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Abstract: Wavelet transform is being applied as an
important analyzing tool in signal and image processing because
it provides better signal representations with less computation
time because of property of multiresolution analysis. An
analogue image is transformed into a discrete image in a 2D
space through a sampling process. The wavelet transforms and
analysis of discrete image are performed using Haar wavelet,
level-2. Through analyzing and comparing different patterns, one
or more persons are identified in the face recognition process. It
is accomplished by using correlation coefficient and Euclidean
distance of scaling coefficients of wavelet transformed images. In
the face recognition the typically facial features are extracted and
compared to a database for finding the best match. Matching of
features is performed between test image and stored database
images.

Keywords. Approximation, correlation, Euclidean, face,
image, wavelet.

I INTRODUCTION

Wavelet theory is a new concept for analyzing one
dimensional as well as two dimensional signals. Wavelet
transforms provide better results over Fourier transforms (in
which any stationary signal or function is represented as a
sum of sin or cosine terms), when functions having
discontinuities and sharp peaks are studied. This is also
useful for analyzing finite, non-stationary and short duration
(transient) signals. Frequency localization property is found
in both Fourier and wavelet transforms. But an additional
time localization property is found in the wavelet transforms
than that of Fourier transforms. Due to this, many signals
which are non-sparse in the Fourier domain may be very
sparse in the wavelet domain [1]. A wavelet is a small wave
or mathematical function by which a continuous time signal
or a given function is divided into different scale or
frequency components. Each scale or frequency component
is assigned a particular frequency range. The processing of a
signal or function with help of wavelets is called wavelet
transform. The dilated and trandated forms of mother
wavelet are called daughter wavelets. Both continuous and
discrete wavelet transforms are used to represent and
analyze continuous time signals.
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Continuous wavelet transforms are operated on all possible
dilation and trandation while discrete wavelet transforms
are used in particular subset of dilation and trandation
values [2]. Wavelets provide better signal representations
because of multi-resolution analysis and additional time
localized properties.

That is why, the wavelet transforms have become important
tool now for many applications in place of the Fourier
transforms in Physics and Engineering. It is also frequently
being used in signal and image processing, climate
dynamics, speech recognition, signature identifying,
computer graphicsand , multi-fractal analysis.

In face recognition or identification [3] facia features in
terms of discrete wavelet coefficients are extracted and
compared with database images. face recognition is an
important part of many biometric, security and surveillance
systems as well as image and video indexing systems.
Therefore, it has become a popular area of research in many
branches of Physics and Engineering.

. DISCRETE WAVELET TRANSFORMS

Wavelet is a small wave having oscillatory behaviour for
a short time interval and then disappeared [4]. Generally,
wavelets are intentionally generated to have specific and
desirable properties that make them useful for signal
processing.. With help of wavelet transforms, the spectral
analysis of any signal is performed. A signal is broken into
two orthogonal subspaces up to different levels using
adaptive wavelet. By wavelet transforms of asignal, we find
the localized time and frequency information of a signal or
function.
A. Haar wavelet
The Haar wavelet is discrete in nature and identical
with a step function [5]. The mother wavelet function
Y(t) is defined as:-
lfor0<t<1/2

Y = —1for1/2<t<1 (1)

0 elsewhere

The scaling function ¢ (t) of Haar wavelet is defined as:-
1for0<t<1

P(t) = @

0 otherwise

Its wavelet and scaling function are shown in figure 1.
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Fig. 1: Haar wavelet and scaling function

Haar wavelet conserves the energy of signa and its
compaction. Haar wavelet transform provides a smple and
computationally efficient framework for analysing the local
aspects of a signal. That is why, it is being used mainly in
image processing and computer graphics. Haar wavelet is
orthogonal, bi-orthogonal and compact supported [6].

