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Adaptive Optics Demonstrator for Education and Basic Research 
Mark Ammons, UC Santa Cruz 

Don Gavel, UC Santa Cruz, Laboratory for Adaptive Optics 
Claire Max, Lawrence Livermore National Laboratories, UC Santa Cruz 

Brian Bauman, Lawrence Livermore National Laboratories, Laboratory for Adaptive Optics 
 

We have constructed an enclosed, standalone system (the AO Demonstrator) that uses a 
deformable mirror to correct a distorted input beam.  It is designed and built primarily for 
educational purposes, but can suffice as a simple research tool for testing control algorithms. It 
has a 1 mW diode laser to serve as the input, a 37-actuator Intellite deformable mirror, a Shack-
Hartmann wavefront sensor, a control computer, several high-voltage drivers, and a TV for 
viewing the focused laser point in real time.  The system has a modular C++ graphical user 
interface to simplify operation. The complexity of interaction with the system ranges from 
simple concept exhibition to high-order source code modification. 
 
 

 
Developing a Community of Graduate Student Scientists Using Inquiry Teaching Practice 

Doris Ash, Education Department, UC Santa Cruz 
Candice Brown, Barry Kluger-Bell, Institute for Inquiry, Exploratorium 

Lisa Hunter, Education and Human Resources, Center for Adaptive Optics 
 
This research is focused on documenting how graduate students in astronomy and vision 
science learned about and developed abilities to teach science using an inquiry approach. A 
mixed method approach was used, combining the case study approach with a quantitative 
analysis of survey data as well as ethnographic observations over three years, drawing upon 
interviews, video data, and survey information. 
 
The participants included 62 scientists, primarily graduate students in the physical sciences. The 
focus of the research reported in this paper is  seven researchers who had participated in 
ongoing professional development concerning inquiry science teaching over three consecutive 
years. This work was informed by research in situated cognition, in particular, studies of 
communities of practice. Data was categorized and grouped around three major, re-occurring 
themes: participation, identity, and negotiation of membership. Micro-analysis of transcripts 
was also done to support these findings. 
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Do Stars Move? An Inquiry-based Educational Module for Stellar Kinematics 
Adam J. Burgasser, UC Los Angeles 

 
I outline an inquiry-based program to teach students about stellar motions.  This program is 
broken into two concepts: angular (tangential or "proper") motion and radial motions.  In the 
first part, students learn about small angles and their units, angular and relative motion, the 
magnitudes of angular stellar motion (as compared to other objects such as the planets and 
asteroids) and the parallax effect.  By incorporating concepts of stellar distance scales, students 
learn the "velocities" of stars, timescales of proper motion, and why the nearest stars appear to 
move the most.  In second part, students observe how radial motion is different from tangential 
motion and learn about vectors.  Sonic doppler shift in radial motion is explored and tied to 
spectral doppler shift in stellar motion. Further investigations may include understanding 
stellar populations and orbits (stars with different intrinsic velocities and where they come 
from), bound stellar systems, the motion of the Sun, and radial velocity and astrometric 
detection of extrasolar planets. 
 
 
 

Mechanisms of Color Blindness Revealed With Adaptive Optics Retinal Imaging 
J. Carroll1, M. Neitz2, J. Wolfing1, J. Neitz2, D. R. Williams1

1-Center for Visual Science, University of Rochester, 2-Medical College of Wisconsin 
 

Human color vision relies on three different cone types in the retina; long- (L), middle- (M), and 
short- (S) wavelength-sensitive. Dichromatic color vision (i.e., color blindness) results from the 
functional loss of one cone class.  An important question is whether these individuals have lost 
one population of cones or whether they have normal numbers of cones. Evidence has 
accumulated favouring the latter view in which one type of cone is simply “replaced” by cones 
of another type, but the issue has not been resolved directly. 

