with only 46 gray levels. The system misses
only one face. In the middle right image, the system misses some faces with significant illumination shadows. In the bottom left image, the

�
system misses some faces with fairly large rotation components. Most of the false detects are images patches with eye-like dark regions.
Note: The images here are not among those from our test databases.
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