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Abstract

The goal of this subproject is to provide a reliable facial
recognition to a RFID (Radio Frequency Identification)
system by using image processing technique. Although RFID
system provides adirect way for human recognition, there are
still many mistakes while using RFID aone. Using image
information can assist RFID system to double-check the
result and therefore reduce the mistake. This project will last
three years. During the first year, we are going to construct
the facia recognition system, which is consist of detecting
human faces in color image, facial feature abstraction, and
feature recognition. In the second year, our task isto integrate
the facia recognition system with RFID system. And, in the
last year, we will improve the efficiency and the recognition
rate to optimize the system.

Generally speaking, RFID system will have better
recognition rate and the function of tracking with the facial
recognition system. The facia recognition system will give a
check while there is abug in RFID reader, someone takes the
wrong tag identification, or there is a suspicious person
without tag identification.

In this report, the goa and results of the research is
introduced in section I. Section Il gives a detail description
about the algorithm we use and the procedure step by step. In
section 111, we will list what we have done and discuss the
future work.

Keywords. RFID system, facia recognition systems, feature
abstraction, feature recognition, tracking.

I. Thegoal and achievement of this stage resear ch plan
This is the first-year achievement report of subproject
Face Recognition System of NSC integrated RFID-based
project. We have planned comprehensively for the goal and
schedule of this project to accomplish the goa of this stagein
accordance with scheduled progress in the one-year project

execution. The real-time face detection and tracking in the
surveillance system have been completed with the present
framework. After extract the facial region, we find the
features of face and set up aface database.

I1. Research and implementation

The goa of this subproject is to provide a reliable
auxiliary system to a RFID personnel control system. We
obtain image sequences of surveillance area via a CCD
camera, and then find the faces by image pre-processing unit.
The last step is recognizing the faces we found by facia
recognition unit. The whole system contains two main parts:

(a) Image pre-processing unit
- >

(a-1) Moving object detection

(a-2) Face extraction

(a-3) Human tracking

(b) Face recognition unit
= =
(b-1) Feature extraction
(b-2) Feature matching

(a) Image pre-processing unit

There are three important tasks in the image
pre-processing unit: (a-1) moving object detection, (a-2) face
segmentation, and (a-3) human tracking. We explain in detail
below.

(a-1) Moving object detection

In moving abject detection, the background information
and frame difference between current frame and previous
frame are applied to find out moving objects in indoor scenes.
It can be shown as
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where | is frame data, BG is the background information, BD
is background difference, and BDM is background difference
mask. We extract a background image from video sequences
by averaging several images, and update the BG over a period
of time. The process of Background Difference is to detect
foreground objects. We also apply a threshold Th to BD then
get a change detection mask named BDM. When a pixel of
BDM is 1, it means that the pixd has changed from
background. Fig. 1 shows the result of BD and BDM.

@ (b)
Fig. 1. (@) Difference between current frame and background
image. (b) (a) is applied athreshold.

Besides the moving object detection, the edge feature
MOS (Moving Object Shape) of moving objects is used for
face extraction. The Sobel operator is employed to find the
edge. In order to avoid the noise influence, MOS s the union
of the edge of moving objects and BDM, and can be shown as
Fig. 2.

@ (b)
Fig. 2. (&) The edge of moving objects in current frame. (b)
The union of (a) and the edge of BDM.

(a-2) Face extraction

We first use a simple ellipse to search the face region in
MOS. To reduce the computational complexity of searching,
the elipse searching only applies to the Detect Trigger Area
in both distance-view and near-view. A weighted voting

strategy is used to decide the candidate dlipses. It can be
presented as the following equations.
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Equation (3) is the function of ellipse template, and F is
the degree of a pixel belongs to the ellipse template,
respectively. According to F, the weighting S of voting result
is accumulated into P in (4) and (5). If P is larger than
threshold TH_P, the élipse is a candidate ellipse. Next, we
use a skin tone criterion [1] to check if the candidate dlipse
can be treated as facial region.

(a-3) Human tracking

The procedure of human tracking is provided RFID
system with advanced recognition and tracking function. Fig.
3 shows that the perspective plane of the head in the image, it
is generated by a coordinate transform. With this
transformation, the position of human can be caculated as
face is extracted. We assume that people do not change
velocity and direction as they move. That is, the motion
prediction using Kalman filter is simplified. The estimative
position in next frame is brought form current velocity and
position.

Fig. 3. The perspective plane of the head of human.



Fig. 4. A vertica view of moving human.
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In the occlusion situation, there are some tracking
compensations according to the motion prediction and

different occlusion cases which is presented as Fig. 5.

Fig. 6 shows the occluson compensation of two
different cases. Before the occlusion compensation, it is
necessary to search out vertical and horizontal symmetrical
axes. Then refer to the case of occlusion, the corresponding
compensation is performed on tracking. Using the foregoing
method, we can get quite high tracking accuracy and good

performance. The tracking result is shown as Fig. 7.
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Fig. 5. (8)~(d) One-direction occlusion and (e)~(h) diagona

occlusion.
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Fig. 6. (8~(c) One-direction compensation and (d)~(f)

diagonal compensation.
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(d)
Fig. 7. lllustration of multi-person tracking. (a) Detecting
faces and tracking; (b) diagona occlusion and (c)
one-direction occlusion; (d) keep tracking in occlusion.

