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l. Personal Statement

During my time pursuing a B.S. in astrophysics at UCLA, | found it remarkable that there
is an incredible amount of information generated simply through the collection of photons. From
the invention of the telescope to interferometers, all the major advances in astronomy were
preceded by an innovation in optical instrumentation. This necessary relationship between
optical instruments and scientific research is not limited to astronomy; is true for all fields of
science. Inspired by this realization, | switched my major to physics, and began conducting
undergraduate research in florescence microscopy. My work focused on methods to build high
performing isotropic microscopes at a fraction of the on-market costs. Looking to diversify my
skill set and take advantage of the numerous research opportunities available to me at the time,
| was also a part of a team at UCLA working on signal sorting algorithms to flag potential sources
of extraterrestrial intelligence as a part of the SETI project. In this endeavor | gained experience
in large scale collaboration, where | worked alongside computer scientists, planetary scientists,
radio engineers and physicists. | found that an interdisciplinary team and the inherent symbiosis
between the technology of data collection and the science of data analysis produced exciting
new hypotheses and drove new innovation in the instrumentation.

Following my research experiences as an undergraduate, | decided to pursue my Ph.D. in
Optical Sciences, with the ultimate goal of addressing the most pressing instrumentation needs
of the scientific community. As the changing global climate is of the utmost concern to humanity,
| was motivated to pursue research which would assist in monitoring the effects and implications
of climate change. | was attracted to the Polarization Lab at the University of Arizona for the
opportunity to work on an infrared polarimeter for cirrus ice cloud measurement as a part an
ESTO instrument incubator project out of NASA’s Goddard Space Flight Center (GSFC) called the
Sub-mm Wave and InfraRed Polarimeter (SWIRP). | saw the collaborative nature of this project
as an opportunity to continue to learn more about atmospheric physics and chemistry, as well as
tackle an instrumentation project crucial to unlocking information about ice cloud microphysical
properties and subsequently unanswered questions about the Earth’s radiation budget.

Through my experience on the SWIRP project, | have experienced instrument
development from concept to delivery. In my first year in the Ph.D. program | completed the
instrument optical design and tolerancing of the polarimeter, bringing the proposed instrument
to fruition while considering cost constraints, power and size budgets, and available optical
components. Given infinite time and resources, there is always an idealized design to pursue.
However, an expensive instrument that will not be deployable for decades does not provide the
crucial information needed to access measurement of the changing climate of today. Through
this project | had to weigh engineering decisions and make cost-benefit choices that reduced risk
while continuing to deliver on the required specifications for a successful instrument. In addition,
| had the opportunity to work on an instrumentation team comprised of scientists and engineers
from many different fields. A successful instrument requires cohesion and cooperation between
thermal, optical and mechanical engineers to deliver performance metrics that meet the needs
of the scientists who will use it. Through the design process | had to make multiple revisions to
accommodate a thermal or mechanical budget, once having to scrap my existing optical design
in its entirety to re-scope the design to meet the needs of the other subsystems. When it became



apparent that the initial proposal design would not produce a reliable radiometric measurement
due to ozone absorption in the atmosphere, | proposed a novel dual path instrument which
would improve radiometric accuracy while maintaining a compact form factor. Exploratory
instrumentation programs require creativity and interdisciplinary communication to meet their
desired measurement target, and | am very fortunate to have had the opportunity to collaborate
with such an incredible team on this endeavor.

Following the construction of the instrument, | designed a calibration protocol and data
reduction algorithm for the instrument. This instrument is the first of its kind to use an uncooled
microbolometer detector, and there were many unknowns when it came to long term stability
and responsivity as a function of temperature. | chose to begin by confirming that the response
of the camera could be stabilized over time, methodically scaling to demonstrate that the stability
and calibration of the full instrument was possible. Once the instrument was successfully
demonstrated and calibrated at the conclusion of my second year in the Ph.D. program, | began
to turn my attention to other potential applications of this technology. While thermal imaging
has exploded, there has been little exploitation in spectro-polarimetric measurement of targets
in the long-wave infrared (LWIR). It became increasingly apparent that LWIR polarimetry was a
new frontier in both remote sensing and target detection. Improvements and demonstrations of
this technology will open a new frontier in understanding atmospheric and land-based processes
of global significance.

