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ABSTRACT

The Deformable Mirror Demonstration Mission (DeMi) CubeSat payload is a miniature space telescope designed to
demonstrate Microelectromechanical Systems (MEMS) Deformable Mirror (DM) technology in space for the first
time. MEMS DMs can provide high-precision wavefront control with a small form factor, low power device with the
potential to be a key technology option for future space telescopes requiring adaptive optics. Applications of MEMS
DMs in space include high-contrast imaging and optical communications.

The DeMi payload contains a 140-actuator MEMS DM from Boston Micromachines Corporation whose performance
can be measured with both an image plane wavefront sensor and a Shack Hartmann wavefront sensor (SHWFS). The
key DeMi mission goals are to measure individual actuator wavefront displacement contributions to a precision of 12
nm and correct both static and dynamic wavefront errors in space to less than 100 nm RMS error. The DeMi mission
has raised the Technology Readiness Level (TRL) of MEMS DM technology from a 5 to a 9.

This paper summarizes payload data from the first year of in-space operations after briefly summarizing the DeMi
optical payload design, calibration, integration and environmental testing results. Ground testing data shows that the
DeMi SHWFS can measure individual actuator deflections on the MEMS DM to within 10 nm of interferometric
calibration measurements and ground and space data can meet the 12 nm precision requirement for actuator deflec-
tion voltages between 0-120 V [1]. Individual actuator measurements from space operations show the MEMS DM
actuating in space with similar performance and measurement uncertainty to ground data. Differences between re-
peated measurements of individual actuators have a standard deviation of 3-16 nm. Data from inital wavefront control
experiments show the DeMi payload correcting wavefront errors in space to less than 150 nm RMS.

1. INTRODUCTION

The Deformable Mirror Demonstration Mission (DeMi) CubeSat mission is demonstrating a Microelectromechani-
cal Systems (MEMS) Deformable Mirror (DM) in space for the first time. The optical payload is a miniature space
telescope with an adaptive optics instrument designed to demonstrate a 140-actuator MEMS DM from Boston Micro-
machines Corporation. This paper presents data on the DM performance over the first year of on-orbit operations from
July 2020 to July 2021.
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DMs are used to correct wavefront errors in optical systems for applications such as astronomy [2], space situational
awareness [3], re-configurable optics [4], laser communications, and life sciences [5]. DMs are a key part of an
adaptive optics system, which measures the shape of optical wavefront errors and controls the DM shape to compensate
for them and provide a higher quality image.

High contrast imaging of exoplanets is an exciting and challenging application for DMs. Capturing images of ex-
oplanets enables precise astrometric and spectroscopic measurements for orbital and atmospheric characterization
[6, 7, 8, 9]. Imaging an Earth-like exoplanet around a Sun-like star using a space telescope with a coronagraph instru-
ment will require extremely precise wavefront control to meet the required contrast limit of 10−10 [2, 10, 11, 12, 13].
This will require adaptive optics systems capable of picometer-level wavefront control [10] because residual wavefront
errors cause speckles in the science image that can obsure the exoplanet signal [6].

MEMS DMs are a promising technology option for wavefront control in space because of their small actuator pitch
(∼300 − 400 µm), small form factor, large stroke, and low power draw [14, 15, 16]. The high actuator density
of MEMS DMs allows high-spatial resolution wavefront control with a smaller optical system, which is important
for Size, Weight, and Power (SWaP)-constrained systems such as space telescopes. MEMS DMs are made out of
layers of polysilicon films that are etched to form actuators that are individually addressable through wire channels
on a ceramic carrier [5]. The DM surface shape is electrostatically controlled by sending voltage commands to each
actuator. MEMS DMs have been investigated and flown in the near space environment on sounding rockets [17],
high-altitude ballons [18, 19], and undergone space-relevant testing on the ground as summarized in [16]. The goal of
the DeMi CubeSat mission is to show that MEMS DMs can operate in space after experiencing launch dynamics and
the low-Earth orbit (LEO) radiation and thermal environment.

1.1 DeMi Mission Overview

The DeMi payload was designed and built by the Massachusetts Institute of Technology (MIT) to fly in a 6U CubeSat
bus from Blue Canyon Technologies. The spacecraft underwent environmental testing in Oct-Dec 2019, launched to
the International Space Station in February of 2020, and was deployed into orbit on July 13 2020. The first on-orbit
payload data confirming DM actuation in space was collected and downlinked in August of 2020 [1]. The key DeMi
mission goals are to measure individual DM actuator wavefront displacement contributions to a precision of 12 nm,
measure low order optical aberrations to λ/10 accuracy and λ/50 precision, and correct both static and dynamic
wavefront errors to less than 100 nm RMS error [20]. The DeMi mission has raised the Technology Readiness Level
(TRL) of MEMS DM technology from a 5 to a 9 for future space telescope applications. More details on the mission
and payload design and development can be found in previous publications [1, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31].