A wavelet function is defined as:-

1 t-b
Yoo = 7% () ©)
where a and b are two real numbers. Let us choose
a =27 andb/a = k, we obtain the discrete wavelet,
ip () = 272 27 x — k) (4)
where j, k € Z.
B. Multiresolution analysis
A multiresolution analysis (MRA) is a new method of
discrete wavelet analysis in which the resolution scale is
changed at per requirement. An MRA introduced by Mallat
[7] is consisting of a sequence V; : j € Z of closed
subspaces of square integrable functions called Lebesgue
space L%(R), satisisfy the following properties:-
DV CViije L
2 NjezVy = {0}, Ujez W; = L*(R),
(3) For every, I2(R),f (x) € V; = f (’2-‘) € Vi, Vj €
Z
(4) There exists a function ¢(x) € V; such that {¢(x —
k): k € Z} isorthonormal basis of V;.
Here function ¢ (x) is known as a scaling function of given
MRA and with help of property 3) it can be expressed as
follows:-
d(x) = V2 Ykezhie d(2x — k) ©)

where h;, islow passfilter and is defined as:-

he=[", ¢ () (2x — k) dx ()
The wavelet functiony is expressed as:-
Y(x) =V2 Tren g 2x —k) (7

where, g, =(=1)***h;_,  Any space V; can be expressed
as a combination of two subspace,
Vi = Vi 2] Wi, Vj € Z ©)
where W;,, is the orthogona complement of V;,, in
Vi (Vi1 L Wj,q). By iteration, we can write,
Vj = j+1® VI/]-+269 Wj+2
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Fig. 2: Decomposition of signal space

A signa is recursively decomposed into mutually
orthogonal set of many subspaces. With help of MRA, a
signal can be analyzed and synthesized with less
computation time. An image signal is passed through an
analysis filter bank through a decimation process [8]. The
analysis filter bank consists of a low pass and a high pass
filter a each decomposition level. The low pass filter
corresponds to an approximation operation, extracts the
coarse information and the high pass filter corresponds to a
differential operation, extracts the detail information of the
signal. Thereafter, the filtering output is passed through
decimation process.

1. WAVELET ANALYSISOF SIGNAL

We can approximate a discrete signal in space of square
summable sequences ¢2(Z) asfollows:

flnl =
o Zkalio Klpj e lnl+ =37 Bedlj, kI [n]
©)

Heref[n], ¢;,x[n] and ;,[n] are discrete functions
defined in range [0, M — 1] having total M points. Here the
sets {d)jo‘k[n]}kez and {¢j‘k[n]}j’kezlj2joare mutually
orthogonal. The wavelet coefficients are caculated by
taking the inner product,

aljo k] = 2= fIn] $joc [n]

dlj, k] = =S f [0 v [n]
with j > j,, where a[j,, k] and d[j,k] are caled
approximation and detailed coefficients respectively. The
approximation, or scaling, coefficients show the low pass
representation and the detail coefficients show the high pass
representation of the signal [9]. At each subsequent stage,
the approximation coefficients can be further divided into an
approximation and a detail parts.
A. Wavelet analysis of image
In digitization, an analogue image f(x,y) in a two
dimensional continuous space is transformed into a digital
image f[m,n] through a sampling process. The 2D
analogue image is divided into a matrix of M rows and N
columns [10].
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The intersecting area of arow and a column is named as a

pixel. The values assigned to the integer coordinates

[m,n] ae {m =012,....M -1} and {n =

0,1,2,...,N — 1}. A wavelet orthonormal basis in

L?(R?) is built up from (tensor) products involving a scale

function ¢  associated to a  multiresolution

{V}jez of L*(R) and awavelet ¢ whose dilated-translated

271/2y(27x — n) form an orthonormal basis of L2(R) =

®;W;. In the 2D Fourier transforms, the basis used are

exp j(wyx + w,y) in place of exp j(wx). In 2D wavelet

transforms, let ¢ (x,y) and ¥ (x,y) are the he scaling and

wavelet function with two variables x and y. The scaling

and wavelet basis functions can be defined as,

¢j,m,n(x' y) = Z_j/2¢(2_jx —m, Z_jy - n)
Yimn (6, ¥) = 2729127 x —m, 27y —n)
where, i = {V,F,D} (10)
There are three different wavelet functionsyV (x,y),
Y (x,y) and P (x,y) corresponding to vertical, horizontal
and diagonal functions. Since, the wavelet functions are
separable, i.e. f(x,y) = fi(x)f,(y). The scaing and
wavelet functions can be easily described as,
¢(x,y) = p()p ()
VYY) =)o)
P, y) = p)P()
PP (6, ) = ) P(y)