Adaptive optics imaging enables visualization of cone photoreceptors with unprecedented 
resolution by correcting for the eye’s aberrations.  When combined with retinal densitometry, 
the spectral identity of individual cones can be deduced and pseudocolor images of the cone 
mosaic in the living human eye can be obtained.  Here, we used this technique to obtain images 
of the dichromatic cone mosaic in individuals for whom the genetic cause of their color vision 
defect was known. 

A number of different genetic causes for red-green color blindness were identified.  Most color 
blind individuals had cone mosaics with similar cone densities to individuals with normal color 
vision, consistent with a replacement model.  One subject, whose defect was caused by a 
mutation in his M gene had areas of retina devoid of waveguiding cones, resulting in a peak 
cone density ~35% below normal, consistent with a loss model. 

These findings provides the first direct evidence that color blindness can arise from the loss of 
an entire class of photoreceptor, as well as from the replacement of one class by another.  We 
present a revised model of color blindness which uses the genetic cause of the defect to predict 
the retinal phenotype measured with adaptive optics. 
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The Environments of Dwarf Star-Forming Galaxies 
Laura Chomiuk, UC Santa Cruz 

 
We live in a clumpy universe; galaxies are not distributed uniformly across space, but cling 
together in clusters and dodge voids. There is important information in this large-scale 
structure about the fundamental components of our universe. For example, in a universe 
dominated by cold dark matter (as we think ours is), we might expect low-density regions to 
not contain any very large, massive galaxies, but we would not be surprised to find small dwarf 
galaxies in voids. KISS is a survey which provides a complete sample of dwarf galaxies, and 
information about their three-dimensional distribution in the local universe. Here, we compare 
the spatial distribution of KISS galaxies with that of a more traditional magnitude-limited 
survey. 
 
 

 
Laser Interferometer Gravitational-wave Observatory: 
Principles of Gravitational Waves and Their Detection 

Kathy Cooksey, UC Santa Cruz 
 
The Laser Interferometer Gravitational-wave Observatory (LIGO) has been constructed to 
directly measure the distortions of spacetime due to an impinging gravitational-wave.  LIGO's 
biggest challenge is that the size of the signal is tremendously weak; LIGO is trying to detect 
motions smaller than the nucleus of an atom.  This poster outlines the basic principles of 
gravitaional-waves and their detection, as well as the progress and status of LIGO. 
 
 

 
An AO-OCT Camera for High-Resolution Imaging of the Human Retina 

Ravi S. Jonnal, Melinda J. Kidwell, Jungtae Rha, University of Indiana 
 
High-resolution high-speed imaging of human retinal cells and microvasculature could play a 
critical role in the diagnosis and treatment of many ocular diseases.  A clinically viable camera 
useful for imaging these structures and their processes would require a high frame rate as well 
as high transverse and axial resolutions.  Current flood-illuminated high-resolution retina 
cameras operate at very low frame rates, deterring their deployment in a clinical setting.  
Moreover, due to inherent defects in the optics of a normal human eye and the optical 
aberrations they produce, flood-illuminated cameras currently employed in clinical settings are 
typically limited to imaging only large structures in the retina. Despite improvements in 
transverse resolution due to adaptive optics (AO), less than 0.2% of human retinal cells have 
been visualized in vivo, owing to their short axial extents and small index mismatches.  The 
Indiana University camera incorporates a superluminescent diode, adaptive optics, and optical 
coherence tomography (OCT) to meet the respective requirements of high speed, high 
transverse resolution, and high axial resolution, as well as a conventional imaging system 
which allows straightforward focusing and registration of images. 
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Color and Light: Inquiry at Maui Community College 
 Patrik Jonsson, UC Santa Cruz 

 
In November 2003, MCC teacher Mark Hoffman, assisted by CfAO grad students Scott 
Seagroves and Patrik Jonsson, did a two-day inquiry on color and light as part of his science 
class.  This poster presents the inquiry and what was learned both by the students and the 
teachers. 
 