The DeMi optical payload is a miniature space telescope with an adaptive optics instrument. The payload has both
a Shack-Hartmann wavefront sensor (SHWFS) to measure wavefront shape and an image plane wavefront sensor to
measure the system point-spread function (PSF). A diagram of the optical payload is shown in Figure 1. The DeMi
payload design and alignment procedure is described in detail in previous publications [32, 27, 33].

Two Rasperry Pi 3 single-board compute modules are used as payload computers, with each computer interfacing with
one of the wavefront sensor cameras. The original DM driver electronics were too large to fit in a CubeSat payload,
so miniaturized DM driver electronics based on commercial components were developed for this mission [34].

The DeMi payload has internal and external observation modes. For internal observations, a calibration laser source
illuminates the DM and is measured on the wavefront sensors in order to provide measurements of the DM surface.
Internal operations are used to measure DM actuator deflections, applied DM shapes, and wavefront control experi-
ments. For external observations, the spacecraft slews to point at a star and the starlight is collected by the primary
mirror. During external operations, the DM can be used for tip-tilt pointing compensation and for wavefront control
experiments.

This paper presents data from internal operations using the SHWFS. The SHWFS consists of a lenslet array and
a CMOS detector. The lenslet array focuses incident collimated light into an array of spots on the detector. The
displacement of these spots from their nominal position represents the slope of the corresponding portion of the
incident wavefront. The payload records the spot centroid displacements, which are downlinked and used for zonal
reconstruction of the wavefront shape with the Southwell geometry using the Moore-Penrose pseudoinverse approach
[35, 36].
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Fig. 1: DeMi optical payload diagram.

2. PAYLOAD DATA OVERVIEW

There are two types of SHWFS data presented in this paper, actuator deflection measurement data and wavefront
control experiment data. Actuator deflection measurement data is collected by poking (commanding a single actuator
to a specified voltage) each actuator on the DM and measuring the SHWFS centroid displacements. The array of
centroid displacements for each poked actuator is downlinked and used to measure the deflection of each actuator.
Zonal reconstruction converts the centroid displacement measurements to a wavefront reconstruction by solving the
matrix problem:

As = Dw. (1)

Where A is a matrix representing the averaging of slope measurements sampled by the lenslet array, s is the vector
of measured centroid displacements, D is a matrix representing the derivative of the wavefront vector, and w is the
wavefront vector. This equation is solved for the wavefront vector w by calculating the pseudoinverse (denoted by †)
of the matrix D:

w = D†AsT . (2)

The wavefront reconstruction is divided by two to give the DM surface measurement to account for the reflection off
the DM. A 2-dimensional Gaussian function is fit to the DM surface measurement and the amplitude of the Gaussian
fit gives the actuator deflection measurement. The standard deviation of the residual (wavefront reconstruction minus
Gaussian fit) gives the deflection measurement uncertainty.

The second data type is wavefront control (WFC) experiment data, where the SHWFS is used for closed-loop control
of the DM. First, a calibration matrix is calculated by poking each actuator by 30V from a default flat map and
recording a matrix of spot displacements by poked actuator number. The calibration matrix is inverted to form the
control transfer matrix. This transfer matrix is used for closed loop mirror control to steer the spot displacements
to zero, correcting misalignments in the optical system due to thermal and mechanical variations since launch. A
single iteration of closed loop mirror control starts with the payload capturing an image on the SHWFS camera and
calculating centroids for the spots. These spot displacements are converted to DM voltage controls using the formula:

Copyright © 2021 Advanced Maui Optical and Space Surveillance Technologies Conference (AMOS) – www.amostech.com 



C =−gT s (3)

where C is a vector of control commands, g is the control gain, T is the transfer matrix, and s is the vector of SHWFS
centroid displacements. The calculated DM commands are applied to the DM, and then another iteration begins. There
is a pause of 100 ms between WFC iterations to prevent the payload computer (Raspberry Pi 3 Compute Module)
from overheating while processing the data. The spot displacements at each iteration are saved and downlinked for
analysis. The WFC data is analyzed by reconstructing the wavefront at each iteration from the measured spot centroid
displacements. A summary of the WFC experiment concept of operations used for the data presented in this paper is
shown in Figure 2.

