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ABSTRACT
There is a rapidly growing demand for using smart cam-
eras for various biometric applications in surveillance. Al-
though having a small form-factor, most of these applica-
tions demand huge processing performance for real-time
processing. Face recognition is one of those applications.
In this paper we show that we can run face recognition
in real-time by implementing the algorithm on an archi-
tecture which combines a parallel pixel processor with a
digital signal processor. The algorithm consists of a cas-
cade of filters for detection, registration and normalization
and an RBF neural network with temporal filtering. Ev-
erything fits within a digital camera, the size of a normal
surveillance camera.

1. INTRODUCTION

Recently, face recognition is becoming an important ap-
plication for smart cameras. Face detection and recogni-
tion requires lots of processing performance if real-time
constraints are taken into account [1].
We want to show in this publication that it is possible
using thought-over smart camera architectures to achieve
good, real-time face recognition results. A “smart cam-
era” is hereby defined as a stand-alone device which is
preferably programmable with a size not bigger than a typ-
ical video surveillance camera.
The platform we suggest for face recognition is the Intel-
ligent Camera (INCA+) produced by Philips CFT [2] as
shown in Figure 1. This camera houses a CMOS sensor,
a parallel processor for pixel crunching and a DSP for the
high level programs. We will show in this paper that this
platform is ideal for face recognition.
The contents of the paper is as follows: In Section 2 we
explain about the architecture of the camera, In Sections
3 and 4 respectively, we explain about the algorithms that
we used for recognition. The results are given in Section 5
and conclusions are drawn in Section 6.

2. MOTIVATION OF THE ARCHITECTURE

“Face recognition” consists of a face detection and a face
recognition part. In the detection part faces are detected in
the scene and their Region of Interest (ROI) are forwarded
to the face recognition process where the found faces are
matched to a database in order to recognize and identify
them.
The detection part is face oriented (high-level image pro-
cessing). It finds face candidates in the scene. In order to

Figure 1: INCA+ camera

reduce the amount of work, the image needs to be prepro-
cessed by a number of low-level operations. These low-
level operations are at pixel level, simple and equal for
each pixel. This allows massive data-level parallelism. So
the detection part involves low-level as well as high-level
image processing.
The recognition part uses high-level image processing and
only works on a few faces per second, but it has a high
amount of operations in an iterative way while a database
is “scanned”. Because of the higher complexity of the in-
structions and the combination with an operating system,
this part of the algorithm is best mapped on a task-parallel
architecture.
The different aspects of the two algorithmic tasks (low
and high-level image processing) have made us choose for
a dual processor approach. The low-level image prepro-
cessing approach of the face detection part is mapped on a
massively parallel processor “Xetal” [3] working in SIMD
(Single Instruction Multiple Data) mode. The high level
image processing approach of the detection and recog-
nition part is mapped on a high-performance fully pro-
grammable DSP core “TriMedia” [4]. This DSP has a
VLIW (Very Long Instruction Word) architecture where
instruction fetch, data fetch and processing are performed
in a pipelined fashion.
For the defined task, the two processors can be simply
connected in series (see Figure 2). The Xetal does face
detection preprocessing, the TriMedia does the actual face
detection and recognition. The operating system also runs
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on the TriMedia.

Figure 2: INCA+ Architecture

3. FACE DETECTION

In the face detection part we take an image from the sensor
and detect and localize an unknown number (if any) of
faces.
Popular techniques to detect faces in an image often in-
volve skin-color segmentation [5, 6]. This segmentation
is based on the fact that the color of the human skin re-
sides in a well defined area of a chosen color model. Skin-
color segmentation is fast but can only be done in well de-
fined surroundings. If the light color changes in a certain
surrounding the technique will fail since the well defined
skin-color area also changes.
We want our detection algorithm to be robust even under
totally different lighting conditions, so we implemented
the Haar-Face detection algorithm as described in [7] and
[8]. This image-based detection algorithm has proven it-
self robust under various lighting conditions. Since it is
image-based, thus working at picture structure level in-
stead of at pixel level, even hand drawn images of faces
can be detected (see Figure 6).
Before the image is transferred to the TriMedia the im-
age is preprocessed by the Xetal processor. First Xetal
converts the RGB color-image to a gray-level image. Af-
ter that Xetal performs lighting correction to improve the
quality of the image and thus the quality of detection. Xe-
tal also performs Canny edge preprocessing to reduce the
number of face candidates, and Xetal calculates two so-
called integral images as described in [7] and [9]. One for
the lighting corrected image and one for the Canny edge
image. The TriMedia receives the original gray-level im-
age as well as the two integral images from the 3 commu-
nication channels. So the TriMedia saves valuable proces-
sor time since it won’t have to calculate all these images
itself.
The detection algorithm runs on TriMedia and uses the
lighting corrected integral image. It scans the image at
several different hierarchy levels and returns every possi-
ble face candidate as shown in Figure 4. It uses the Canny
integral image to speed up the detection process even fur-
ther [9].
After we obtained all possible face candidates we apply a
grouping algorithm to reduce a group of face candidates
into one positive detection (see Figure 5).

Figure 3: Input scene. Note that the small image on the
phone display is a face.

