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ABSTRACT

The current pitch static attitude and roll static attitude measuring systems are of
laser-based. A charge-coupled device (CCD) sensor dinstalled in this system detects a
reflected laser spot on the screen. The captured image of laser spot is then used to
calculate the slider orientation. One of the concerned issues of laser spot captured
image, is that this image sometimes has inadequate information for the measuring
process. In geheral, the captured image should appear in a perfect circle for accurate
measurements. However, for some reasons such as grooves on the slider, the obtained
images have a shape of distorted circle. This results in measurement inaccuracy. Image
fusion is the matching of solutions to solve the unclearness of captured images for
measurements. The information of a set of images from the same surface will be
combined by the appropriate fusion rule to obtain the better-fused image with pre-
image processing. Then the resulting fused image will be calculated to obtain the value
of slider orientation correlated to the position of the standard hard gauges. MATLAB has

been used to prove the proposed concept.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 Backgrounds and Problem Statement

A slider is an important component in hard disk drive (HDD). It is located at the tip
of a head gimbal assembly (HGA) and responsible for reading/writing information from/to
the media [1]. The orientation of the slider has crucial effect on the flying height that has
to be kept as small as possible. Two important parameters of the slider orientation are
pitch static attitude (PSA) and roll static attitude (RSA) [2]. These two parameters are
being controlled in the hard disk drive process at head gimbal assembly (HGA) as well as
at head stack assembly (HSA) level.

A non-contact angular measurement system of hard disk drive’s sliders or a laser ...

based measurement system is currently used for quality assurance. The machine is
composed of a laser source which generates laser beam and emits directly to the slider
surface. The beam of laser is then reflected to the CCD camera. As a result, the position
of the laser spot can be detected. The position of detected laser spot is then calculated
to angle value by the some calculation of built in software [3].

The surfaces of sliders are of various coating materials, together with the effects of air
bearing or other undesired contamination; they might in some cases result in light
scattering as the laser beam reflected from them. Furthermore, the captured images
sometimes do not appear in a perfect circle as they should for a perfect calculation.
These factors are all make the measurements inaccurate. A replacement of a measuring
system with higher performance could be one of a possible way to- solve the
aforementioned issues. As for example, a position sensitive detector (PSD) system has
been replaced CCD as discussed in [3]. In [4], a new CMOS vision chip has been
developed especially for laser spot position detection [4]. However, the cost of such
solutions is very high. For this reason, this paper proposed another method in attempt
to circumvent this difficulties using image processing.

An image has its own information and once the information is processes as digital

data, it can be analyzed or managed as desired. This also applied to the captured laser



spot images. In general, the captured images from the same slider surface or HSA surface
are likely to give the same measurement results. It is also assumed that more images
contain more information compared to just only one image. It should be noted that the
desired information is still obtained from the same source. Since each captured image
might not hold all the essential information for measurement, therefore image fusion is
the proposed solution which attempts to solve the unclearness of captured images for
better measurement accuracy. Hence, the proposed technique will use a set of images
instead of only one image for measurements. This set of images will be fused by using
wavelet transform techniques. Image fusion by wavelet transform is widely used and has
satisfied results in many fields such as medical, satellites, and material evidences [5-7].
Therefore this research will propose a method that makes use of this technique to solve
the concern issue.

The paper is divided into two main parts; the first part is concerning image fusion using
wavelet transform technique. Appropriate fusion rule or synthesis coefficient will be
applied on to the set of images, and the fused image with more complete information
will be obtained. To do so a pre- image processing is necessary. After the fused image is
matched to the measurement system, the value will be calculated from the fused image
to the angle value in the second part. Images of standard parts are also needed as a
reference such that the value calculated from the synthesized images could be
compared for more accurate measurement.

MATLAB is the chosen tool to develop and prove the proposed concept in this
research. A basic data element in MATLAB is an array that does not require dimensioning.
This is especially helpful to solve problems with matrix and vector formulations. An
image is a set of matrices that define the pixels value of the image, such a grey scale
value in black and white images, and Red, Green and Blue or Hue, Saturation and

Intensity values in color images. This is totally matched to image processing analysis [11].



1.2 Objective

To study the feasibility of image fusion by using wavelet transformation technique
to come over the concern issue of current laser based non-contact angular measurement
system. Research will be in two parts, which is study in wavelet transformation technique
to process the capture images to be adequate informative objects for measuring system.

The other part is study in angle value transferring from the obtained image.

1.3 Scope of work

1.3.1 To get sufficient information images, which processed by the fusion
technique using wavelet transform, suitable for angle measurement.

1.3.2 To transfer information from the obtained image to angle value or slider
orientation. The verification of result will be done by comparison of angle value reading

of current system and proposed system.

1.4 Expected Benefits

1.4.1 Being able to solve the issue of current slider orientation measuring system
by proposed system of image fusion using wavelet transform technique.

1.4.2 Alternative lower cost choice to solve issue of current slider orientation

measuring system instead of higher performance hardware replacement.



CHAPTER 2
THEORY

2.1 Laser based measurement system for slider orientation measurement
Manufacturing process nowadays has to guarantee PSA and RSA value before
drive assembly. The stations to measure those orientation angle values are HGA process
and HSA process. HSA also do measure at slider surface but in form of HGA stacking. This
research aims to solve merely the issue on HSA station. A HSA laser-based measurement
system consists of two laser sources for up and down surfaces. There are five cameras
installed on the platform with 3-axes step motor system. The HSA will be fixed on the
jig for measurement. The measurement is performed by capturing a picture of the laser
beam reflection from the slider and sent to display on the computer screen. The

software then calculates the measured PSA, RSA and Z from the obtained picture.

Vision/lllumination Path

Power Connector
N |
» Gy

Emitting Optics
2 Laser Measurement Beams-—) v o

Measurement Location
Figure 2.1 Laser-based measurement system for HSA orientation measurement

The cause of non-circular obtained image is form the slider itself or the deviation
between slider lots which is not able to avoid them to go to the measurement process.
Image processing system is an alternative way, instead of replacement by higher

performance devices, proposed in this research.



2.2 Wavelet Transform Introduction

Many of literatures proposed different image fusion techniques. The one
widespread used method is wavelet based transformation which appropriate to perform
fusion procedure because of 4 following reasons [5]

1. It is multiresolution approach well suited to manage the different image
resolutions.

2. The discrete wavelet transform (DWT) allows the image decomposition in
differént kinds of coefficients preserving the image information.

3. Such coefficients coming from different images can be appropriately combined
to obtain new coefficients, so that the information in the original images is
collected appropriately.

4. Once the coefficients are merged, the final fused image is achieved through the
inverse discrete wavelets transform (IDWT), where the information in the merged

coefficients is also preserved.

The complex information such as image is able to be decomposed into forms at
different positions and scales and subsequently reconstructed with high precision by
using wavelets.

This research works on images of reﬂed of laser spot on CCD camera. The capture
image is operated in grey scale mode or it can be called black-white photo. They consist
of a splitting of the picture into a large number of small squares, called pixels. The
camera associates a light intensity, 0 (completely white) to 256 (completely black) to
each pixel. Then all information of all pixels together presents to be the picture. Thus,
an image consists of a sequence of pairs of numbers, so called a numbering of the pixels
together with light intensity presented in each pixel [6].

Therefore, discrete wavelet transform is able to apply for images decomposition

then inverse transform to obtain new images after their coefficients are combined.



2.2.1 One-dimensional (1-D) discrete wavelet transform

Wavelet transform algorithm is an improved technique of Fourier transform. The
major drawback of Fourier transform is its signal does not contain any local information.
That is not suitable for non stationary signal analyzing so wavelet transform has been
presented to overcome this issue. Wavelet may be seen as a complement to classical
Fourier decomposition method. Suppose, a certain class of functions is given and we

want to find ‘simple functions’ £, f,, f, ,--., such that each

f(x)= i a,f,(x) (2.1)

n=0

for some coefficients a, .
A wavelet means a small wave approaching to represent the equation (2.1) for a large

class of functions £ [6]. The wavelet function is defined in reference [6][7] are

A
W, (0) =22y (2 x—k) (2.2)

And the scaling function is given by

s
9,4 (x)=22 (2" x~k) (2.3)

For all jj,keZ (where Zis the set of integers) and ¢,,(x)eL,(R) Here, k
determines the position of @, ,(x) along x axis, j, determines @,,(x)’s width and
2% controls its height or amplitude. Suppose f(x)e L,(R) (where R is the set of real
numbers and LZ(R) denotes the set of measurable, square-integrable one-dimensional
functions) relative to the wavelet function w(x)and scaling function @(x).

If the function being expanded is a sequence of numbers (e.g., samples of a
continuous function f (x) ), the resulting coefficients are called the discrete wavelet

transform (DWT) of f(x).



The DWT transform pair is defined as following [7]

W¢,<jo,k>=7;72f<x)¢,o_k(x>, 24)

W, (j,k) =ﬁ2f(x)w,,k ), for j=Jp . (2.5)

and

F&) == W, (o, k), 4 (¥) +——= ZZW (sl () (26)
N 77

J=h

Where f (x), ?,4(x), and w(x) are functions of the discrete variable x=0, 1,
2, .., M -1. Normally, let j, =0,and M (the length of the discrete samples of f(x))is
a power of 2 (i.e, M =2’) so that the summations are performed over x = 0,1, 2, ...,
M-, =012, j-1and k=0,1,2,.., 2j-1.

The transform itself is composed of M coefficients, the minimum scale is 0, and
the maximum scale is j-1. The coefficients defined in Equation (2.4) and (2.5) are
usually called approximation and detail coefficients, respectively. The process of
computing these coefficients is referred to as DWT analysis. On the other h'z.a'ﬁd, DWT
synthesis (or inverse DWT) is defined by Equation (2.6) to reconstruct f(x) with these
coefficients. Finally, it should be noted that Equation (2.4) through (2.6) are valid for
orthonormal bases and tight frames alone [7][8].

