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To meet the need of on-machine metrology in optical manufacturing, a compact and snapshot dual-mode in-
terferometric system is proposed for surface shape and roughness measurement. To simplify the measurement
process between surface shape and roughness, a novel concept of using optical filters to separate the beam paths
in the reference arm is introduced. A pixelated camera with a micro-polarizer array acquires four pi/2 phase-
shifted interferograms simultaneously to minimize the environmental disturbance. Besides, the configuration-

optimization-based subaperture stitching technique is introduced to extend the measurable aperture range. Both
numerical analysis and experiments have been carried out to demonstrate the feasibility of the proposed com-
pact snapshot dual-mode interferometer. The proposed system provides a powerful and portable tool to achieve
on-machine surface characterization of various optical elements over a wide range of spatial frequencies and

aperture sizes.

1. Introduction

With increasing needs for high precision optical elements, accurate
and efficient fabrication process is highly demanded, placing ultrahigh
requirement on the measurement tools to improve workpiece quality
control and manage machining process. As a recognized accurate test-
ing method, the interferometry has been a powerful method for non-
contact surface metrology of optical elements. Various laser interferom-
eters, such as Fizeau interferometer, Twyman-Green interferometer, and
point-diffraction interferometer [1-3], were developed for surface form
metrology, which is the low spatial frequency form error. Surface rough-
ness can be measured by the low coherence interference microscopes [4,
5] with either white light sources or light emitting diodes (LED). With
the combination of laser interferometer and interference microscope,
the surface characteristics of workpieces over a wide range of spatial
frequencies can be accurately evaluated. Most of the commercially avail-
able interferometers, such as those from Zygo and 4D Technology, are
designed in a single working mode, either interferometer mode or in-
terference microscope mode. Thus, multiple measuring instruments are
required to achieve the comprehensive evaluation of optical surface.
Due to the limited space in the fabrication machine and accessibility of
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workpiece surface, the instrument for on-machine metrology should be
compact enough. However, most of these commercial instruments are
designed for off-line application and they are large in volume, not suit-
able for on-machine metrology. The workpiece has to be removed from
the machine for off-line metrology and then re-positioned back to the
machine for further process if the quality doesn’t meet the specifications.
This process is very time consuming, adding the cost and introducing
additional fabrication errors.

Various on-machine and in-process measurement methods and sys-
tems have also been developed for ultra-precision machining systems,
including interferometers [6-10], adaptive-optics-assisted system based
on light scattering [11], chromatic confocal probe [12, 13], stereo vision
method [14-16], and fringe deflectometry [17-21]. However, all these
methods can only measure either surface shape or surface roughness.
To meet the need for measuring both surface shape and roughness, a
compact dual-mode snapshot interferometric system (DMSIS) (with the
dimension of 304.8 mm x 304.8 mm x 76.2 mm) using Linnik configu-
ration was proposed for on-machine metrology [22]. However, it adopts
double source paths and requires the system reconfiguration (by remov-
ing the microscope objective in the reference arm) to switch the working
mode, not compact or convenient enough for practical application.
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In this paper, a compact snapshot dual-mode interferometric system
(SDIS) is proposed for the on-machine measurement of both optical sur-
face shape and roughness. Using optical filters, dual working modes are
achieved in an extremely compact configuration. To minimize the influ-
ence of environmental disturbances, a pixelated polarization camera is
adopted to realize snapshot and fast measurement. Besides, the subaper-
ture stitching technique based on configuration optimization is devel-
oped to extend the measurement range, enabling the testing of surfaces
with large aperture. There are three main contributions of this work:
(1) the proposed SDIS shares a single and almost “common-path” con-
figuration setup for dual working modes, and it is extremely compact
in configuration (with the dimension of 195 mm x 160 mm X 65 mm);
(2) with the application of optical filters, no reconfiguration of internal
system structure is needed to switch the working modes; (3) the exten-
sion in the measurable aperture range of the proposed compact interfer-
ometer is achieved based on the configuration-optimization-based sub-
aperture stitching technique. All these features make it more practical
and convenient for on-machine metrology. Sections 2 and 3 present the
principle of the proposed SDIS, including the system configuration, sys-
tem design, measurement range extension based on subaperture stitch-
ing technique, and error analysis. Section 4 shows the experimental re-
sults of on-machine tool alignment and large-aperture surface testing.
Finally, some concluding remarks are drawn in Section 5.

