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[f£44] Inquiry about Ph.D. opportunities

Dear Professor (#i%%4),

I hope this email finds you well, my name is Risa Ito. I am a senior student at Keio University, Japan. I
plan to apply to the Ph.D. program at (K%#44). I have been especially interested in your research group. Last
month, T met (SE2EDHTD GV DHH]), the previous Ph.D. student in your lab and he told me about his great

experience in (K¥#$4) 2.

Since last year, I have studied stochastic trajectory optimization for deep space rendezvous docking for the

Mars sample return mission, under Prof. (#§E#&(E) (JAXA). For my undergraduate research, I started my
research related to path planning for autonomous navigation for space exploration robots on the lunar surface,
under Prof. (f6E#E) (Keio). I have attached my CV to this email for more detailed information.

For the Ph.D. study, I am eager to dedicate myself to pursuing spacecraft autonomy for asteroid explo-

ration. I am interested in robust visualization, stochastic trajectory design, and GNC under uncertainty. I

122 2T, REDHD EVOAH (FRFEERY) EX VY a Y LTBL EBERPEDL 72T, ZOARD AL BRI VLTI EW
SHBANETREID D £ L,



believe that I can achieve my goal in your group by collaborating with you and your excellent students at (K
*#4). 1 believe that I can contribute to your research through my research experiences both in astrodynamics

and robotics control theory.

I’ ve been applying for several scholarships for Japanese students, which cover tuition up to $14,000 per year,
living expenses $3,000 per month, and full coverage of medical insurance fees for two years. So, I would like to
know if you plan to hire a new Ph.D. student next year, and the potential research opportunities
you may have for incoming students.

Thank you for your time and consideration. I look forward to hearing from you.

Sincerely, Risa Ito

Keio University, Department of Mechanical Engineering

Appendix B: A2 7 MIERALIEX—IL2
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Dear Professor (#i%#4),

I hope this email finds you well, my name is Risa Ito. I am a senior student at Keio University, Japan.

I would like to let you know that I have been awarded a scholarship from a Japanese foundation (Funai
Foundation). This scholarship will follow, Living expenses: 36,000 USD per year, Tuition: Partial tuition and
fee coverage (up to $14,000/year), Medical insurance: Full coverage for 2 years.

As I sent an email before, I have been especially interested in your research group. Therefore, I would like to
know if you plan to hire a new Ph.D. student next year, and the potential research opportunities you may have
for upcoming students. I would appreciate it if you could have an online meeting with me.

I also attached my newest CV to this email. Looking forward to hearing from you.

Sincerely,

F72. RR—I KD, CU Boulder IZ#H L7= SoP ZIRff L TWE§, T&FICHRNAUIEVTT,

BZoBOWA =% LS 1 BEIGRERR2 o N L TZOHD S BISRIENDHZ 7 —AhDHY L1, &



Statement of Purpose

Risa Ito/ Ph.D. Aerospace Engineering

My ultimate goal is to unravel the mysteries of space and expand the boundaries of human
understanding. My passion for space exploration was inspired by Hayabusa2’s successful touchdown on
the asteroid Ryugu. When I witnessed the moment on TV, it felt like time stopped, and the excitement
was so overwhelming that I could not take my eyes off the screen. Following this enthusiasm for space, I
pursued research at the Institute of Space and Astronautical Science (ISAS/JAXA), Keio University, and
Georgia Institute of Technology during my undergraduate studies. Through these experiences, I noticed
that most deep-space exploration missions still rely on ground-based operations, which limits the
mission’s flexibility, safety, and efficiency. Given the numerous challenges posed by inherent
uncertainties and the vast distances from Earth, developing spacecraft autonomy is essential to enabling
more complex missions and reducing operational costs. It will also realize frequent flagship missions,
which will be crucial in uncovering the mysteries of our own universe. I believe overcoming these
difficulties is one of the most exciting research areas in the upcoming years for space exploration. I am
keen to pursue a Ph.D. at the University of Colorado Boulder to focus on robust trajectory design and
Guidance, Navigation, and Control (GNC) systems and be part of this new space exploration era.