In January 2020 | successfully passed my comprehensive exam and advanced to Ph.D.
candidacy. In this next phase of the doctoral process | am looking forward to devoting my full
attention to an exploration of the applications of LWIR polarimetry in remote sensing. If awarded
this grant, | will be able to grow my collaboration with the team at GSFC to continue to gain an
understanding of the challenges in current remote sensing and motivate future applications of
this technology which will benefit the entire global sensing community. In addition to my
academic work, | currently serve as the President of Women in Optics at UA. In my capacity as
president, | organize professional development events and mentorship programs to support
women and underrepresented minorities in the optics field who historically make up less than
15% of the student body. | believe that service in this capacity is important to cultivate a thriving
and productive academic community.

After defending my dissertation and obtaining my Ph.D. it is my long-term goal to pursue
a postdoctoral role either at a NASA facility or in a government research lab. In my career | plan
to continue to work on multidisciplinary teams solving complex instrumentation problems. In this
endeavor | hope to not only apply my engineering and design skills but also continue to learn
about the driving physics, chemistry, geology, and biology motivating the next generation of
remote sensing missions. | feel passionately about working on challenging problems which
benefit the global good. In addition, | hope to have the opportunity to step into leadership and
systems engineering goals, guiding and enabling diverse and skilled teams to address the optical
sensing problems of the future.



Il. Science/Technical/Management Section

Until recently, compact and rapidly deployable instruments operating in the long-wave
infrared (LWIR) were not feasible due to the necessity of large and costly cooling systems for
infrared detector architectures. In the past several years, the emergence of compact uncooled
microbolometers has opened the door for LWIR remote sensing projects [1]. In the summer of
2019, the Polarization Lab at the University of Arizona delivered the first prototype InfraRed
Channeled Spectro-Polarimeter (IRCSP) to NASA’s Goddard Spaceflight Center for integration
into the SWIRP CubeSat instrument (Sub-mm Wave and Infrared Polarimeters) funded by the
2016 Earth Space Technology Office’s Instrument Incubator Program. Less than 10 cm in length,
the IRCSP measures the linear Stokes parameters (I, Q and U) with 0.5-micron spectral resolution
from 8.5 -12.5 micron. [2] Once deployed this instrument will be the first to produce
measurements of polarized light scattered from the Earth’s atmosphere and surface in the LWIR.

The SWIRP mission targets the measurement of cirrus ice clouds. Climate models must
account for several sources of uncertainty in their analysis; one major source is the effect of
clouds, and ice clouds in particular [3]. The effect of ice particles embedded in the clouds is poorly
constrained, which allows ice clouds to be used as a tuning parameter to balance the budget of
incoming and outgoing radiation at the top of the atmosphere. [4] [3] This lack of precise
knowledge of cloud ice and its microphysical properties leads to large uncertainty about clouds
and their processes within the atmosphere. Thus, the 2017 Earth Science Decadal Survey (DS),
recommended that a science payload with submillimeter wave (sub-mm) and longwave infrared
(LWIR) radiometers be developed for such cloud ice measurement [4]. To continue
characterization and testing of the novel IRCSP delivered to GSFC, a second copy of the
instrument was built at the University of Arizona. This proposal does not utilize a currently
deployed NASA instrument, but instead it utilizes the second copy of the NASA prototype for
exploratory research in remote sensing.