The most basic wavelet transform is the Haar transform described by Alfred Haar
in 1910. It serves as the prototypical wavelet transform. Some limitations of the Haar
transfofm is resolved by the newer version of wavelet transform (in 1998 by Ingrid
Daubechies) [9]. The basis of the Haar transform is a two-point average and difference
operations which the basis functions are given as following equation (2.7) and (2.8) [10]

1/42, n=2k, 2k+1
Pyln] =

) 2.7
0, otherwise

and



142, n=2k
Pualm) =1 -1/42, n=2k+1 (2.8)
0, otherwise
This follows that

@, [n]= @ [n—2k], (2.9)
and

Oonlnl= @[n—2k] (2.10)
Assume that the eight-point signal x(n) is decomposed into two four-point signals by

Haar transform. The basic concept of Haar transform is the signal will be decomposed to

be 2 sets of signals.

57\ B

H i

Figure 2.2 Eight-point signals

One is being the average of pairs of signal values, c¢(n) , and the other signal is their
differences, d(n)

05

LT 0 1
|

c(n) 05 din)

Figure 2.3 Left c(n) is average of pairs of signal values,

Right d(n) is average of different of signal values.



This decomposition can be written as [9]

c(n) = 0.5x(2n)+0.5 x(2n+1) (2.11)
d(n) = 0.5 x(2n)-0.5 x(2n+1) (2.12)

The original signal x(r) can be reconstituted or reversed from the two shorter signals by
using

y(2n) = c(n)+d(n) (2.13)

y(2n+1) =c(n)-d(n) (2.14)

The Basic Haar decomposition is shown as the following block diagram

> C(n).____y

A / g s
St s NV > yn)

> d(n) ——¥

Figure 2.4 Block diagram shows basic concept of Haar transform

When the simple signal decomposition procedure is repeated a number of times, the
Haar transform is expressed. In case of example eight-point signal, the decomposition
can be repeated up to three times thus the Haar transform can be shown in block

diagram as in Figure 2.5

i . —>c,(n).
- - Averager/

i - | Averagert i -
- - e (= i, ‘ -
T T e | L —wdin)
L verager :
X(n)—>|  piff- _—=>d,(n)

— d(n)

Figure 2.5 Block diagram shows example Haar transform of eight-point signal
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The eight-point signal x(r) is represented to be the set of four output signals
produced by three-level operation of The Haar wavelet decomposition. The four signals

have lengths 1, 1, 2, and 4 respectively.

=[4.5]
d3 =[-0.25]
d2 =[-0.75, 1.75]
d=1[-0.5,0,0.5, 1]

(2.15)

These four values are called the ‘wavelet representation’ of the signal x(»).

In 1988 Daubechies constructed a family of easily implemented and easily
invertible wavelet transforms that generalize the Haar transform. The only difference is
that the decomposition is replaced by a new one; Haar transform uses average and
difference. The new decomposition for the simplest Daubechies wavelet transforms is™

shown as [9]

c(n) = hx(2n) + hx(2n + 1) + hx(2n + 2) + Ax(2n + 3)

d(n) = hx(2n) - hx(2n + 1) + Ax(2n + 2) - hx(2n + 3) (2.16)
And the inverted transforms are expressed by
y(2n) = hye(n) + ye(n - 1) + hd (n) + hd (n-1) 217
y(2n+1)=he(n) +he(n-1) - byd(n) - hyd(n-1)
Where the multiply are
1+\/[ h]_3+\/\[ h2_3\/\_f }13_14\/[ 2.18)

When the original signal is a linear signal, x(n) =an+b, the output d(n) will be zero

and the output signal ¢(n) will be linear.
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This Daubechies transform properties contrast to Haar expression that will not show any
zero outputs of linear signal decomposition. Thus, a sparse representation for piecewise-
linear signals is stated by the wavelet transform using the Daubechies decomposition [9].

The wavelet transform can also be considered as a filter bank, and then the
wavelet transforming a signal is regarded as passing the signal through this filter bank.
The outputs of the different filter stages are the wavelet and scaling function transform
coefficients.

Filter bank is the building block of discrete-time wavelet transform. Two-channel

fitter bank for one dimensional signal is shown as block diagram below

. -Analysis Synthesis ¥
el ; e
3 \ yl e .’yl == 5,\'.1,‘ &
: ANRA BFY, 2 . Yo

Figure 2.6 Two-channel filter bank for 1-D signal

For the perfect reconstruction x = x, the filters must meet conditions

goln]=—hy[-n]

(2.19)
g ln]=h[-n]

Thus, if one filter is lowpass, the other one will be highpass and filter bank also should
be orthogonal to have orthogonal wavelets. The orthogonal condition for one

dimensional two channel filter bank is

gi[nl=(-1)"g[-n+1] (2.20)
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Consider to the discrete-time Haar filters, the lowpass is the average of two neighboring

samples, while the highpass is their difference. The corresponding orthogonal filter bank
has filters go[n]=[1/x/§,l/x/5] and gl[n]=[1/\/_2—,—1/\/§] which are the basis

functions of the discrete-time Haar expansion. Related to Haar scaling function the filters

can be stated as

ho[n]z{”ﬁ , n=0,1

0, otherwise

1/\/5, n=10
hlnl=1-1/42, n=-1

0, otherwise

While (2.21) is lowpass filter and (2.22) is highpass filter

»

S ACREAC)

Low band Hihg band

i
|
i
i

ol
2

Figure 2.7 1-D signal with Two-channel filter banks

Then the lowpass output is

Yolk1=ho[n)*x[n] _, = hlx[2k-1] = 71_2—x[2k] + %x[zk +1]

leZ.

(2.21)

(2.22)

(2.23)
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And the highpass output is

y[k1=hln)*x(n]| _,, =D AUIx2k-1] = jl_z—x[zk]—jl_z—x[zkﬂ] (2.24)

leZ,

Since y,[k)=x[2k] andy[k]=x[2k+1], the filter bank implements Haar
expansion. It is important to note that the impulse responses of the analysis filters are
time-reversed versions of the based functions Ay [n]=g,[-n] and A[n]=¢,[-n] since
convolution is an inner product involving time reversal [10]. Discrete wavelet can be
constructed via iterated filter banks as block diagram in Figure 2.8 and Figure 2.9

An orthogonal wavelet transform will be expressed when h{n]is an orthogonal

filter and g,[n] = h[-n].

oy By O

LEVEL2 “'\
ERSIOS

LEVELJ

Figure 2.8 Analysis phase of discrete wavelet via iterative filter banks

Figure 2.9 Synthesis phase of discrete wavelet via iterative filter banks
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The two-channel filter banks in aforementioned sections have the property to
split the signal into two lower-resolution output. One was a lowpass or coarse resolution
version, and the other was a highpass version of the input. Then, the lowpass or coarse
version is applied by decomposition repeatedly. This leads to a hierarchy of resolutions,
also so called a multiresolution decomposition. ¥, is considered as the space of all
square-summable sequences if ¥, =1,{Z} then a multiresolution analysis consists of a

sequence of embedded closed spaces V, c...cV, c ¥, c V. Itis obvious that

U V, =¥, =1,{Z} (2.25)

Jo=0

The orthogonal complement of ¥, in ¥, will be denoted by W, , and thus

J+b?
V=V, @®W,,, with V,, LW,

mOW,,, o LW, where @ denotes the direction sum. If ¥, is split and

repeat splitting on ¥,V,,....¥,, then ¥, can be decomposed in the following manner
by simply iterating the decomposition J times. ¥V, will be called approximation spaces

and W, will be call detail spaces[10].
V,=W,8W,®..0W (2.26)
Then, the process of building up the signal is intuitively very clear — one starts with its

lower resolution version belonging to ¥,, and adds up the details until the final

resolution is reached.
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2.2.2 The two-dimensional (2-D) wavelet transform implementation
for multi resolution decomposition images

An easy way to construct two-dimensional wavelets is to use tensor products of
their one-dimensional counterparts. This results in one scaling function and three
different “mother” wavelets [10]. First a 1-D filter bank will be applied to the rows of
the image then the same transform will be applied to the columns of each channel of

the result. Therefore, 3 highpass channels are obtained corresponding to vertical,

AN

horizontal, and diagonal, and one approximation image.

P (%Y) = e(X)(Y), Wi (Xy) =eX)w(y),

(2.27)
Vi ) =X ey, Vi &Y) =y @y ),

.. The diagram of two dimensional analysis filter banks is shown in Figure 2.10

Rows Columns

x —t 1y }2 diagonal
vertical

o Hi2 - h horizontal

approximation

Figure 2.10 Two dimension analysis filter banks

When an image I(x,y) is operated by a filtering and down-sampling horizontally using
the 1-D lowpass filter L and highpass filter H to each row, the coefficient matrices
I, (x,y) and I,(x,y) are produced. Vertically filtering and down-sampling, using the
lowpass and highpass filters L and H are applied after to each columnin I,(x,y) and
I,(x,y). Then four subimages I,,(x,y) ,1,;(xy) ,1y(x,y) and I, (x,y) will be
created. I,,(x,y) is a smooth subimage corresponding to the low-frequency band of

the multi-scale image decomposition. It represents the coarse approximation of I(x,y)
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While 1,,(x,y) ,1,,(x,y) and I,,(x,y) are detail subimages, which represent the

horizontal, vertical and diagonal directions of the image 1(x, y)[5].

columns

I
"f:‘” ‘ 1(1{9 & ,LL

columns

H

hix)

Figure 2.11 One stage of 2-D DWT multiresolution image decomposition,
Right details image decomposition; Left details image reconstruction.

[G. Pajares, J. Manuel de la Cruz] [5]

Let I(x,y) be the original image size M x N, I(i) the analysis lowpass coefficients of a
specific wavelet basis, i = 0,1,2,..., N, =1, where N, is the support length of the filter L,
h(j) the analysis highpass coefficients of a specific wavelet basis, j=0,1,2,...,N, -1,
where N, is the support length of the filter /1, Then

N1

i
1,(9) =~ > IGYU ((2x+1) mod M, y), I,(x,y)
| =0
Tt (2.28)

N Do h(HU(2x + ) mod M, y)

h Jj=0

for x =0,1,2,.., M/2)-1 and y=0,1,2,., N-1

N,-1

1
1, (x,y)= N Z [, (x,(2y +i) mod N),
1 i=0
ol (2.29)

I, (x,y) = NL S W), (x, 2+ ) mod N)

h Jj=0
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1 N-1
Ly (%,¥) = — > 1), (x,(2y +i) mod N),
N, 5
e (2.30)
Ly (x,y) = A > B, (x,(2y + j) mod N)
h J=0

forx =0,1,2,..., (M /2)-1 and y=0,1,2,..., N-1
The 2-D inverted wavelet transform analysis is described as the followings [5]

Let RxC be the size of a subimage to restore, / (¥) the synthesis lowpass coefficients of
a specific wavelet basis, i= 0,1,2,..., N;, where N; is the support length of filter L,
l;( J) the synthesis highpass coefficients of a specific wavelet basis, i= 0,1,2,...,N;,
where N is the support length of the filter H.