Fig. 2: Summary of WFC experiment concept of operations used for data presented in this paper. Future operations
will involve WFC experiments with more iterations.

2.1 Payload Calibration
The DeMi payload alignment, spacecraft environmental testing, and data calibration are summarized in [1]. The
data collected during ground testing is used to calibrate the SHWFS actuator deflection measurement data. First,
interferometer measurements of single actuator pokes were collected using the MIT miniaturized DM driver and
the original DM driver from the mirror manufacturer. These measurements showed that the miniature DM driver
developed for the DeMi mission operates with similar performance to the original manufacturer driver [1]. An optical
diffraction model is used to predict a measurement calibration factor α of 0.9 to account for the angle of the DM
in the payload design [32, 1]. This calibration factor scales the interferometer measurements which are taken with
the DM at normal incidence so they can be compared with payload SHFWS measurements of the DM at an angle
(actual actuator deflection is the measured actuator deflection divided by this calibration factor). Single actuator pokes
measured with the SHWFS are compared to interferometer measurements of the DM and find good agreement [1].
Ground testing data analysis shows that the DeMi SHWFS can measure individual DM actuator deflections to within
10 nm of interferometer measurements and can meet the 12 nm precision mission requirement for actuation voltages
of 0-120 V. A sample of relevant ground data to compare orbital results with is shown in Table 1.

3. SPACE OPERATIONS AND DATA

On-orbit operations began in July of 2020. The first month of operations was focused on establishing communications
with both ground stations. The DeMi mission is operated by MIT using a combination of a low-rate radio link
between a ground station on MIT campus and a Lithium radio on the spacecraft and a high-rate radio link between a
ground station at NASA Wallops Flight Facility and a Cadet radio on the spacecraft. After regular communications
was established and spacecraft commissioning completed, payload operations began. This section summarizes early
payload operations and lessons learned and presents DeMi payload data from space.
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Table 1: Summary of single actuator poke measurements from ground testing with the DeMi Shack-Hartmann wave-
front sensor (SHWFS) and interferometer calibration measurements.

Commanded
poke voltage

SHWFS mean poke measurement
(uncertainty) [nm]

Mean interferometer calibra-
tion measurement (uncertainty)
including α calibration factor
[nm]

30V 35 (5) 33 (5)
60V 147 (11) 153 (10)

3.1 Early Payload Operations

The goal of early payload operations was to confirm that the payload computers, cameras, laser, DM driver, and
DM survived launch and deployment intact. To check this, actuator deflection data was collected and downlinked
in August 2020 with the internal laser source turned on as presented in [1], which confirmed that the payload was
operating properly. An image of the spotfield on the SHWFS was captured with the internal laser source turned on in
order to check that the system alignment didn not change considerably from the ground measurements. The spotfield
is shown in Figure 3 with the ground spot centroid locations marked with red circles. The image shows that the spots
have moved a small amount since pre-launch testing due to changes in alignment, but not enough to interfere with
SHWFS operation. The ground centroid locations are used to partition the camera image into regions to calculate
spot centroids over and as a baseline for WFC experiements. DM actuator poke measurements measure baseline
spot locations each time an experiment is run, so spot motion does not impact the ability to measure DM actuator
deflections.

Early payload operations taught the team many valuable lessons. First, payload data captured when the spacecraft is
in daylight had too much stray light from the ground to be used to characterize the DM. The DeMi operations team
therefore schedules all payload operation commands to execute when the spacecraft is in eclipse. Second, the DeMi
payload computers are Raspberry Pi 3 compute modules which tend to heat up when operated in vacuum. This heating
leads to throttling of the computers when the payload is left on for a long time and the Pi board temperature rises above
80◦ C. Attempts to capture DM actuator data when the Pi temperature is this high show that the DM does not actuate
under these conditions. The throttling of the Pi due to the high temperature is believed to interfere with the timing of
commands sent to the DM driver, which rejects these commands and does not move the DM actuators. To compensate
for this, the DeMi team now powers the payload off for an hour or more before scheduling payload commands to allow
the payload computer to cool off and mitigate the impact of Pi throttling on DM operations.

