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This thesis introduces a real time many-to-many face recognition approach, which is targeted for
recognizing/identifying human faces in unconstraint environments. Initially, a brief review of multi-view face
detection and eye detection method is presented. In particular, a new filter set of haar-like filters is presented for face
detection and six segment filters are presented for eye detection. Following this, an illumination technique is introduced
to minimize the illumination effects on a face surface. In addition to these, we introduce a novel face extraction and
classification methodology for face recognition in uncontrolled environments. The detected faces in a given image are
then processed by the proposed face extraction module and the resulting features are compared with a precompiled
face database. If a match is found, system gives an alarm. In an image, more than one face at a time is detected in a
crowded environment. All the detected faces are matched with the face database. Database includes one record per
person and each record occupies 10KB space. Illumination normalization technique uses Gaussian decomposition.
We propose a six-vector set which we call it as “Ayofa-filter”. This is used as a' preprocessing step for the face
recognition in our work. Ayofa-filter is a new approach that consists of Gabor decomposition and albedo estimation
on face normal where the direction of the light source is unknown. This approach effectively finds illumination
directions and recovers the illumination. The approach computes unknown albedo directions by using spatial
frequency components on salient regions of a face. It requires only one single image taken under any arbitrary
illumination condition where we do not know the light source direction, strength, or the number of light sources.
Ayofa-filter takes the nose tip as a reference point before the normalization of the light.

Face recognition is another item we propose in this thesis. After face is located in an image, we refine to find eye

locations, nose tip location, and mouth corners. After that, face is cut, geometrically normalized and then processed by
the illumination normalization proposed in chapter 3. The face features are extracted and compared with the face
database to confirm if the person has a record. The process that starts from the feature extraction is the part of the face
recognition. To perform face recognition, we developed a hybrid face feature extraction methodology, which uses
spatial face filter (SFF) for extracting invariant face features to obtain high accuracy. Spatial face filters are
implemented by spatial gaussian bessel mixtures (SGBM). SGBM is the combination of gabor filters and bessel
function. We combined the gabor filters and bessel function to generate more complicated filters. We extracted the face
features by SGBM and analyzed them by using hierarchical nonlinear PCA (H-NPCA). H-NPCA removes the image
noise by approximating the missing data. This method analyzes the face features and each feature set is independently
computed by H-NPCA.

We tested the overall approach by using still images and video data by using major face recognition databases. The
images from these databases are carefully selected so that the testing images represent the outdoor illumination
conditions. The efficiency of the methods proposed here was tested by standard face recognition algorithms, namely
principal component analysis (PCA), linear discriminant analysis (LDA), Gabor wavelets and active appearance
model (AAM) methods across the multiple face databases. The evaluation results show that our novel method
significantly improves the recognition ratio with these recognition methods.

Finally, an automatic face recognition system which consists of detection, recognition and enrollment modules has
been developed. The system can effectively detect faces from IP camera video streams, recognize them and retrieve
corresponding person information from the application database if a match is found.
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BAOHARRE T CAOBEEBELSBRTHZEE2EMNC, N1 T Uy RKRYZXT 1 v I FikE
AWZRAER S X7 AABEGRHRICHET 2MAENE LD NTND. KX TRET SHEEHA T,
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THONDIFEEO T 4 VY EHIREL, BERAMEZHEISEBEITITAD ZEIRENTVS.
HOBMMZITO DD 6 5E 7 4 )V (SSB) bHHZITREINTWVD. SSRT 4 IV FIZERBIRT,
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52 &T, PCAK DRRNICT —F ORICERZHIWT 2 Z ENHRELR> TS, R TOAEIIN—F
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