I, (x,y) is synthesized. t;)./.upsampling by the factor of 2 along the y-axis and
filter with lowpass filtter L. Let I (x,2y)=1,,(x,y) and Isy(x,2y+l)=6, for x=
0,1,2,.,R-1and y=0,1,2,..,C-1 then

_ 1 & . -
1; (x, y)= - DD, (x,(y+1i) mod 2C) : (2.31)

j 1=0

After that upsample I;,l by a factor of 2 along the x-axis and filter with lowpass filter L.
Let I'(2x,y)=1I_(x,y) and I (2x+1,y)=0,for x=0,1,2,.,R-1and y=0,12,.,C-1

N;=1

I (%, p) = ]—\1[— Z [OI7 ((x+i)mod 2R ,y ) (2.32)

7 oi=0

I,,,(x,y) is also synthesized by upsampling by the factor of 2 along the y-axis but filter
with the highpass fitter H. Let L, (x,2y)=1,(xy) and I, (x,2y+1)=0, for x=
0,1,2,.,R-1and y=0,1,2,.,C-1then

Ny

[5.0) =2 2 By (3 +.) mod 20) 239

& J=0

76517
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After that upsample I; by a factor of 2 along the x-axis and filter with lowpass filter L.

Let I;l Q2x,y)= I;y] (x,y) and I;l 2x+Ly)=0,for x=0,1,2,.,R-1and y=0,1,2,.,C-1
then

Nl
I, (x,) =W1—Z I()I7'((x+1) mod 2R, y) (2.34)

[ =0

By the same procedure as I,,(x,y) the vertical and diagonal detail subimages
I, (x,y) and I ,(x,y) can be reconstructed with corresponding filtering operations.

(A in both row and column for I, L in column followed by A in row)

Two instructive examples of analysis and synthesis are stated as the following diagram.

1 2 3 4 rows 07 21 36 50 28

5 6 7 8 L 35 78 92 106 57

9 10 11 12 169 64 134 148 163 83
4 151 2 191 05 219 1
I

2]
15 35

70 110 columns |21 50

70 110 L 78 106
E.o 27.0]@ g‘ﬁ ;'g‘_ 16 BA 163

z, ey 191 219
(@

Figure 2.12 Instructive examples: (a) analysis, [G. Pajares, J. Manuel de la Cruz] [5]
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colunmns
! [7‘0 11.0] Z‘; ’01';’ 7
IL —1 12 .| . .
230 27.0 E
230 270 10)

rows 4% 00 78 49 78
F 49 00 78 49 18
~ il
1(x) 163 00 19.0 163 19.0
A

163 0.0 19.0 163 190

35 35 55 55

| 4 35 35 55 55| Subimnge
11.5 115 135 135 reconstructed
1.5 115 135 135

®)

Figure 2.12 Instructive examples: (b) synthesis. (cont.) [G. Pajares, J. Manuel de la Cruz] [5]

2.3 Image fusion using wavelet transform

Image fusion is the technique to combine information from two or a set of
images then the fused image should have more complete and useful information. Image
fusion using wavelet transform is one wide spread fusion technique. The concept of

image fusion using wavelet is governed by equation (2.35)

I(x,y)=w" {F[W (L, ) W {1 (, y))]} (2.35)

The two dimensional (2D) wavelet transforms W of the two registered input
images I,(x,y) and I,(x,y) are operated by filtering and down-sampling process as
aforementioned procedures. Then Fused strategy F is used to combine their coefficient
matrices. The result image I(x,y) is obtained from the inverse wavelet transformation,
W The result fused image I(x,y)can then be used for further purpose.

Figure 2.13 illustrates over view procedure of wavelet based image fusion.
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Fusion rule applied
1]

DWT —,— H
Imgt » :
v
DWT +
Img2 >
| Fused ing
DWT —l-— »
Img3 > i
)
; i i
\4 v i
DWT —'— IDWT
Img(n) >

Figure 2.13 Wavelet based image fusion diagram

Fusion process should conserve all important analysis information in the image.and
should not introduce any artifacts or inconsistencies while suppressing the undesirable

characteristics like noise and other irrelevant details [12].

2.3.1 Fusion of DWT coefficient matrices

A fusion rule or fusion strategy will be defined suitably to each case depend on
the purpose of applications. Some procedures such as coefficient grouping and
coefficient combining technique, principal component analysis (PCA) and morphological
processing, and pixel based maximum selection algorithm are presented in Ref.[5](7][12]
respectively. The algorithm in used in this research is the basic method provided in
MATLAB which are 'max’, 'min’, 'mean’, rand, 'imgl’, and 'img2". Let A is the coefficient
matrices from ‘image A’, B is the coefficient matrices from ‘image B’ and C is the
combined matrices between matrices ‘A’ and ‘B’ then these basic algorithm describe as

the following;

4, , abs(A)z abs(B) -

max' : C,, ={Bi,/ . abs(A) < abs(B) (2.36)
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'min' : C,, :{;j]j : ;Zi;fl))j;b;g) (2.37)
'mean' : C,, =(A'—'j;ﬂ (2.38)
'rand' : C,, =4, ,(D,)+B,,(~D,)); (2.39)
While D, ; is a Boolean random matrix which size D, , =size 4, , =size B, ,
~D, , IS NOT D, ;
el i Gy =y (2.40)

'img2' : C =B,

for i= 1,2,..,max row index, j= 1,2,..,max column index
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CHAPTER 3
RESEARCH METHODOLOGY

This research purposes the alternative ways to come over the immeasurable
issue of the currently in used laser based measurement system. The sliders have
multicoated material on the top surface and also complicated grooves so that might
lead to light scattering effect. Then the image on CCD sensor has insufficient information
to calculate the angle value of the sliders.

Image processing is purposed in  this research instead of high performance
hardware replacement. Moving the set of camera both CCD sensors and laser units by
small steps, slider is still mount at the same position, will get multi images with the
same angle information as shown in Figure 3.1. The same slider and same CCD camera
but different area to reflect the laser beam could be considered as single sensor system
which captures the real world as a sequence of images [11]. The redundant information
from a set of images will be used for further angle value calculation.

Image fusion - using wavelet transform technique is performed to get the
intersected information from captured images. The satisfied obtained image is further
calculated its center position then transferred to angle value or PSA and RSA of the
slider which illustrated in Figure 3.1. Image preprocessing is also applied in the process.
The calculated angle values by MATLAB are compared to the reading values from the

currently in used machine.

Figure 3.1 Left illustrated multi images capture procedure,

Right shows definition of angle value of a slider.
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There are two main parts in this research. The first part is concerning image fusion
using wavelet transform technique. Appropriate fusion rule or synthesis coefficient matrix
will be applied on to the set of images, and the fused image with more complete
information will be obtained. After the fused image is matched to the measurement
system, the value will be calculated from the fused image to the angle value in the
second part. Images of standard parts are also needed as a reference. The getting of
multi input images from moving a set of camera and laser unit by small steps will not
be detailed in this research. After multi images have been captured, the overall research

procedures are as the following

Image preprocessing

Image decomposition by Discrete Wavelet Transform

Image fusion or coefficients matrices merging by desired rule
Image synthesizing by Inverted Discrete Wavelet Transform

Finding image centroids

Caat LR S T O T o

Angle value Transferring

Items 5 and 6 are in the second part of the research, the others are in the first part.

Image Fusion

? Transfer function,
i(Y)PSA" [-==5==>Get angle value.
1

ImageS () RSA

e M

Centroid finding

Figure 3.2 Diagram illustrates overall procedures of the research.
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3.1 Part one : Image fusion using wavelet transform

The proposed methodology in this research will be applied when an obtained
image has insufficient information to measure angle value. Then the first process step is
to get at least another input image to combine and get more completed image suit for
the measurement. More images can be captured by moving a set of camera and CCD
screen as shown in Figure 2.1. Images are captured from the different area of the slider
but the angle information is the same. In some cases the captured image from the CCD

camera are not perfect. This can be seen as light scatter or distorted circle in Figure 3.3
(b)-(d).

(a) Good image (b) Noised image

(c) Distorted image (d) Separated image

Figure 3.3 Input images from CCD camera.

(a) Good image, (b) Noised image, (c¢) Distorted image, (d) Separated image.

3.1.1 Image preprocessing

In order to prepare the images for the wavelet decomposition, image
preprocessing is applied. The first process applied to the image is image registration
which is to get the same reference points between the two images that will result in the
good result of image fusion. However, actually the images are collected from the same
CCD screen or computer screen of the current system so they are precise in the same

position already.



25

The original image size is 1280x1024 pixels, it is most of the dark area that could
be reasonable considered as unnecessary pixels and cause of high processing time as
well. Thus they are cropped to 300x200 pixels in this experiment for faster wavelet
transform process.

The Sedond step is changing class of image to image in double class. Image of
class variables is also impact to the fusion process and display process. In MATLAB
function image is read to data in class of integer which will contain 0 to 255 for 8 bits
gray scale image (28). Input image in this research is converted to the class of double
before fusion process for 2 main reasons, one is the double precision is higher than
integer precision. Double class is real number and convert from integer by dividing value
in each pixel by 255 (The maximum value of gray integer image). The other reason is the
default display range of the grayscale image of class single or double is [0 1]. Then the
double class is more suitable to process in the experiment. When 2 mentioned steps are
completed then images are ready for image decomposition by wavelet transform.

The next steps are applied for the purpose of roundness finding. The third step is
image binarization or convert image to binary image that is only bring the readiness to
image Morphology. Removing the open area and fills holes in the binary image will be
done, a hole is a set of background pixels that cannot be reached by filling in the
background from the edge of the image. A dilation and erosion method is also applied
in the step of image Morphology. Then the roundness can be calculated by the
morphological: grayscate reconstruction algorithm [15] in the built in script in MATLAB
software. Briefly, the boundary will be calculated by the difference value between the
pixels then the area also be estimates by the inner boundary pixels. The roundness

value of each image will be kept for further fusion rule.