This proposal builds on the success of the SWIRP project and demonstrate a first flight of
the IRCSP instrument while the project proceeds into the CubeSat integration phase. To date, no
polarimetric measurements of clouds at this wavelength have ever been collected to compare
with the existing scattering and radiative transfer models. The compact size and low power
consumption of this novel instrument makes it an ideal candidate for high-altitude balloon flight.
The proposed body of work will include developing an inflight data acquisition and storage
pipeline for this application, balloon deployments over the south-eastern United States, and the
generation of the first LWIR polarimetric measurements of ice clouds. In addition, while this
instrument was designed to meet the need for cloud ice measurements outlined in the Earth
Science Decadal Survey, other IRCSP observations, such as surface polarimetric properties, from
balloon or mountain top will provide new information for land remote sensing. Because rapidly
deployable LWIR polarimetry has only recently become feasible, the successful demonstration of
this instrument will open the door for new frontiers in LWIR spectro-polarimetric remote sensing.
This project is unique in that in addition to collecting data crucial to atmospheric science, it also
pioneers the use of an entirely new instrument concept. The collaboration of optical scientists
and engineers with atmospheric and planetary scientists on this project presents an exciting
opportunity to explore how iterations of this technology could contribute to future Landsat
missions.



Science: Applications of Polarimetry to remote sensing

LWIR Channeled Polarimeter Theory and Design
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called the angle and degree of linear polarization (AoLP, DoLP). When light interacts with a
material, the orientation of the electric field can rotate causing a change in the AoLP, or the
amount of the light field that is polarized can change causing a reduction or increase in the DoLP.
For that reason, polarimetry can provide information about the texture, orientation, and
refractive index of targets in the field of view [5] [6] [7]. This can be used to enhance contrast in
traditional imaging, classify materials, or gain information about the microphysical properties of
scattering particles in the atmosphere [8] [6] [9].

A polarimeter is used to modulate the polarization of incoming light in a way which can
be measured by a detector. A channeled spectro-polarimeter is utilized to measure the spectrally
dependent AoLP and DoLP in a compact instrument. For compact space-based applications, it is
ideal to eliminate the need for rotating components and measure the linear Stokes parameters
in a single snapshot. [10] This also significantly reduces the integration time required to take a
polarized measurement. A channeled spectro-polarimeter accomplishes this by modulating the
polarization state as a function of wavelength instead of in time. To introduce a wavelength
dependent frequency to the spectral signal, the incoming linear polarization is first rotated as a
function of wavelength. This operation is performed by a quarter wave retarder (QWR) with a
fast axis at 45 followed by a CdSe crystal high order retarder (HOR) which together act as
wavelength-dependent circular retarder. In the SWIRP instrument the rotated polarized light is
then modulated by a wire grid linear polarizer (LP) tilted at 20°, which separates the light into
two different paths with orthogonal polarizations. Following the LP are two spectrometers
comprised of a diffraction grating and imaging lens which image the modulated spectrum onto
an uncooled microbolometer. The amount of modulation is proportional to the DolLP, and the
phase of the modulation describes the AoLP. In this design, the DoLP and AoLP are measured
with 0.5-um resolution, as rapid variation with wavelength is not expected. [1] [2] The
measurement of both the reflected and transmitted paths by the LP enables the distinction
between wavelength dependent transmission and the degree of polarization. Added together
the two orthogonal spectra measure the spectral radiance of the target. The final existing
prototype IRCSP instrument has a total dimension of 2 x 2 x 10 cm and power consumption of 0.5
W.



