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ABSTRACT

Phase mapping is a tool for obtaining the different physical quantities from an
interferogram. However, phase mapping of laser interacted interferogram can often
lead to phase ambiguity which fails to meet the true physical quantities of the event.
This usually occurs when measurement is made using only a single interferogram.
To overcome the problem, a three-interferogram system was developed in this work.
Three simultaneoudy-captured interferograms were processed using the chosen
agorithm. With Mathcad programming, 2D and 3D phase changes from a laser-
interaction event represented in the three-interferograms were successfully mapped.

Keywords. phase measurement, phase ambiguity, simultaneous capture, Fourier
transform, phase mapping, wrapped phase, unwrapped phase.

INTRODUCTION

Phase mapping is a fast, efficient and accurate method for phase measurement of an
interferogram. This technique relies on digitizing the intensity distribution of the whole
area of the interferogram [1-2]. However, a problem with the technique is that, quite often
this technique is plagued with phase ambiguity, especially when measurement is made on
a single interferogram [3]. In order to find a good suitable interferogram, we must
capture the interferogram again and again until we produce a good enough interferogram
that can be assessed. Due to the sensitive nature of laser interferometry, this could lead to
other in-situ problems. Phase mapping the interferogram would involve noise filtering,
phase wrapping and phase unwrapping. This would enable the observer to have a direct
2D and 3D view of very small physical changes occurring in the event.

METHODOLOGY

In this work, an interferometry system was developed which can capture three
interferograms simultaneously. The system consisted of an interferometer, a fast
photography system and a trigger unit to connect and control the firing of two lasers as
well as capturing the fast events. The simultaneous image capture was accomplished by
making one of the CCD cameras, a master and the other two the slaves. The outputs were
initially arranged to have 90° phase-difference with one another. This was accomplished
by using polariscope on the light reaching the CCD camera. The Nd:YAG laser
interaction is alowed to create the disturbance. This is the event captured on the
interferograms to be analyzed in this work. The simultaneous image capture system is
shown in Figure 1.
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Figure 1. The smultaneous-image-capture system.
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Figure 2: Thetime chart for image capture.
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The timing chart (Figure 2) for the sequence of activities between the firing of the
lasers and the capture of the images was prepared. It was necessary to delay the
illumination of the dye laser by a certain period in order to obtain the illumination of the
interaction event. This delay was measured using a high capacitance photodiode
connected to an oscilloscope

RESULT AND DISCUSSION

Figure 3: The smultaneously-captured interferograms of laser interaction in air.

Figure 3 shows the three interferograms of an interaction event which have been
separated in phase by 90°. The roundish feature on the interferogram is the interacted
(disturbed) region due to laser interaction. Otherwise, we would have straight and parallel
fringes. A reference marker was used to indicate the location of a straight parallel fringe
at the center of the interacted region. Laser interaction caused the fringes to deviate from
the reference marker due to change in the phase. The size of each interferogram involved
in this calculation is 256 x 256 pixels. Initially, Fourier transform filtering was carried out
to filter the low frequency background noise and the high frequency digital noise. The
measured intensity distribution was Fourier transformed to a linear combination of
harmonic spatial functions. In this domain, identification of the signal was made, by
removing of the low background frequency and the high noise frequency. Careful
identification must be made so as to remove the noise as much as possible and leave the
signal intact.

The simplified intensity equations of the three simultaneously-captured
interferograms are

L(xy)=1 0{1+ y cos:5 (%, y)+%}}
1,(x,y)= I0{1+ 7cos:5(x, y)+37”}} (1)
l,(x y)=1 0{1+ y cos:5(x, y)+ 57”}}
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The agorithm chosen for resultant phase @ (x,y) from the three interferograms is given by
Wyant [4].