2. Principle
2.1. System layout

The schematic diagram of the proposed SDIS is shown in Fig.1. Two
light sources are used in the system: a laser (with the wavelength 632.8
nm) for surface shape measurement and a LED (with the central wave-
length 540 nm and bandwidth 10 nm) for roughness measurement. Their
spectrum are shown in Fig. 2. The light from the light source is coupled
into an optical fiber (a single-mode optical fiber for laser and a multi-
mode fiber for LED) and collimated by a collimator C, and then goes
through a wire grid linear polarizer (WGP) with the transmission axis
oriented at 45 ° to x-axis. By rotating the transmission axis of WGP,
the relative intensity of test and reference arms can be adjusted to ob-
tain the optimal fringe contrast. After reflected by the folding mirror M,
the linearly polarized light passes through a beam splitter (BS). The p-
and s-polarized beams are transmitted and reflected from the polarizing
beam splitter (PBS), respectively, serving as test and reference beams.
To achieve the different working modes with a single system configura-
tion, a high-performance shortpass optical filter OF1 (#84-710, Edmund
Optics Inc., the rejection (reflection) wavelength range 614-900 nm and
transmission wavelength range 350-587 nm) is placed in the reference
arm to reflect the laser beam and transmit LED light for two different
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Fig. 1. System layout of compact snapshot
dual-mode interferometer. C: optical collima-
tor; WGP: wire grid polarizer; M: folding mir-
ror; BS: beam splitter; PBS: polarized beam
splitter; OF1: shortpass optical filter; OF2: long-
pass optical filter; Objl and Obj2: standard
objective; TS: test sample; RM: reference mir-
ror; QWP: quarter-wave plate; L: imaging lens;
PCam: monochromatic polarization camera.
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Fig. 2. Spectrum of the light sources and the transmission of the optical filters
(#84-710 and #62-983, Edmund Optics) in the proposed SDIS.

measurement modes. To match the optical length difference (OPD), a
longpass filter OF2 (#62-983, Edmund Optics Inc., the rejection wave-
length range 200-490 nm and transmission wavelength range 508-1650
nm) with same thickness and material as the shortpass filter in the refer-
ence arm is added to the test arm between the objective Obj2 and PBS.
The transmission of the longpass and shortpass filters at the wavelength
range 400-800 nm are shown in Fig. 2.

To switch the working modes, the corresponding optical fibers with
corresponding light sources can be connected to the source interface
(that is the collimator C), making the system extremely convenient for
practical on-machine metrology application. With the long working dis-
tance custom collimator, a dichroic mirror can be used to combine the
laser light and LED light so that it is not necessary to switch the fibers,
two different measurement modes can be switched by simply turning
ON/OFF the laser or LED. In the interference microscope mode, the LED
serves as light source, the test LED light passes the longpass filter OF2,
and then is focused on test sample TS by the long working distance ob-
jective Obj2 (Mitutoyo Plan Apo 10 x and NA 0.28), the reference LED
light goes through shortpass filter OF1 and is focused on the reference
mirror RM by a matching objective Obj1l (Mitutoyo Plan Apo 10 x and
NA 0.28). In the laser interferometer mode, the reference laser beam is
reflected by the OF1, the test beam passes OF2 and is transformed to a
spherical wave with Obj2 to match the test surface. By removing Obj2,
the system is suitable for the flat surface testing.

The reflected test and reference beams are transmitted and reflected
from the PBS, respectively, and then are reflected by the BS. A quarter-
wave plate (QWP) is used to transform the orthogonally linearly po-
larized test and reference beams to be oppositely circularly polarized.
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To meet the requirement of on-machine measurement, a pixelated po-
larization monochrome camera PCam from FLIR Systems Inc is used to
capture the phase-shifted interferograms in a single shot. The Sony po-
larization image sensor (SONY IMX250MZR, resolution: 2448 x 2048
pixels, pixel size: 3.45 ym) inside PCam has a built-in micro-polarizer
array with four linear polarizers at 0 °, 45 °, 90 ° and 135 ° adjacent to
each other, forming a 2 x 2 superpixel as shown in Fig. 1. It enables the
snapshot capture of four interferograms with motionless phase shifting,
therefore the system can make the real time on-machine measurement
and is insensitive to environmental disturbance.