 
 

The Institute for Inquiry: Professional Development Design with an Inquiry Focus 
Barry Kluger- Bell, Ph.D., Institute for Inquiry, The Exploratorium 

Candice Brown, Ph.D., Institute for Inquiry, The Exploratorium 
 
The Institute for Inquiry is an NSF funded program at the Exploratorium, a museum of science, 
art , and perception, located in San Francisco. The Institute for Inquiry (IFI) designs and 
implements workshops for faculty, staff, and administrators in the fields of science and 
education. Workshops have covered a variety of foci including: leadership development, 
inquiry, classroom applications of inquiry, and formative assessment.  IFI has done professional 
development across different audiences: institutions of higher education, science and 
technology centers, large Urban Systemic Programs (USP), Rural Systemic Initiatives (RSI), NSF 
centers, and local school districts. From this work, new networks of collaboration have 
emerged. IFI has influenced a number of school districts and teachers across the US in their 
thinking about and teaching of science. In addition, the professional development provided by 
IFI has served as a catalyst for institutional change. 
 
In particular, IFI has partnered with the CfAO to provide professional development as part of 
the Maui Professional Development Workshop. IFI designs the major teaching and learning 
components, such as, the inquiry experience and the design activity. They also help with short-
term and long-term planning of the education goals. Lastly, IFI is a partner/co-faculty of the 
CfAO sponsored EDU 286 course at UCSC, a course on education theory and design for 
graduate students in the sciences.   
 
 
 

The Akamai Optics Short Course 
Michael Kuhlen, Sarah Martell, Andy Sheinis, UC Santa Cruz 

 
The Akamai Optics Short Course is an intensive weeklong program, which teaches optics using 
inquiry methods.  The students have a wide range of familiarity with optics concepts and the 
scientific method, so a variety of activities, from traditional lecture to open-ended inquiry, are 
used to encourage engagement with and practical grasp of both the material and the process. 
Students also give short presentations to each other on the results of their inquiry projects.  
Student feedback on the 2003 Short Course was generally quite positive; possible changes to 
structure or content for the 2004 Short Course are discussed. 
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Application of a Green Laser in Adaptive Optics Imaging of Parafoveal Capillaries 
 J.A. Martin, A.Roorda, College of Optometry, University of Houston, Houston, TX.  
 
Purpose: The recent application of adaptive optics in a scanning laser ophthalmoscope with a 
red wavelength laser has made long-term imaging of parafoveal capillaries and leukocyte 
movement possible without contrast dyes.  However, the use of red light for imaging capillaries 
and blood flow is not optimal since the absorption of hemoglobin is more than an order of 
magnitude lower with red than with green light.  In this study, using an adaptive optics 
scanning laser ophthalmoscope (AOSLO), we investigated the benefits of using a green versus 
red wavelength laser in imaging retinal parafoveal capillaries. 
 
Methods: Three subjects ranging from 26-36 years of age with clear ocular media were imaged 
using an AOSLO.  The subjects were dilated with tropicamide 1% and phenylephrine 
hydrochloride 2.5%.  Imaging wavelengths of both 660 nm and 532 nm with a frame rate of 30 
Hz were used in the same imaging session that lasted approximately 1.5 hours. The AOSLO 
field of view was 1.4 by 1.5 degrees.  The subject’s parafoveal capillaries bordering the foveal 
avascular zone were imaged in their best focal plane with both wavelength lasers and equal 
retinal light exposure levels. Samples of varying diameter capillaries and surrounding retina 
were selected from the same retinal location per red and green wavelength for Michelson 
contrast calculations.   
 
 Results: Michelson contrast of the capillaries were calculated using both red and green 
wavelength lasers.  Equal contrast measurements were found with the red and green 
wavelength for larger diameter capillaries.  Smaller diameter capillaries had a contrast gain that 
ranged from 1.22-2.37 with the use of 532nm vs. 660nm light for imaging.  
 
Conclusions: There is an improvement in contrast when imaging the smallest diameter 
parafoveal capillaries with a 532nm vs. 660nm laser in the AOSLO.  The green wavelength laser 
should be useful in further studies to allow for increased visualization of retinal capillaries and 
leukocyte movement through the parafoveal capillaries.  
 