Since scaling and wavelet 2D functions are separable, it is
easier to analyze the 2D function focussing on the design of
1D scaing and wavelet and functions [11]. The
approximation and detail coefficients of 2D image are
modified to,

. 1 — _
a[IO’m’n] = ﬁzy:ﬂl ¥=01f(x,Y) ¢j0,m,n(x.Y)

di(j,mn) = 2= SH TN (0 0) Y ()
i={V,H,D} (11)

1
f(x'J’) = m; Z a[jO' m, n] ¢j0,m,n(x'y)

+ \/%Zi:V,H,D Z?:jo Zm Zn di (j' m, n) lp]i',m,n (x' y)
(12)

The functions {1}, %, 7, } form an orthonormal basis of
the subspace of details,
WE=(V; @W)W; @V, ) ®W; @ W)
at scalej, i.e,
[*(R?) = @; W} (13)
B. Images, Euclidean Distance and Correlation

Thebasese,, e, ,....., eyy form a coordinate system of
the image space of dimension MN having M X N size
images. The Euclidean distance [12] of images is
determined in terms of metric coefficients of the basis given.
The metric coefficients g;; i,j =1,2,....,MN , of an
image are defined as,

gij = ey, ) = mm.cos 0;j
where <, > represents to the inner product, and 6;; to the
angle between e; and e;. I,
(e, e;) = (ej, €j) =

we can say that all the basis vectors have the equal length,
then g;; is the function of angle 6;; only. The Euclidean
distance of two images X and Y in terms of metric
coefficients is described as:-
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d%(X, Y)= %’ilgij(Xi - Yi) (Xj — Yj)
=X-VTcx-Y) (24)
where the symmetric matrix G = (gy;),, . is also named as

metric matrix. MNth order of an image of size MxN and
definite symmetric identity matrix G decides a Euclidean
distance. The Euclidean distance of two images can be
written as,

di(X, V) = T (X* —Y¥)? (15)
Correlation describes a measure of similarity relation
between two signals, data or functions [13]. Correlation
coefficient between two images X and Y is described as
follows:-

Im ZnKmn=X) mn—Y)
VG Znmn =) Em Zn(mn=1)?) (19
where X and Y are the average of observations of variables
Xmn and Y, respectively

V. METHODOLOGY

The wavelet analysis for 2D image is performed
through generalizing 1D wavelet analysis. The wavelet basis
functions for 2D image are of three kinds: v, (x), $xm(¥),
®jm (), Yrem (¥) and P; (), Yim (¥). In terms of these
three kinds wavelet basis functions, a function or 2D image

F(x,y) can be expressed as,
F(x,y) = ,
Yi=Hy,D Z;O:_oo Yh=—nd ik 1/)},1( (x,y) (17)
where,
Gjse = Jga F 6, ¥) ¥j e (x, y)dx dy.
Here 1/)]"-,,{ (x,y) stands for any one of the three types of basis
functions. A scaling series using {¢; y (x), ¢r.n(y)} aso
exists the basis. A discrete wavelet transform of an image of
size M X N, whereboth M and N are even, is performed
in two steps. It produces the following first-level transform.

Vl
D’l

Al
Hl

F—

Fig. 3: Image processing at level-1
where A', V!, H'and D' are each M/2x N/2 size
submatrices. The scaling coefficients A corresponds th the
trend whereas the wavelet coefficients V!, H! and D!
correspond to the fluctuations consisting of each of the
three kinds of wavelet basis functions. The trend consisting
of scaling coefficients for the scaling
basis {¢j,M—1(x)' drm-1(¥)} occupies the upper
left quadrant of the transforms, and represents the lower
resolution version of the origina image. The vertical
fluctuation V7! consisting of wavelet coefficients for the
basis elements ;1 (x), $xm-1(y¥), occupies the upper
right quadrant of the transforms. Similarly the H! occupies
the lower left quadrant of the transforms. The horizontal
fluctuation and vertical fluctuation are identical but their
roles are reversed. There is the diagonal fluctuation D?!
consisting of the wavelet coefficients for the basis elements
Y m-1(x), i m—-1(y), occupies the lower right quadrant of
the transforms.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication


https://www.openaccess.nl/en/open-publications
https://www.sciencedirect.com/topics/physics-and-astronomy/quadrants
https://www.sciencedirect.com/topics/physics-and-astronomy/quadrants
https://www.sciencedirect.com/topics/physics-and-astronomy/quadrants