3.1.2 Image decomposition by Discrete Wavelet Transform

The two dimensional discrete wavelet transform horizontally filters and down-
samples using the 1-D low pass filter L and high pass filter H to each row of the image /.
The coefficient matrices have then been produced. After that, following by vertically

down-sampling using low pass and high pass filters L and H to each column and the
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sub-images have been produced [14]. 2 level wavelet decomposition has been used in
this experiment so the approximate coefficient matrix is repeating the procedure again.
Then at the end of 2-lelvel wavelet decomposition, 7 coefficient matrices have
been produced. There are 1 approximate coefficient matrix, 3 detail coefficient matrices
of levell decomposition and 3 detail coefficient matrices of level2 decomposition. The
process has been repeated on all input images before the coefficient matrices will be
merged by the proposed fusion rule in the next step. One stage of 2D-DWT multi
resolution image decomposition is shown in the Figure 3.4 and 7 coefficient matrices

have been shown is the two-dimensional wavelet tree in the Figure 3.5

,,,,,

Two-Diménslonal DWT”
P (S5
- } LoD ""‘l 2 *‘-1 *"' . columns ”,;

_hl Hi.D j—"|142 horlzontal'

|m1um.ns }____l {___cD

. rows ' Ia_D 142

H’-D |_"|2“-|-. ml’umna

S |—~11*21—;Dg;g,w,

where m an:nsam*_ple colurins;: keep the even 1ndexed co]u:mm

( Downsample rows: keep the even itidexed rows
mﬁ% , . ) :
-"» Convolve with filter X the rowe ofthe entry
columns
Ctmvolve with filker X the columns of the entry

Figure 3.4 One stage of 2D DWT multi resolution image decomposition.
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cd, ¢D} eDi D)

Figure 3.5 the two-dimensional wavelet tree

... 3.1.3 Image fusion or coefficients matrices merging by desired rule
The purpose of fusion is to make the final image as circular as possible before
measuring its angle values. The circular or roundness comparison is desired for the fused
strategy. Roundness of laser spot is defined by equation (3.1)
4xmxarea

Roundness = ————— 1
(perimeter)? (3.1)

Roundness is equal to one only for a circle and it is less than one for any other shape.
The multi value in case of separated input image will be averaged. Then the roundness
of each image has been weighted to all coefficient matrices of each images follows
equation (3.2) and (3.3)

I'=>wC, (3.2)

T g (3.3)
Z Jj=1 RJ'
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Where I’ is fused image, w, is a weight calculated for coefficient matrix of each input
image, C, is a coefficient matrix of each input image, R, is a roundness of each input

image

The example of roundness is shown in Figure 3.6. In Figure 3.6 the roundness of (a) is
0.90 which is the closest to one, (b) is multi value so will be ignored and not choose to
be the template, (c) is 0.85 which closer to one than (d) at 0.65 so the template of fusion
will be prior to (a), (c) and (d) respectively. The weighted coefficient matrices of 2 images

has been shown in Figure 3.7

Figure 3.6 Defined Roundness of images

Weighted Coefficient matrices by roundness of 2 images
s
R, h R
¢D, x4,
R+R, ' R+R
R R < cD"
A 1 ¥ cD,
cd, eD!' eDf D} })ﬁ R+R B Rl
o R, d 2 xcDf
X € 2
R +R, o R +R,
cd, D} eDi Dy R
L_xcDj
R +R, :

Figure 3.7 2-level decomposition coefficient matrices weighted by roundness of 2 images
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3.1.4 Image synthesizing by Inverted Discrete Wavelet Transform

After coefficient matrices have been weighted by the roundness of each image, 7
weighted coefficient matrices have been produced. There are 1 approximated coefficient
matrix, 1 levell horizontal detail, 1 levell vertical detail, 1 levell diagonal detail matrix
and level2 horizontal, vertical and diagonal detail matrices respectively. Then Inverted
Discrete Wavelet Transform (IDWT) will be applied as shown in Figure 3.8. The process
has been done as the steps detailed in Figure 3.9. The up sampling method is using zero
padding which is the default calculation in MATLAB. Then the result image has been
obtained. Post image process, binarization which use Otsu’s method [13], noise
elimination, erosion and dilation processed by the morphological grayscale reconstruction

algorithm [15], are also performed appropriately to the fused image.

Decomposition1

Imagel

‘

Image2 Decomposition2 | =

";r__

NOISNd

Gmm [ 11’ =4

] @

Synthesized Image Fusion of Decompositions

Figure 3.8 Image synthesis by invert discrete wavelet transform
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Two-Dimenslonal IDWT

Reconstruction step
columns
Ajrt —1g2}—[ or rows
) columns
o L EL L g AL
oD ) columns CAj
j+d
vertical . 4 2 I—. | ca

columns

ﬁfﬁ, —142}—] miRr

Where Upsample columns: insert zeros at odd-indexed columns.
Upsample rows: insert zeros at odd-indexed rows.

rows
Convolve with filter X the rows of the entry.

columns

IZI Convolve with filter X the colunms of the entry.

Figure 3.9 Image reconstruction steps

3.2 Part two: Angle value calculation

The first part of this research is Fusion phase and the second part is measurement
phase. There are two steps in the second part which are Centroid finding and Angle value
Transferring. In the proposed methodology, a centroid of an image is referred to its angle
position.

The position of the centroid is reported in two elements. The first element of the
centroid has horizontal coordinates (or x-axis) at the center of the image, and the second
element has vertical coordinates (or y-axis) at the center of the image as well. The y-
coordinate represents PSA values and the x-coordinate represents RSA values. Built in
function in MATLAB used to find centroid is using pixel connectivity based on
Morphological reconstruction [15]. The directions of PSA and RSA are represented by
coordination, as shown in Figure 3.10.

The hard standard gauges, which were built by a very high precision machine, are
used to collect the laser spot images reflected from the gauges. Their centroid are
calculated and correlated to the reading value, which were received from the machine.
Transfer function of the centroids of the images to the angle values is established by

linear interpolation of image centroid and machine reading value.
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The transfer function are separated in range of positive and negative values both
PSA and RSA since it is easier to compensate the offset value into the system, which is
the same as the current measuring system.

The method will begin by getting the image of standard parts then find their
centroid value. This purpose is to collect the centroid value to interpolate the transfer
function of centroid position to angle value. Once the transfer function is existent, the
image of laser spot from good parts will be collected with machine’s reading. Then the
images from the good parts will be processed and calculated their angle value by using
the transfer function of the gauges. After that the value will be compared between the

PSA and RSA value from machine’s reading and the value from the calculation.

A PSA+

RSA- 4 - RSA+

PSA-

Figure 3.10 PSA and RSA directions on X-Y-coordinate.
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CHAPTER 4
EXPERIMENTAL RESULT AND DISCUSSION

There are various products of sliders. They differ in properties of materials on the
surface and the groove pattern of the air bearing. Therefore only one product and a
corresponding standard hard gauge image of laser spot has been collected for this
experiment. The experimental result will be discussed in two phase which are Fusion

phase and Measurement phase.
4.1 Fusion phase
Image fusion will be divided into 4 steps which are Image preprocessing, Image
decomposition by Discrete Wavelet Transform, Image fusion or coefficients matrices
merging by desired rule and Image synthesizing by Inverted Discrete Wavelet Transform.
4.1.1 Image preprocessing
The result will be compared since image of double class, Binarization, Removing

open area, Hole filling, Dilation and Erosion then Roundness number will be shown for

the final step of image preparation as diagram in Figure 4.1

Double class transformation
C Binarization
Removing open area
< Hole filling
Dilation and erosion
C Roundness calculation

Figure 4.1 Image preprocessing step diagram




The results of image preprocessing are shown in Figure 4.2

Image class of Double Binarization Removing Open area

———

Holes filling Dilation and Erosion Roundness

Image class of Double Binarization [ Remgving Open area

s,
w w

Holes filling | Dilation and Erosion Roundness

Figure 4.2 Results of Image preprocessing




Image class of Double Binarization Removing Open area

« B + B +~ B

Holes filling Dilation and Erosion Roundness

- B -~ B -~ &

0.870.74

Image class of Double Binarization | Removing Open area

Holes filling Dilation and Erosion ‘ Roundness

Figure 4.2 Results of Image preprocessing (cont.)
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Image class of Double Binarization Rermoving Open area

Holes filling Dilation and Erosion Roundness

P

Figure 4.2 Results of Image preprocessing (cont.)

4.1.2 Image decomposition by Discrete Wavelet Transform

The transformation is using built in function in MATLAB 7.11.0 (R2010b) and
running in Windows 7 enterprise service pack 1, 64-bit operational system with Intel®
Core™ i5-3320M CPU @ 2.60HGZ Processor and 4,00 GB memory. The result is compared
in qualitative vision and executed times of decomposition in each level. The chosen
wavelet filers are Haar, Daubechies2, and Symlets then decomposed in level 2 to level
5. The comparison of executed time is shown in table 4.1. The executed time of level 5
decomposition is increased about 60% from level2 for Haar wavelet filter and about
70% for Daubechies and Symlets wavelet filter. The detail and approximated coefficient
are also significant betters in higher composition levels. But actually, the purpose of this
experiment is not required much high detail at level 5 while weighted with executed
time. The image of laser spot is defined value in grey scale level that it is not as much

detail as color image so the level 2 decomposition is preferred in this experiment.
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Table 4.1 Comparison of executed time of image decomposition

Wave name | Level | Elapsed time (Second) | % of db2
Haar 2 0.013048 95
Haar 3 0.015056 110
Haar 4 0.018479 135
Haar 5 0.021253 155
db2 2 0.013682 100
db2 3 0.015994 117
db2 q 0.018618 136
db2 5 0.023138 169
sym2 2 0.013075 96
sym2 3 0.016349 119
sym2 4 0.019913 146
sym2 5 0.022676 166

|
|

Level2 Image decomposition using Haar Level5 Image dedomposition using Haar

Figure 4.3 Comparison of level 2 and level 5 image decomposition

using Haar wavelet transform
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Level2 Image decomposition using Daubechies Level5 Image decomppsition using Daubechies

Level2 Image decomjposition using Symtets Level5 Image decomjposition using Symlets

Figure 4.3 Comparison of level 2 and level 5 image decomposition

using Haar wavelet transform (cont.)

