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Study on the Illumination Variations in Face Recognition
Laiyun Qing (Computer Science)
Directed by Prof. Wen Gao
For its great value in theory and application, face recognition has made great

progress after two decades of development. The state-of-the-art of the face
recognition systems achieves good results under the well-controlled environments.
However, if tested on the larger database, or the non-controlled imaging
environments, or the incooperative users, the performances of the face recognition
systems decrease sharply. Therefore face recognition is far away from mature. It
needs of more research on the problems of non-ideal imaging environments
(illumination variations and the different camera parameters) and the incooperation of
the users (pose variations, expression variations, accessory variations and dressing).

The dissertation discusses the illumination variations as well as the pose
variations in face recognition. Based on the imaging formation, we get the
illumination insensitive features after estimating the imaging parameters. These
features are then used in face recognition to improve the performances of the face
recognition systems when the images are collected under varying lighting. The
contributions of the dissertation are as follows:

(1) Hlumination estimation. Based on the spherical harmonics model, Lambertian
surface acts as a low-pass filter for illumination. Analysizing the imaging formation
in space-frequency domain, we estimate the illumination affecting the appearance of
the Lambertian surface, i.e., the spherical harmonic coefficients of the low
frequencies of the illumination. Approximating the human face as a Lambertian
surface, we estimate the illumination of the face image exploiting the human face
class prior knowledge. This representation of illumination can represent any types of
illumination environments, the outdoor illumination environment or the indoor
environments. And as the parameters of the illumination are few, the proposed
illumination estimation is insensitive to the alignment and the resolution of the input
image.

(2) Lighting normalization based on re-lighting. An illumination ratio technique
is proposed to re-render the input face image to a pre-defined canonical illumination,
based on the illumination estimation. Therefore all the images are compared under
the same illumination in face recognition. Two canonical illuminations are discussed
in the dissertation: the virtual uniform illumination and a front flash with ambient
light, in which the former encodes only the texture information, while the latter
encodes both the texture and the shape information of the input face. The re-lighting
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based lighting normalization depends on the shape of the face. Therefore it depends
on the alignment of the feature points. If the face image is perfect aligned, the
re-lighting strategy can improve the performance of the face recognition greatly
under varying lighting.

(3) Lighting normalization based on the difference image model. The difference
image is the difference between the input face image and the average face under the
same illumination. In the difference image, the effect of the illumination is weakened,
while the differences between faces are still encoded. The shape of the input face is
not used in lighting normalization so that the difference image is insensitive to the
alignment and it suits real applications.

(4) Re-lighting virtual samples for face detection. The performances of the
prevalent face detections based on data-driven learning-based techniques depend on
the distribution of the training samples. In general, it is difficult to collect enough
samples covering the total distribution. A re-lighting technique is proposed to
re-render more samples under varying illuminations to enrich the training set. By
configuring the target illuminations properly, the performance of the face detector
based on the enriched training set has improved.

(5) EigenHarmonics model for face recognition under varying illuminations and
poses. The EigenHarmonics exploiting the statistics of the harmonics of the human
face is proposed to reconstruct the harmonic images from one input face image. Both
the intrinsic shape and texture are contained in the harmonic images so that the
harmonic images are used as the invariant feature for face recognition. The statistics
of the harmonic images of the human faces are approximated as a Gaussian
distribution and modeled with a PCA (EigenHarmonics) model. Based on
illumination estimation, the harmonic images of the input face are reconstructed with
this prior restriction. As the parameters of the EigenHarmonics are much fewer than
the pixels in the face image, the reconstruction is steady using only the available parts
in the face images under varying poses.

Keywords: face recognition, imaging formation, spherical harmoinic model,
illumination variation, illumination estimation, lighting normalization, pose variation,
PCA.



