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ABSTRACT 
Digital holography system can quantitatively obtain the microscopic appearance of the measured surface, with 
non-contact, high precision, large measuring range, etc. Among the varies of characterizing a system, Instrument 
Transfer Function (ITF) is the most appealing method, which can describe the system response in terms of an input 
signal’s frequency content. In this paper, we proposed a method to calculate the system transfer function of digital 
holography system for measure a high quality phase step, which contains all spatial frequencies. The ITF can be 
calculated across all frequencies with a single measurement by comparing the Power spectral Density (PSD) of a 
measured step to the theoretical PSD. The method is applied to calculate the ITF of digital holography system. 
Experimental result shows that the ITF of the digital holography system is above 60%.The result shows that the ITF of 
digital holography system could be kept at acceptable levels within the range of interest.  
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1. INTRODUCTION 
The band error of the optical component, which used in the strong system, is the key to the quality of strong laser 

focus. The errors can be evaluated using PSD, which was measured by an interferometer.  So it is become very 
important to have a good ITF characteristic, which is most commonly understood to apply to linear systems, which share 
certain basic properties that lend themselves naturally to frequency analysis. Basically, the PSD method is a powerful 
Fourier technique for quantifying the contribution of each spatial regime to the total optical error[1]. This method enables 
us to obtain a clearer comprehension of the magnitude and significance of surface imperfections with different spatial 
frequencies. 

Although many works have described for the height profile of optical surfaces using the PSD method and 
synchrotron optics by Takacs, Church, Nayak and others in the 1970’s and 80’s[2][3][4][5][6]. Most of works are still 
conventionally focus on specified using only figure error and micro-roughness. What we are sure is that the PSD of the 
surface topography is inversely proportional to spatial frequency raised to the power by studying previous studies of high 
quality optical surfaces. 

Digital holography has been reported as a new method for optical measurement,[7][8][9] such as crystallization, 
surface errors. In this paper, we assess the suitability of optical surface using PSD by comparing PSDs measured over a 
wide spatial bandwidth for different grades of mirrors. 

  

2. MATHEMATICAL CONSIDERATIONS 
The PSD is mainly a measure of the spatial frequency content of the wave front being analyzed. We may easily 

determine the ITF of the instrument across any desired spatial frequency range by comparing the PSD of an actual 
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measurement with the theoretical PSD of the test part. The ITF is actually defined as the ratio of the measured Fourier 
amplitude to the actual Fourier amplitude of the test piece over all range of spatial frequencies[10]. Since the PSD gives 
the square of the Fourier amplitude coefficients, the ITF may be calculated as follows: 
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According the formula above, samples with known power spectral density characteristic is needed to obtain the ITF. 

Ideally, we can measure a delta function, which contains all spatial frequencies of equal amplitude. Unfortunately, no 
such object exists, so other objects with known Fourier spectra have to be used[10]. 

We describe the mathematical used to generate power spectral density plots from 2-D surface height data. However 
one usually use the 1-D PSD to calculate in actual measurement calculation[11]. Due to the data we measured is 
discretization, the PSD may be represented by the following formula: 
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Where ∆x is the sampling interval. N is the number of samples. z(n) is the data of wave surface. n=0,1,2,…,N-1, the 
spatial frequency is f, f=m/L=m/N∆x, so the length of step is 1/N∆x. The space coordinates,x=n∆x, can be substituted by 
n, which is the variable in the equation (2). One can obtain the value of PSD of the samples by using the equation (2) 
with the data of wave surface. 

Another technique which may be used to calculate the system transfer is to measure a high quality phase step. The 
PSD of height H, measured with N data points over distance L is: 

2
2 2

2 1( ) * * *
*
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L fπ

=                              (3) 

According to the equation above, one can know that a single step contains all spatial frequencies，and the PSD of 

ideal step phase plate is determined by 
2f , PSD∝1/

2f . The ITF will be calculated across all frequencies with a single 
measurement by comparing of a measured step to the theoretical PSD. One can also measure data of multi-lines, and 
calculate a 1-D PSD from each line of height data, then average these 1-D PSDs.   

