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Statement of Purpose

Applicant:

Hayato Ikoma

Choice of Program:

Electrical Engineering Ph.D. program,
Stanford University

My academic objective is to create mathematical tools for biologists, chemists, and physicists
through my professional career. Particularly, I am interested in inverse problems of scientific imaging
technologies such as telescopes, optical microscopes and electron microscopes. This objective requires the
knowledge of physics, chemistry, biology, electrical engineering and applied mathematics, all of which I
have acquired throughout my undergraduate and graduate studies. By combining knowledge of these
diverse fields, I have developed a new technique for fluorescence spectral unmixing at the MIT Media Lab
[1] and am currently developing wavefront estimation algorithm for telescopes at Centre de
Mathématiques et Leurs Applications of Ecole Normal Supérieure de Cachan (CMLA, ENS Cachan) in
France.

While I have been determined to contribute to science and engineering since my childhood, my
interest in imaging has increased as my academic career has progressed. It began when I was studying
materials engineering as an undergraduate student at the University of Tokyo. During the course of my
studies, I was deeply fascinated by the use of signal processing tools in transmission electron microscopy
(TEM) for crystallography. Although raw TEM images and spectroscopic datasets reveal nothing on their
own, the mathematical tool accurately estimates the atomic structures and components of crystals. My
interest in imaging extended to optical microscopy during my Master’s research at Kyoto University.
There, I used the LC-PolScope to observe cell migration and was excited by this successful example of
computational imaging. While conventional optical microscopy cannot reveal cytoskeletal structures in
living cells without staining, the LC-PolScope achieves it by combining polarized light microscopy and
computation.

My experience with these two computational imaging technologies has revealed to me that signal
processing plays a vital role in imaging and is the gateway to discovery in a variety of academic fields. This
has intensified my desire to work on mathematical modeling for scientific imaging, which was my focus at
Professor Ramesh Raskar’s group at MIT. With my previous research experience on optical microscopy, I
have initiated a new project on fluorescence spectral unmixing for spectroscopy and microscopy. In this
project, 1 proposed a method for a long-lasting problem in fluorescence analysis, where emitted
fluorescence spectra are distorted by absorption and scattering by a sample itself. While simple
mathematical techniques such as principal component analysis and linear decomposition have often been
applied to fluorescence spectroscopy, I remodeled the forward model of fluorescence emission and
developed an algorithm, called attenuation-corrected fluorescence unmixing, with the use of nonnegative
matrix and tensor factorization [1]. This algorithm estimates the attenuation spectra and the components
of fluorescence species from the perturbed spectra. In this research, I worked with a postdoc, Dr. Gordon
Wetzstein, who is currently a professor at the Department of Electrical Engineering at Stanford
University. I believe that this kind of approach was only possible with my deep understanding on optical
microscopy, biology, and physical chemistry, and the collaboration with Professor Wetzstein, who is an
expert of computational imaging. Through this project, I strongly felt that reinforcement of my
mathematical skills would help me to pursue my objective.

To further explore this direction, I am currently affiliated with a graduate program of applied
mathematics. This program is providing me intensive formal training in signal processing, optimization,
and machine learning through courses such as sparse representation by Stéphane Mallat, optimization for



BEP®ES 06/2015 G I PN

imaging by Mila Nikolova, convex optimization by Alexandre d’Aspremont, and probabilistic graphical
models by Francis Bach. In addition, here, I am working on optical wavefront estimation in satellite
imaging with Professor Jean-Michel Morel at CMLA, ENS Cachan. In this ongoing project, I am starting
with rigorous mathematical analysis on a traditional algorithm for wavefront estimation. While I have
already had a clear idea to outperform the current state-of-the-art method, it has been good practice for
me to be trained for various inverse problems ranging from probabilistic modeling to sparse regularization
through the existing methods.

This exposure to various mathematical tools is inspiring me to keep exploring computational
scientific imaging in my Ph.D. research. For this purpose, I believe that the Electrical Engineering Ph.D.
program at Stanford University is the best possible place for me to pursue my vision. At Stanford
University, I would like to mainly work with Professor Gordon Wetzstein. At the beginning of my Ph.D.
study, I would like to collaborate with him on the application of my currently-developing algorithm for
optical microscopy. While wavefront aberration has been a huge problem for deep-tissue imaging for
neuroscience and cell biology, wavefront correction and estimation have not been explored extensively in
the context of computational imaging. Later on, I would like to investigate other imaging modalities such
as electron microscopy and MRI, and also collaborate with chemists and biologists. In this aspect,
Stanford University would be the best environment in the world, because it has the state-of-the-art
scientific equipment and world-leading experts in every field. Particularly, I am interested in the
collaboration with the research group led by Professor Karl Deisseroth in the Department of
Bioengineering. They are famous for the development of neurobiological sample preparation techniques
such as optogenetics tools [2] and CLARITY [3]. While computational optical imaging is evolving
through the co-design of optical system and signal processing algorithm, I believe that computational
optical microscopy would evolve through the mutual development of optical system, signal processing
algorithm, and biological sample preparation.

In addition to this excellent research environment, I am looking forward to the courses offered in
the Department of Electrical Engineering. For example, I would like to take EE 364B: Convex
Optimization II, EE373A: Adaptive Signal Processing, EE378A: Statistical Signal Processing, EE369C:
Medical Image Reconstruction, and EE378B: Inference, Estimation, and Information Processing.
Actually, the convex optimization class I am attending in my current graduate program is almost identical
to EE 364A: Convex Optimization I. Its lecturer, Alexandre d’Aspremont, is a former student of Professor
Stephene Boyd and is following the teaching method of EE 364A. Actually, I am impressed that his mere
class report in EE 364B has been cited more than 50 times by top-journal papers. This fact convinced me
that the lectures offered in Stanford University have potential to train students to follow the cutting-edge
research topics. I hope that EE369C will be a good start for me to explore medical imaging systems.

To conclude, I firmly believe that gaining research experience and education at the the Electrical
Engineering Ph.D. program of Stanford University will maximize my full research potential, expand the
scope of my career, and allow me to contribute most effectively to the body of science and engineering.
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