Mechanical issues with the NASA WFF high-rate ground station from Fall 2020 - Spring 2021 limited the downlinking
of payload data during the first year of operations. The DeMi team wrote new software for the ground station to be
able to receive payload data over the Lithium low-rate radio link to the MIT ground station. This link is slower and
lossier than the Cadet-WFF high-rate link but provides the team access to payload data when the high-rate link is
out of commission. Current payload operations is focused on providing measurements of DM actuator deflections at
different command voltages at different times on-orbit to show that the DM is operating consistently and reliably in
space. Preliminary results from these measurements are summarized in Section 3.2. The DeMi team has also captured
experiments using the SHWFS and the DM for wavefront control, summarized in Section 3.3.

3.2 DM Actuator Deflection Data

DM actuator deflection data has been collected with the DeMi SHWFS in space for a variety of commanded voltages.
The data is processed by reconstructing the wavefront from the centroid displacements recorded when each actuator is
deflected. Bit errors on downlink caused rare unphysical centroid values in some files, which were filtered from the files
before processing the data. An example plot of the centroid displacements measured and the corresponding wavefront
reconstruction for Actuator 86 commanded to 150 V is shown in Figure 4 (note that the centroid displacements are
exaggerated in the plot for visibility). A 2D Gaussian function is fit to the wavefront reconstruction in order to extract
the actuator deflection amount. The amplitude of the 2D Gaussian function gives the actuator deflection measurement
in units of wavefront error, which is divided by two to give the actual actuator deflection measurement. The standard
deviation of the residual (wavefront reconstruction - Gaussian fit) gives the measurement uncertainty for each actuator
deflection measurement. An example Gaussian fit and residual uncertainty measurement for Actuator 86 poked to 150
V is shown in Figure 5.
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Fig. 3: SHWFS spotfield captured in space with the internal laser source on March 16, 2021. Gray/white spots are
SHWFS lenslet spots and red circles denote the locations of spot centroids from ground testing. Black stripes are
due to missing data from dropped packets during file staging/downlink. These results indicate that the alignment has
shifted slightly since pre-launch testing but the spots have not moved enough to interfere with SHWFS operation.

Actuator deflection measurements from several on-orbit experiments at a variety of commanded poke voltages are
shown in Figure 6 in addition to actuator deflection data collected during ground environmental testing (see [1] for
more information on environmental testing data). Actuator measurements displayed are filtered to only include actu-
ators without missing data from incomplete downlinks. The data is labeled according to the stage of environmental
testing and recorded payload temperature when the data was collected. Data from on-orbit operations is labeled
as“Space data” with a range of expected payload temperatures. The actual payload temperatures are not known for
most actuator measurement experiments because they were scheduled to execute at times when the spacecraft would
be in eclipse and not able to downlink spacecraft telemetry to a ground station. The expected payload temperature
range is determined by analyzing telemetry from satellite communications passes when the spacecraft is in eclipse and
payload temperature data is available. From this analysis, the payload temperature in eclipse is typically about 15◦ C
but can vary between 10-18◦ C. As of July 2021, space data indicates that none of the actuators visible to the SHWFS
with the internal laser source have stopped responding to voltage commands since launch.

Actuator deflection measurements from on-orbit operations agree very well with ground environmental testing mea-
surements and calibration measurements from the mirror manufacturer. The actuator deflection measurements appear
to have a dependence on payload temperature, with lower temperatures leading to dampened actuator deflection mea-
surements. Ground testing data is available with payload temperatures of 6◦ and 24 - 29◦ C, and space data is expected
to have payload temperatures of 10 - 18◦ C, which is higher than the cold dwell data from thermal vacuum testing
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Fig. 4: Centroid displacement plot (left) and wavefront reconstruction (right) for actuator 86 poked to 150 V from 0 V
baseline. This actuator deflection measurement data was collected on-orbit on June 24, 2021. The spots in the centroid
displacement plot denote the baseline spot locations and the arrows point in the direction of spot centroid motion
when the actuator is deflected. The magnitudes of the arrows on the centroid displacement plot are exaggerated so the
spot displacements are clearer by eye. The wavefront reconstruction is displayed in units of wavefront error, which is
divided by two to give the surface measurement of the DM.

Fig. 5: Gaussian fit (left) and residual (right) for a SHWFS measurement of Actuator 86 commanded to 150 V. The
corresponding wavefront reconstruction for this measurement is shown in Figure 4. The measured actuator deflection
was 0.936 um and the measurement uncertainty (given by the standard deviation of the residual) was 19 nm. Note
these plots are shown in units of wavefront error, values are divided by two to give the surface measurement of the
DM.

