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Interference
Setup for recording of electronic interferograms
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Intensity before deformations: 1(u,v)=1g(u,v)+ Iy (uv)cos[Ag(u,v)]

Intensity after deformations: 1" (u,v) = 1g (u,v)+ Iy (u,v) cos[Ag(u, v) + 2(u, V)]

Review, /n c/ass, unknowns and known variables
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Interference
Phase sampling by phase shifting

Intensity of the form: |1 (X,Y) =1 + Im COS(A¢Q)

.

Known Unknown

Unknown Unknown

Solution for the unknowns: introduction of optical phase shifts

Iy (u,v) =g (U,v)+ Iy (U,v) cos|A@(u, V) + 6, ]

Number of phase shifts: n=12,...N

n-th phase shift: 6,
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Interference
Setup for recording of phase shifted electronic interferograms
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n-th phase shift: 6, =0(t,) = 277[5(%)
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Phase shifting

Driving functions

Continuous phase shifting Phase stepping
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Phase shifting

Driving functions

Phase stepping is preferred:

e Minimum phase drifting during image acquisition

e Simple to implement

e Require detailed calibration, for the wavelength used
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Phase sampling equations
Least-squares minimization of residuals, Ry

Residuals: Rd =18 (u,v)+Im (u,v) cos[A@(u,v) +6n |- In(u,v)

N
Summation of residuals: Rd = Z[I B (U, V) + Acos(@n) +Bsin(@n) - In(u,V)]
n=1

with A=1,,(uv)cos[Ag(u,v)], B=—1wm (u,v)sin[Ag(u,v)]
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Phase sampling equations
Least-squares minimization of residuals, Ry

Minimization of residuals :

N
% nZ;[I|3(u,v)+Acos(6?n)+Bsin(é?n)—In(u,v)]2 =0
[N
a—i<Z[IB(u,v)+Acos(9n)+Bsin(@n)—In(u,v)]2 0
L n=1

[N
B8] Z[' 8 (U, V) + Acos(@n ) + Bsin(@n) = 1n (u,v)]> - =0

L n=1
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Phase sampling equations
Least-squares minimization of residuals, Ry

Resultant system of equations :

N N N
N Zcos(@n) Zsin(@n) Z I
\ nﬁl nT\Il I nT\Il
Zcos(@n) Z:cos2 (@n) Zsin(@n)cos(en) A |= Z I, cos(@n)
n=1 n=1 n=1 B n=1
N N N N
Zsin(@n) Zsin(en)cos(en) Zsinz(en) Zlnsin(en)
L n=1 n=1 n=1 i n=1

with A=1,,(uv)cos[Ag(u,v)], B=—1wn (u,v)sin[Ag(u,v)]
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Phase sampling equations
Four phase shifting algorithm, n=4

n-th phase shifts:  6,=0,7/2,7,37/2

Resultant system of equations, n = 4:

4 0 0|lg 1+l +13+14
0 2 0 A= 11 —13
0 0 2| B lo— 14
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Phase sampling equations
Four phase shifting algorithm, n=4

Resultant background intensity:

IB(u,v)zi[ll(u,v)+Iz(u,v)+l3(u,v)+l4(u,v)]

Resultant modulation intensity:

| (UV) = TA@U V]2 +[B(u, v)]2

:%\/Ul(U,V)— 13U, V)] +[15 (U, V)~ 14 (u,v)]?
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Phase sampling equations
Four phase shifting algorithm, n=4

Fringe visibility, or fringe contrast:

Optical phase:

Ag(u,v) = atan{— B(U’V)} _ atan {S'n[AﬂU V)]} atanl: AN I2(u,v):|
A(u,v) cos[Ad(u,V)] 1, (u,v) - 15(U,v)
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Recovered optical phase
Before and after deformations or changes in OPL

Before deformations:

Ag(u,v) = atan{— M} = atan{ SIn[A4(u, V)] } = atan{ G I2(u,v)}
A(u,v) cos[A¢(u,V)] 1,(u,v) — 15(u,v)

After deformations:

AGUN) + (V) = atan] SMAPUN + WUV || Fa(uv) =1 2(u.)
, ! cos[A¢(u,v) + 2(u,Vv)] 'y (u,v) = 1'3(u,v)
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Recovered optical phase
Fringe-locus function

Phase difference:

[Ad(u,v) +.Q2(u,v)]—Ag(u,v) = atan{ 4(uv) | l2(u’v)} - atan{

I'1(u,v)—13(u,v)

l,(u,v)— Iz(u,v)}

Il(u,v)— I3(u,v)

Fringe-locus function:

) - atan] - 17102 = 1) =1 = 1)1, = 1) :atan[N(u,v)}
(Il_|3)(|1_|3)+(|2_|4)(|2_|4) D(u,v)
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Recovered optical phase
Fringe-locus function mod[2x]

Recovered wrapped phase

D(0,v) 2(0,v)

Magnitude

=
[La]
—
=r
—
[La]

v-direction,
pixels
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Example: interferogram with open-fringes

3

B l4(u,v)—15(u,v)
Q(u,v) = atan{ () |3(u,v):|’ mod[27]
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Example: interferogram with open-fringes

Interferogram: A-A
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Recovered wrapped phase: A-A
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Example: interferogram with open-fringes

Interpretation

Unwrapped Shape
Wrapped phase phase

Need:
Camera calibration &
Sensitivity Vector
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Example: interferogram with closed-fringes

B l4(u,v)—15(u,v)
Q(u,v) = atan{ () |3(u,v):|’ mod[27]
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Example: interferogram with closed-fringes

Interferogram: A-A
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Recovered wrapped phase: A-A
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Example: interferogram with closed-fringes

Interpretation

Unwrapped
Wrapped phase phase

Need:

Camera calibration &
Sensitivity Vector
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