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Welcome! 

It is my pleasure to welcome you to the 33rd International Conference on Adaptive 

Structures and Technologies (ICAST 2024), held in person from May 20-22, 2024, in 

Atlanta. 

ICAST is a series of international conferences dating back to its launch in 1990 as a joint 

USA-Japan conference held in Maui in its first year. For more than three decades, ICAST 

has been held at various locations in North America, Asia, and Europe. ICAST 2024 is 

the 33rd of these successful conferences aiming to bring together researchers exploring a 

broad range of topics in smart/adaptive structures. 

Organized by the Smart Structures & Dynamical Systems Lab (SSDSL), ICAST 2024 is 

hosted at the Georgia Institute of Technology (Georgia Tech) as a single-track vibrant 

conference featuring leading researchers from all around the world, including four 

distinguished keynote speakers as well as three distinguished panelists.  

ICAST 2024 is partially sponsored by SSDSL and by the journal Smart Materials and 

Structures (IOP). 

I hope you have a great conference and a wonderful time in Atlanta!  

Best regards, 

Alper Erturk 

- ICAST 2024 Conference Chair 

 
ICAST@me.gatech.edu  

https://sites.gatech.edu/icast  
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KEYNOTE by Prof. Paolo Ermanni – ETH Zurich 

(May 20, Monday, 9:00)  

 

Structural approaches for adaptive biomedical and aerospace systems 

Abstract: High performance fiber reinforced polymers (FRP) are layered anisotropic materials. The 

fiber architecture can be tuned to tailor material properties and deformation behavior, thus allowing the 

realization of structural systems with amazing structural features, including extreme deformability, 

shape deformation and reconfigurability. The talk is presenting and discussing various design 

approaches, mechanisms, and applications for adaptive composite-based load-carrying systems. The 

presented concepts consider selective inner compliance, as well as passive and semi-active variable 

stiffness solutions. Controlled elastic instability and integration of multi-stable elements provide 

additional mechanisms to induce nonlinear variable stiffness response and therefore achieving selective 

deformability in load-carrying lightweight structures. The integration of FRPs elements into 

mechanical metamaterials is further expanding the potential of composite materials for multi-functional 

lightweight applications, by adding additional geometrical parameters and tunability of the repeating 

unit cell. A promising concept is relying on FRP shell metastructures consisting of a thin FRP-frame 

and a pre-stretched soft polymer membrane. The instability of the initially flat component is inducing 

a rich multi-stable behavior, being a first step towards the realization of programmable structures, 

which can morph to multiple 3D shapes from an initial flat configuration upon an external stimulus. 

Finally, we are currently exploring the mechanical behavior and the potential of very thin composite 

shells made from continuously fiber reinforced Polyether ether ketone (PEEK). Those composite 

materials are capable of withstanding large bending curvatures without failure and are therefore pre-

destined for applications, which require a high degree of deformability for shape adaptation and 

deployment purposes. Applicability of thin fiber reinforced PEEK shells in selected biomedical and 

space systems will be discussed. 

Bio: Paolo Ermanni has been Professor and Director of the Laboratory of Composite Materials and 

Adaptive Structures (CMASLab) in the Department of Mechanical and Process Engineering of ETH 

Zurich since 1998 (Associate Professor until March 2003 and Full Professor thereafter). Ermanni holds 

a master’s degree in mechanical engineering and a Doctoral degree from ETH Zurich. He spent more 

than five years at Airbus in Hamburg (D) as a senior engineer and later on, as a project manager, mainly 

dealing with structural and technological challenges related to the realisation of a second generation of 

civil supersonic aircraft. In 1997, he took on a new position as a strategic consultant-manager at 

Kearney in Milan (Italy). Ermanni’s research is inspired by real-world engineering problems and is 

concerned with the exploration of innovative designs, material architectures and advanced 

manufacturing processes. Ultimate goal is to improve the efficiency and reliability of high-performance 

composite materials and lightweight structural systems. Current research interests include shape 

adaptation for morphing and reconfigurable systems, composite metamaterials and advanced 

processing routes for high performance thermoplastic composites. 



