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Multiple order fractional Fourier transformation
for face recognition based on multiple kernel
learning

Jiu Mingyuan, Chen Enging, Qi Lin", Tie Yun
School of Information Engineering, Zhengzhou University, Zhengzhou, Henan 450001, China

Abstract: Fractional Fourier transformation (FRFT) is a very useful tool for signal processing and analysis, which
can well represent the content of the image by projecting it to the time-frequency plane. The features extracted by
2D-FRFT have shown very promising results for face recognition. However, there is one problem when dealing with
2D-FRFT: it is hard to know that which order of 2D-FRFT (the angle of projection of time-frequency plane) is best for
the specific task without prior knowledge. In spirit of multiple kernel learning in machine learning, we discuss the
relations between the order selection in 2D-FRFT and kernel selection in multiple kernel learning. By treating the Ii-
near kernels over different features from 2D-FRFT with different orders as the input to multiple kernel learning
framework, and also by applying support vector machines (SVM) on top of the learned kernels, we can update the
weights in the multiple kernel learning framework and SVM parameters through alternative optimization. Therefore,
the problem of order selection of 2D-FRFT is solved by the off-the-shelf algorithm of multiple kernel learning. The
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experiments of face recognition on ORL dataset and extended YaleB dataset show the effectiveness of the proposed

algorithm.
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Fig. 1 Visualization of the 2D-FRFT features for one face. The first row is the features from the real coefficients of 2D-FRFT, and the
second row is the imagine coefficients of 2D-FRFT. p value is 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1 from left to right
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Fig. 2 The face recognition framework of multiple order FRFT
based on multiple kernel learning
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Table 1 Performance comparison of best single 2D-FRFT features and multiple 2D-FRFT
fusion based on multiple kernel learning
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93.0 63.42
92.5 62.87
94.5 69.39
1)  ORL ORL
p=0.01, 047, 0.51, 0.75
93% ( 4(a) )
p=0.13 92.5% 2)  YaleB
94.5% 2) YaleB
=087, 0.89, 1 »
63.42% p=1
=085 62.87%
69.39%
( w) 43 ETZHRFINZMAIBEMEEMTHREH
5 fBAFIERIRTEE
5(a) ORL
5(b) YaleB Eigenface HOG!"(histogram of gra-
1) dients) LBP™I(local binary patterns)
ORL Eigenface 99%
0.015 HOG LBP 8x8

170744-6



DOI: 10.12086/0ee.2018.170744

p R
( RBF ) SVM 5 & it
2
1) Eigenface
2) HOG LBP ORL
HOG+RBF
ORL
3) YaleB
HOG LBP Eigenface
ORL
YaleB

(a) 0.025 (b) 3.0 T \ T
— Real 2D-FRFT ;
25} ----Image 2D-FRFT
0.020 :
2 : X’ :
S 1 e 20} H
ke ~ k=2 H
[ H [} H
] o 3 H
T 0015 ¥ T 15¢ H
IS £ H
@ @ H

S 3 10t

0.010 ‘ ;
— Real 2D-FRFT 05l SN
---- Image 2D-FRFT
o L I L N 0 ‘-"'Ov.__q_.-"
0'0050 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Different angles for 2D-FRFT Different angles for 2D-FRFT

B5 %#%FIEEANNRASHENG Lt RHMIEARE. () ORL #IEE; (b) YaleB #1458 %
Fig. 5 The learned weights from multiple kernel learning for 2D-FRFT under different angles. (a) ORL dataset; (b) YaleB dataset

& 2 RRAFAELEAASHE S BiR A F 2 e

Table 2 Performance comparison of different features and methods

ORL 1% YaleB 1%
Eigenface 95.0 64.76
HOG+ 96.5 56.67
HOG+RBF 94.5 58.24
LBP+ 95.5 61.30
LBP+RBF 95.0 60.44
94.5 69.39
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The face recognition framework of multiple order FRFT based on multiple kernel learning

Overview: Fractional Fourier transformation (FRFT) is a very useful tool for signal processing and analysis, which can
well represent the content of the image by projecting it to the time-frequency planes. The features extracted by 2D-FRFT
have shown very promising results for face recognition. However, one problem is encountered when we apply 2D-FRFT
tools for recognition problem: it is hard to know that which order of 2D-FRFT (the angle of projection of time-frequency
plane) is suitable for the specific task without prior knowledge. The common method is that different orders are experi-
mented and we empirically select the best one. In spirit of multiple kernel learning in machine learning, we discuss the
relations between the order selection in 2D-FRFT and kernel selection in multiple kernel learning. Both problems can be
considered as an equivalent problem when the features from 2D-FRFT in different orders with the subsequent SVM
classifier can be transformed to linear kernels with SVM according to Representer Theorem. By treating the linear ker-
nels over different features from 2D-FRFT with different orders as the input to multiple kernel learning framework, and
also by applying support vector machines (SVM) on top of the learned kernels, the weights in the multiple kernel learn-
ing framework correspond to the order weights in the fusion of 2D-FRFT features of different orders, we can then up-
date the weights in the multiple kernel learning framework and SVM parameters through alternative optimization. It is
proceeding by first learning the parameters of SVM when fixing the parameters of multiple kernel learning, and then
updating the parameters of multiple kernel learning by gradient descent algorithm when fixing the parameters of SVM.
Learning iterations are stopped until convergence. Therefore, the problem of order selection of 2D-FRFT can be solved
by the off-the-shelf algorithms of multiple kernel learning. We apply the proposed algorithm to face recognition task,
and the experiments are conducted on the ORL dataset and the extended YaleB dataset. From the results it can be ob-
served that: 1) The performance are improved by combining different 2D-FRFT features in different orders in compared
to single order 2D-FRFT features; 2) The performance of different 2D-FRFT order fusion are comparable and even bet-
ter than other classical features for face recognition, such as Eigenface, LBP and HOG; 3) The learned weights in the
multiple kernel learning frameworks can give us clues about the contribution of each order of 2D-FRFT. In a nutshell,
the experimental results show the effectiveness of the proposed algorithm.

Citation: Jiu M Y, Chen E Q, Qi L, et al. Multiple order fractional Fourier transformation for face recognition based on
multiple kernel learning([J]. Opto-Electronic Engineering, 2018, 45(6): 170744
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