 

 
Astronomical Science with Extreme AO 

Michael McElwain, Shelley Wright, UC Los Angeles 
 
Over 100 planets have been identified outside our Solar System by indirect detection methods 
such as radial velocity measurements or transit measurements as a planet passes in front of its 
host star.  When trying to directly image a Jupiter-like planet around another star like our Sun, 
the small separations and large contrast in brightness have previously made these observations 
impossible.  The advent of large telescopes and highly efficient adaptive optics (AO) systems 
pushes the observation sensitivities to these remarkable limits.  What limits astronomers’ ability 
to resolve and identify these extra-solar planets? 
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As light passes through our Earth’s atmosphere, air turbulence will distort the initial shape of 
the light.  Adaptive optics corrects for the air turbulence distortion, and these corrections have 
greatly improved our ability to distinguish small structures in celestial sources with ground 
based telescopes.  Despite the high resolution science achieved by the traditional AO 
corrections, several observations still remain beyond our reach.  Extreme adaptive optics makes 
additional corrections to repair the distorted light into its original shape.  This new technology 
will enable astronomers to distinguish sources at extremely small separations and large 
brightness contrasts, making the first direct detection of Jupiter-like planets around a star like 
our Sun possible.  Furthermore, extreme AO will provide highly sensitive observations of the 
debris disks surrounding some stars, which are believed to be the precursors to planets, or in 
some cases, indications of the planets themselves. 
 
 

 
A New Astronomy Short Course at Hartnell College 

Anne Metevier, Jennifer Lotz, Mark Ammons, UC Santa Cruz 
Andy Newton, Hartnell College 

 
We will highlight a new short course which will be held this June at Hartnell College in Salinas, 
CA.  The course content is a survey of astronomical topics focused on galaxies and the distant 
Universe.  Our goal is to provide students with a very interactive, activity-based experience that 
will boost students' understanding of the distant Universe while encouraging their interest in 
science.  We also plan to include informal presentations on astronomy-related careers 
(including engineering, computing), and we will involve college counselors to help students 
move forward on their education and career paths. 
 
 
 
Broadening the Impact of Undergraduate Student Internships Through Hawaii Partnerships 

Malika Moutawakkil, Lisa Hunter, Hilary O’Bryan 
Education and Human Resources, Center for Adaptive Optics, UC Santa Cruz 

 
The technical workforce of the future relies on our current investment in training today's 
students. Successful student internships require a shared effort by many different organizations, 
thus forming long-term partnerships.  The Center for Adaptive Optics (CfAO) education 
division has implemented a number of programs to encourage partnerships in Hawaii.  These 
programs build on the traditional undergraduate student internship model and branch out into 
a network of collaborators in technological and educational disciplines.  Some of the CfAO 
activities that will be discussed in this poster include: The Akamai Internship Program, The 
Akamai Optics Short Course at Maui Community College, The Maui High Tech Industry 
Education Exchange (MHTIEE) and the CfAO annual professional development workshop in 
Maui.  The presenters of this poster welcome you to visit to discuss current outcomes and 
explore new partnerships and opportunities for future collaboration. 
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Wavefront Sensing Technologies and Customized Correction Methods in Vision 
Lana Nagya,b, Seth Pantanellia,b, and Geunyoung Yoona,b,c 

Center for Visual Sciencea, Department of Biomedical Engineeringb, Department of Ophthalmologyc, 
University of Rochester, Rochester, NY 

 
Wavefront sensors have been used extensively to measure the aberrations in normal eyes.  
However, abnormal eyes, such as those having keratoconus or corneal transplants, fall out of 
the range of conventional aberrometers because of their large amounts of higher order 
aberrations.  In addition, these eyes experience only modest improvements in visual acuity 
when corrected with conventional spectacles and contact lenses.  A high dynamic range 
wavefront sensor that maintains sufficient sensitivity has been developed for the purpose of 
characterizing the aberrations of these abnormal eyes.  These measurements provide the 
opportunity to improve visual acuity in this population utilizing customized correction 
methods.  Some of these include phase plates, customized contact lenses, and intraocular lenses 
(IOL).  Preliminary data using the high dynamic range wavefront sensor and phase plates has 
shown marked visual benefit in highly aberrated eyes.  This provides the blueprints for 
customized contact lenses and IOLs. 
 