4.1.3 Image fusion result
The result shows sample images before fusion and the last obtained images after
post image processing. Steps of post image processing shows in Figure 4.4 is similar to

pre image processing.

Binarization

Removing open area )
Hole filling

Dilation and erosion )

Figure 4.4 Steps of post image processing
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The results are observed to be better in qualitative term of circularity. The
centroids in X, Y coordination are also calculated then plotted in the images. Some of
them are not perfect circular but they are shown much better than the original input

images as shown in Figure 4.5

Post Imace Processina
y) = 154 7378640776699 136.5145631067961

Pgst Imaoe Processina

Center(x y) = 167.0000000000000 129.0000000000000

Original#1 Originat#2 Post Imaae Processing
Center(x y) = 156.5631067961165 126.3915857605178

Original#1 Oniginal#2 Post Image Processing
Center(x y) = 155.0131578947369 127 8004385964912

Figure 4.5 Results of post image processing with centroids displayed
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Original#1 Original#2 Post Imace Processino

Center(x y) = 169.1189427312775 127.7885462555066

Original#1 Original#2 Past Imace Processina
1 3208955223881 127 0895522388060

Original#1 Original#?2 { T Posi
: 161693

Image Processino
6170212766 128.5957446808511

Figure 4.5 Results of post image processing with centroids displayed (cont.)
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Original#1 Original#2 Post Imaoe Processing
Center(x y) = 155.5320197044335 119.5172413793104

Oricinai#! Original#2 Post Imaqge Processing
Center(x y) = 161.0000000000000 128.0000000000000

Figure 4.5 Results of post image processing with centroids displayed (cont.)

4.2 Measurement phase

The result of measurement phase will be shown into three sections. The first
section is transfer function interpolation from the centroid of the gauge’s images. Then
PSA and RSA value will be calculated from transfer function and compared to the
reading of the machine in the second section. The third section will be shown the
correlation between PSA and RSA getting by calculation and reading of the machine
then translate the result.

The angle value are catalogued by up tab PSA, down tab PSA, up tab RSA and
down tab RSA. The angle of slider on-the tip of HGA is defined the directions as
illustrated in Figure 3.10 and the reason of machine offset value biasing so that is the
reason why the measurement ranges have been separated into positive and negative.

The process of image pre-processing is also applied to these set of images before
find their centroid. It can be seen that the image quality of hard gauge is much better
than the obtained image of the slider, due to very smooth and flat surface. The samples
of the centroid positions of gauge are plotted on the original images are shown in Figure

4.6
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Center(x y) = 146.7412140575080 60.7124500638978 Center(x y) = 146.2337164750958 142.8659003831418

o

Center(x y) = 90.43189366877076 124.0465116279070 Center(x y) = 91.9592592592593 79.3814814814815

[+

Figure 4.6 Centroid calculation of PSA and RSA plotted on original images.

The position-of these centroids correlated to the machine angle readings. So that
transfer function is established by linear ‘interpolation. Correlation plot and transfer
equations are shown in Figure 4.7 and Figure 4.8. The result is shown very good
correlation between centroid position and angle value from machine reading both PSA
and RSA on up tab and down tab. Thus 4 equations have been obtained to translate
centroid position to PSA down tab, PSA up tab, RSA down tab and RSA up tab
respectively. The verification of measurement is considered by error and also correlation
plot between machine reading and MATLAB calculation value as shown in Table 4.2 and
Figure 4.9 to Figure 4.12 respectively. The error is shown not over 0.0x degrees with very
good correlation for this example group. However, some value are prone to have more
error and expect to occur from small range of standard value using to interpolate the

transfer function which does not cover the range of some centroid positions.
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Figure 4.7 Correlation plot and transfer function of centroid position to PSA
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RSA(DN) VS X-position of centroid
RSAIDN) Degrees
2.00 T RSA(DN) = 0.0243X - 3.4986
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L
b EREER ¢ RSA_Reading(DN)
0.50 +- | 1 - | inear (RSA_Reading( DN))
0.00
-050 1
-1.00
-150 T Centroid position (X)
0 50 100 150 200 250
RSA(UP) VS X-position of centroid
RSA{UP) Degrees
20 T A T TTTTTTTT 7] RSAUP) = 0.0248X - 3.6147
150 4t = J] : ; ey R? = 0.9998
00 LN L PRI A | 14
| BREE¢ H ! Il + RSA_Reading(UP)
0.50 i o i e i N 81 (RSA_Resding(UP))
| i§= d 4 I
ol | [ X
050 + - -
4] 1] &
-1.00 1] e =
-150 Vi {11 cantroia position (X)
0 50 250

Figure 4.8 Correlation plot and transfer function of centroid position to RSA

The 4 functions in Figure 4.7 and Figure 4.8 are used to calculate PSA and RSA by
using MATLAB. They are used to translate centroid position to angle value which show
as equation (4.1) to (4.4).

Then the calculated PSA and RSA are compared to reading values from the
current using machine. The value and the error are separated into upside and downside
then reported in the following Table 4.2. The positive error means calculation value is

higher than reading from machine and vice versa.
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The impact of error could be adjusted reasonably but it is regarding with the
correlation. More than 99% correlation is significant acceptable and the error just need

to be biased by constant value.

PSA(DN)=-0.0976Y +9.8431 (4.1)

PSA(UP) =0.0904Y —9.2643 (4.2)
RSA(DN) =0.0243X —3.4986 (4.3)
RSA(UP) =0.0284X -3.6147 (4.4)

Table 4.2 MATLAB Calculation value VS reading value from current in used machine

Tab Centroid position MATLAB calculation Reading from Machine Error

X Y PSA(des) | RSA(deg) | PSA(deg) | RSA(deg) | PSA(deg) | RSA(deg)

DN 118.29683 132.02594 -3.04263 -0.62399 -2.80875 -0.63169 -0:23388 -0.00770

DN 148.80342 13597721 -3.42828 0.11732 -3.45066 0.12927 0.02238 0.01194

DN 138.69322 135.49853 -3.38156 -0.12835 -3.76883 -0.13650 0.38728 -0.00815

DN 154.08264 139.77410 -3.79885 0.24561 -3.83345 0.24235 0.03459 -0.00326

DN 155.73727 126.90617 -2.54294 0.28582 -2.62561 0.33162 0.08267 0.04581

DN 112.87042 140.89859 -3.90860 -0.75585 -3.71107 -0.76192 -0.19754 -0.00607

uP 160.83643 123.54275 1.90396 0.37404 1.88765 0.33387 0.01632 -0.04017

UpP 181.01075 122.89964 1.84583 0.87437 1.82247 0.86398 0.02336 -0.01039

UpP 179.21691 122.93382 1.84892 0.82988 1.87450 0.77192 -0.02558 -0.05796

upP 158.85714 112.98730 0.94975 0.32496 0.97679 0.29346 -0.02704 -0.03150

UP 184.66901 121.13028 1.68588 0.96509 1.68779 0.96250 -0.00192 -0.00259

upP 161.37162 125.64865 2.09434 0.38732 2.16335 0.36876 -0.06901 -0.01856

The usage time of overall fusion process for level 2 and level 5 decomposition is
compared in Table 4.3. The usage time of level 5 deposition is increased about 20% of
level 2. In term of angel values, it is varied about 0.3 degrees at worst when calculated

by equation (4.1) to (4.4).
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However, the original slider could not be measured so it could not be defined the

exactly error from the right value in this thesis. So that Daubechies2 wavelet filter is still

in used at level 2 decomposition in this research.

Table 4.3 Images and executed times comparison between processes of using

level2 and level5 Daubechies2 wavelet filter.

Image fusion Executed time(Sec)
Original#1 Original#2
LVL 2 LVL 5 LVL 2 LVL 5 %of LVL 2
Omgrté') Ovgraied
- 0.442142 | 0.546963 124
g
! 0.468105 | 0.549773 117
- 0.466882 | 0.548263 117
Ompeae
- 0.462911 | 0.553378 120

Calculation (Degrees)

Up Tab PSA Value
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2.00 }
R?=0.9929 /
150 /
1.00 =
0.50
0.00 - r v
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Figure 4.9 Correlation of reading value and calculated value of up tab PSA
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Figure 4.11 Correlation of reading value and calculated value of up tab RSA
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From the correlation result in Figure 4.9 to Figure 4.12, it is observed that only
down tab PSA has a big error. When consider the transfer function in Figure 4.7, noticed
that the position using for interpolation of PSA down tab is ranged around 60 to 100 but
the actual Y position of centroid from the image of PSA down tab range around 120 to
140 so this might be one reason of much error in this PSA down tab group. The equation
(4.1) might need to recalculate due to the interpolation value is not cover actual range

of down tab PSA then prone to have more error.
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CHAPTER 5
CONCLUSIONS AND SUGGESTION

5.1 Conclusions
The good result brings us to the conclusion that image fusion using wavelet
transform technique is capable to solve the distortion of obtained images from the light

scattering or in some cases, grooves on air bearing surface of the slider.

Original#1 Original#2 Post image processing

Original#3 Original#4 Post image processing

Original#5 Original6 ost image processing

~
Qe

Figure 5.1 Centroid position plotted on original images compared to post image processing

In image fusion section the quality of original images and post processing image
are compared in Figure 5.1. The centroid positions plotted on the image are one

indicator to assure that the result images are better than original images.
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For the measurement phase, the transfer functions interpolated by the image of

standard parts are good correlation between position of the calculated centroid and

angle value. Then they are well acceptable and use for angle value calculation. The

results also show good correlation between calculation value and the machine reading

value. The more error of PSA down tab in the verification phase will be solved by re-

calculation the transfer function which using cover range standard gauge. At the bottom

line, however, the proposed method give more confidence in measuring PSA and RSA

due to the imperfect input images compared to the currently used method. The main

conclusion can be made as the following lists

Image fusion using wavelet transform technique can solve the issue of
distorted obtained images that cannot be measured by current in used laser
base measurement system.

The measurement "accuracy can be improved by image processing in the
proposed system.

The image of reflection of laser spot is processed in binary mode so it does
not have much detail as color image or satellite or medical captures as in
literature reviews.

Level 2 image decomposition using wavelet transform is sufficient to get the
information of the image in this purpose methodology.

Centroid position shows good correlation to angle value then precise transfer
function can be obtained.