2.2. Jones matrix description

In the proposed method, the polarization and propagation of the
beams can be represented by Jones matrices. The Jones matrices for
test beam (E,) and reference beam (E,) before the polarization camera
are described as

{Er =Jowp Tpps - JIrs Tpas - Ewep )
E.=Jowp Rpps-JIur-Rpps - Ewep’

where Eygp, Eqwp, Jrs and Jyg are the Jones matrices for the po-
larizer WGP, quarter-wave plate QWP, test sample TS and reference
mirror RM; Tppg and Rppg are the transmittance and reflectance Jones
matrices for the PBS. In the current configuration, Tpgg= [T,,0;0,7;]
and Rpgs=[R,,0;0, R,], where T, and R, are the transmittance and re-
flectance factors for p polarization, T, and R, are those for s polariza-
tion. Ideally, E, and E, can be simplified as E,=A] - exp(ip) - [1, i]T and
E,=A!-[1,—i]T, where ¢ is the phase difference related to test sample
surface, A] and A’r are the corresponding Jones matrix coefficients. Thus,
the Jones matrices for the interfering test wave (Et”j) and reference wave
(E! ’j) after going through the micro-polarizer array in PCam are

2 e
El, =4 B =| 0  cosOsinb) o
S cos 0 sin sin%@
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mTE T | cos Osin @ sinZ0 r

where Aj (=1, 2, 3, 4) is the Jones matrix for the micro-polarizer with
transmission axis oriented at the angle 6 (6=0 °, 45 °, 90 °, 135 °) to
x-axis. The superposition of test and reference waves in different micro-
polarizer orientations is defined as E; = E,’,j +E j» and the correspond-
ing intensity recorded on the camera is I; = |Ej’.(l)|2 + |EJ’.(2)|2. Thus,
the phase difference ¢, which corresponds to the optical path difference
between the test and reference surfaces, can be calculated with four-step
phase shifting algorithm,

I, -1
=t Sz 4 . 3
p=n <11—13> @

2.3. Extension of measurement range based on subaperture stitching

The compact configuration of the proposed SDIS enables on-machine
measurement; however, its measurement range for convex surface is
limited due to the small aperture of the microscope objective. To ex-
tend the measurement range, the subaperture stitching technique is de-
veloped. Besides, the subaperture configuration optimization is used to
loose the requirement on the precision of subaperture positioning sys-
tem, enabling the general application of the proposed system with a
simple and less precision motion mechanism.

2.3.1. Subaperture stitching algorithm

In practical subaperture stitching measurement, the relative mis-
alignment could exist in the overlapping areas among adjacent subaper-
tures, and it can be eliminated by removing the piston, tilt and defocus
coefficients of each subaperture [23]. The Ny, subaperture in the mul-
tiple subaperture measurements could be chosen as the reference sub-
aperture, and the relative phase ¢/ of the phase ¢; in the iy, subaperture
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with respect to the reference subaperture can be represented as
@ian =i+ Tei + Ty + B3P + 7)) + C, )

where T, ;, T, ;, B; and C; are the coefficients of the tilts in x and y di-
rections, defocus and piston of each subaperture. The coefficients (T, ;,
T, i, B;, C;) of each subaperture need to be optimized to fit the full aper-
ture, and they could be obtained with the least square fitting method by
minimizing the sum of squared differences of phase in the overlapped
areas,
Jni

min = Z Z {[o: + Ty + Ty + B + )+ C] = [0, + T, + T, + B, + ) + C,]}z.

i

®

2.3.2. Subaperture configuration optimization

The accuracy and reliability of subaperture stitching depend on the
precision of the subaperture positioning system. A five-axis (or six-axis)
precision motion mechanism is traditionally used for subaperture po-
sitioning. To improve the robustness of subaperture stitching interfer-
ometric testing with the proposed SDIS, the subaperture configuration
optimization is carried out to minimize the mismatch in the overlapped
areas among subapertures [24]. Based on the three-dimensional coordi-
nate transformation, the local coordinates (xy, Yi. 2i) of the kg sam-
pling point in the iy, subaperture can be converted to the corresponding
global coordinates Py

—1 T
P =g [xik’yik,zikvl] E ©)

where g; is the transformation matrix representing the configuration of
full-aperture frame with regard to the iy, subaperture. In the case of sub-
aperture positioning with less precision motion mechanism, the trans-
formation matrices {g;} needs to be optimized to minimize the mismatch
in the overlapped area. All the points {P; }in the i, subaperture are pro-
jected onto the nominal full-aperture surface (as shown in Fig. 3) and the
corresponding projection points are {S;.}. For the corresponding points
in the overlapped area in the iy, and j, subapertures, the deviation e; ;
between their distance D; i, D; i to nominal surface is given as

