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Letter from the IO Director 

Dear International S&T Partners and Stakeholders, 

Upon joining AFOSRôs international science division this year, I 

was excited by the accomplishments of such a small 

organization.  It was inspiring to watch the entire team as they 

pursued opportunities to provide the Department of the Air 

Force awareness of, engagement with, and relationships to 

overseas basic research.  Additionally, our principle 

investigators continue to prove their skill at teasing out 

extraordinary scientific results, several of which are introduced 

in this report.  

Despite the limitations imposed by COVID-19 on our 

international program officers (IPOs), they continue to curate 

and guide research portfolios that are breaking down the 

scientific barriers to novel defense capabilities.  While we have 

learned to conduct a significant amount of our work virtually, 

much of the scientific progress and opportunities are most 

effectively understood through direct interaction.  To that end, 

we completed 57 visits to 27 different countries across 66 institutions.  Additionally, we conducted 108 

assessments of new and continuing research.  These visits and assessments formed the basis of our 

continued progress in basic research. 

In September, we were pleased to host the Department of the Air Forceôs Chief Scientist, Dr. Victoria 

Coleman.  Dr. Coleman had the opportunity to visit EOARD at the Imperial College I-HUB and learn 

about select DoD international research efforts across the Armyôs Combat Capabilities Development 

Command, the Navyôs Office of Naval Research ï Global, and AFOSRôs International Science Division.  

This visit highlighted the long-term, strategic importance of basic science to the Department of the Air 

Force. 

We continue to support five global initiatives, partnering with Israel (materials science), Malaysia 

(hypersonic flow and biomarkers), Australia (autonomy), Korea (nanomaterials), and Taiwan (space 

and quantum).  These partnerships help us connect researchers around the globe to top experts in the 

United States.  In particular, the Korean and Taiwan initiatives started new phases this year.  As our 

longest running initiatives, they have helped us form enduring relationships over the past 20 years.  For 

the next three years, the Taiwan Initiative will focus on Topological and Nanostructured Materials 

Synthesis and Discovery.  The Korean Initiative is expanding from its historical focus on nano-

structured materials to two major areas of growth:  Space and Quantum Sciences. 

Of course, we owe these programs and successes to the hard work of the personnel supporting the 

International Science Division.  This year, we said goodbye to the AFOSR/IO Director, Col DBrent 

Morris, who retired from the Air Force after 31 years of dedicated service.  Col Morris led the division 

through significant change, initiating new international operating locations in Australia and Brazil while 



 

 

 AFRL/AFOSR International Office FY21 Annual Report 4 

 

caring for his personnel and advancing the mission during the COVID-19 outbreak.  Furthermore, 

EOARD saw the departure of Lt Col David Garner, Lt Col Shad Reed, Mr. Anthony Vaughn, Ms. 

Victoria Madison, and Ms. Emily Bannon.  Mr. Kevin Bannan transferred from IOE to ION and is now 

supporting division-level budget planning and execution.  Our Tokyo office said goodbye to both Maj 

Chris Vergien and Ms. Patricia Gorski.  Dr. Geoff Andersen left our Santiago office to serve a 6-month 

rotation as the Deputy Chief Scientist to the Space Force.  Finally, ION lost Mr. Phil Gibber to COVID-

19 in January of 2021.  A tribute to him was included in the FY20 Annual Report and I encourage you to 

read about this amazing individual.   

During the year, we welcomed several new personnel to the division.  This included Lt Col Melanie 

Presuto (IO Deputy and EOARD Chief), Maj Grant Thomas (Space Sciences), Mr. Kevin McAllister 

(RAF Blenheim Crescent Base Ops), and Ms. Angela McLane (Grants Officer) in London; Lt Col Mike 

Richards (Quantum Science) and Lt Col Garrison Lindholm (Autonomy and Hypersonics) in Tokyo; and 

Dr. Bradford Barrett (Space Weather and Domain Awareness) in Santiago. 

During the next fiscal year, we will continue to pursue the best science relevant to the United States Air 

Force and United States Space Force.  In that pursuit, the International Science Division will look 

forward to opening a new operating location in São Paulo, Brazil.  Our past investments in the region 

regularly result in high-quality science and we expect our physical presence will further improve 

connections with this hub of research excellence.  We will also finalize planning to open our sixth 

operating location in Melbourne, Australia. 