Figure 2 Assembled instrument is less than 10 cm bné

— o
©=10 A= 100pum
12100 .
. 5 ' $ camera1 v-e. e
o ‘. t $ camera2 *‘( ’,0
© 125 .} +° B }} P. 12050 . ‘,Q
2 b8 T e g
Q. 100 +{ ¢ i;i ~g - ¢ path 1 data
N s ’ » S 12000 +
D > ¢ path 2 data
S:: 7 } J' + 4 } 7. £ --- path 1fit
I | B R t b 7 11950 "ot -== path 2 fit
8 ”+°\++ bo T T
= » Rl .
ﬂ 11900 * ».
» ~
0 - -
11850 s-¢? -t
8 2 10 n o 12 13 0o 05 10 15 20 25 30
Center Wavelength [micron] AOLP [rad]
Figure 3 Polarized response of system in paths 1 and Figure 4 Agr eement of system performance with
2 show good signal to noise from 8 - 11.5 micron measurement equation

In June 2019, the IRCSP was delivered to NASA Goddard Space Flight center for first light
characterization. To evaluate the response of the system as a function of wavelength the system
was placed in a testbed with a monochromator and blackbody source. All tests were performed
at room temperature with the detectors operating at constant focal plane temperature. The
calibration confirmed agreement of the instrument performance with the measurement
equation (Figure 4) and successfully demonstrated the feasibility of the IRCSP concept (Figure 3).
[2] [10] [1]

Polarimetry for cirrus ice cloud microphysical properties

The first global polarimetric study of ice crystals was performed by the Global Precipitation
Measurement Microwave Imager (GMI) which investigated H-V polarization variances in the 89
and 166 GHz channels. [3] [4] This mission attained great success demonstrating the ability to
constrain particle shape factor, however uncertainty in density and size impacted results
significantly. Higher frequency polarimetric measurements are necessary to probe crystals of
smaller diameters in order to decode the full microphysical information [8] [7]. While simulations
conducted by Gong and Wu have demonstrated that a polarimetric signal is expected from cloud
ice in the LWIR, this instrument will provide the first data of cloud ice in the LWIR to test these
models [3]. One important final deliverable of this proposal is to produce a study comparing the
measured data with the theory.



Study of thermal spectral polarimetric signal for Earth surface observation

All targets in a terrestrial scene produce peak radiation in the LWIR. While emission from
a perfect blackbody is unpolarized, in the physical world absorptivity a is always less than 1 and
thermally emitted light at angles greater than normal incidence will exit the media partially
polarized. For these “graybody” radiators, the Fresnel coefficients describe the amount of
internally emitted radiation that is transmitted as opposed to reflected back into the media.
Figure 2 shows the DoLP and AoLP of light emitted and reflected from an optically thick slab of
ice as a function of viewing angle. The AoLP and DolLP of light measured is dependent upon the
relative radiance of the fields reflected and emitted by the object. This signature is material
dependent, and polarimetric measurements can thus be used to discriminate between different
materials, even when they have the same thermal brightness. Tyo et. have demonstrated that
this phenomenon can be utilized to increase contrast and discriminate between different targets
in a scene using LWIR polarimetry. [6] [5] [7]
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Figure 4. AoLP and DoLP for light reflected and emitted from water ice as a function of viewing angle

While the benefit of polarimetry is well motivated for visible wavelength channels in the
remote sensing of both aerosols and land targets, applications of LWIR polarimetry to enhance
thermal remote sensing for Earth systems sensing remains largely unexplored. In-progress
polarimetric remote sensing missions such as MAIA (Multi-Angle Imager for Aerosols)
demonstrate the additional robustness that polarization measurement can bring to global
monitoring needs [11]. Even as thermal polarimetry remains a new area of research, thermal
imaging has already been identified as a part of the next generation of LandSat instruments [12].
The need for small, cost-effective thermal infrared imagers which can be launched as secondary
payloads have been targeted for future instruments [4] [12]. Because the IRCSP is designed for
CubeSat deployment, it could fly in support of other thermal land sensing instruments with little
modification. The addition of spectro-polarimetric measurements could assist in the snow-cloud
discrimination, detection of petroleum spills, land surface topography, costal margins, among
other desired Landsat data streams [7] [6] [12]. To motivate these applications, this project will
also include the measurement of water, ice, snow, and different types of landmass to
demonstrate spectro-polarimetric material discrimination as a function of viewing angle.