€ijk = Dix—Djy (@)

Thus, bi-objective linear combination can be used as the objective
function in the subaperture configuration optimization,

min Obj = £,6° + £,02, ®)

where €; and ¢, are the positive weights, and ¢, + ¢, = 1; ¢ and ¢ are
the root mean square (RMS) values of the directed distances {D; ¢} to
nominal surface and the distance deviations {e;, i ), respectively,

@ =LTDU/ZN,

d ' , ®
63 = Zzgeiz,j,k/Nw’”I

i
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where N; is the total number of sampling points within the i subaper-
ture, and N, is the total number of overlapping points of all subaper-
tures. According to Eq. (8), the subaperture configuration parameters
{g;} can be optimized by minimizing the objective function Obj.

3. Error considerations

The application of pixelated polarization camera for simultaneous
phase-shifting interferometric testing makes the proposed SDIS insensi-
tive to environmental disturbance; however, the imperfect performance
of the components, mainly the polarization optical components and po-
larization camera, used in the system could introduce the measurement
errors.

3.1. Imperfection of optical components

Polarization optical elements are key in the proposed SDIS as the test
and reference beams are polarized. A wire grid polarizer with contrast
ratios of 3737 and 2745 at 632.8 and 540 nm is utilized in the system
to obtain an input beam with high-degree linear polarization. To meet
the requirement of two measurement modes at two wavelengths, the
broadband PBS and achromatic QWP are adopted in the system.

The PBS is used to separate the p-polarized test wave and s-polarized
reference wave. For the broadband PBS in the system, the transmissions
for p- and s-polarized light at the wavelength 632.8 nm are 96.0% and
0.04%, respectively, and those at the wavelength 540 nm are 96.9%
and 0.07%. According to Eq. (1), the corresponding phase error due to
the imperfection of PBS is shown in Fig. 4(a), with the peak to valley
(PV) value of 0.0134 waves at 540 nm and 0.0104 waves at 632.8 nm.
Besides, the retardances of QWP at the working wavelengths 540 nm and
632.8 nm are 0.2455 waves and 0.2460 waves, respectively. Fig. 4(b)
shows the phase error introduced by QWP at 540 nm and 632.8 nm, PV
values are 6.4 x 10~ waves and 5.0 x 105 waves, respectively, and
they are negligible.

To achieve two measurement modes in a single compact configu-
ration, the shortpass filter OF1 is used to reflect the laser beam and
transmit the LED light, and the longpass filter OF2 is adopted to match
the optical path. Using the dichroic filters, the rejection wavelengths are
reflected, while transmission wavelengths are transmitted. In the laser
interferometer mode, the form error on the incident surface on OF1 and
transmitting aberration of OF2 could introduce measurement error; for
the interference microscope mode, the transmitting aberrations of both
filters could introduce measurement error. However, the systematic er-
ror from both the filters can be pre-measured and removed after the
calibration.

3.2. Imperfection of polarization camera

Due to the imperfect performance of the micro-polarizer array in po-
larization camera PCam, several error factors, including the crosstalk
among polarization channels, photon response nonuniformity (PRNU),

Test Phase (xm rad)

~ .
D>_ 1E-6F 7 Before calibration |}
/ | = = = After calibration
17U s : ‘
0.00 0.05 0.10 0.15 0.20

Wavefront Tilt (waves/pixel)

Fig. 5. Calibration of FOV error in monochromatic polarization camera.

micro-polarizer extinction ratio nonuniformity (ERNU) and micro-
polarizer orientation misalignment (POMA), may introduce an addi-
tional measurement error. Various calibration methods have been de-
veloped to reduce the errors related to the micro-polarizer array. Com-
pared to the polarization camera with polarizer array installed above
the on-chip lens layer, Sony polarization CMOS sensor IMX250MZR has
the polarizer array formed under on-chip lens layer, improving the per-
formance of polarization camera to a tremendous extent. The channel
crosstalk, PRNU, ERNU and POMA are significantly reduced.

To calculate the phase using Eq. (3), the assumption is that the phase
over a 2 X 2 superpixel region remains constant, however, this is not
the case in actual application. This is the field of view (FOV) error and
should be minimized [25]. To minimize the FOV error, the linear-spline
interpolation of neighboring pixels with the same polarization orien-
tation over a 3 x 3 pixel grid can be applied to retrieve the missing
intensity values of all the pixels. Fig. 5 shows the corresponding phase
calculation error under various wavefront tilts before and after calibra-
tion. According to Fig. 5, FOV error increases significantly with larger
wavefront tilt, and the calibration method based on linear-spline inter-
polation provides a feasible way to minimize FOV error. High calibration
accuracy for FOV error can be achieved even for the high local wave-
front tilt of 0.12 waves/pixel, with the PV value of residual phase error
decreasing from over 0.2800 to 0.0078 waves.