Thank you for taking the time to read this report.  After reviewing these accomplishments, I hope you 

are as excited as I am about the future of DAF science. 

 

 

 

 

 

 

Col Timothy H. Russell, PhD, USAF 

Commander, AFRL Det 16 & Director, AFOSR IO 
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EXECUTIVE SUMMARY AND HISTORY 

 

AFOSR International Basic Science Office 
 

The Air Force Office of Scientific Research (AFOSR), a directorate within the 
Air Force Research Laboratory (AFRL), is responsible for managing all Air 
Force basic research investment. The AFOSR mission is to discover, shape, 
and champion basic science that profoundly impacts the future Air Force and 
Space Force. As the global R&D community outside the US accounts for 
approximately 70% of the investment, 80% of the researchers, and over 80% 
of the technical publications, it is critical to AFOSRôs mission to proactively 
engage the international community. AFOSRôs international enterprise 
consists of four offices: AFOSR/IOE, the European Office of Aerospace 
Research and Development (EOARD) in London; AFOSR/IOA, the Asian 
Office of Aerospace Research and Development (AOARD) in Tokyo; 
AFOSR/IOS, the Southern Office of Aerospace Research and Development 
(SOARD) in Santiago; and a support division (AFOSR/ION) in Arlington, 
Virginia, to facilitate integration, communication, and outreach. The call to 
action in the 2030 United States Air Force Science and Technology Strategy 
inspired the opening of two additional international offices in Melbourne, 
Australia and in Sao Paulo, Brazil. 
 
The strategy highlights the urgent need to enact more agile collaboration 
approaches with both traditional and non-traditional innovators, and these 
two new offices allows AFRL/AFOSR to do just that. These six international 
offices constitute a single International Basic Science Office, realizing 
significant efficiencies in both business operations and technical strategy. 
The mission is to provide the US Air Force with awareness, engagement, 
and relationships to international basic research. 
 
In FY2021, AFOSRôs International Basic Science Office supported 426 
research efforts (primarily grants) performed at foreign universities and 
institutes from 50 different countries. In addition to funding research projects, 
we help build relationships between foreign researchers and US scientists 
and engineers through a variety of programs. This was a challenging year 
due to COVID-19 restrictions, however, we still supported 8 international 
conferences & workshops and arranged 14 Windows-on-Science visits of 
foreign researchers to present their research to AF audiences (12 via virtual 
meetings). The pursuit of cutting-edge science of AF relevanceðboth within 
the US and overseasðremains the singular focus of the AFOSR. The 
international element of this organization is well poised to shape, leverage, 
and transition exciting breakthroughs in the years ahead. 

 

www.afosr.af.mil  



 

 

 AFRL/AFOSR International Office FY21 Annual Report 6 

 

AOARD/IOA: Asian Office of Aerospace Research & 

Development 

 

The AOARD office in Tokyo, Japan was established in 1992 and has engaged in 

basic research outreach in the Asia-Pacific region for the past 30 years.  Our 

role in is to engage, fund and connect scientists and engineers in this region 

to accomplish basic research in technical areas of interest to the 

Department of the Air Force.  AOARD supports principal investigators by 

providing funding for research, hosting conferences or funding travel for a 

researcher to present work at a conference or to scientists at a US 

Department of Defense Laboratory.  AOARDôs goal is to promote open 

basic research, understand the regionôs scientific expertise and to build 

long lasting research relationships and collaborations. 

Our office also closely coordinates with our sister service basic research offices 

in the US Army (International Technology Center ï Pacific) and US Navy (Office of 

Naval Research- Global), and the Regional Technology Office in the US Embassy in Tokyo, 

Japan.   

The Asian Pacific region continues to be leaders in worldwide research activity.  Nature Index 

lists 4 of the top 10 countries from the Asia Pacific region (Nature Index Annual, Leading 

Countries 2020).  The following pages will provide highlights of our basic research interaction for 

the past year.   

