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a b s t r a c t

Non-null interferometry could use to measure the radius of curvature (ROC), we have presented a virtual
quadratic Newton rings phase-shifting moiré-fringes measurement method for large ROC measurement (Yang
et al., 2016). In this paper, we propose a large ROC measurement method based on the evaluation of the
interferogram-quality metric by the non-null interferometer. With the multi-configuration model of the non-
null interferometric system in ZEMAX, the retrace errors and the phase introduced by the test surface are
reconstructed. The interferogram-quality metric is obtained by the normalized phase-shifted testing Newton
rings with the spherical surface model in the non-null interferometric system. The radius curvature of the test
spherical surface can be obtained until the minimum of the interferogram-quality metric is found. Simulations
and experimental results are verified the feasibility of our proposed method. For a spherical mirror with a ROC
of 41,400 mm, the measurement accuracy is better than 0.13%.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

important for applications in laser fusion programs and large optical
observing systems. High precision metrology for large ROC is still one of
key problem that has considerable influence on the performance of large
optical system. Due to the metrology methods for ROC of the optical
spherical surface, such as spherometer, laser spherical interferometer
and knife-edge tester, have their own limitation on the large ROC
measurement, researchers are trying to develop simpler and more
accurate metrology techniques suit for spherical surfaces with large
ROC [1].

The differential technique for large ROC measurement based on
Fizeau interferometer was introduced by Gerchman, based on a cavity
to fold the light path, a spherical surface with ROC up to 175 m can
be measured [2]. The measurement method based on designed zoom
lens was utilized by Cai, combining a Fizeau interferometer, a spherical
surface with a ROC of 10 m was being measured [3]. The initial work of
the ROC measurement for a spherical surface with a ROC of 10 m used
a nested dual-focus zone plate was introduced by Wang in 2008 [4].
In 2014, Wang used a Fresnel zone lenses for the ROC special surfaces
measurement, and the measurement range is between several meters
and a few hundred meters [5]. In the metrology technique using long
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trace profiler to measure ROC of spherical surface proposed by Ye, the
ROC can be calculated by the full aperture scanning line, and a spherical
mirror with 37.108 m can be measured [6]. In 2015, Zhao proposed a
measurement technique for the spherical surface with large ROC based
on novel differential confocal method and a spherical surface with 15 m
can be measured [7–10]. We have proposed a virtual quadratic Newton
rings phase-shifting moiré-fringe measurement method (VQNPM) to
measure the large ROC for a spherical surface by a non-null interfer-
ometer, in which the measurement accuracy is better than 0.18% for a
spherical mirror with a ROC of 41.4 m [11]. In our VQNPM method, the
measurement accuracy mainly depends on low-pass filter that used to
obtain the low-pass filtered moiré fringes.

In this present study, we propose a Newton rings demodulation
method based on the evaluation of interferogram-quality metric to mea-
sure the large ROC for a spherical surface. With the multi-configuration
model of the non-null interferometric system in ZEMAX, the retrace
errors and the phase introduced by the air gap between test surface
and reference flat are reconstructed. The interferogram-quality metric
is calculated by the normalized phase-shifted testing Newton rings
with the reconstructed retrace errors and the phase introduced by test
spherical surface. An algorithm for minimizing the function is selected
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Fig. 1. The non-null interferometric system for ROC measurement.

Fig. 2. The process of large ROC measurement based on the interferogram-quality metric.

to seek the radius curvature of the test spherical surface that minimized
the interferogram-quality metric. Compared with the virtual quadratic
Newton rings phase-shifting moiré-fringes measurement method, our
proposed method avoids the retrieve process of wavefront difference
data between the testing and standard spherical surface, it gives advan-
tages in computing time and its accuracy [11]. Section 2 presents the

theoretical analysis of our proposed large ROC measurement method
and the procedure for measurement by the non-null interferometric sys-
tem. Section 3 shows the simulation of the process of ROC measurement
with surface figure error and random error in Newton rings. Section 4
experimentally validates the accuracy and feasibility of our large ROC
measurement method. The experiment results are compared with the
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