
Nov. 24-27, 2022
Nanj ing, China

Cylindrical CGH Wavefront Calibration Method 

based on Transmission Holography
Zhijun Ying, Xingyu Lin, Xuanyu Chai, Yingjie Yu*

School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200444, China

Email: yingjieyu@staff.shu.edu.cn

NJ149

• Introduction:
As a diffractive optical element, CGH is usually used for null

interferometry of the free surface. In cylindrical interferometry, CGH
converts plane waves into cylindrical waves. Taking the cylindrical
wavefront as the reference wavefront, the error of the cylindrical part
can be obtained. The error of CGH directly affects the measurement
results of cylindrical parts. However, the wavefront error of CGH is
coupled with many errors, so it is difficult to calibrate the CGH
wavefront.

The phase extraction method of single frame interferogram based
on 2D Fourier transform is a commonly used phase extraction method.
Fig. 1 shows the interferogram of three diffracted wavefronts and their
frequency spectrum. The angle between the plane wavefront and the
other two wavefronts is the same, so their offsets in the spectrum are
the same, resulting in frequency aliasing. This makes it impossible to
directly apply this method to CGH wavefront measurement.
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Fig. 1 (a) CGH interferogram (b) The Spectrum of CGH interferogram 

A transmission measurement method for calibrating CGH wavefront
error is proposed in this paper. In this method, the frequency of each
wavefront is separated by introducing a carrier, and then the phase of
the converging wavefront is extracted by using a single-frame
interferogram phase extraction algorithm. Finally, the corresponding
ideal wavefront is fitted based on the extracted phase, thus the
wavefront error of CGH is obtained.
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• Method:

 CGH wavefront frequency separation
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Fig. 2 (a) Carrier introduction light path  (b) Carrier diagram

After introducing the carrier, the three wavefronts of the CGH will
interfere with the carrier respectively, thus introducing three additional
frequencies into the spectrum. Because the angles between the three
wavefronts and carriers are different, and their frequency offset in the
spectrum is also different, so the problem of frequency aliasing does
not occur.

By properly selecting the frequency of the carrier, the newly
introduced three frequencies can be effectively distinguished from the
original three frequencies, thus the target frequency can be extracted.
Then the phase of the converging cylindrical wavefront is extracted
from the target frequency by using the 2D Fourier transform method.

 Fitting and Error Extraction of Ideal Cylindrical Wavefront

In each measurement, the attitude of the cylindrical wavefront
relative to the CCD is not exactly the same. Therefore, for each phase
extraction result, the ideal wavefront of its corresponding attitude
should be fitted. Then the wavefront error is obtained by subtracting
the ideal wavefront from the phase extraction result.
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Fig. 3 (a) Cylinder of arbitrary attitude (b) Simulated generated cylinders
with arbitrary attitude

For a cylindrical wavefront with any attitude in space, its model is
shown in Fig. 3 and its phase φ is

𝜑 = 𝑘𝐿 𝑥 =
𝑘 𝑦sin𝜃 − 𝑥 − Δ𝑥 sin𝜃

𝑓
+ 𝐶

Where 𝑘 =  𝜋/𝜆, 𝑓 is the focal length of cylindrical wavefront, 𝜃
and Δ𝑥 are the deflection angle and offset of the cylindrical axis,
respectively. 𝐶 is a constant factor of piston aberration.

• Simulation:
To verify the theoretical feasibility of the proposed method,

simulations were carried out to validate the method. The arrangement
of the three diffracted orders is shown in Fig. 4. The angle between
the three diffraction orders is 1°, the focus length f of cylindrical
wavefront is 65 mm and the CCD is placed at a distance of 100 mm
from the CGH.

Fig. 4 CGH diffraction wavefront diagram
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Fig. 5 CGH simulation results: (a) CGH self-interference fringe pattern (b) +1 order wavefront phase 
(c) 0 order wavefront phase (d)-1 order wavefront phase
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Fig. 6 (a) Spectrum with carrier. The frequency indicated at the number 5 is the target frequency to
extracted (b) Ideal wavefront phase corresponding to the phase extraction result. (c) Converging
cylindrical wavefront error, The PV of the error is 0.004λ and the RMS is 0.002λ.

• Conclusion:
 The transmission measurement method is used to collect the

interference fringes of CGH wavefront, and a carrier is
introduced to separate the frequencies of CGH diffraction
wavefront.

 Based on the method of 2D Fourier transform, the phase of the
separated wavefront is extracted, and the ideal cylindrical
wavefront of the corresponding attitude is obtained. The ideal
wavefront is subtracted from the phase extraction result, and
the wavefront error of CGH is obtained.

 The simulation results show that the theoretical accuracy of
this method can reach four-thousandth of a wavelength, and
the proposed method has good theoretical feasibility and high
accuracy.