 

BIOPHYSICS & MATHEMATICS 

The Biophysics and Mathematics portfolio looks for mathematical laws in nature in order to 

understand, describe, predict, and control the forces that drive biological systems, natural 

sciences, and social sciences in order to enable new technologies for full mission spectrum 

operations.  Specific areas of research and application include communications, navigation, 

lethality, power, predictive modeling, and probability and statistics.  This portfolio looks to both 

theoretical and experimental research with a high degree of interest in the modeling of and 

predictive elements of first principles understanding.    

 The resources of this portfolio are deployed across a mixture of both large and small projects 

with both well-established investigators as well as young researchers.  In addition, another 

aspect of this portfolio is the designation of some resources to help investigate problems 

operational units in the field may be experiencing and attempt to address those problems in a 

short cycle process.  Projects in this portfolio will align with many AFOSR portfolios, AFRL 

technology directorates, ONRG, JSOC, SOCOM, and other government agencies.    
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 At research institutions across the AOARD region as much of the world, FY21 continued to be 

a challenging year.  Institutions and researchers had to balance laboratory closures, graduate 

student restrictions, classroom schedules, and government restrictions due to the COVID-19 

pandemic.  Despite these challenges, some great research was being conducted across the 

region from cell structure and organization in a zero gravity environment to probabilistic 

statistics, researchers sponsored by AOARD continued to push the boundaries of science.  

  

IOA MATERIALS, CHEMISTRY, NANOSCIENCE 

The design and discovery of new materials is a wide-ranging, interdisciplinary, global endeavor 

that enables many technological and engineering breakthroughs. Whether experimental or 

computational, basic research in materials science is often focused on discovering or creating 

new materials with higher strength-to-weight ratios, improved environmental stability, and/or 

useful combinations of functional character such as structural, electronic, optical, thermal, 

catalytic, and self-assembly/healing behaviors. 

AOARD has long invested in fundamental research into materials science, and this portfolio was 

newly formed in FY20 to continue this important international venture. The program is broadly 

concerned with hard and soft materials, organic/polymer chemistry, composites, metallics, and 

hybrids. Investments target research projects that lead to basic scientific discoveries and 

advancements in chemical synthesis and characterization, and/or the processing-structure-

property-performance paradigm of materials from the molecular- to meso-scales. Approaches 

may be experimental, computational, or both. Investigations are desired into the design and 

creation of new molecules and structures, new synthetic pathways and catalysts systems, 

and/or enhancement of functionalities and capabilities, ultimately resulting in well-understood, 

controlled synthetic/processing routes. Example interest areas for materials research include 

multifunctional materials, new materials with exceptional strength-to-weight ratios, 2-D materials 

and heterostructures, new carbon allotropes and their behaviors, materials with extreme service 

temperatures, materials demonstrating unique performance in the space environment, 

hierarchical multiscale materials, stimuli-responsive materials, materials with dynamic 

functionality, novel bio-inspired materials and structures, breakthroughs in bonding and damage 

modeling in polymer matrix composites, and on-demand synthesis/processing capabilities. 

The portfolio grew from five projects in FY20 to fifteen projects in FY21, with new start projects 

awarded to PIs in Sri Lanka, India, Thailand, South Korea, Taiwan, and Australia. Investments 

were made across a range of research topics including hybrid IR-active nanomaterials with 

controlled core-shell morphologies, chirality transfer in hybrid thin films, tunable organic 

quantum dot/covalent organic framework nanocomposites, novel low-valent main group 

chemistry for sustainable catalytic routes, doping strategies for new ceramic functionalities 

including magnetism, energy transfer phenomena in metal-binding biomacromolecules and 

organometallics, new redox-active porous organic polymers, novel characterization techniques 

for 2-D materials, and miniaturization limits of additive friction stir deposition for potential use in 

space. This project portfolio is strategically collaborative, incorporating technical guidance and 

co-funding from AFRL/RX, RQ, RY, and RT in order to ensure mission relevance. Program 

