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Abstract: We investigate the possibility of interferometric
optical field sensor with DMD forming a series of sampling
interferometers in the pupil of an optical system. Our
preliminary experiment validates the feasibility of our
approach for the field reconstruction in the case of coherent
field. We believe that this approach can be extended to
sensing of speckle patterns and even incoherent fields, by
analyzing not only the intensity and phase, but also the
amplitude and the visibility of the interference patterns.
Such analysis would yield the complete complex amplitude
and/or coherence function, making the approach directly
applicable to a wide range of inverse source problems in
optics.
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The Digital Micromirror Device (DMD) developed by Texas Instruments
has found many applications in scientific imaging, sensing and wavefront
control [1,2,3]. A DMD-based wavefront sensor, based on time-multiplexed
sampling of the pupil has been reported recently [4].

In this work we investigate the possibility of interferometric optical
field sensor with DMD device forming a series of sampling interferometers
in the pupil of an optical system.

Each individual mirror of the DLP device has two active stable states.
If only two micromirrors of the DMD device are turned on, they form a two-
point Young's interferometer, as shown in Fig. 1, with interferometric
pattern observed in the focus of the lens. The phase difference between the
reflected sample and reference beams, can be directly obtained from the
position of the interferometric pattern (see Fig. 2), while the intensity in the
sample point can be calculated from the brightness of the interference
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pattern. Alternatively, the value of the phase can be obtained from the
Fourier transformed interferometric pattern. The phase equals
approximately to the argument of the field in the brightest pixel of the first
sidelobe - see Fig. 2.

The field in the whole pupil can be reconstructed by measuring the
values of phase and intensity, micromirror after micromirror for all sample
micromirrors in the pupil, with respect to the fixed reference micromirror.
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Figure 1. Experimental setup with two active micromirrors of the DMD forming an
interferometer producing fringe pattern in the focus of the lens.

The experimental setup includes DLP3000 device with a 684x608
micromirror array positioned in a diamond pattern with diagonal pixel pitch
of 10.8 um . The interference pattern formed by two “on” state
micromirrors is formed onto a DCC1545M 8-bit camera with a resolution of
1280x1024 pixels, positioned in the Fourier plane with respect to the DMD
device.

Figure 2. Interferometric pattern formed by a two-micromirror interferometer (left)
and its scaled Fourier transform (right). The phase difference between the sample
and the reference micromirrors corresponds to the field argument in the brightest
pixel in one of the sidelobes.
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Figure 3. Reconstructed unwrapped phase as a function of pupil coordinate for flat
wave- front formed by the initial laser beam, and for the wavefront distorted by a
lens placed in the beam in front of the DMD.

In the experiment, the wavefront scanning was performed by fixing the
reference micromirror in the “on” state at the position with coordinate
(300,300). Then, a series of interferometers has been formed by switching
on the second micromirror from the starting point at (300,306), in the
vertical direction, with a period of 2 micromirrors, until the beam edge at
(300,426) was reached. The phase values, reconstructed along the vertical
line are shown in Fig 3. The straight line corresponds to the unaberrated
laser beam, with some arbitrary tilt introduced by the slight misalignment of
the DMD device. The second (parabolic) curve is obtained with a
converging lens placed in the optical path between the DMD and the laser.
The systematic modulation of the reconstructed linear phase is explained by
the fact that we have adopted approximate method to calculate the phase as
an argument of the field in the brightest pixel in the sidelobe. The curve
corresponding to the lens phase does not contain such a modulation, as it
was calculated as a difference of two absolute measurements — the phase
without lens was extracted from the phase obtained with lens, thus
cancelling the systematic modulation. A good interpolation procedure is
needed to obtain a more precise absolute value of phase. Also, at certain
conditions, groups of micromirrors can be used in place of a single
micromirror, to increase the light throughput of the device.

The method described possesses many features of a traditional
interferometry. However, it has a considerable advantage of not needing
any external reference beam, as any micromirror can be used as an
“embedded” source of reference. Our preliminary experiment validates the
feasibility of our approach for the field reconstruction in the case of a



coherent field. However, we believe this approach can be extended to
sensing of speckle patterns and even incoherent fields, by analyzing not only
the intensity and phase, but also the amplitude and the visibility of
interference patterns. Such analysis would yield the complete complex
amplitude and/or coherence function, making the approach directly
applicable to a wide range of inverse source problems in optics.

References

[1] D. Dudley, W.M. Duncan, and J. Slaughter. Emerging digital
micromirror  device (DMD) applications. Micromachining and
Microfabrication, January 2003.3

[2] Y. Gong and S. Zhang. Ultrafast 3-d shape measurement with an off-
the-shelf DLP projector. Opt. Express, 18(19):19743-19754, September
2010.

[3] D. B. Conkey, A. M. Caravaca-Aguirre, E. Niv and R. Piestun.
High-speed phase-control of wavefronts with binary amplitude DMD for
light control through dynamic turbid media, 2013.

[4] R. Schmitt, 1. Jakobs, and K. Vielhaber. Wavefront sensor design
based on a micro-mirror array for a high dynamic range measurement at a
high lateral resolution. Springer Berlin Heidelberg, 2009.


https://www.researchgate.net/publication/47404151_Ultrafast_3-D_shape_measurement_with_an_off-the-shelf_DLP_projector?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/47404151_Ultrafast_3-D_shape_measurement_with_an_off-the-shelf_DLP_projector?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/47404151_Ultrafast_3-D_shape_measurement_with_an_off-the-shelf_DLP_projector?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/47404151_Ultrafast_3-D_shape_measurement_with_an_off-the-shelf_DLP_projector?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/43149007_Wavefront_Sensor_Design_based_on_a_Micro-Mirror_Array_for_a_High_Dynamic_Range_Measurement_at_a_High_Lateral_Resolution?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/43149007_Wavefront_Sensor_Design_based_on_a_Micro-Mirror_Array_for_a_High_Dynamic_Range_Measurement_at_a_High_Lateral_Resolution?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/43149007_Wavefront_Sensor_Design_based_on_a_Micro-Mirror_Array_for_a_High_Dynamic_Range_Measurement_at_a_High_Lateral_Resolution?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/43149007_Wavefront_Sensor_Design_based_on_a_Micro-Mirror_Array_for_a_High_Dynamic_Range_Measurement_at_a_High_Lateral_Resolution?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==
https://www.researchgate.net/publication/43149007_Wavefront_Sensor_Design_based_on_a_Micro-Mirror_Array_for_a_High_Dynamic_Range_Measurement_at_a_High_Lateral_Resolution?el=1_x_8&enrichId=rgreq-79cefc8bd2e247b29d15e0be6b96a1e1-XXX&enrichSource=Y292ZXJQYWdlOzI4MTA2Mzc1NDtBUzoyNjM3NjA5MTcwMzcwNjZAMTQzOTg5NjkxMTg5NA==

