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Abstract

This paper proposes a probabilistic search algorithm
to boost the computational efficiency of face detection
in video sequences. The algorithm sequentially predicts
the probability distributions of face region parameters
in the current video frame given a sequence of past
frames, and automatically reinitializes the prediction
process at scene changes in the given video sequence.
A Bayesian criterion is derived as a determinant of

likely face regions among the collection of face can-
didates generated by a subwindow-based face classi-
fier. The Bayesian scheme also enable probabilistic
marginalization of multiple outputs of the face classifier.
Experimental results on a test sequence of 500 frames
of broadcast video, containing 450 faces, demonstrate
that the proposed approach achieves a detection speed
roughly double that of a baseline detector included in
the open-source computer vision library OpenCV, with-
out sacrificing detection performance.

1 Introduction

Face detection is a fundamental component of a wide
variety of machine vision applications such as identity
authentication, human-machine interaction, facial fea-
ture extraction and video indexing. Although the field
has seen significant research activity in recent years
[7][8][9], it is probably fair to say that the framework
of Viola and Jones[10] has attracted the most attention
for its combination of detection accuracy and speed.
They introduced a cascaded structure of weak classi-
fiers using a boosted learning algorithm on a pool of
simple Haar-like features,and an extremely fast method
of evaluating the features at any image location and
scale. Lienhart and Maydt[3] demonstrated the efficacy
of extending the feature set; the modified version of

the Haar-cascade face detector is available in the open-
source computer vision library OpenCV.
As in numerous other pattern classification tasks,

accuracy and speed are twin requirements of face de-
tection systems, with speed especially vital for some
video-based applications. More accuracy, however, of-
ten requires more computation and thus entails less
speed. A combination of a face detector and a tracker[6]
may be used to increase processing speed and detec-
tion accuracy in such cases. However, the underlying
assumption of temporal continuity is violated at scene
changes, which must be detected in order to avoid gen-
erating erroneous detections.
In this work, we introduce a Bayesian face detec-

tion/tracking scheme for video sequences containing
scene changes. The algorithm estimates probability dis-
tributions of a sequence of face region parameters using
a Sequential Monte Carlo (SMC) method[1]. We also
introduce a unified approach to reinitialize the distri-
bution at scene changes, and to marginalize the mul-
tiple outputs of face classifier. We show that this SMC
approach successfully predicts possible regions in face
parameter space for the current frame using temporal
continuity from past frames, while resetting the distri-
butions automatically at temporal discontinuities corre-
sponding to scene changes. In section 2 we briefly re-
view the face classifier used in this study. In section
3 we describe the details of the Bayesian scheme. In
section 4 we show some experimental results, and show
that the algorithm boosts computational efficiency.

2 Exhaustive search with a Haar-cascade
face detector

In this paper, we construct a face detector using a
linear combination of T weak classifiers

H(u) =
TX

j=1

αjhj(u) (1)
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Figure 2. Trajectory of detection time for proposed method (≤ = 1.2).

line algorithm and the proposed algorithm. The average
speed of the proposed approach was roughly double that
of the baseline scheme for all settings, without sacri-
ficing detection performance. Moreover, the proposed
model is more controllable in that its trajectory in Fig-
ure 1 exhibits less abrupt jumps with threshold. Table 1
shows details of the best results in terms of F-measure
for each approach.

Table 1. Parameters at best (largest F-
measure) result for each algorithm.

Face detection baseline proposed
scheme (η = 2) (≤ = 1.2)
Recall 76.2 % 81.6 %
Precision 92.7 % 90.4 %
F-measure 0.84 0.86
frame rate 6.1 frames/s 11.7 frames/s

Figure 2 shows temporal variations in detection time
per frame for the proposed method, performed on a 3.8
GHz Xeon CPU with setting of ≤ = 1.2. The gray re-
gions indicate the input frames with no face. Spikes
in the detection time are due to enlargement of the pa-
rameter search space corresponding to re-initialization
when the lower alternative in equation (10) is selected.
The frequency of such spikes shows that our Bayesian
re-initialization scheme successfully detects all shot
boundaries in the test sequence with the 10-frame in-
tervals.

5 Conclusions

We introduced a new probabilistic search algo-
rithm for face detection in video sequences with scene
changes. The proposed algorithm successfully prunes
the search space, achieving much the same detection
performance as the baseline exhaustive search algo-
rithm from the OpenCV computer vision library, with

a processing cost only half of that of the baseline
method. We also proposed a method for the automatic
re-initialization of the probability distributions of face
region parameters to recover from temporal discontinu-
ities in the input image sequence at scene changes.
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