 
 
Necessary antecedents made plain: empowering costeños to conserve their marine resources 

through targeted outreach initiatives  
S. Hoyt Peckham (Blue Ocean Institute and Dept of Ecology and Evol Biology, UCSC) 

Doris Ash (Dept of Education, UCSC) (to be confirmed!) 
Johath Laudino Santillán (PRONATURA and Grupo Tortuguero de las Californias) 

Wallace J Nichols (Blue Ocean Institute and Cal Acad of Sciences) 
 
Abstract: TBD 
 
 

Why improve the optics of the human eye? 
Jason Porter, Heidi Hofer, and David R. Williams, University of Rochester 

 
Clinicians, doctors and visual scientists have known for centuries that vision is degraded by the 
eye's poor optical quality. Conventional glasses and contact lenses are typically prescribed to 
improve vision by correcting only two basic types of aberrations in the eye, defocus and 
astigmatism (or sphere and cylinder). Recent developments in wavefront sensing now allow for 
the measurement of additional, higher order aberrations beyond defocus and astigmatism. We 
will discuss the optical properties of the human eye and the effects of these aberrations on 
vision. Correcting the eye's optical aberrations can yield significant improvements in optical 
and visual performance. However, there are several factors that limit the maximum visual 
benefit of a higher order correction. For example, some individuals possess superior optical 
quality and would not experience as large a visual benefit from the correction of higher order 
aberrations as would a person with average optical quality. Some eyes with irregular corneal 
shapes, such as keratoconics and post-corneal transplant eyes could benefit greatly from a 
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customized correction of their eye's higher order aberrations. Implications for methods of 
correcting the eye's aberrations using adaptive optics, laser refractive surgery, or customized 
contact lenses will be discussed. Clinical and scientific applications of these technologies, such 
as high-resolution retinal imaging, will also be explored. 
 
 
 

Genetic Variation and population structure in the Damselfish, Stegastes fasciolatus, 
throughout the Hawaiian archipelago. 

Marina L. Ramon, UC Santa Cruz 
 
Dispersal of coral reef fishes occurs during the larval planktonic stage of their life cycle.  These 
fish then recruit back to the reef where they remain.  It is unclear whether larvae, recruit back to 
the same reef that they originated from (closed populations) or of if they disperse to other 
locations (open populations).  Genetic approaches can help determine how much dispersal 
occurs between populations.  This study focused on a common damselfish (Stegastes 
fasciolatus) to determine how much larval movement or gene flow occurs between the 
Hawaiian Islands. 
 

 
 

The Assemblage Structure and Population Dynamics of Intertidal Fishes in Relation to 
Contrasting Oceanographic Conditions 

Amy Ritter, UC Santa Cruz 
 

Spatial variation in biotic and abiotic factors largely determines the spatial distribution and 
relative abundance of organisms within a particular habitat type.  In nearshore marine 
environments, many of the biotic and abiotic factors that are considered important in 
structuring communities are strongly affected by local oceanographic conditions.    I 
investigated the effects that variation in oceanographic conditions, due to the presence or 
absence of upwelling, had on the assemblage structure and population dynamics of intertidal 
fishes.  I monitored populations of intertidal sculpins throughout the spring and summer in 
2001, 2002, and 2003, at several sites both within and outside of an upwelling region in central 
California.  The assemblage structure of intertidal sculpins, across all size classes, varied 
markedly between the two regions.  Interestingly, species were spatially distributed according 
to differences in abiotic factors between the two regions, as would be predicted by the 
geographic distributions and temperature tolerance of each species.  I also found that the 
settlement patterns of larvae to sites within and outside of the upwelling region were reflective 
of the existing assemblage structure.  This result may be due to the unique life histories of 
intertidal sculpins, which have been proposed to have relatively more locally-derived 
recruitment compared to many other marine organisms.  In conclusion, it appears that the 
dramatic spatial differences in the assemblage structure of intertidal sculpins within this region 
are due to a combination of two factors: 1) contrasting oceanographic conditions and 2) limited 
exchange of larvae between the two regions.   
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CfAO COSMOS Cluster: Stars, Sight and Science 
Stars, Sight and Science Team 