Technical: Adaptation of instrument and measurement campaign

Adaptation of instrument for increased footprint

The original prototype was designed to have a spatial resolution that matched that of the sub-
mm instruments in the SWIRP CubeSat, this proposal includes adapting the clone instrument
prototype to have a larger field of view. To do this, the field stop in the clone instrument will be
replaced with a larger slit, increasing the field of view from 5.6° to 20°. At the balloon cruising
height of 39,000 m, this modification will image a 1.4 km footprint. This modification will require
that the instrument be recalibrated. To accomplish this, the monochromator test bed set up at
GSFCis used to calibrate the IRCSP for on and off axis polarized and partially polarized light. This
calibration will also determine the achieved spatial resolution of the increased FOV IRCSP. The
final dimension of the slit will be chosen to
maximize FOV and spatial resolution during the
calibration stage.

In addition to the increased field of view, a
motorized stage will be added to the instrument
to enable push broom imaging. The stage will
spatially scan perpendicular to the flight path to ) Flight Direction
produce mosaic polarization image of the ground
below. An onboard instrument control and data i
storage pipeline will need to be optimized for & , . Spatial Scan Direction
balloon flight. Instrument control using Linux
based onboard communications with both
cameras operating in mater-slave mode has been demonstrated by the team at GSFC for in space
control. This data pipeline will be configured to work with an on-balloon data storage system and
be synchronized with the motion of the push broom scanner. Over the course of flight, the
imaging system should collect both cloud and land measurements. Since the system is uncooled,
signal to noise performance will increase at the flight altitude of 39 km where the stratosphere
temperature around -30°C. This operating temperature is within the thermal tolerance for both
the optics and electronics of the prototype. To prevent frost condensing on the optics in the
troposphere, the IRCSP will be heated during takeoff and landing. Once assembled, the onboard
stage and data acquisition pipeline will undergo rooftop testing.

Figure 5. Proposed Balloon Flight Geometry
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materials can be simulated using polarization ray tracing in conjunction with radiometric
modeling for comparison with the in-lab measurements. While soil is more challenging to model,



there is existing research which provides evidence that soil texture gives rise to an identifiable
polarimetric signature [7] [6]. Since we expect the balloon flight testing to produce cloud, land,
and land-cloud combination measurements, these in lab results will be compared to the data
produced in-flight.

Project Management
Risk Mitigation

The proposal reduces risk through an iterative design plan. A full year of instrument
modification, verification, and testing will be performed before balloon flight. The parallel
development of the onboard balloon and SWIRP instrument data pipelines will reduce risk on
that critical path. Finally, the Pl and Co-I’s experience in preparing prototype instrumentation for
high altitude flight will be leveraged to anticipate potential problems and address them [13].

Collaboration with NASA Goddard Spaceflight Center

Over the course of the SWIRP project, the FI and Pl have benefitted from a close
collaboration with the team at Goddard Space Flight center. As an extension to the SWIRP
instrumentation project, this proposal would benefit from the continued access to GSFC
calibration and testing facilities. The Fl and other Polarization Lab personnel are familiar with the
calibration facilities at GSFC reducing the risk and unknowns in the calibration process. SWIRP PI
Project Scientist Dr. Dong Wu will remain a project collaborator and continue to advise on the
bridge between cloud ice measurements and microphysical models.

NASA Wallops Flight Facility

The high-altitude balloon deployment will be requisitioned through the NASA Wallops
Flight Facility’s Missions of Opportunity program. As a small payload, the IRCSP can be flown at
no additional cost as a tag along to an already planned payload. To secure flight time, the
submissions are due in June in the year preceding the deployment. This request will be submitted
in the first year of this proposal to deploy in the second year, and a second deployment will be
targeted in the final year of the proposal to gather additional data.