5(x y)=arctan{:3;|2} @
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Figure 4 The wrapped phase of the uninterrupted region
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Figure 5 The wrapped phase of the interrupted region

Equation (2) gives phase values of the intensity distribution of the fringe pattern which
can be wrapped in the values ranging from —= to = or from -n/2 to n/2. Figure 4 shows the
typical shape of the phase spectrum across the uninterrupted (undisturbed) region of the
interferogram after undergoing Fourier-filtering which is often described as a saw-tooth
representation. It shows the phase being wrapped between the values of — to w. The
wrapped phase of the interrupted (disturbed) region (through the center of the
interferogram) after undergoing Fourier-filtering is shown in Figure 5. This spectrum
was actually wrapped from -n/2 to /2 for greater details. At this stage, the true phase
change of the event cannot be visualized correctly.

To obtain a continuous and meaningful change in phase, these wrapped phase-values
were unwrapped appropriately. Phase unwrapping is the process by which the absolute
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value of the phase angle of a continuous function that extends over a range more than = is

recovered [5]. A two-dimensional phase unwrapping processing scheme consists of a
cascade of three operations: differencing, thresholding and integrating [6]. This meant
that the neighbouring phase difference must satisfy the required relations over the two-
dimensional array, both along the column or lines or any other combinations.

In this work, the unwrapping procedure was also expanded to two and three
dimensions. r and s are numbers representing the pixel distribution in the pixel matrix.
The mapping of the interferogram follows the algorithm given below [3]

Mi=0 =23 ... 256 S=23......... 256
. T
Mysy if |¢1,s ¢1 s1] < E
. T
rn_l.,s = rn_l.,s—l +1 If¢1,s - ¢l,s—l < _E
. T
rn_L,s—l -1 |f¢1,s - ¢l,s—l 2 E
. T
mr—l,s if ¢r,s - ¢r—1,s < E
mr,s = mr—l,s +1 if¢r,s - ¢r—1,s < _%
mr—l,s -1 if¢r,s - ¢r—1,s 2 %

r=212...... 256
s=12,.....256
Aé‘r,s = ¢r,s +m, 3

To obtain the values of the phase change due to laser interaction, Ad(X,y), the values

of the phase obtained from the measured disturbed-location should be subtracted from
those obtained from the undisturbed location, which was referred to as the reference

location
1['3 B |2}
tn . (@)
Il_ |2 ref

To perform all the stages of analysis, that is from obtaining its intensity spectrum to
Fourier filtering and later the phase analysis, a computer program was written in Mathcad
to perform all the necessary tasks in the analysis.

The profile of laser interaction in air was thus produced. After filtering, wrapping
(Equation (2) and unwrapping using the algorithm given in Equation (3), the profile of the
phase change right across and through the center of the interferogram is given in Figure 6.
Compare this with Figure 5 which is its wrapped representation at the same location.

AS(x,y)= tanl[@}

|1_|2 m
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Figure 6: The unwrapped phase change through the center of the interferogram
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Figure 7: The phase change profile at different locations (slice) of the interferogram

Slices of the profile can be made at any location of the interferogram. These will
provide greater detail (quantitatively) of the stages of progress of the changes in the phase
which later can be related to other physical parameters of the event. Figure 7 shows the
profile of phase change at three locations on the interferogram namely at y = 85, y = 102
andy = 128.

3D images of the events provide a very thorough qualitative observation of the phase
change taking place at the region of interaction. Using the computer program, these 3D
images can be cut, sliced and viewed from any direction and location requiring detail
investigation. The 3D image of the whole interaction event from the captured
interferogram is shown in Figure 8. That image can be cut sliced and observed from any
angle desired by the observer. Figure 9 shows the image which has been sliced right
through the center of the interferogram.

0128-8644/2009 — Jabatan Fizik UTM. All rights reserved 15



J. Fiz. UTM. Vol. 4. (2009) 10-17

=
kS
=
(3]
(o))
&
=
[&]

200 100 0

Figure8: The 3D image of the phase change
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Figure 9: The 3D image of the cross—section of phase change

CONCLUSION

To eliminate the problem of phase ambiguity in single interferogram phase-mapping,
a 3- simultaneously-captured interferograms system was developed. Phase mapping the
event in 2D and 3D allows quantitative as well as qualitative analysis to be made. Using
the appropriate algorithms in a computer program written in Mathcad, the associated
phase change could be successfully extracted and analysed. From the knowledge of the
phase change obtained, the associated changes in the other parameters such as the
refractive index, density and pressure could be calculated.
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