4. Experimental results and analysis

The prototype of the proposed SDIS has been built with commer-
cial components to evaluate its performance and feasibility, Fig. 6(a)
shows the system layout, it is very compact with the dimension of 195
mm X 160 mm X 65 mm, extremely suitable for on-machine measure-
ment. The dimension can be further reduced by custom components. The
experimental demonstration (as shown in Fig. 6(b)) was carried out in
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Fig. 6. On-machine measurement with SDIS
on the diamond turning machine. (a) system
layout, (b) on-machine measurement.
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Fig. 7. Surface shape of the centering plug for tool alignment in diamond turning machine. (a) Interferogram and (b) surface shape acquired with on-machine SDIS,
(c) surface shape from off-machine Zygo interferometer, and (d) line profile comparison.

Moore Nanotech 350 FG diamond turning machine for tool alignment.
Besides, a reflective surface with large aperture was also measured with
SDIS to validate the feasibility of the SDIS in large-aperture surface mea-
surement.

4.1. On-machine tool alignment

Generally, a centering plug is used for the tool alignment in diamond
turning machine. The proposed SDIS provides a powerful tool for the on-
machine measurement of the centering plug. The SDIS was mounted on
the B-axis rotation stage. Before tool alignment, a test flat mirror was
placed on the spindle, and the misalignment between the spindle C-axis
and optical axis of SDIS was calibrated by nulling the interferogram. A
convex surface with a radius of 19.985 mm was cut on the 11mm diame-
ter centering plug, the surface shape and roughness were then measured
with the SDIS on the machine. In addition, the off-machine control ex-
periments with Zygo Verifire laser interferometer and Zygo NewView
8300 optical surface profiler were also carried out for comparison.

For the small-aperture centering plug, the full-aperture surface mea-
surement can be achieved by the SDIS. Fig. 7 shows the measured sur-
face map of the centering plug with SDIS and Zygo interferometer, re-
spectively. The PV and RMS values of surface map (Fig. 7(b)) in the
on-machine measurement with SDIS are 0.1276 ym and 0.0147 um,
respectively, and those (Fig. 7(c)) with off-machine Zygo interferome-
ter are 0.1142 ym and 0.0123 ym. The line profile comparison of the
measured surface with these two systems is given in Fig. 7(d). It can be
seen from Fig. 7 that a good agreement between SDIS and off-machine
measurement is obtained. The map error and noise in SDIS is slightly
larger than that in Zygo interferometer, which is mainly due to residual
systematic error from the imperfect optical elements. In addition, small
rings can be seen in the central region of the measured map with Zygo
interferometer, it is caused by the attenuation film.

Fig. 8 shows the measured surface roughness of the centering plug
with SDIS and Zygo profilometer, the measurement area is about 600
um X 600 ym. The PV, RMS and Ra (arithmetical mean roughness)
values measured with SDIS (Fig. 8(b)) are 0.5391 ym, 0.0082 ym and
0.0041 um, respectively, and those (Fig. 8(c)) with Zygo profilometer

are 0.5286 ym, 0.0071 ym and 0.0041 ym. The line profile comparison
of the measured surface roughness with these two systems is given in
Fig. 8(d). Thus, a measurement consistency with SDIS and Zygo pro-
filometer is achieved, both in the surface roughness and magnitude.
Several factors could lead to the minor difference between on- and off-
machine measurement results, such as the cutting debris (bottom left
region in Figs. 8(a) and (b)), residual systematic error and different
bandwidth of LED light sources. Due to the fact that the FOV of SDIS
(~ 600 ym x 600 um) is smaller than that of Zygo profilometer (~ 834
um X 834 um), as well as the fact that the sensor in SDIS has more pixels
than that in Zygo profilometer (5M vs. 1M pixels), higher spatial reso-
lution is obtained with SDIS within the same measurement area, thus,
more obvious tool marks can be seen in Fig. 8(b).