In the same manner, the second order wavelet transform is

performed as:-

AE

V2

HZ

DZ

Vl

Hl

Dl

Fig. 4: Image processing at level-2

We have developed a face recognition system, in which we
are using 15 images out of which two images are of same
person having different pose. We assign one image as test
image (T1) and compare it with 15 data based images (D1-

D15). The steps of proposed work are as follows:-

Starting

[ Loading the test image in wavelet tool box ]

l

l Applying Haar wavelet transform to test image J

1

[ Selecting level-2 and Retrieving A% sub-band J

i

[ Loading of stored database images ]

Face Recognition using Discrete Haar Wavelet Transforms

Fig. 6: Testimage (T1)
The 15 database images are as follows:-

Fig.7: Database images (D1-D15)
We select original image T1 as a test image for experiment
analysis. We take Haar wavelet transform at level 2 and
retrieve A2 sub-band. In Table 1, correlation coefficient and
Euclidean distance between test image and database images
for level 2 are shown asfollows:-

Table- I: Comparison of approximation sub-bands of test
and database images

Again applying Haar wavelet fransform and
retrieving A” sub-band

l

Finding Correlation and Euclidean distance between A% sub-
hands of test image and database images

l

[ Discussion and Conclusion ]

'

Fig. 5: Flow-chart of face recognition using
approximation sub-bands

V. RESULTSAND DISCUSSION

We consider the test image T1, asfollows:-
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Test & Database Correlation Euclidean distance
Image Coefficient
T1-D1 0.799007652 4.2969x 10°
T1-D2 0.696404307 6.1474x10°
T1-D3. 0.54714295 7.0418x10°
T1-D4. 0.58940092 6.2038x10°
T1-D5 0.463466281 6.8772x10°
T1-D6 0.607258073 8.5751x10°
T1-D7 0.585050747 8.4941x10°
T1-D8 0.38781801 9.5820x10°
T1-D9 0.343902601 9.1579x10°
T1-D10 0.565973211 1.1767x10*
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T1-D11 0.55449083 9.3658x10°
T1-D12 0.540936532 1.0193x10°*
T1-D13 0.506927815 1.1087x10*
T1-D14 0.48197378 1.4404x10°*
T1-D15 0.536904387 1.1671x10°*

Fromtable- |, it is clear that correlation coefficients between
test image (T1) and database images (D1 and D2) are
greater compared to the correlation coefficients between A2
sub-bands of test image and rest database images for Haar
wavelet, level 2. Also the Euclidean distances between A’
sub-bands of test image (T1) and database images (D1 and
D2) are smaller compared to the Euclidean distances
between A’ sub-bands of test image and rest database
images (D3-D15). Here D1 and D2 are different pose of a
single person; hence the correlation coefficients and
Euclidean distances for them are extremum.

VI. CONCLUSION

The wavelet transforms perform averaging and
differencing between pixel values to form the approximation
and detail coefficients of a signa (image). Most of the
energy of the signa is compacted into the approximation
sub signal. The low pass filter corresponds to approximation
operation, and extracts the coarse information of the signal,
while the high pass filter corresponds to detail operation,
and extracts the fine information of the signal. The trend of
the imageis the lower resolution version of the original
image and occupies the upper left quadrant of the
transforms. The face recognition is addressed in wavelet
domain using sub-band image representing the
approximation of the image and is used to extract the face
features. The wavelet and statistical analysis of trend of
images taking second order approximation coefficients
using Haar wavelet, level-2 is performed. This method is
useful in the face recognition even in the condition of
different poses or face expressions of a person.

Taking into account these results, it is concluded that
the wavelet analysis of 2D signal (image) provides a simple
and accurate framework for extracting the face and its
recognition.
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