The proposed system needs standard parts by product that have cover range
of centroid position to calculate their transfer function of angle value.
Transfer functions are separated to PSA by tab and RSA by tab the same as

current in used.
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5.2 Suggestions for further work

Although this work is finished, there are some suggestions to the work for further

study on application of image fusion using wavelet transform in slider orientation

measurement.

Wavelet transform by modern decomposition method. In this research the
input images are reflection of laser spot which required the circular result
and it is also processed in binary mode so that the detail of wavelet
frequency might be studied to get the best optimized result for the
coefficient matrices.

The image capture from another area on the tip of HGA could be studied
whether it might be good correlation then just bias a constant to the system
to calculate the angle value of the slider.

The fusion strategy could be studied to improve and optimize the method.
For some of the separated type input images, sometimes it does not work for
the automatic system then need to operate manually.

Flexibility of measuring system such as measuring on another area of HGA

instead of slider surface.
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Abstract— In order to measure the orientation of head stack
assembly (HSA) a laser-based measurement system is used. The
system projects a laser beam onto a work piece and the reflected
beam is captured by the camera. Usually, the system produces a
good round light dot which used further for measuring the
orientation of the work piece. However, there are some areas in
which the laser beam is scattered. This leads to undesirable
measurement results.

For this reason, an pt to improve the quality of image
before taking ement is proy d of using only one
picture to produce the measurement result, the proposed method
used several of pictures from the same area of work piece. It then
uses the wavelet transform to fuse these images to produce one
representation of image for further measurement. This work
shows the experimental view of the area where the laser beam is
scattered. It is obvious that using only one image from this area
could not obtain accurate measurement. However, by applying
the image fusion techniques mentioned previously to the images
of reflection of laser spot from the other areas of head stack
assembly (HSA), more accurate measurement can be obtained,
The desired measured values for this work are pitch static
attitude (PSA) and roll static attitude (RSA).

The images of standard parts are also used for references of
the proposed method. It is used to find the relationship between
the location of the light dot and the orientation of the work piece.
MATLAB is selected to be the tool used for experiment in this
work. It has been found that the proposed method can greatly
improve the quality of the resulted image and hence lead to a
more accurate measurement resuls.

Index Terms—PSA/RSA; HSA; HGA orientation; angular
measurement system; image processing, wavelet transform

I. INTRODUCTION

A magnetic read/write element, slider, is an element
attached to trace gimbal assembly (TGA). The combination of
the slider and TGA is known as head gimbal assembly (HGA).
Two or more HGAs which are assembled in both upside and
downside form the head stack assembly (HSA). Figure 1
illustrates the HSA and positions of slider, base plate and arm.
In order to guarantee the slider orientation of HSA to be within
the specification before being assemble into the hard disk drive

978-1-4799-3174-3/14/$31.00 ©2014 IEEE

Chaiwat Nuthong

International College
King Mongkut’s Institute of Technology Ladkrabang
Bangkok. Thailand
chaiwat.kmitl‘@ gmail.com

(HDD), lascr-based measurement system is used. This is the
current measurement system used to obtain the orientation of
the slider.

A laser-based measurement system is shown in Fig. 2. It
consists of two laser sources for both up and down side
surfaces. There are five cameras installed on the platform along
with 3-axes step motor system. The HSA will be fixed on a jig
for measurement. In order to measure the orientation of the
slider, the system captures a picture of the laser beam reflection
from the slider and sends the image to display on the computer
screen. The software then calculates the measured values of
pitch static attitude (PSA). roll static attitude (RSA) and Z from
the obtained picture.

FigureI. Head Stack Assembly

— Visionflumination Path
Pov Connecto
*‘Q L o

~
g

Figure2. Laser-based measurement system for HSA orientation
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This paper is organized as follows. Section II discusses in
details about the problems and the proposed method. The
experiment procedure is illustrated in section III. Section IV
gives experiment results and finally, section V concludes and
discusses about future works.

I1. PROBLEM STATEMENT AND PROPOSED METHOD

It should be noted that, in general, there are some grooves
or some non-removal contamination on slider surface. This
might results in light scattering on reflection that leads to a
low quality of captured images. For this reason. inaccurate
values of slider orientation occur in some measurement cases.
In the worst-case scenario. the laser-based measurement
system is not working at all. Apart from the slider, this
phenomenon also happens in the non-smooth surface arca of
the HSA. e.g. base plate and arm.

To overcome such problem. the image processing
technique is introduced. The image processing technique is
proposed because its cost is lower compared to other high
performance hardware replacement solutions. The technique
of image fusion using wavelet transform has particularly been
chosen for the proposed system. In [11] this approach has
been used to solve undesired light scattering issue on the
slider’s surface. The results show good correlation to the
current in used system.

To measure the orientation of a slider using the laser-based
measurement system, the laser sources are usually set to aim at
the slider surface on HGA. The surface of slider is diamond
like carbon coating material. This surface is also not flat due to
grooves of air bearing which will help in flying performance of
slider. The area nearby slider such as base plate of HGA or arm
of HSA is flatter than surface of slider.

So far, there is no study showing the measurement results
of aiming laser on any other arcas except surface of the slider.
This paper studies the measurement of slider orientation by
measuring the orientation of other arcas of HSA. The
measurement values are PSA and RSA as in the slider cases.
However, the area in study is now base platc of HGA and arm
of HSA. Baselines or value of orientation is expected to be
different from measuring on slider. For this reason. it is not set
in this research. The image fusion technique is then applicd on
those captured images from such areas.

As previously mentioned, the current measurement system
uses a single image to measure PSA and RSA value. This
approach presents no difficulty if the captured image is of good
quality. That is the captured image is a clear round light dot.
However, in case of light scattering, the captured image is of
poor quality. In such cases, the captured image can have high
scattering light dot, the shape of the dot itself is not round, or
there will be two light dots captured on the screen. To
overcome this problem, several images are captured from the
very same arca of the work piece. These images are then
undergoes the image processing technique to improve the
quality before being measured. The image fusion using wavelet
transform is chosen for this work.

In general, image fusion refers to the method. which
combines information from multiple images into a single
image. The result image then has useful information extracted
from a set of input images on some given fusion rules. In this
scenario, the effect of containing less information of some
input images might not be significant because of redundant
information and complement information from a set of input
images. A concept of image fusion is shown in Fig 3.

Redundant
Information

Complement Information

Figure3. lmage fusion concept

Given a set of input images. the concept of image fusion
using wavelet is governed by the following equation

1) = W FWA e300, Wiy ] )

while Z(x,5) and I (x,y) are the original images which would
be transformed by a wavelet transform W. F is some fusion
rules ‘which applied to the transformed images /,(x,») and
Ix(x,). The result image is obtained from the wavelet inverse
transform W' The result image /¢x,») is then used further for
further measurement.

2D images have been applied by the 2D wavelet transform.
The fusion rule of roundness is the strategy to combine
transformed images. For details see [11]. Roundness of laser
spot is defined by the following cquation

Roundness = M 2)
perimeter”

This paper shows the experiment on measuring the slider
orientation on some other area of HSA apart from the surface
of slider. A base plate of HGA and an arm of HSA are
candidate of this paper. After obtaining several images from
these areas, image fusion using wavelet transform technique is
applied to fuse images. Quality of images after fusion shows
significant_improvement compared with the original images.
However, the values of angle are not concluded due to different
baselines and standard parts are also needed for a new
reference method.

III.  EXPERIMENTAL PROCEDURE

The proposed experiment is designed to study the
possibility of slider orientation measurement system. which
measured on some other possible areas of HSA apart from

»



slider’s surface. In this work, the area of arm of HSA and base
plate of HGA are chosen for the experiment.

There are two parts in order to obtain the experimental
result. The first part is to get a set of images from different
areas that concern to the hardware, The second part is the
image processing which is software concerning part. The sct of
laser and CCD camera is moving by small steps to capture
images of reflection from desired areas. The set of obtained
images are then analyzed by discrete wavelet transform. The
coefficient matrices and sub-images are formed. These pictures
are then fused by the rule of roundness see |11] for details
description. The fused image is then synthesized by inverse
discrete wavelet transform. The diagram of proposed algorithm
to get the fused image is shown inFig.4

linage Fusian
0¥

Figure4. Diagram of proposed algorithm

Image pre-processing and image post processing are also
applied to the fused image as appropriate, After that the set of
camera is moving to capture the other sets of images in
different arca of HGA base plate and arm of HSA
consequently. The set of images will then be applied and
processed as aforementioned procedures. The Daubechies
decomposition method is selected to transform the sets of
images in this cxperiment. Two  levels Daubechies
decomposition image fusion is shown in Fig.5.

Decompositiont

s> l

Decompositionz

Synthesized Image

Fusion of Decompositions

Figure5. MNustrated 2 images fusion by 2 level Daubechics decomposition

IV.EXPERIMENTAL RESULTS

Slider surface material is made from diamond like carbon
coating while HGA base plate and HSA arm are made from
different kind of metal. The reflection of laser spot on HSA
arm is found to have the same characteristics as from basc
plate. Thus, the results could be referred from the base plate.

The base plate when cxposes to light results in light
scattering much more than the slider. The input image from
reflection of slider surface could be dislorted. noisy or
separated images [11] while images of the reflection of base
plate are almost noisy from light scattering. Fig.6 illustrates
images obtained from slider and base plate for comparison
purpose.

Figure 6. () and (c) images from slider. (b) and (d) images from basc plate.

Image 6(a) shows nearly perfect image of reflection from
slider surface while image 6(c) is distorted due to non-smooth
surface of the slider. Image 6(b) seems to be circular when
observing by naked eyes. However, it might be miscalculated
by the system because of the same level of brightness of the
scattering spots. Image 6(d) is also found to have much light
scattering, The contours of the light scattering areas are shown
in Fig.7. It is obvious that none of these images is appropriate
for the measurcment system since the inaccuracies will be
large.
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Figure 7.The top is contour of image form reflects of slider surface, The
botfom is contour of image from reflect of base plate.
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In order to overcome this probleny. a set of images has been
processed to improve image quality by fusion technique using
wavelet transform. The reflection images obtained from
sliders surface is found to have good results and the angle can
be measured accurately. This is shown in the previous
research [11]. The images obtained from reflection of base
plate are also shown good results after they undergo the
proposed fusion method. The result of post image processed is
shown in the Fig 8.

