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Abstract— We propose a near real-time face recognition system
for consumer/embedded applications. The system is embedded
in an interconnected home environment and enables intelligent
servicing by automatic identification of users. It consists of four
processing steps: (1) face detection by stepwise pruning, (2)
model-based facial feature extraction, (3) face normalization by
affine warping, and (4) face recognition by discrimination anal-
ysis. The system has been applied in varying environments and
achieves over 95% recognition rate and 4 frame/sec. processing
speed.

I. I NTRODUCTION

Recent advances in software and hardware enable the
application of intelligent, reliable and convenient services
in ordinary life. We developed a face recognition system
that can be embedded in a home environment1 to facilitate
intelligent services. By automatic identification of home users,
personalized services can be offered, for example, a face-
recognition-based smart TV program selector [1].

Although many face processing techniques have been pro-
posed in literature, face recognition in an unconstrained en-
vironment, such as a home, remains a difficult problem,
due to the large variability of illumination and background
conditions. Furthermore, the face recognition for consumer
applications requires both processing efficiency and robust-
ness/accuracy, which is difficult to achieve simultaneously.
Fast techniques, such as color-based face detection [2], can
be ineffective when there exist skin-color-like objects in the
background, while robust techniques, such as Support Vector
Machine [3], are usually too costly for consumer use with
respect to computations.

We focus on consumer-oriented face recognition. To this
end, the system should accommodate to a variety of applica-
tion environments. Furthermore, the system should be efficient,
achieving (near) real-time performance with low-cost hardware
(e.g. web/consumer cameras).

II. FACE RECOGNITION SYSTEM

When embedded in a home environment, our face recog-
nition system facilitates a ‘smart’ home, in which devices
‘know’ the identity of the user and adapt services accordingly
(Fig. 1). The face recognition consists of four processing steps:
face detection from live video, facial feature extraction, face
normalization and finally, recognition.
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Fig. 1. Face recognition system in a ‘smart’ home.
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Fig. 2. Face detection by cascaded detectors.

A. Face detection using cascaded detectors

Neural Network (NN) is one of the best performing tech-
niques on face detection in literature [5]. However, the original
technique proposed in [5] is too computationally expensive to
meet real-time requirements. Since in reality the number of
non-face images far exceeds that of face images, we propose a
three-step face detection framework to speed up the detection.

Our new approach [4] uses successive detectors with in-
cremental complexity and detection capability (Fig. 2). The
detectors are cascaded in such a way that each detector
progressively restricts the possible face candidates into fewer
areas. The detector chain contains a skin-color-based detector,
a face structure detector by feature verification and a neural-
network-based detector. The initial pruning of large areas of
non-face regions significantly reduces the number of candidate
windows for the neural-network-based detection, thus signifi-
cantly reducing the overall computation cost.

B. Model-based facial feature extraction

Since varying face scale, position and poses can strongly
interfere with the performance of the face recognition algo-
rithm, we need an accurate extraction of salient facial features
for normalization purposes (see next subsection).

We adopt a two-step coarse-to-fine feature extraction tech-
nique [6] in our system. First, we use edge template matching

1This research was funded by the ITEA project HomeNet2Run.
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Fig. 3. Visual illustration of the face recognition system.

for fast determination of approximate facial feature positions
within the detected face region. Second, a deformable shape
model (Fig. 3(a)) is fit to the input image in an iterative two-
step procedure.

1. Local attribute matching: each local feature point is
searched along a trace composed of 8 radial lines for a best
fit, based on the a Haar texture analysis.

2. Global shape regulation: the global shape is updated and
regulated based on PCA shape statistics (similar to ASM).

Note that in contrast with ASM [7], we use 2-D Haar-
wavelet based texture attributes to guide the local deforma-
tion process, which facilitates increased robustness and fast
processing.

C. Face normalization

Assuming all the features are coplanar and the face remains
essentially rigid, we use an affine transformation to warp
an input face with varying scale, position and pose (with
slightly non-frontal view) to a standard frame. By establishing
correspondences between the extracted features of the input
face and those of a standard front-view average face, we can
quickly estimate the six affine parameters by least-squares
fitting. Based on these parameters, the affine warping is
performed to obtain a normalized face.

D. Face recognition

The normalized face samples are then supplied to an image-
based classifier, where they are compared with a database of
faces and the match is selected based on the nearest-neighbor
rule.

The face classifier is based on a two-stage discriminant
analysis [8]. The first step utilizes the traditional LDA (Linear
Discriminant Analysis) for a global discrimination.N highest-
ranked persons are selected and a local one-versus-all discrim-
ination is performed on theseN persons in the second step.
Experiments show that the two-stage discrimination enhances

the single-step LDA-based discrimination and improves the
recognition accuracy.

III. E XPERIMENTS AND CONCLUSIONS

The cascaded face detectors achieve an up to 94% detection
rate on variable face databases (AR face database, a subset
of FERET database, and our own HN2R face database). The
detection only takes 0.1s - 0.2s to process one video frame
on a normal PC (P-IV 1.7G). For real-life tests in a variety of
indoor environments, our recognition system achieves a total
recognition rate of 95%.

Fig. 3(a) shows examples of the face processing procedure.
The system gives good performance with respect to different
environments and complex background, and it is computation-
ally efficient (4 frames/second processing speed on a P-IV PC).

Our face recognition system has been integrated into a
networked home application, where the system identifies home
users and chooses TV programs on a personalized basis
(Fig. 3(b)). A successful demo was presented at the IFA
consumer electronics exhibition [1].
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