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observed value is unknown, as well as the ease of calculations performed on a personal
computer. Bootstrap approach is quite convenient to perform calculations based on resampling
and statistical estimation. It is particularly effective when there is a limited number of data to
make forecasts about the processes or systems behavior.

The matters of the bootstrap application for the reliability analysis, electronics products
particularly, are still relevant, as evidenced by the continued emergence of new papers on the
subject.
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QUASI-HETERODYNE METHOD OF THE PHASE MEASURING IN A SERIES OF
INTERFEROGRAMS

Guzhov, V., Tlinykh, S., Sazhin, I, Kabak, E.
Novosibirsk, Novosibirsk State Technical University

This paper proposes a method for measuring the phase difference based on the analysis
of Lissajous figures formed intensities of pairs of points in a series of interferograms with
different phase shifts. This method does not require the definition of the actual values of the
phase shifts.
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1. THE PROBLEM

The aim of this work is an explicit determination of the phase difference on the
intensity values of two arbitrary points in the interferogram using the method of step phase
shift [1-5]. Moreover, in the present time a lot of attention paid to the analysis of the
measurement errors caused by inaccuracy of the phase shifts [6-11]. Equation intensities at
each point of the interferogram at different values of insertion phase shift can be written as

[31:

LG5 y) = AGy) + B(x,y) cos[4(x,y) +8,] )]

where A(x,y) - average brightness, B(x,y) - the amplitude of the interference fringes.

May be assumed that all points (x, y) phase shifts are the same. This assumption is
satisfied in most cases on the basis of physical conditions of the experiment. Then we can get
the additional equation, considering the decisions are not in one but in several spatial points
interferogram.

LX) = Ay, + By cos[p(x,.y,) +8,] 2)

2. DESCRIPTION OF THE METHOD

If you take two arbitrary points on the interferogram with coordinates A(xa,ya) and
B(xg,yn), then the five phase shifts we obtain a system of ten equations of the form (2) with ten
unknowns.

To simplify notation the intensity change in the system of equations (2) I1a ... Isa as
X1... X5, intensity and Iip ... Ise as y1... ys and the average brightness levels at the points and
- x0 and yo, respectively. Taking into account the adopted notation system of equations (2) takes
the form

x, =x,+Bcos(¢+6), ¥, =y, +B,cos(¢,+6), ®)

here i=0,1 ... 4, 5 _=0.

0

The system of equations (3) (x, y) can be regarded as the coordinates of points on a
plane (fig. 1). Point 1 corresponds to a phase shift 5 —o. If the condition 5, <5, <5,... <35,

is at this point 1 to point 2 switches , etc. This condition is required for the formation of a
consistent trajectory of the point 1. For arbitrary phase shifts the trajectory of the point 1 would
be move a chaotically. In this case, to ensure a consistent trajectory points can be sorted using
the conditional vector formed by the difference between the coordinates of points and the
coordinates of the center of the conditioned which is found by averaging the coordinates of all
the points. Conditional vectors are compared with each other values of the angles which they
form between themselves.
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Figure 1. Coordinates of points on a plane

Any point corresponding to the system of equations (3) belongs to a well-known ellipse
as Lissajous figure (addition of two sinusoidal waves of the same frequency). Then the system
of equations (3) can be rewritten as follows:

x,=x,+B cos(8,), y,=y,+B,cos(5,+4,-4,), *)

here ¢, — g - the phase difference between two different points in the
interferogram

Lissajous ellipse equation corresponding to the system of equations (4) has the form

(x,_xo)z (y;_yo)z_ (X,—XO)()/}—yo) _ —«in? _ (5)
B + TE 2 BB, cos(¢, —¢)=sin’(4, - ¢)

However, the direct determination of the coefficients of equation (5) encounters great
difficulties because, as a rule, it is necessary to find the unknown parameters of average
brightness and amplitudes or their evaluation [12]. On the other side of the general equation of
an ellipse can be represented as follows [13]:

2 2
a, X +2a,xy+a,y" +2a,x+20,y+a, =0, ©)

Given the invariance of the leading coefficients of the equation (6) to the plane of the
ellipse parallel transport module can be the cosine of the phase difference ¢4, -¢, of the

and a,, = ?
2

1
E cos(¢, — @)

We compute the coefficients listed equation (6) using the equation of the pencil of
curves of the second order [14]:

Aley) f(ey)=afi(xy) fi(xy) . o

coefficients of the following equation (6) a;; =

B_12’ |a12|:

here fl(x,y) =Ax+By+C, - is the equation of a straight line, and & is selected so
that the curve is selectable from a beam passing through a free point 3 (see Figure 2).
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Y

0

Figure 2. The procedure for connecting the points forming the beam curves

Then
A=y,—v, B =x—x,, C,=x,V —X)V,>
Ay=ys—vi> By=x,—%5, Cy =Xy, =%, Vs>
A =ys—»,> By=x—x5, C,=x3—xYs
Ay =Yy,=¥ Bi=x, =X Co=x,0, =%V
a =—(A4x;+ By, +C ) (Ax, + By, +C,) [ (Ax, + Byy, + G ) (A, + By, +C,) |

and we obtain

1
a, = AA, +ad A, a,= E[Ale +A,B +a(4B, + AB,)|, a,=BB,+aBB, ®)

. . |alz .
In our case the module is equal to the phase dlfference|¢ -4, | =lacos| ——=—1=—||. is
C \/|“11|V|a22|

defined in the range from O to % , for determining the true value of the phase difference in the
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range from O to 2z is also necessary to determine the quadrant in which the angle 4, — 4.

Practically, this can be done by tracking the orientation of the main axis of the ellipse and the
direction of change in the trajectory of point 1 at different phase shifts (Fig. 1).

3. CONCLUSION

This paper proposes a new method for determining the phase difference of two arbitrary
points of the interferogram. Fixing one of the points can determine the distribution of the phase-
field over the field. Using this method allows to reduce the requirements for setting accuracy
insertion phase shifts can be used as measuring systems with a priori unknown insertion phase
shifts.
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