(b) Facerecognition unit

There are two parts in the face recognition unit: face
feature extraction and pattern recognition. The system
architecture is organized below. In this year, we will complete
face feature extraction and build up the face data base. We
will use the Gabor filter to find the face feature, reduce the
data dimensionality by PCA (principal component analysis),
and build up the face database using the face feature vector.

Original image —

v

Feature extraction by Gabor

filter
v P>

Reduce the data dimensionality
by PCA

v

Build up the face database [

v

Face feature classification

Feature
extraction

Feature
classification

(b-1) Feature extraction

There are three main parts in feature extraction, which are:
1. Feature extraction by using Gabor filter.
2. Reduce the data dimensionality by PCA .
3. Store feature vector to build up the face database.

(1) Gabor filter

2D Gabor wavelets have beed widely used for computer
vision applications and modeling biological vision, since
recent studies have shown that Gabor elementary functions

are suitable for modeling simple cells in visua cortex. The
Gabor wavelets, which capture the properties of spatid
localization, orientation selectivity, and spatia frequency
selectivity, seem to be a good approximation to extract the
face feature. The Gabor filters and be defined as follows:
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where parameters V. and [/ represent the scade and

orientation of Gabor filter selectivity respectively.
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Fig. 8. Gabor filters: (a)~(d) Four Gabor filter with different
scales. (e)~(h) Four Gabor filter with different orientations.

The Gabor wavelet representation of an image is the
convolution of the image with a family of Gabor kernels as
defined before. Applying the convolution theorem, we can
derive the convolution output via the fast Fourier transform
(FFT). The convolution outputs of a sample image are shown
in Fig. 9. The outputs exhibit strong characteristics of spatial
locdlity, scale, and orientation selectivity corresponding to
those displayed by the Gabor waveletsin Fig. 8.

(a) Sample image
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Fig. 9. Convolution outputs of a sample image. (@) The
sample image. (b)~(e) Convolution outputs with four
different spatial scale. (f)~(i) Convolution outputs with four
different orientation.
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Each 64x64 image has been convolved with 16 Gabor
filters corresponding to four different scales and orientations,
downsampled by 4 resulting a new longer feature vector of
dimension 1x4096. Then, we normalize the feature vector
to zero mean and unit variance, which is a common

normalization procedure in face recognition. Let O)

denote a normalized output, consist of different scalevand

different orientation 4 , downsampled by p , and

normalized to zero mean and unit variance, then the fina

feature vector matrix X is defined as follows

X =(0f,04TL 04T’

(2) Principal Component Analysis (PCA)

Principal Component Analysis (PCA) is widely used in
signal processing, statistics, and neural computing. PCA isthe
method of choice when the primary goa is to project the
similarity judgment for face recognition into a low
dimensional space. An important property of PCA is its
optimal signal reconstruction in the sense of minimum mean
square error (MSE) when only a subset of principal
components is used to represent the origina signal. The
following is the detailed description of PCA

1. Afacefeaturevector X' =1x4096
2. Calculate the mean m:i X!
3600

3. Zeromean X' =X'-m
4. Build up data matrix. When there are N images, the

datamatrix X =[X*, X2,.., X"]

5. Create covariance matrix Q=X XT

6. Computate eigenvalues and eigenvectors of the
covariance matrix, QV =AV , where A is the
eigenval ue associated with the eigenvector V.

7. Consider P principal component vectors which are
corresponding to the first P larger eigenvales. The new

eigenspace matrix is V= M.V, .h V5]

8. Project an image onto the eigenspace by calculate the
inner product of the image and the eigenspace matrix

v _ ST
X =V X

When a face image is projected to the eigenspace, the P
values can be used to present the original data. As aresult, the
dimension is reduced from N x4096 to N xP, where P is
usually much less than 4096.

(3) Face database

All the face images are stored in the face database. The
feature eigenvector processed by PCA will also be stored in
our face database because we will use the eigenvector for
recognition and classification. The database in the local stores
the original face image and information of each person, while
the database in the remote stores the feature vector only. The



computation loading in the remote is reduced when
processing and classifying the face image because the feature
vector data is much less than the original image data. After
recognition, we simply send the person number to the local
by internet and then we can obtain the information and face
image about this person. When classifying, if aface imageis
not stored in the face database, the system will send a
warning signal to the main system. Our system will also store
this face image so that the face database can be increased.

I11. Accomplishment and future work

During this year, we have set up part of the system
architecture and specification, and buy some equipment. We
have accomplished the moving object detecting, face
localization, face feature extraction, and database
establishment, and the method and detail is described in (I1).
Because we will test our system by build up a surveillance
system for 7F of the 5" Engineering Building, we will set up
the needed equipment, seven cameras and two image
processing plant. One image processing plant will process
four cameras, while another one will process the remaining
three cameras. The image processing plant will get the image
data information from the cameras and then find face region,
extract the face feature, and classify the face image. The
results will be sent back to the RFID center system by
internet. In the next year, the face recognition will be
accomplished. The people in the camera will be tracked and
localized. Latest research about face recognition will be
adopted. The rea-time system is required because for a
surveillance system, find out suspicious people without
immediately is meaningless. Besides, the robustness and
reliability will be promoted. We will send awarning signal to
RFID center system for those people who wear a sun glass, a
hat, a gauze mask, or some other object that will affect the
face recognition to do a further recognition by RFID, so that
the total system will be more reliable and robustness. Thisis
also the future work in the next year.
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