Figure 4: Haar-Face detection; No grouping.

4. FACE RECOGNITION

As the detection, the recognition is meant to be performed
on frontal faces only. Horizontally and vertically through
the face image, a gray-level projection is performed whose
minima enable the detection of the position of the eyes in
order to register the face image around the eye positions
before feeding it to the recognition phase [10, 11] (see
Figure 7). Only part of the normalized images is used
for recognition, namely the eyes and part of the nose re-
gion, covering 96 × 40 pixels. Hairline, mouth and ears
are avoided as they can differ wildly because of chang-
ing hairstyle, background, shaving condition and moving
lips. Furthermore, the symmetry of the vertical gray-level
projection is used to select only images containing frontal
views. The region selection delivers stable images cen-
tered around the eyes and part of the nose region (Fig-
ure 8) required for the recognition part. The registered
ROI images are forwarded directly to the input of the neu-
ral net in the recognition phase after being normalized in
gray-level as shown in the lower part of Figure 8.
For face recognition a Radial Basis Function (RBF) neural
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Figure 5: Haar-Face detection; Grouping. Note that the
small face on the phone is also recognized correctly.

Figure 6: The Haar-Face detection method is image-
based, so even more abstract concepts are recognized.

network is used [12]. The reason behind using an RBF
neural network is its ability for clustering similar images
before classifying them. RBF based clustering received
wide attention in the neural networks community. Apart
from good clustering capabilities RBF networks have a
fast learning speed, and a very compact topology.
An RBF neural network structure is demonstrated in Fig-
ure 9. Its architecture is similar to that of a traditional
three-layer feed forward neural network. The input layer
of this network is a set of n units, which accepts the pixels
of the face ROI which is gained from the face detection
part. Since it is normalized with a 96 ∗ 40 pixel face, it
follows that n = 3840.
The input units are completely connected to the hidden
layer with m hidden nodes. Connections between the in-
put and the hidden layers have only offsets. The purpose
of the hidden layer is to cluster the data and decrease its di-
mensionality. The RBF hidden nodes are also completely
connected to the output layer.
The number of outputs depends on the number of people
to be recognized (for example, for 100 persons o = 100).

Figure 7: This image shows the projection data and the
face region that is the nose and eyes are detected for reg-
istration as indicated by the crossing lines.

The output layer provides the response to the activation
pattern applied to the input layer.
The activation function (basis function) of the hidden units
is known by the distance between the input vector and a
prototype vector. It is stated as follows [13]:

Fi (x) = Gi(‖ x − ci ‖2 /σi ), i = 1, 2, . . . ,m (1)

where x is an n-dimensional input feature vector, ci is an
n-dimensional vector called the center of the RBF hidden
node, σi is the width (also called radius) of the node and m
is the number of the hidden nodes. The activation function
G of the hidden nodes is a Gaussian with mean vector ci
and variance σi as follows:

Fi (x) = e

(
− ‖x−ci ‖2

σ2
i

)

, i = 1, ..,m (2)

The response of the k’th output unit (among the o number
of outputs) for input x is given as:

Outk(x) = Bk +
m∑

i=1
Fi (x) ∗ W (i, k), k = 1, .., o (3)

where W (i, k) is the connection weight of the i ’th RBF
hidden node to the k’th output node and Bk is the bias of
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Figure 8: The selected and registered part of the face used
before recognition, unnormalizedi, in the upper part and
normalized in the lower part
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Figure 9: Architecture of an RBF Neural Network

the k’th output. A value close to 1 indicates a positive
identification.
Being able to work in the video domain, more estimates
of the recognition for a detected person can be combined
in time to increase the confidence of recognition. Typi-
cally we use the temporally combined data of 5 consecu-
tive frames in order to reduce the false recognition rate to
0%.

5. OVERALL PRACTICAL PERFORMANCE

Our algorithms have been mapped to a handheld camera
device as shown in Figure 1. The face detector detects
faces at a rate of 4 frames/sec. There can be any number
of faces on each frame. Combined with the recognition
part the system runs at approximately 3 frames/sec.
The operating system obtains the IDs of the recognized
person and monitors the reliability of recognition as re-
ported by the face recognition part. If this is high enough,
a person is positively identified and will also not be re-
ported in subsequent frames until he/she leaves the scene
or another person shows up. When building up over 5 suc-
cessive frames recognition rates of over 95% are achieved
with a 0% false recognition rate for a database of 20 per-
sons in the same day. The recognition rate stabilizes at
90% after a few days.

6. CONCLUSIONS AND FUTURE WORK

Face recognition is becoming an important application for
smart cameras. However, up till now, the processing re-
quired for real-time detection, prohibited integration of
the whole application into a small sized, consumer type
of camera. This paper showed that by:

1. Proper selection of algorithms, both for face detec-
tion and recognition,

2. Adequate choice of processing architecture, support-
ing both SIMD and ILP types of parallelism,

3. Tuning the mapping of algorithms to the selected
architecture,

this integration can be achieved. We implemented the al-
gorithms on a small smart camera. As a result we can
recognize one face per 500 ms.
Future research will focus on further tuning the mapping
of the algorithms and achieving speedups for large databases.
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