Officer: Dr. Todd Rushing 
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SENSORS, EM, AND DEVICE PHYSICS 
This program explores fundamental concepts and basic research in EO/RF sensors, MEMS, 
microelectronics, photonics, electro-mechanical, signal processing method, and bio-inspired 
optical/RF devices to advance current and future Air Force & Space Force capabilities. The basic 
research areas are: a) Computational electromagnetic (EM) in target, clutter, and background 
phenomenology modelling, b) Radar (RF) technology in development of algorithm in MIMO, Multi-
static, Multi-Spectral, and Distributed coherent radar, data processing/fusion. c) Antenna design 
such as scalable/programmable phased array antenna, conformal antenna, and new antenna 
materials for the extreme environment such as the Space. d) C3I, Distributed secured networks, 
communication, Sensing exploitation, and PNT, e) RF/EO components/devices: Semiconductor, 
High power solid state amplifier, photodetector, and utilizing quantum computation, and quantum 
sensing.  Program Officer: Dr. Tony Kim. 
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Space Situational Awareness (SSA) Sensors.  This program seeks revolutionary science on 
all fundamental research related to EO/RF sensors, Navigation systems, and communication 
systems for on board Space aircraft and Ground EO/RF sensors looking at either LEO & GEO 
space.  The basic research areas are:  a) Processing digital electronics, b) High Power solid-
state amplifier, c) Background and clutter modelling & simulation, d), Multi-processing 
techniques, e) Radar technology in development of algorithm in MIMO, Multi-static, Multi-
Spectral, f) Distributed coherent radar, and data processing/fusion. g) Antenna design such as 
scalable/programmable phased array antenna, conformal antenna, h) new materials research for 
the extreme environment, dual spectrum material, and limited frequency tx/rx materials.  
Electromagnetic (EM) scattering, and Irregularity relevant to ionosphere & atmospheric space 
environment, and experimentally validate theory and simulation models.  Program Officer: Dr. 
Tony Kim. 
 

 

 

 

 

 

 

 

 

 
Hypersonic Sensors.  This program seeks revolutionary science on all fundamental research 
related to EO/RF sensors, Navigation systems and communication systems for on board 
hypersonic aircraft and weapon system.  The basic research areas are: a) conformal AESA for 
SWAT with RF electronics; b) Processing digital electronics; c), High Temp Material for the 
Radom, IR window, and Frequency selective materials (programmable materials for 
multispectral); d), Gimbal technology to compensate for platform velocity/shock/vibration; e), 
Multi-processing techniques; f) Plasma turbulence, EM scattering, and Irregularity relevant to 
ionospheric/atmospheric space environment.  Empirically observe and characterize important 
nonlinear plasma phenomenology, and experimentally validate theory and simulation models.  
Program Officer: Dr. Tony Kim. 
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A few of the success stories: 
 

¶ Potential Technology transition to the ARL. 

The project ñExploring Deep Learning-basedò is co-funded with ITC IPAC, 

DEVCOM/ARL, AFOSR, & AOARD and when the project completed, concept will be 

transfer to the ARL for further test & evaluation. 

¶ Some publications, papers, patent during 2021 even though limited travel and meetings.   
o Published on ñLight-Fuelled Climbing of Monolithic Torsional Soft Robots via 
Molecular Engineeringò in Advanced Intelligent System. 

o Published on the ñMagnetically programmable soft materialò in ACS-Nano 
o Published "Effect of Co-Solvent Percentages on the Exfoliation Rate of NiTe2 

Thin Film for Transparent Electrodes" in Material Matter. 
o Patent  on "Anode-free rechargeable lithium metal battery comprising an ion 

conductive layer and transition metal dichalcogenide layer and manufacturing 
method thereof" (KR1020210096212) 

AEROSPACE SCIENCES  

The AOARD Aerospace Sciences portfolio primarily studies challenging problems in 
aerodynamics characterized as high-speed, unsteady, or non-equilibrium flows. High speed 
flows include supersonic and hypersonic boundary layer transition, shockwave boundary layer 
interactions, heated walls, and ablation. Unsteady flow topics include turbulence, novel control 
actuators, surface interactions, and flow characterization and modelling. Features of non-
equilibrium flows include combustion, propulsion, and non-equilibrium thermodynamics. Cross-
cutting technologies promising improvements in aerial flight are also of interest, including: multi-
physics vehicle design and optimization, bio-inspired flight, innovative data exploitation for 
predictive models, and novel techniques for flight testing. Successful projects in this portfolio will 
align with U.S. based AFOSR portfolios, and link to other AFRL technology directorates.   