University of Arizona Resources

This project benefits from the infrastructure available at the Wyant College of Optical
Sciences at the University of Arizona. As the largest optics program in the US, the college provides
crucial resources and infrastructure. In particular the Large Optics Fabrication and Testing Facility
is accessible to the Fl and provides the required cleanroom space. In addition, the Fl will have a
dedicated optical table in the Polarization laboratory facilities, a blackbody source, and a
dedicated computer for this project. The Polarization Laboratory already has collected a variety
of LWIR optics and a low power CO2 laser which can be utilized for in lab experimental set ups.
In addition, the Polarization Lab lends a history of experience to the development of high
accuracy polarimeters for remote sensing. Both the Pl and CO-I were involved in the
development, testing, and deployment of both ground- and air-MSPI, the Multiangle
SpectroPolarimetric Imager [14] [15] [16] [13]. GroundMSPI was a landmark instrument which
produced the first highly sensitive linear Stokes images. Following from groundMSPI’s success,
the Polarization Lab collaborated with NASA Jet Propulsion Laboratory and the University of
Texas to build airMSPI, the predecessor of the MAIA instrument [11].
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2. Pinchuk, Margot, J., Greenberg, Ayalde , Bloxham , Boddu , Chinchilla-Garcia, Cliffe ,
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Gong, J., and D. L. Wu (2011), View-angle dependent AIRS cloud radiances: Implications for
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IV: Mentorship Agreement
Fl: Kira Hart
Pl: Dr. Meredith Kupinski
Co-l: Dr. Russell

The Future Investigator (FI) on the proposed “High-altitude balloon demonstration and
observations with a novel LWIR spectro-polarimeter for future CubeSat applications” project
will engage in structured mentoring activities connected to The Wyant College of Optical
Science and the University of Arizona. The goal of the mentoring plan is to provide the Fl with
the necessary skills, knowledge and experiences to continue to develop independence as a
researcher and to excel within her chosen career path.

Orientation

The University of Arizona (UA) Office of Postdoctoral Affairs offers a postdoctoral orientation
program three times a year (January, May, and September) that focuses on career and
professional development resources, fostering an inclusive academic community, and
promoting excellence in research. If awarded this Grant, the Fl will have the opportunity to
attend these postdoctoral workshops to gain a greater understanding of project management
and postdoctoral career trajectories.

Individual Development Plan — The IDP address the following key areas:

e Career guidance and counseling. The Fl and Pl/supervisor will continue to discuss the FlI’s
career goals for five- and ten-year horizons, setting expectations and the areas of focus. The
Pl and Fl have already established publication and research goals which will guide the Fl to a
strong dissertation defense and put the Fl in a competitive position for NASA postdoctoral
positions. The Fl will be expected to

o Attend interdisciplinary Remote Sensing Group meetings at UA and receive
feedback from the scientific remote sensing community

o Present bi-annually at the College of Optical Science’s Industrial Affiliates
program to receive feedback on the optical system

e Enhancement of technical skills. The Fl will be encouraged to strengthen advanced technical
skills, especially in areas

o Technical writing for publications with a wide impact

o Testing scattering model hypotheses with polarimetric remote sensing data
o Advancing technical knowledge of existing scattering models

o Representation of polarimetric data in image form

o Writing topical review papers for publication

e Leadership training, mentoring, and responsible professional practices. The Fl and
Pl/supervisor will meet weekly [13] [14] to discuss strategies and techniques to become a
successful mentor and leader. This will include discussions of how to resolve conflicts within a
cross-disciplinary integrated research setting. The Fl will be provided with opportunities for
mentoring undergraduate students in the Polarization Lab. Each graduate student is required
to receive instruction in the “Responsible Conduct of Research” through UA’s Research,
Innovation, and Impact training and education team. FIs may also earn a UA RCR certificate
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that meets NSF and other federal sponsor training requirements. UA requires a minimum of 6

hours of RCR instruction; however, more hours are encouraged.

