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Interference 
Setup for recording of electronic interferograms 
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Review, in class, unknowns and known variables 
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Intensity of the form: )cos(),(  MB IIyxI

Unknown 

Unknown 

Unknown 

Known 

Solution for the unknowns: introduction of optical phase shifts 

 nMBn vuvu,IvuIvuI   ),(cos)(),(),(

Number of phase shifts: Nn ,...2,1

n-th phase shift: n

Interference 
Phase sampling by phase shifting 
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Interference 
Setup for recording of phase shifted electronic interferograms 

LS 

BE 1 

BE 2 

BS 1 

CCD 

A 

L 

Object 

M 1 

PZT 1 

BS 2 

  

K 1   

K 2   

Illumination 

beam   

Reference 

beam 

  

) ( t d   

Video signal to  
electronics or frame  

grabber   

n-th phase shift: )()( nnn t
2

t d



 



CHSLT - Center for Holographic Studies and Laser  micro-mechaTronics 

Mechanical Engineering Department/NEST - NanoEngineering, Science, and Technology 

Phase shifting 
Driving functions 
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Phase stepping 
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Phase shifting 
Driving functions 

Phase stepping is preferred: 

 Minimum phase drifting during image acquisition 

 Simple to implement 

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

  ),(),(cos)(),( vuIvuvu,IvuIR nnMBd  Residuals: 

Summation of residuals:  
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Phase sampling equations 
Least-squares minimization of residuals, Rd 

Minimization of residuals : 
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Phase sampling equations 
Least-squares minimization of residuals, Rd 

Resultant system of equations : 
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Phase sampling equations 
Four phase shifting algorithm, n = 4 

n-th phase shifts: 2/3,,2/,0  n

Resultant system of equations, n = 4: 
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Phase sampling equations 
Four phase shifting algorithm, n = 4 

Resultant background intensity: 

)],(),(),(),([ )( vuIvuIvuIvuI
4

1
vu,I 4321B 

Resultant modulation intensity: 

22
M vuBvuAvu,I )],([)],([ )( 

2
42

2
31 vuIvuIvuIvuI

2

1
)],(),([)],(),([ 



CHSLT - Center for Holographic Studies and Laser  micro-mechaTronics 

Mechanical Engineering Department/NEST - NanoEngineering, Science, and Technology 

Phase sampling equations 
Four phase shifting algorithm, n = 4 

Fringe visibility, or fringe contrast: 

Optical phase: 
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Recovered optical phase 

Before deformations: 

After deformations: 
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Recovered optical phase 
Fringe-locus function 
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Recovered optical phase 
Fringe-locus function mod[2] 
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Example: interferogram with open-fringes 
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Example: interferogram with open-fringes 

Recovered wrapped phase: A-A 

Interferogram: A-A 

A-A 

A-A 
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Example: interferogram with open-fringes 

Wrapped phase 

Unwrapped 
phase 

Interpretation 

Need: 

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

Recovered wrapped phase: A-A 

Interferogram: A-A 

A-A 

A-A 
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Wrapped phase 

Unwrapped 
phase 

Interpretation 

Example: interferogram with closed-fringes 

Need: 

Camera calibration & 
Sensitivity Vector 