(TVAC) at 6◦ C but colder than all of the other ground data experiments. The space payload data shows actuator
deflection measurements that are higher than the coldest ground experiment [TVAC at 6◦ C] but lower than the other
measurements [all other ground data, 24 - 29◦ C], which aligns with the observed trend that lower temperatures lead to
lower DM actuator deflection measurements. The difference in measurements from high/low temperatures is observed
to be around 200 nm for commanded poke voltages of 150 V. The DeMi team has modeled the expected thermal effects
on the SHWFS and concluded that thermal expansion/contraction in the optical system cannot explain the magnitude
of the observed difference in actuator deflection measurements. The observed trend could be due to thermal effects in
the MEMS DM materials or potentially the DM driver electronics, though the DM driver components are not expected
to have a strong thermal dependence according to manufacturer data. More testing is planned using a MEMS DM and
MIT driver on the ground in a thermal chamber in order to understand the cause of this observed behavior.

Figure 7 shows the median actuator measurement uncertainties from each actuator poke experiment shown in Figure
6. Results show that the measurement uncertainty increases with increasing commanded poke voltage. The DeMi
SHWFS can meet the 12 nm actuator deflection measurement precision requirement for commanded poke voltages

Copyright © 2021 Advanced Maui Optical and Space Surveillance Technologies Conference (AMOS) – www.amostech.com 



Fig. 6: Summary of actuator deflection data from space operations and ground environmental testing. Data markers
indicate the median of all actuators measured during each experiment, error bars denote the standard deviation of
the actuator measurements, and solid lines display quadratic fits to the measurement data. Data is colored/labeled
according to the phase of environmental testing/operations it was collected during and the corresponding payload
temperature as recorded by a thermistor installed on the optics bench. The black dashed line shows interferometric
measurements of the DM provided by Boston Micromachines Corporation (BMC) for calibration. The pre-thermal,
post-thermal, pre-thermal vacuum (TVAC), and post vibe measurements are all very similar to each other and are the
group of overlapping lines that lie slightly above the dashed black BMC calibration data line in the chart. The blue
TVAC cold dwell line shows the lowest deflection measurements, and the red space data line lies between the TVAC
cold dwell data and the rest of the environmental testing measurements. These results indicate that actuator deflection
measurements with the DeMi SHWFS have a thermal dependence, with lower temperatures resulting in slightly lower
actuator deflection measurements.

of up to 120 V for well-illuminated DM actuators. The measurement uncertainty is greater for higher commanded
voltages or actuators that are less well-illuminated by the internal laser source, up to ∼ 30 nm for the largest com-
manded poke voltage. These results show that the DeMi SHWFS has the same level of measurement uncertainty in
space compared to ground data.

Actuator deflection measurements with the same commanded voltage from different times on orbit are compared to
assess the repeatability of the measurements. These repeat measurements are summarized in Table 2 which lists the
commanded actuator poke voltage, the dates of the experiments being compared, and the mean and standard deviation
of the absolute value of the difference between individual actuator deflection measurements. The repeated measure-
ment data agrees very well, with the standard deviation of the differences between individual actuator measurements
ranging from 3-16 nm for different experiment types.

3.3 Wavefront Control Experiments

Eight WFC experiments were run with the DeMi SHWFS using the internal laser source in June 2021. Each WFC
experiment consists of 9 iterations of measuring centroid displacements and calculating/applying the appropriate DM
commands to correct for the measured wavefront error using a control gain of 0.3. The goal of the WFC experiments is
to be able to correct for any misalignments in the optical system that may have occured since pre-launch testing. Mis-
alignments in space could be due to thermal drift on-orbit or mechanical vibrations during launch, and are measured
by comparing the payload SHWFS centroid displacements to their nominal pre-launch positions. At each iteration,
the centroid displacements from the nominal pre-launch positions are recorded to a file which is downlinked and used
to reconstruct the wavefronts from the experiment. Example reconstructions of the first and last iteration from a WFC
experiment on June 17, 2021 are shown in Figure 8. To our knowledge, this is the first experimental data demonstrating
wavefront control on-orbit with a MEMS DM.
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Fig. 7: Measurement uncertainties for actuator deflection measurements shown in Figure 6. Uncertainty is given by
the standard deviation of the residual of the 2D Gaussian fit to the wavefront reconstruction of actuator deflection
measurements in DM surface units (not wavefront error). Values displayed are the median of all measured actuator
uncertainties during each experiment. Results indicate that the measurement uncertainty increases with commanded
pok e voltage and that the DeMi SHWFS measurements have similar uncertainties in space compared to ground data.