Figure 8.Base plate image before (right column) and afier (left column) image
processing

The resulted images are shown to have improvement in
quality and more suitable for angle values calculation. The
result of PSA and RSA values are not shown in this
experiment. The centroid determination method as in [11]
could be applied to the fused images. However, the hard gauge
or stand parts have not yet been prepared. Thus reference could
not be measured. The transferred function of angle values is
thus still in process. However, the good circular final images
can be guaranteed. From this point of view, it can be said that
the obtained fused image is more appropriate for the currently
used laser-based measurement system.

V. CONCLUSION AND FUTURE WORKS

It is found that a base plate and an arm of HSA will have
light scattering more than surface of slider. This is due to the
metal material used in these parts. However, the work in this
paper shows that image fusion using wavelet transform
technique is able to improve the image quality obtained from
these areas as well. The good circular of final fused image is
shown to be a satisfied result suitable to angle value calculation
in further procedures. However, the transferred function of

image from the base plate has not yet been done. Furthermore,
the standard parts are also needed to prepare for references.
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Applications of Images Fusion using Wavelet Transform

in Slider Orientation Measurement
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Bangkok, Thailand
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Abstract—The current pitch static attitude and roll static
attitude measuring systems are of laser-based. A charge-
coupled device (CCD) sersor installed in this system detects a
reflected laser spot on the screen. The captured image of laser
spot is then used to calculate the slider orientation. One of the
concerned issues of laser spot captured image, which is
reflected at the Head Gimbal Assembly (HGA), is that this
image sometimes has inadequate informati for the
measuring process. In general, the captured image should
appear in a perfect circle for accurate measurements.
However, this might not be the case for some reasons such as
grooves on the slider. Hence, in some cases the obtained
imaged has a shape of distorted circle. This results in
measurement inaccuracy. In addition, other area of HGA is
found to be not suitable due to light scattering problem. This
very problem also oceurs in height measurement. Image fusion
is the matching of solutions to solve the unclearness of
captured images for measurements. The information of a set of
images from the same surface will be combined by the
appropriate fusion rule to obtain the better-fused image with
pre-image processing. Then the resulting fused image will be
cakulated to obtain the value of slider orientation correlated to
the position of the standard hard gauges. MATLAB has been
used to prove the proposed concept.

Keywords-Image fusion; PSA/RSA; HGA orientation;
angular measurement system; image processing, wavelet
transform

L INTRODUCTION

A slider is an important component in hard disk drive
(HDD). It is located at the tip of a head gimbal assembly
(HGA) and responsible for reading/writing information
from/to the media [1]. The orientation of the slider has
crucial effect on the flying height that has to be kept as small
as possible. Two important- parameters of the slider
orientation are pitch static attitude (PSA) and roll static
attitude (RSA) [2]. These two parameters are being
controlled in the hard disk drive process at head gimbal
assembly (HGA) as well as at head stack assembly (HSA)
level.

A ron-contact angular measurement system of hard disk
drive’s sliders or a laser based measurement system is
currently used for quality assurance. The machine is
composed of a laser source which gererates laser beam and

Chaiwat Nuthong
International College

King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand

e-mail: chaiwat.kmitl @gmail.com

emits directly to the slider surface. The beam of laser is then
reflected to the CCD camera. As a result, the position of the
laser spot can be detected. The position of detected laser spot
is then calculated to angle value by the some calculation of
builtin software [3].

The surfaces of sliders are of various coating materials,
together with the effects of air bearing or other undesired
contamination; they might in some cases result in light
scattering as the laser beam reflected from them
Furthermore, the captured images sometimes do not appear
in a perfect circle as they should for a perfect calculation.
These factors are all make the measurements inaccurate. A
replacement of a measuring syste m with higher performance
could be one of a possible way to solve the aforementioned
issues. As for example, a position sensitive detector (PSD)
system has been replaced CCD as discussed in [3]. In[4], a
new CMOS vision chip has been developed especially for
laser spot position detection [4]. However, the cost of such
solutions is very high. For this reason, this paper proposed
another method in attempt to circumvent this difficulties
using image processing.

An image has its own information and once the
information is processes as digital data, itcan be analyzed or
managed as desired. This also applied to the captured laser
spot images. In general, the captured images from the same
slider surface or HSA surface are likely to give the same
measurement results. It is also assumed that more images
contain more information compared to just only one image.
It should be noted that the desired information is still
obtained from the same source. Since each captured image
might mot hold all the essential information for
measurement, therefore image fusion is the proposed
solution which attempts to solve the unclearness of captured
images for better measurement accuracy. Hence, the
proposed technique will use a set of images instead of only
one image for measurements. This set of images will be
fused by using wavelet transform techniques. Image fusion
by wavelet transform is widely used and has satisfied results
in many fields such as medical, satellites, and material
evidences [5-7). Therefore this paper will proposed a
method which makes use of this technique to solve the
concernissue.
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The paper is divided into two main parts; the first part is
concerning image fision using wavelet transform technique.
Appropriate fusion rule or synthesis coefficient will be
applied on to the set of images, and the fused image with
more complete information will be obtained. To do so a pre-
image processing is necessary. After the fused image is
matched to the measurement system, the value will be
calculated from the fused image to the angle valuve in the
second part. Images of standard parts are also needed as a
reference such that the value calculated from the synthesized
images could be compared for more accurate measurement.

II. PROPOSED ALGORITHM

The images obtained from a CCD camera are sometimes
distorted. This might lead to inaccurate position calculation
in measuring process. For example, in case two center points
of laser spot are detected, the system will fail to measure.
The proposed solution is to use multi-capturing images of the
same plane. This can be obtained by moving a set of camera
by small steps. This set of images will go through an image
pre-processing before geting analyzed by wavelet transform.

After that they will be fused by fusion strategy. The fused

image is then synthesized by inverse wavelet transform. A
diagram of the proposed algorithmis shownin Fig.1.

The detail of each block will be discussed in the
following parts.

A. Image pre-processing

In some cases the captured image form the CCD camera
are not perfect. This can be seen as light scatter or distorted

circle in Fig 2 (b)-(d). In order to meastire the PSA and RSA’

accurately, the input images should be pre-processed before
analyzed by wavelet transform. In this research
Imcomplement technique is eventually chosen after studied
on many image processing techniques. The idea of
Imcomplement is to convert the darker zone of image to be
brighter and vice versa. The laser spot is normally brighter
than background area and the purpose of this method is to
emphasize the laser spot area in the image. Then
background area will less important when the images are
fused and the result is shown more satisfied.

w
Fusion mie applied

E=Ef
Pl = B

)"
EE-
Er=r =y

Figure 1.The diagram of proposed algorithm.

() Good image (b} Noised image

() Distorted image (d) Separated image

# -

Figure 2. Input images from CCD camera. (a) Good image, (b) Noised
image, (¢} Distorted image, (d) Separated image.

B Discrete wavelet transforin

The two dimension (2D) wavelet transforms Wof the two
registered input images I;(x,y) and L(x,y) are operated by
filtering and down-sampling process. Fused strategy F is
used to combine their coefficient matrices. The result image
I{x,y) is obtained from the inverse wavelet transformation,
W, The result fused image J(x,y) can then be used for
further purpose. The concept of image fusion using wavelet
is governed by equation (1)

Toy) =W FIWE () Wiz (. y)I ). (1)

In detail, the 2D wavelet transform horizontally filters
and down-sanples using the 1-D low pass filter L and high
pass filter H to each row of the image {. The coefficient
matrices have then been produced. After that, following by
vertically down-sampling using low pass and high pass
filters L and H to each column and the sub-images have
been produced [10]. The coefficient matrices and sub-
images will be wsed for the proposed fusion rule in the
following step. One stage of 2D-DWT multi resolution
image decomposition is shown in the Fig.3.

l_*[]*- "
T ooy [
B s
~{FHE

l {m}.u

Figure 3.0ne stage of 2D-DWT multi resolution image decomposition.

,—o}zlt
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C. Fused strategy

The purpose of fusion is to make the fimal image as
circular as possible before measuring its angle values. The
circular or roundness comparison is desired for the fused
strategy. Roundness of laser spot is defined by equation (2).

4 x 7t xarea
Roundness = —————

2

perimeter”

Roundness is equal to one only for a circle and it is less
than one for any other shape. The multi value in case of
separated input image is ignored. Then image which has the
closest roundness to one will be the main template of fusion
process. The example of roundness is shown in Fig.4.

In Fig.4 the roundness of (a) is 0.90 which is the closest
to one, (b) is multi value so will beignored and not cheose to
be the template, (c) is 0.85 which closer to one than (d) at
0.65 so the template of fusionwill be prior to (a) ,(c) and (d)
respectively. Post image process, binarization which use
Otsu's method [8], noise elimination, erosion and dilation
processed by the morphological grayscale reconstruction
algorithm [9], are done after fusion

D. Angle value calculation

In the proposed method, a centroid of an image is
referred to as its angle position. The position of the centroid
is reported in two elements. The first element of the centroid
has horizontal coordinates (or x-axis) at the center of the
image, and the second element has vertical coordinates (or y-
axis). The x-coordinate represents PSA values and the y-
coordinate represents RSA values. The directions of PSA
and RSA are represented by coordination, as shown in Fig.5.
The hard standard gauges, which were built by a very high
precision machine, are used to collect the laser spot images
reflected from the gauges. Their centroids were calculated
and correlated to the reading value, which were received
from the machine.

Figure 4.Defined Roundness of images

The interpolation method is used to calculate and get the
transfer function of the centroids of the images to the angle
values. The transfer function equations are separated in range
of positive and negative values from both PSA and RSA
since it is easier to compensate the offset value at the
machine, which is the same as the current measuring system.

[II.  EXPERIMENTAL RESULT
There are various products of sliders. They differ in
properties of materials on the surface and the groove pattern
of the air bearing. Therefore only one product and a
corresponding standard hard gauge image of laser spot has
been collected for this experiment.