New start grants in FY21 were awarded in Australia, India, Japan, Malaysia, Taiwan, and 
Thailand. The majority of these grants were awarded to new professors, in their first year or two 
of research after completing a PhD or post-doc. This was a deliberate strategy to recruit new 
talent who can work with AFOSR for years to come. Looking forward into FY22, topics for 
potential grants include quantum algorithms for computational fluid dynamics, machine learning 
applied to non-equilibrium/rarefied flow calculations, and increased push for advanced 
propulsion concepts such as rotating detonation engines.  

 

MATERIALS DISCOVERY AND MANUFACTURING SCIENCE 
 
This program broadly covers the exploration of new material systems and the use of 
autonomous experimentation for materials discovery and manufacturing optimization. New 
materials systems of interest include nature-inspired materials, high-entropy alloys, magnetic 
materials, programmable materials, flexible electronics, materials for extreme environments, 
multifunctional materials, and nanoscale materials and structures.   In addition, the program 
seeks to be responsive to new DoD priorities in microelectronics and Space.  In particular, 2D 
materials such as transition metal dichalcogenides (TMDs) have potential to support major 
advancements in microelectronics such as smaller transistors as well as high radiation 
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environment functionality and edge computing for Space. In addition, natural materials systems 
such as specialized wood and cork are also being explored for Space applications.  Single 
photon source materials for quantum applications, material systems for additive manufacturing, 
3D and 4D printing.  The country initiatives with Taiwan and Korea on nanotechnology are 
aligned with this program.  The program seeks new partners in the Association of Southeast 
Asian Nations (ASEAN).   Close interaction with AFRL Technical Directorates (RX, RQ, RV, and 
RH) guides the focus and ensures the relevance of this program to the Air Force.  Lastly, this 
program aligns with and supports domestic AFOSR programs such as Condensed Matter 
Physics, Multiscale Structural Mechanics and Prognosis, GHz-THz Electronics and Materials, 
and Low Density Materials. Program Officer: Dr. Jeremy Knopp. 
 
 
Project 18IOA035 at Sungkyunkwan University with Prof. Jonghwan Suhr was completed this 

year.  Cork is a natural and renewable material that exhibits intriguing material properties. 

However, due to its non-uniform material properties caused by its chemical composition, cork 

has limited applications despite outstanding damping and insulating properties. Currently, 

research is supporting artificial cork synthesis such that the properties can be designed and 

once designed, can be 3D printing.  In other words, cork that wasnôt designed by nature is being 

3D printed.  The intrinsic material properties of include: light-weight (0.12~0.2 g/cm3), near-zero 

Poisson coefficient, elastic and highly deformable under compression without fracture, high 

damping, low electrical (2.9 x 10-14 S/m) and thermal (0.04 W/mK) conductivity.  The result of 

this work is a material that is can be used as a sandwich panel core material that has tunable 

damping capability which can be used in aircraft, UAVs, and electric vehicles.  The material is 

also recyclable.  In this course of this project it was learned that one of the PhD students is a US 

citizen and interested in doing a Post-doc in AFRL/RX.  Given that wood is being consider by 

Japan for a satellite material, it is envisioned that cork (yes, the wine bottle type of cork) may 

one day be in Space. 

 

 

Project 20IOA060: Various news stories have shown the desire for cooperation with South 

Korea on COVID-19 testing, and that South Korea has received requests from 121 countries for 

help with coronavirus testing:  

https://www.reuters.com/article/us-health-coronavirus-southkorea-testing/over-100-countries-

ask-south-korea-for-coronavirus-testing-help-official-idUSKBN21J51C 

The phase 3 extension of AOARDôs US-Korea Nano Bio Info Technology (NBIT) program that 

ended in 2017 included revolutionary research on building pieces of a lab on a chip that could 

https://www.reuters.com/article/us-health-coronavirus-southkorea-testing/over-100-countries-ask-south-korea-for-coronavirus-testing-help-official-idUSKBN21J51C
https://www.reuters.com/article/us-health-coronavirus-southkorea-testing/over-100-countries-ask-south-korea-for-coronavirus-testing-help-official-idUSKBN21J51C







































































































































































































