This awareness of the problem was cultivated through my research at ISAS/JAXA in my third
year at Keio University. I joined the Mission Design Laboratory led by Prof. Naoya Ozaki. I addressed
the challenges of trajectory design in space missions, which often involve complex scenarios like
decision-making and rendezvous operations under uncertainty. To tackle these issues, I developed a
stochastic trajectory optimization method for deep space rendezvous and docking, taking the Mars
Sample Return mission as a case study. I worked on the docking scenario between a CubeSat launched
by Mars Ascent Vehicle and a retrieving spacecraft orbiting on a Halo orbit. State uncertainty of the
CubeSat was described using a Gaussian distribution, and the numerical analysis by the Unscented
Transform showed an optimal solution for this model. As a first author, I presented this result at three
conferences in Japan, published a journal paper in the Japan Society for Aeronautical and Space
Sciences (JSASS), and will present at the AAS/AIAA Space Flight Mechanics Meeting in January
2025.

Through this research, I acquired fundamental research skills and gained an understanding of
further steps for achieving autonomy. For this research work, I generated all the required trajectories
leveraging the SPICE toolkit for accurate ephemeris. I persistently worked through complex coordinate
transformations and dealt with the high sensitivity to initial conditions of the construction for Halo orbits
due to their unstable nature. Although I had to face challenges, conducting research for an actual mission
was incredibly exciting and rewarding, giving me the sense that [ was stepping closer to my goal.
Meanwhile, I also recognized that designing feasible missions under state uncertainty is only the first
step to a successful mission. To move beyond the simulation world and bring the mission closer to



reality, I realized that we need to incorporate more advanced levels of control, particularly focusing on
GNC strategies for rendezvous methods.

Driven by this belief, I immediately started research at Georgia Tech under the supervision of
Prof. Panagiotis Tsiotras as a visiting scholar. To integrate the GNC method on a trajectory, I focused on
vision-based relative pose estimation (Astro-SLAM). Using Unreal Engine 5, a physics engine for
realistic spacecraft attitude and lighting conditions, I developed a Python-based simulator to capture
images from various orbital configurations. Through this work, I realized that trajectory design alone
cannot enable autonomous control of spacecraft and needs to be combined with methods from other
fields, such as optical cameras and LiDAR. Furthermore, I was able to leverage my past research
experience in trajectory design and robotics, including Python skills acquired during my senior thesis on
the A* algorithm for lunar rovers’ path planning at Keio University. This experience at Georgia Tech
strongly motivated me and gave me the confidence to pursue a Ph.D. in the United States.

Being recognized for my academic activities and potential for my Ph.D. studies, I was recently
awarded the Funai Overseas Scholarship, which covers $50,000/year ($36,000/year of living
expenses and $14,000/year of tuition) for two years. With excitement and high motivation, I hope to
pursue my research interests in my Ph.D. studies. I aim to work on autonomous GNC methods around
celestial bodies, combining robust trajectory design with advanced perception techniques. I believe my
unique background will allow me to tackle these challenges effectively.

Specifically, I aspire to join the Orbital Research Cluster for Celestial Applications (ORCCA)
under Professor Jay McMahon. ORCCA has conducted research on autonomous exploration
technologies designed for celestial bodies, perfectly aligning with my research aspirations. I plan to
develop methods to detect deviation from nominal trajectories in the asteroid approach phase and to
generate corrective trajectories under navigation uncertainty based on sensor information, such as
images or LiDAR. Equally compelling is the opportunity to work with Professor Daniel Scheeres in the
Celestial and Spaceflight Mechanics Lab (CSML). I aim to develop an event-triggered trajectory for
asteroid missions according to the spacecraft's state, for example, normal mode, failure mode, or
anomaly mode. Considering non-Gaussian dynamics caused by a highly perturbed gravity field around
asteroids and changing the control policy and termination conditions according to the branch would
enable robust trajectory optimization. My background in both astrodynamics and robotics would help
integrate robust GNC into such high-level spacecraft autonomous control.

I visited CU Boulder this summer and discussed both current and potential research topics with
graduate students in ORCCA and CSML. Having these conversations was such an exciting moment that
heightened my motivation to be part of CU Boulder’s community even further. After completing my
Ph.D., I aim to apply my knowledge and skills to challenging scientific exploration missions by
governmental agencies, like JPL and NASA. I am thrilled to pursue my graduate studies at CU Boulder
under the guidance of its remarkable faculty.
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