Table 2: Summary of repeated actuator deflection measurements with the DeMi SHWFS. The commanded voltage
and DM reference to measure spot displacements from (either an on-board flat map or 0 V on all actuators) are used to
identify the experiment type, and the dates of experiments describe the time period between repeated measurements.
The mean and standard deviation of the differences between the two experiments (earlier - later measurement) are
displayed.

Commanded voltage/reference Dates of experiments Mean difference (standard devia-
tion) [nm]

60 V ref. flat August 4 2020, June 12 2021 6 (16)
60 V ref. zero June 3 2021, June 5 2021 2 (4)
80 V ref. zero August 9 2021, August 16 2021 2 (3)
150 V ref. zero Different times on June 24 2021 4 (7)

The root-mean-square (RMS) of the wavefront reconstruction is used to assess the level of wavefront error during each
WFC experiment. A plot of the wavefront reconstruction RMS error at each WFC iteration for each WFC experiment
is shown in Figure 9. In each of the experiments, the DeMi payload was able to reduce the RMS wavefront error from
∼ 450 nm to less than 150 nm. The DeMi mission goal is to reduce the RMS wavefront error to less than 100 nm. The
DeMi team hopes to reach this requirement by running more WFC experiments with a higher number of iterations to
reduce the wavefront error further.

4. CONCLUSION

The DeMi mission is ongoing, with more payload experiments planned in the upcoming months. The DeMi space-
craft launched to the International Space Station in February of 2020 and has been operating on-orbit since July of
2020. The DeMi MEMS DM has been demonstrated to work after over 1.5 years in space and over 1 year of or-
bital operations, surpassing the mission requirement for 1 year of orbital operations. Data from the DeMi technology
demonstration mission will inform designs for future spacecraft instruments requiring wavefront control with MEMS
DMs for applications such as high-contrast imaging and laser communications. The DeMi mission is an exciting
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Fig. 8: Wavefront reconstructions from the first (left) and last (right) iterations of a wavefront control experiment run
on June 17, 2021. The DeMi payload successfully reduced the RMS wavefront error in the optical system from ∼ 450
nm to ∼ 150 nm over 9 iterations of wavefront control.

Fig. 9: Root-mean-square of wavefront reconstructions as a function of WFC iteration from eight on-orbit wavefront
control experiments run in June 2021. In each experiment, the DeMi payload successfully reduced the RMS wavefront
error from ∼ 450 nm to less than 150 nm. Data is labeled according to the time that the file was saved on the payload
in UTC.

example of using CubeSats to demonstrate new technology for space applications.

The data presented in this paper show that the DeMi payload MEMS DM and miniature DM driver are operating in
space with similar performance compared to ground testing. Downlinked spotfield data from the SHWFS camera with
the internal laser source shows that the DeMi optical system has not shifted significantly since launch.

Actuator deflection data show that the DM is operating in space with no unresponsive actuators detected among
the actuators visible with the internal laser source. The deflection data shows that the DM response to command
voltage in space has good agreement with ground data from environmental testing with the same level of measurement
uncertainty. The measured deflection amount appears to have a dependence on payload temperature, with lower
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temperature experiments resulting in up to 200 nm smaller deflection measurements at a commanded poke voltage of
150 V. The DeMi SHWFS with the internal laser source has been shown to meet the 12 nm precision requirement for
individual actuator deflections for commanded poke voltages up to 120 V with both in-space data and environmental
testing data. Measurements with the SHWFS in space have been shown to be very repeatable with the standard
deviation of single actuator measurements from two experiments of the same type ranging from 3-16 nm.

Wavefront control experiments with the DeMi SHWFS show that the payload can successfully and repeatably reduce
the RMS wavefront error from ∼ 450 nm to less than 150 nm over nine iterations of wavefront control. This is the
first known demonstration of wavefront control in space with a MEMS DM. The payload requirement is to control
wavefront error to less than 100 nm RMS, and the DeMi team plans to accomplish this by running wavefront control
experiments with more iterations in the future.

The next goal for the DeMi mission is to point the payload at a star and demonstrate wavefront control with the SHWFS
using external starlight instead of the internal laser source. The DeMi team also plans to use the image plane sensor
to monitor the impact of wavefront control on the payload PSF measurements and to perform image-plane wavefront
sensing [28].
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