Enhancement of communication/teaching skills. The Fl and Pl/supervisor will define goals to

improve oral and written communication skills. For example, the Fl will be encouraged to

participate actively in project team meetings by leading at least 1 meeting a month, attend at
least one national meeting per year to present research, work closely with the PI/Co-Pls on

multi-authored manuscript and grant proposal preparation (at least 3 manuscripts and 1

grants), and learn best practices in proposal preparation. The Fl will be expected to take the

lead on at least 2 peer-reviewed publications. The FI will

o Attend and present progress at the annual Polarization in Remote Sensing
section at the SPIE Optics and Photonics Conference

o Attend an American Geophysical Union meeting to present research to an
interdisciplinary audience

o Publish 2 peer reviewed publications on the results of this proposal, 1 additional
publication of the FI’s current research in LWIR polarimetry and 1 peer reviewed
review article on LWIR polarimetry for remote sensing applications. This will
culminate in a net 5 peer reviewed publications at the time of the FI’s defense

e Effective collaboration with researchers from diverse backgrounds and disciplinary areas.
The PI/supervisor will mentor the Fl in aspects of working effectively in a collaborative,
interdisciplinary environment and team, and approaches to successfully managing highly
collaborative projects. This will include guidance on team building and collaborative research
plans. The Fl and Pl are unique in this case as they serve as the President and Faculty Advisor
for the Women in Optics Organization respectively. The Fl will continue to have the
opportunity to serve in a leadership capacity related to promoting institutional diversity.

e Technology transfer. The Fl will be exposed to technology transfer aspects of federally
funded research in collaborative environments, such as confidentiality agreements and
invention disclosures via UA’s Tech Launch Arizona programs and workshops.

e Outreach activities. The Fl will be encouraged and given opportunities to participate in the
outreach activities.

e Other Programming: Fls will be encouraged to participate in other established UA campus
workshops, training, and networking events for Graduate Students through the UA Graduate
College.

Evaluation Plan — The success of the mentoring plan will be assessed through a formal annual
review with the Fl and Pl/supervisor and by regular, informal interactions to track and
determine ongoing progress. In addition, this proposal is designed to culminate the Fl's
dissertation. As such, the dissertation committee will provide continued feedback and
evaluation of the direction of work. Pl of the SWIRP project and NASA project scientist Dr. Dong
Wu will serve on the FI’s dissertation committee

Pl, Dr Meredith Kupinski Fl Kira Hart
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V: Budget, Timeline and Narrative

Year 1 : Instrument Modification and
Calibration

Slit Modification and alignment
Design of scanning motor

Calibration at GSFC

Modification of on-board software
Construction of scanning motor
Construction and thermal/vibrational
testing of completed instrument
Test long term stability of motors,
bolometers, data acquisition

Request WFF flight

Year 2 : Measurement Campaign and
Instrument Deployment

Begin in lab measurement campaign
Conclude in lab measurement
campaign

Analysis of material signatures in the
LWIR complete

First Balloon Deployment

Taking ground-based measurements of
targets in the field

Year 3 : Models vs. Measurement
Comparison of cloud ice
measurements with models

Request 2" WFF Flight

Begin more in-depth exploration of
land targets which produced
polarimetric signal

Develop radiometric scattering
emission model for potential
polarimetric Landsat targets

Second Balloon deployment

Analysis of second balloon deployment
and conclusion

Completion Deliverable

10/2020

11/2020

1/2021 Report outlining modified slit
instrument performance

2/2020

3/2021

4/2021 Completed balloon instrumentation

5/2021 Document measured payload
weight, stability, and final
dimensions for WFF flight

6/2021

7/2021

9/2021

12/2021 Publish peer reviewed journal paper
on LWIR polarimetric signatures for
different materials

Spring 2022

Spring 2022

Summer Publish Peer reviewed paper on first

2022 measurements of cirrus ice clouds

6/2022

Fall 2022

Winter 2022-

2023

Spring 2023

Summer Peer reviewed review article about

2023 LWIR polarimetry
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