KEYNOTE by Prof. Diann Brei – University of Michigan 

(May 21, Tuesday, 9:00) 

  

Adaptive inflatable structures for avant garde automotive and medical 

applications 

Abstract: We are on the advent of the next technological revolution. All around us our world is 

undergoing rapid transformative change, from mobility to medical breakthroughs. The field of adaptive 

structures is well positioned to play a pivotal role by providing crucial capabilities in morphing, energy 

absorption, active deployment, and many more. While the structures and machines from the industrial 

revolution were inherently hard and inflexible in nature, emerging inflatable adaptive structures can 

radically change their properties, shapes and behavior in a “softer” controlled manner. Combining soft 

inflatable structures with rigid and tensile constraint elements provides more and unique functionality 

with higher structural performance. One example of this is tendon-constrained inflatable interior walls 

within autonomous vehicles that can actively deploy to softly capture occupants and cargo while 

absorbing harmful energy. Similarly, an active inflatable cowling can gently cover windshield wipers 

from leaves and snow, yet as needed can open rigidly against aerodynamic loads using an advanced 

tile-based layered-bladder approach. Adaptive inflatable structures can also be used to enhance the 

quality of life in medical applications. A good example of where adaptive inflatable structural 

properties can be tailored is tendon-constrained headrest for wheelchairs that can support neck flexion 

stabilizing the head, while enabling rotation or other directional motions with only light resistance 

enabling users to move in directions that they have muscular strength. Through highlighting several 

avant garde applications within the automotive and medical sector, this talk will explore inflatable 

adaptive structures and their underlying behavioral science to understand the highly tailorable 

functionality gained through advanced internal architectural arrangements such as tendon-constrained 

and novel tile and constrained-layer techniques. 

Bio: Dr. Diann Brei Professor of Mechanical Engineering and former Chair of the Integrative Systems 

+ Design Division at the University of Michigan. She received her PhD (1993) in Mechanical 

Engineering and her BSE (1988) in Computer Systems Engineering (1988). Her research is focused on 

the underling design science for device innovation using smart materials. Her smart material 

architectural models along with her multi-domain, multi-stage design methods have set the foundation 

for a successful translational research and development paradigm adopted by industries in the 

automotive, medical and aerospace sectors. Dr. Brei who is an ASME Fellow and AIAA Associate 

Fellow, has been an active leader in the smart materials and structures community recognized by the 

ASME Machine Design Award, ASME Adaptive Structures and Material Systems Award, SPIE 

Lifetime Achievement Award SSM and the ASME Distinguished Service Award. 

 



KEYNOTE by Prof. Norman M. Wereley – University of Maryland 

(May 21, Tuesday, 14:00) 

 

Energy absorption strategies for occupant protection 

Abstract: The ability to dissipate energy in vehicle systems, especially with the goal of protecting 

occupants from potentially injurious vibration, repetitive shock, crash and blast loads, is becoming a 

critical issue as the cumulative impact of these load spectra on chronic health and acute injury are 

becoming better understood. The objective of this talk is to discuss what properties are optimal for 

energy absorption (EA) applications such impact or shock load mitigation. Two primary strategies will 

be discussed in this talk: passive vs. semi-active energy absorbers. The first focus is the use of crushable 

materials to absorb energy. Two classes of passive materials will be discussed for EA applications 

including sintered and composite hollow glass foam materials, as well as elastomeric or plastic cellular 

materials. The second focus is the use of magnetorheological fluids (MRFs) in EA applications. The 

properties of the MRF can be optimized for a particular application. A number of key nondimensional 

parameters can be used to gain insight into how to define optimality for various applications including: 

Bingham number, Hedstrom number, Reynolds number, Mason number, dynamic range. Also, the 

trade-offs associated in designing an optimal MRF for a particular application are discussed. The 

advantages of passive versus semi-active EA strategies will be discussed. 

Bio: Dr. Wereley is the Minta Martin Professor in the Department of Aerospace Engineering at 

University of Maryland. His current research interests are focused on active and passive vibration and 

shock mitigation (especially occupant protection systems) using primarily magnetorheological 

materials, and soft actuators and soft robotic systems. Dr. Wereley has published over 260 journal 

articles, 20 book chapters, over 275 conference articles, and over 20 patents. Dr. Wereley is the Editor-

in-Chief of SAMPE Journal and Editor of the Journal of Intelligent Material Systems and Structures. 

He also serves as an associate editor of Smart Materials and Structures, MDPI Actuators, and others. 

Dr. Wereley is the recipient of the ASME Adaptive Structures and Material Systems Prize (2012) and 

the SPIE Smart Structures and Materials Lifetime Achievement Award (2013). Dr. Wereley is a Fellow 

of AIAA, RAeS, VFS, ASME, SPIE, and the Institute of Physics. He is also a Senior Member of IEEE. 

Dr. Wereley has a B.Eng. (1982) from McGill University and M.S. (1987) and Ph.D. (1990) from the 

Massachusetts Institute of Technology. 