4.2. Large-aperture surface measurement

To validate the feasibility of the proposed SDIS to measure large-
aperture surfaces, a concave spherical surface with 50 mm diameter
and 34 mm curvature radius was cut and tested. The test surface was
installed on a five-axis low-precision motion stage (angular positioning
accuracy about y- and z-axes: 2°; linear positioning accuracy in x-, y-,
and z-axes: 10 ym), and 16 subapertures were individually measured
with SDIS and then stitched to cover the full aperture of test surface.
To improve the subaperture stitching accuracy with the proposed SDIS,
the subaperture configuration optimization (SCO) has been performed.
Fig. 9 shows the objective function with the iteration number in the opti-
mization process, and it rapidly converges after 4 iteration cycles. Fig. 10
shows the comparison of the measured surface shapes in the experiment.
Figs 10(a) and (d) are the stitched surface map and subaperture distri-
bution based on the original subaperture configuration parameters, ob-
vious mismatch among subapertures can be observed. The stitched sur-
face and subaperture distribution after 6 optimization cycles are shown
in Figs. 10(b) and (e), respectively. It can be seen from Figs. 10(b) and
(e) that the configuration parameters are well optimized. Besides, a con-
trol experiment with Zygo interferometer has also been carried out, and
Fig. 10(c) shows the corresponding measured full-aperture surface map.
The measurement results are summarized in Table 1.
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Fig. 8. Surface roughness of the centering plug. (a) Interferogram and (b) surface roughness acquired with on-machine SDIS, (c) surface roughness from off-machine

Zygo profilometer, (d) line profile comparison.
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Fig. 9. Iteration curve in the optimization process of subaperture stitching.

Compared with the Zygo interferometer testing result in Fig. 10(c),
the absolute PV and RMS differences in Fig. 10(b) are 0.2897 ym and
0.0107 um, respectively, thus a good agreement is obtained. Accord-
ing to Fig. 10 and Table 1, the proposed SDIS with combination of

Table. 1
Comparison of large-aperture spherical surface testing results in the experi-
ment.

Surface map Testing error

PV (um) RMS (um) PV (um)  RMS (um)
Zygo interferometer ~ 8.2995 1.5131
SDIS before SCO 8.9142 1.4944 0.6147 -0.0187
SDIS after SCO 8.5892 1.5238 0.2897 0.0107

configuration-optimization-based subaperture stitching technique en-
ables the large-aperture surface measurement, and high testing accuracy
can be achieved even with less precision motion mechanism. Several fac-
tors could lead to the measurement error in the large-aperture surface
testing with SDIS, including those from individual subaperture inter-
ferometric measurement and subaperture stitching process. According
to the analysis in Section 3, the systematic errors due to the imperfec-
tion of system components can be well eliminated in each individual
subaperture measurement; besides, the individual testing results can be
averaged from multiple measurements to minimize the effect of ran-
dom errors (such as electrical noise and environmental disturbance).
The stitching error mainly results from the subaperture positioning er-
rors due to motion mechanism and convergent accuracy of the stitching
algorithm. The stitching algorithm based on subaperture configuration
optimization is high in convergent accuracy (Fig. 9), thus, the measure-

() o SDIS before SCO
— SDIS after SCO
|== = Zygo

0 10 20 30 40 50
x (mm)

Fig. 10. Large-aperture spherical surface testing results in the experiment. Surfaces errors measured with the proposed SDIS based on subaperture stitching (a)
before and (b) after subaperture configuration optimization (SCO), and (c) Zygo interferometer; subapertures (d) before and (e) after subaperture configuration
optimization; (f) line profile comparison.
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ment error from the stitching algorithm is negligible. It also can be seen
from the subaperture distributions in Figs. 10(d) and (e), the subaper-
ture configuration optimization performed in the stitching process en-
ables the effective compensation of the subaperture positioning errors.
Due to the fact that the residual measurement error could still exist in
an individual subaperture, it can be accumulated in the stitching pro-
cess. By reducing the subaperture number, the measurement accuracy
is expected to be further improved.

5. Conclusion

A compact, snapshot dual-mode interferometric system has been
proposed for on-machine measurement. The proposed system enables
the measurement of both surface shape and roughness, and can also
achieve large-aperture surface testing with configuration-optimization-
based subaperture stitching technique. Both the feasibility and measure-
ment accuracy are experimental validated. The proposed SDIS is insen-
sitive to environmental disturbance and is compact in system config-
uration. Thus, it is a powerful and portable tool for the real-time and
on-machine surface characterization of various optical elements over a
wide range of spatial frequencies and aperture sizes.
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