\ ' Fusion phase

The Imcomplement technique helps to emphasize the
laser spot area in the image and makes the background area
less important when they are fused. The example of
imcomplement is shown in Fig6. The resulting images are
thus more suitable for analyze after preprocessing. In this
work, the Symlets wavelet family is found to be more
suitable compared to another wavelet family e.g the
Daubechies [5]. For this reason Symlets wavelet functions
have been selected for wavelet decomposition. The
coefficients matrices are obtained after the input images have
been decomposed. The Symlet2 wavelet function at level
decomposition is desired in this paper.. The example
decomposition are shown in Fig.7 and also the final result
after inversed wavelet transformare shown inFig8

JY PSA+

RSA- RSA+

PSA-

X

Figure 5.Fused PSA and RSA directions on X-Y-coordinate

Himcomplement processed

'
l

(imcomplement processed

r

Figure 6.Image preprocessing. (a) and (c) are original image ,
(b) and (d) are imcomplement processed images

(€1Ovginal
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Figure 7.Symlet2 wawelet transform at level5

Figure 8 Result of image fusion. (a3)is output of (al) and (a2), (b3) is
output of (b1) and (b2), (c3) is output of (c1) and (c2)

B. Measurement phase

The images obtained from the standard part, the hard
gauge made by high precise machines, have been collected.
The parts catalogued by up tab PSA, down tab PSA. up tab
RSA and down tab RSA. Almost all of the products do not
have the cover range of the angle values so this is why
ranges have beenseparated into positive and negative.

The process of image pre-processing is also applied to
these set of images in order to find the centroid. It can be
seen that the image quality of hard gauge is much better than
the obtained image of the slider, due to very smooth and flat
surface. The samples of the centroid, the position of gauge,
that are plotted on the original images are shownin Fig.9

The position of these centroids correlated to the machine
angle readings. So that transfer function is established by
linear interpolation. Correlation plot and transfer equations
are shown in Fig10.

Figure 9.Centroids calculation of PSAand RSA plottedon original
images
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Figure 11.Centroid of original image VS after fused image.

Fig.11 illustrates a comparison of -the centroid of the
original images and of the fused images. Note that the
original (b) could not be measured by the current system and
the original (d) might be able to measure but prone to error
compared to the fused image (c). The fused image (a) is
likely to be more accurate in angle reading value when
compared to input (al) or (a2) inFig.8.

IV. CONCLUSION

Image fusion using wavelet transform technique is
capable to solve the distortion of obtained images from the
light scattering or in some cases, grooves on air bearing
surface of the slider. The results shown in Fig.11 strongly
assure that the proposed method work very well compared to
the current method. However, the better-fused strategy needs
to be studied for better results. The contrast and brightness of
the images have also not been mentioned at this time. The
qualitative measurement of the fused image could be shown
in some ways in further study. At the bottom line, however,
the proposed method give more confidence in measuring
PSA and RSA due (o the imperfect input images compared
to the currently ised method.
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APPENDIX B

MATLAB CODE

Main section

clear all
close all
cle

[picl , R1] = PrePro; figure, imshow(picl):title(’ Original#1');
[pic2 , R2] = PrePro; figure, imshow(pic2);title('Original#2');

%% Wavelet Transform

wname = 'db2'; % wavename = db2

[cT1,sT1] = wavedec2(picl,2 wname): % wavelet transform for image 1

[cI2,sI2] = wavedec2(pic2,2,wname); % wavelet transform for image 2 .

% Approximate-Coefficients

% for picl

cI1a2 = appcoef2(cI1,sIi wname,2); % approximate coefficient level 2
cIlal = appcoef2(cI1,sI1,wname,1); % approximate coefficient level 1

% for12
cI2a2 = appcoef2(cI2,s12,wname,2); % approximate coefficient level 2
cI2al = appcoef2(cI2,sI2,wname,1); % approximate coefficient level t

% Detail Coefficients

% for 11

[cI1hd2, cI1ivd2, cI1dd2] = detcoef2( all’ cI1,5I1,2); % detail coefficient level 2
{cI1hdi, cIlvdl, cI1dd1] = detcoef2(‘all' cI1,sI1,1); % detail coefficient level 1

% for 12
(cI2hd2, cI2vd2, cI2dd2] = detcoef2( all' cI2,512,2); % detail coefficient lével 2
[cI2hdl, cI2vdl, cI2dd1] = detcoef2(all' ,cI2,512,1); % detail coefficient level 1

%% Fusion Coefficient matrices
% Circular weighted rules

Rall =R1 + R2;

cA2Cir = (R1/Rall)*cIla2 + (R2/Rall)*cI2a2;
cH2Cir = (R1/Rallj*cI1hd2 + (R2/Rally*cIZhd2;
cV2Cir = (R1/Rall)*cIivd2 + (R2/Rall)*cI2vd2;
eD2Cir = (R1/Rall}*cI1dd2 + (R2/Rall)*cI2dd2;

cHICir = (R1/Rall)*cIthdi + (R2/Rall}*cI2hdl;
cVICir = (R1/Rall)*cIlvdl + (R2/Rall}*cI2vdl;
cDICir = (R1/Rall)*cI1ddl + (R2/Rall)*cI2ddl;
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%% Reconstruction Image

% Circular Weighted Rule

% Fused coefficients level 2
cA2C = cA2Cir(:)";

cH2C = cH2Cir()";

cV2C = cVaCir(:)";

cD2C = ¢D2Cir(:)";

% Fused coefficients level 1
cHIC = cHICir(:)";
eVIC = eVICir()';
cDIC = eDICir(:)":

% Image Recosnstruction

cFusedC = [cA2C, cH2C, cV2C, eD2C, cHIC, cVIC, cDIC);
IfusedC = waverec2(cFusedC,sI1,wname);

figure, imshow(IfusedC); title('Fused Image');

%% Post Image Processing
PostPro(IfusedC):;

Image Preprocessing section

function [imgl , R_AVG] = PrePro(image)
%%Load image

Getimgl=imread(uigetimage);
imgl=im2double(Getimgl);

%% Image processing

threshold = graythresh(imgl):

bw = im2bw(imgl,threshold);

% remove all object containing fewer than 50 pixels
bw = bwareaopen(bw,50);

bw = imfill(bw, holes');

se = strel('disk’ 5);

bw = imclose(bw,se);

[B.L] = bwboundaries(bw,' noholes');
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stats = regionprops(L,' Area’,'Centroid');
for k = 1:length(B)

% obtain (X,Y) boundary coordinates corresponding to label 'k’
boundary = B{k};

% compute a simple estimate of the object’s perimeter
delta_sq = diff(boundary).”2:
perimeter = sum(sqrt(sum(delta_sq,2))):

% obtain the area calculation corresponding to label 'k’
area = stats(k).Area;

% compute the roundness metric
Roundness(k) = 4*pi*area/perimeter”2;
end
R_AVG = 0O;
. for i = lilength(B)

% compute the roundness average
R_AVG = R_AVG+Roundness(i);

end

R_AVG =R_AVGE/k;
sprintf('%2.3f' R_AVG);

end

Image Post processing section

function [Centroid , binary3] = PostPro(img)
%% Image processing Section

binary = im2bw(img,graythresh(img));

binary2 = bwareaopen(binary,30); %-~------- Remove all image that areae < 30
se = strel('disk’,7): G strel function ----Disc radius

bbb = imcomplement(binary2);

cce = imclose(bbb se),  %--------- fill area ---

binary3 = imcomplement(ccc).

Z%figure imshow(binary3):

%figure,imshow(binary2) %= if functioin error,need to check this*--
%figure,imshow(bbb);
%figure,imshow(cec):
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%% Centroid Finding Section
[BL] = bwboundaries(binary3,'noholes");
%os333305find Centroid s’ and find area ‘a’ »»>

s = regionprops(binary3,’ Centroid');
a = regionprops(binary3,' Area’);

%5033333053332Show original image with centroid >»>

centroids = cat(1, s.Centroid);

figure imshow(binary3);title('Post Image Processing');
hold (imgea, ‘on')

plot(imgca,centroids(:,1), centroids(:,2), 'r*')

hold (imgea, 'off');

%555533353335> Assign Centroid value to X and Y »>»

x=s.Centroid(1);
y=s.Centroid(2);

%535353555350> Show Centroid value >>
text(11,...
sprintf(‘Center(x y) = %0.13f %0.13f" x.y)....
'HorizontalAlignment’,'Left’,...
'BackgroundColor' [.7 .9 .7]);

end

Function get image location in drive (Courtesy by Peter Burns, 22 April 2011)

function [frame, fpath] = uigetimage(titl)

if nargin<t;
tit] = 'Select input image file (tif, jpg, bmp, gif, png...)";
end

sup =['*Hif * TIF* tif f;* TIFF.*.jpg:*.jpeg:*.JPG:* .JPEG;",
* 4if > TIF* tif f,* TIFF;* gif . * GIF.* .bmp;* BMP *.png; *PNG 1
ftype = {sup, ‘Supported: jpg, tif, bmp, glf png ...
"* jpg:*.jpeg;* JPG;* JPEG', 'JPEG'; .
" tif > TIF* 4iff* TIFF', 'TIF'; ...

> gif;*.GIF:’, 'GIF'; ...
"* bp:* BMP;', 'BMP'; ...
* png:* PNG;', 'PNG'; ...

ekl 'All Files (**)'}:

.
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[frame, fpath] = uigetfile(ftype, titl, ‘MultiSelect’, 'on');

% To restrict selection to a single file, uncomment the next line, and
% delete the previous one above

% (fname, fpath] = uigetfile(ftype, titl).

felass = class(fname);
if stremp(fclass, double’)==1;
disp('No file chosen');
return
% If output argument, fpath, is not asked for, fname contains full path
elseif nargout<2
if iscell(fname) ~=1:
fname = [fpath,fname];
else for ii=1:length(fname)
framelii}= [fpath,fnamefii}];
end
end
end

%(filename, fpath] = UIGE TIMAGE(tit])

% Use of UTGETFILE tailored for selection of image file(s) with formats
% supported by TMREAD. A dialog box is displayed for the user to fill in,
% and returns the filename and path strings.

%

% You can choose a single file, or several using the Shift and Ctrl keys

% in the usual way supported by the operating system.

%

% titl = [optional] title or request, e.g., ‘Please select first image’

% fname = file name, char variable for single file, or

% cell array of file names if several are chosen.

% fpath = [optional] file path (directory of folder) for chosen file(s)

% if fpath is not asked for, then frame contains the full path

% for each file chosen.

%

% NEEDS: UIGETFILE

%

% Example usage:

% Returns full file path to selected file(s)

%> fn = uigetimage( Pick a picture file’)

%
% Returns names and path for file(s) selcted with default title
%> [fn, fpath] = uigetimage;

%

% Peter Burns, 22 April 2011
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