 

 



KEYNOTE by Prof. Wei-Hsin Liao – The Chinese University of Hong Kong 

(May 22, Wednesday, 9:00) 

 

Auxetic structures for energy absorption and harvesting 

Abstract: Auxetic structures have been applied in the energy absorption field due to the unique 

mechanical properties. Inspired by foam filled structures, we investigate a thin-walled structure filled 

with double arrowed auxetic structure and investigates the energy absorption characteristics. The 

gradient configuration is introduced to improve the energy absorption performance. A theoretical model 

is also established to predict the energy absorption to quantify the energy dissipated due to thin-walled 

tubes, gradient auxetic structures and their interactions. On the other hand, auxetic structures are 

utilized to increase the power output of piezoelectric energy harvesting. We design a gradient auxetic 

piezoelectric energy harvester, which combines a cantilever beam and a gradient auxetic structure. 

Compared with the normal uniform auxetic structure, the gradient auxetic structure can contribute to a 

more uniform strain distribution of the piezoelectric cantilever beam; thus, the proposed gradient 

auxetic energy harvester can produce higher power than the uniform auxetic energy harvester without 

increasing the stress concentration at the same time. Our related work in auxetic structures for energy 

absorption and harvesting will be presented. 

Bio: Wei-Hsin Liao received his Ph.D. in Mechanical Engineering from The Pennsylvania State 

University, University Park, USA. Since August 1997, Dr. Liao has been with The Chinese University 

of Hong Kong, where he is Choh-Ming Li Professor of Mechanical and Automation Engineering and 

the Department Chairman. His research has led to publications of about 400 technical papers and 27 

patents. As the General Chair, he organized the 20th International Conference on Adaptive Structures 

and Technologies (ICAST 2009). He was the Conference Chair for the Active and Passive Smart 

Structures and Integrated Systems, SPIE Smart Structures/NDE in 2014 and 2015. He received the T A 

Stewart-Dyer/F H Trevithick Prize 2005, the ASME 2017 Best Paper Award in Mechanics and 

Material Systems, the ASME 2021 Energy Harvesting Best Paper Award, and the ASME 2023 Best 

Paper Award in Structures and Structural Dynamics. He is the recipient of the 2018 SPIE Smart 

Structures and Materials Lifetime Achievement Award and the 2020 ASME Adaptive Structures and 

Material Systems Award. Dr. Liao currently serves as an Associate Editor for Journal of Intelligent 

Material Systems and Structures, and on the Executive Editorial Board of Smart Materials and 

Structures. Dr. Liao is a Fellow of ASME, HKIE, and IOP. 

 

 



DISTINGUISHED PANELISTS to talk about “Smart structures across 

decades & future perspectives” 

(May 20, Monday, 13:40)  

Prof. Daniel J. Inman – University of Michigan, Aerospace Engineering 

 
Bio: Daniel J. Inman received his Ph.D. from Michigan State University in Mechanical Engineering in 

1980 and is the Harm Buning Collegiate Professor and former Chair of the Department of Aerospace 

Engineering at the University of Michigan. Since 1980, he has published eight books (on vibration, 

energy harvesting, control, statics, and dynamics), eight software manuals, 20 book chapters, over 410 

journal papers and 674 proceedings papers, given 78 keynote or plenary lectures, graduated 71 Ph.D. 

students, and supervised more than 75 MS degrees. He works in the areas of applying smart materials 

and structures to solve aerospace engineering problems including energy harvesting, structural health 

monitoring, vibration suppression and morphing aircraft. He is a Fellow of the American Institute of 

Aeronautics and Astronautics, American Society of Mechanical Engineers, International Instituted for 

Acoustics and Vibrations, Society of Experimental Mechanics and American Academy of Mechanics. 

He won the ASME Adaptive Structures Award in April 2000, SPIE Smart Structures and Materials 

Lifetime Achievement Award in March of 2003, he received the ASME Den Hartog Award for lifetime 

achievement in teaching and research in vibration, the 2009 Lifetime Achievement award in Structural 

Health Monitoring, and the AIAA Structures, Structural Dynamics, and Materials Award, in 2014. He 

is currently Technical Editor of the Journal of Intelligent Material Systems and Structures (1999-

present). 

Prof. Kon-Well Wang – University of Michigan, Mechanical Engineering 

 
Bio: Dr. Kon-Well Wang is the A. Galip Ulsoy Distinguished University Professor of Engineering and 

Stephen P. Timoshenko Professor of Mechanical Engineering (ME) at the University of Michigan (U-

M). He has been the U-M ME Department Chair from 2008 to 2018, and has served as the Division 

Director of Engineering Education and Centers at the U.S. National Science Foundation for two years, 

2019-20, via an Executive Intergovernmental Personnel Act appointment. Wang received his Ph.D. 



degree from the University of California, Berkeley, worked at the General Motors Research Labs as a 

Sr. Research Engineer, and started his academic career at the Pennsylvania State University in 1988. 