 
The California State Summer School for Mathematics and Science (COSMOS) is a four-week 
program for high school students in which they reside and learn on a UC campus.  It is divided 
into "clusters".  Through COSMOS, the CfAO offers the cluster "Stars, Sight, and Science" (SSS).  
In SSS we apply inquiry-based strategies to teach courses on astronomy, vision science, and 
adaptive optics.  We also place a great emphasis on project-based learning in our cluster, 
incorporating inquiry there as well. 
 
 
 

Adaptive Optics Ophthalmoscopy for Glaucoma 
Abhiram S. Vilupuru (presenting author), Nalini Rangaswamy, Laura J. Frishman, Ronald S. 

Harwerth & Austin Roorda, University of Houston 
 
The retina is a multi-cellular neural tissue in the eye that enables vision by converting light 
signals to electrical signals and relaying them to higher processing centers in the brain via the 
optic nerve. Glaucoma is an ocular disease that affects and leads to loss of a class of retinal cells 
called ganglion cells, ultimately resulting in blindness. The purpose of our research is to 
visualize and understand earliest possible microscopic glaucomatous changes in retinal and 
surrounding tissue using the adaptive optics scanning laser ophthalmoscope (AOSLO). This is a 
new instrument that has been developed at the University of Houston for real-time, non-
invasive, microscopic imaging of retinal tissue in living eyes.  
 
Non-invasive imaging of retinal structure and the optic nerve head is conducted in eyes of 
living rhesus monkeys which have been treated to produce experimental glaucoma. Rhesus 
monkeys are used instead of humans because the progression of glaucoma in the eye can be 
better followed, and the results compared with the untreated fellow eye. Concurrently, other 
clinical measures of visual function such as electroretinograms (ERG) and visual fields are 
obtained from the same monkey eyes to correlate structure measured with AOSLO to function 
measured with the other tests. The aim is to establish a timeline of glaucomatous progression in 
living eyes.  
 
The knowledge that we will acquire about pathological changes in glaucoma can be directly 
related to how glaucomatous changes lead to blindness in humans. Furthermore, technologies 
developed in this study can be directly applied towards earlier diagnosis and better monitoring 
of glaucoma in human patients.    
 

High Contrast Imaging for Extrasolar Planet Detection 
Julia Wilhelmsen, Lawrence Livermore National Laboratories, UC Davis 

Gary Sommargren, Lawrence Livermore National Laboratories  
Bruce Macintosh, Lawrence Livermore National Laboratories, UC Santa Cruz 

Scott Severson, Daren Dillion, Don Gavel, UC Santa Cruz 
Dave Palmer, Lawrence Livermore National Laboratories, UC Santa Cruz 
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Scot Olivier, Lawrence Livermore National Laboratories  
 
Indirect detection of more than 100 planets via radial velocity measurements is one of the most 
important astronomical developments of the past decade. Direct imaging of extrasolar planets 
— seeing photons they emit or reflect — is the next major step, allowing us to potentially detect 
giant planets in wide orbits (like the giant planets in our solar system). Such direct detection is 
extremely challenging due to the bright glare from the planet's parent star. The ratio of the 
intensity of the brightest point (the star) to the dimmest point (the planet or the “dark” 
background) is the contrast of the image. This project hopes to image young Jupiter-like planets 
(more than a billion times fainter than the sun). Direct detection requires controlling scattered 
light from atmospheric turbulence, suppression of diffracted light from the primary mirror, 
reduction of residual errors from the optical system and reduction of calibration errors. 
Experiments are underway in the laboratory testbed for Extreme Adaptive Optics at UCSC to 
investigate technology for high-contrast imaging. The initial experiments use a simple optical 
design to examine the best possible contrast of the set-up. Gradually components we wish to 
test will be added. A sub-nm precision interferometer is used to accurately and precisely 
measure the wavefront quality of the system. (Low wavefront errors correspond to better 
contrast.) We have demonstrated 10-7 contrast with ~1 nm of wavefront error.  Currently a 1024-
actuator MEMS deformable mirror is being installed for active wavefront control. 
 