3. EXPERIMENTAL 
In this section, digital holography system (see figure 1 ) will be used to measure the wave surface of a optical flat 

with the step phase. A suite of metrology instruments are also used to verify conformity to the required specification.  
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Figure1. The holography system 

 
Holography is a popular method in the field of imaging due to its capability of restoring 3-D volume information 

from a single hologram acquisition[8].Thus, holography, compared to other imaging techniques, neither encounters the 
problem of out-of-focus objects, nor does require conversion of measured quantity to size information of surface. 
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Figure 2. Configuration for testing the PSD of step surface 
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Sample with step surface was putted in the substrate, while holography records the interference pattern of the simple on 
the plane of a CCD camera when the simple is illuminated by a laser light source. The recorded interference pattern 
contains information about the 3D volume of the sample, which can be numerically reconstructed by computer[7].Last, 
the PSD of the sample can be obtained by using the data of surface. 

4. RESULTS 
Figure 3 shows the PSD of ideal step surface, which is numerical simulation by MATLAB in the computer. The PSD is 
dramatic lower as the spatial frequency raised. Figure 4 shows the PSD of measured step surface, which is calculated 
based on the surface data of sample. Compared with smooth line in figure 3, the PSD of measured step surface is a 
fluctuation line. 
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Figure 3. The PSD of the ideal step surface 
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Figure 4. The PSD of measured step surface 
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Figure 4. The ITF of digital holography system 

 
As the figure shows above, ITF of digital holography system is about 80% in the frequency of 1/mm, which is an 

acceptable distortion result for our measurement. As the frequency become higher, the ITF begins to decline.  

5. CONCLUSION  
In this paper, we use the PSD to measure the ITF of digital holography system. From the result above, digital 

holography system is a reliable instrument for measuring the surface profile. In order to meet the measurement 
requirements, the ITF must maintained at a high level out to half the Nyquist frequency of the instrument. Happily, as we 
have seen above, the ITF of the digital holography system can maintained for 60% in frequency of 1.6/mm, which over 
the half the Nyquist frequency of the instrument. Thus, with appropriate cautions we can get a good idea of expected 
performance using the digital holography system as instrument to the measured the surface of object.   

REFERENCES 
[1]  Alcock, Simon G., et al. "Using the power spectral density method to characterise the surface topography of optical 

surfaces." Proceedings of SPIE-The International Society for Optical Engineering 7801: 780108-780108-8. (2010) 
[2]  Takacs, P. Z., Church, E. L., “Comparison of profiler measurements using different magnification objectives,”Proc. 

SPIE 680, 132 (1986). 
[3] Takacs, P. Z., Hewitt, R. C., Church, E. L., “Grazing Incidence synchrotron radiation optics-correlation of 

performance with metrology,” Brookhaven National Laboratory BNL-38412 (1986). 
[4]  Takacs, P. Z., Church, E. L., “Spectral and perimeter estimation problems arising in the metrology of high 

performance mirror surfaces,” International conference on acoustics, speech and signal processing Brookhaven 
National Laboratory BNL-37891 (1986). 

Proc. of SPIE Vol. 10449  104491D-6
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 14 Aug 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

[5]  Takacs, P. Z., Colbert, J., Church, E. L., “Survey of surface roughness properties of synchrotron radiation optics,” 
SPIE Southeast technical symposium BNL-38295 (1986). 

[6]  Nayak P. R., “Some aspects of surface roughness”, Wear 26, 65-174 (1973). 
[7]  Khanam, Taslima, et al. "Measurement of Two-Dimensional Crystal Shape Using Digital Holography."Crystal 

Growth & Design13.13:3969–3975. (2013) 
[8]  Darakis, Emmanouil, A. K. Asundi, and T. J. Naughton. "On-line digital holographic measurement of size and 

shape of microparticles for crystallization processes." Proc Spie 7155.2-3:325-32. (2008) 
[9]  Darakis, Emmanouil, et al. "Processing of digital holograms for size measurements of microparticlese." Proceedings 

of SPIE - The International Society for Optical Engineering 7155: 715524 – 715524 -12. (2008) 
[10] Novak, Erik, C. Ai, and J. C. Wyant. "Transfer function characterization of laser Fizeau interferometer for 

high-spatial-frequency phase measurements." Proceedings of SPIE - The International Society for Optical 
Engineering 3134.3134:114-121. (1997) 

[11] Groot, Peter De, and X. C. D. Lega. "Interpreting interferometric height measurements using the instrument transfer 
function." International Workshop on Advanced Optical Metrology:30-37. (2005) 

 
 
 
 
 
 

 

Proc. of SPIE Vol. 10449  104491D-7
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 14 Aug 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