 
 

High Resolution Imaging of Retinal Disease using Adaptive Optics 
Jessica Wolfing1a,b, Jason Porter1a,b, Joseph Carroll1a, Stacey Choi1a, Heidi Hofer1a,b, and David R. 

Williams1a,b. 
Center for Visual Science1a and The Institute of Optics1b, University of Rochester, Rochester, NY. 

 
Conventional ophthalmoscopes used to resolve structures in the living human retina provide 
limited resolution due to their inability to overcome the aberrations inherent in the eye's optics.  
This inability to image the retina on a cellular level allows retinal diseases to remain undetected 
until after significant (and often irreversible) macroscopic retinal damage has occurred.  
Adaptive optics is a technology that provides non-invasive, highly magnified views of 
individual cells and blood vessels in the living retina.  The adaptive optics retinal images 
obtained from the University of Rochester’s 2nd Generation Adaptive Optics Ophthalmoscope, 
and presented here include normal eyes as well as diseased eyes from patients with Age-
Related Macular Degeneration (AMD), Cone-Rod Dystrophy, and Achromatopsia. In numerous 
retinal diseases, such as Retinitis Pigmentosa, rod photoreceptors degenerate before other 
retinal cells. Here, the first adaptive optics images of rods will be presented with an emphasis 
on how rod photoreceptor imaging could benefit retinal disease research.  These images 
represent the first step toward using the improved contrast and resolution afforded with 
adaptive optics to one day provide earlier diagnosis and better treatments for these retinal 
diseases.  
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High-Resolution Scanning Confocal Microscopy using MEMS-based Adaptive Optics
Yaopeng Zhou1, Thomas G. Bifano1, Robert H. Webb2, and Stephen A. Burns2 

1Boston University, 2Schepens Eye Research Institute 
 

 
Retinal imaging is a major diagnostic modality for eye disease, and can play a critical role for 
diagnosing systemic diseases due to the unique availability of the eye for optical imaging.  
Unfortunately, even the best ophthalmic microscopes cannot resolve microscale features in the 
retina due imperfections in the cornea, lens, and vitreous.  We have developed an adaptive 
optics (AO) scanning confocal microscope, by using a deformable mirror and real time control 
system to correct the aberrations of the eye and improve resolution in retinal imaging. AO 
allows nearly diffraction limited imaging, corresponding to resolution of 2 µm lateral and 20-30 
µm axial resolution in the eye: sufficient to observe capillary blood flow in vivo.  This will allow 
clinicians to study major eye diseases (retinopathy, macular degeneration) and systemic 
diseases (diabetes) with unprecedented precision. This poster describes an adaptive optics 
scanning confocal microscopy system that has been designed, constructed, and tested. The 
compact, portable instrument will be used in clinical settings at Johns Hopkins Medical Center, 
Massachusetts General Hospital, and Joslin Diabetes Center in the coming year. The Boston 
University micromachined deformable mirror (µDM) is the enabling component for this system, 
and is used as a wavefront correction element.  Wavefront aberrations are measured by a Shark-
Hartman wavefront sensor, and fit to a 7th order Zernike polynomial. Integral control based on 
singular value decomposition and zernike decomposition is used to close a 244 input, 140 
output feedback loop. By running the µDM under closed-loop control, the AO system has been 
able to correct wavefront aberrations efficiently. Improved retinal images from experiment are 
shown in this poster.  
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