At Penn State, Wang has served as the William E. Diefenderfer Chaired Professor, co-founder and 

Associate Director of the Vertical Lift Research Center of Excellence, and a Group Leader for the 

Center for Acoustics & Vibration. He joined the U-M in 2008. Wang’s main technical interests are in 

structural dynamics and controls, especially in the emerging field of intelligent structural & material 

systems, with applications in vibration, acoustic & wave controls, energy harvesting, and sensing & 

monitoring. Wang is a Fellow of the American Society of Mechanical Engineers (ASME), American 

Association for the Advancement of Science (AAAS), and Institute of Physics (IOP). He has received 

numerous recognitions, including the ASME Rayleigh Lecture Award, the Pi Tau Sigma-ASME 

Charles Russ Richards Memorial Award, the ASME J.P. Den Hartog Award, the SPIE Smart Structures 

and Materials Lifetime Achievement Award, the ASME Adaptive Structures and Materials Systems 

Prize, the ASME N.O. Myklestad Award, the ASME Rudolf Kalman Award, and several other best 

paper awards. He has been the Editor in Chief for the ASME Journal of Vibration & Acoustics, and an 

Associate Editor or Editorial Board Member for various journals. 

Prof. Shima Shahab – Virginia Tech, Mechanical Engineering 

 
Bio: Shima Shahab is Mary V. Jones Faculty Fellow and an Associate Professor in the Department of 

Mechanical Engineering at Virginia Tech. She completed her Ph.D. and M.S. in Mechanical 

Engineering at Georgia Institute of Technology. Dr. Shahab is the Director of Multiphysics Intelligent 

and Dynamical Systems (MInDS) laboratory and an Associate Editor of Journal of Intelligent Material 

Systems and Structures (JIMSS). Her theoretical and experimental research program focuses on the 

intersection of smart materials and dynamical systems for various interdisciplinary applications such 

as contactless ultrasound power transfer, ultrasound responsive polymer-based systems, ultrasound 

atomization, and acoustic holograms. Dr. Shahab has served as principal investigator on research grants 

from the National Science Foundation, Alpha Foundation, Oakridge National Laboratory, and Ford 

Motor Company. In addition to an NSF CAREER award, Dr. Shahab is the recipient of ASME Gary 

Anderson Early Achievement Award. The award recognizes a young researcher on the rise who has 

already made significant contributions to the field of Adaptive Structures and Material Systems. She is 

also the recipient of 2023 Virginia Tech Dean’s Award for Faculty Fellow in recognition of 

extraordinary performance in research. 

  



MONDAY (May 20)  

8:00 
  

Check in and breakfast  

8:50 Opening/introduction 

9:00 

S
es

si
o

n
 c
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n
 Paolo Ermanni (keynote) "Structural Approaches for Adaptive Biomedical and Aerospace 

Systems" 

10:00 
Benjamin K. S. Woods, Tharan Gordon, Francescogiuseppe Morabito, Rafael Heeb "BIRB: 

Biologically Inspired Robotic Bird Concept Overview and Wing Design Approach" 

10:20 
Ralf Keimer, Michael Schaefer, Srinivas Vasista "Experimental Results of a Fluid Actuated 

Morphing Winglet Trailing Edge" 

10:40   Coffee break 

11:10 

S
es
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o
n

 c
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ir
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er
g
a
m
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i George A. Lesieutre "The Effects of Pre-stress on Coupling Coefficients and Damping of 

Flexural Piezoelectric Transducers" 

11:30 
Grigorios M. Chatziathanasiou, Nikolaos A. Chrysochoidis, Dimitris A. Saravanos "Adaptive 

Vibration Suppression with a Semi-Active Piezoelectric Tuned Mass Damper" 

11:50 
Paolo Gardonio, Emiliano Rustighi, Lisa Ortis, Ciro Malacarne, Matteo Perini "Online Tuning 

of Structured Fabric Vibration Absorber" 

12:10   Lunch 

13:40 

M
o
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r:
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Daniel J. Inman, Kon-Well Wang, Shima Shahab (distinguished panel)                                                        

“Smart Structures Across Decades and Future Perspectives” 

15:00   Coffee break 

15:30 

S
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 c
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ir
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e Zhenkun Lin, Serife Tol "Hierarchical Electromechanical Metastructures for Broadband 

Vibration Suppression and Asymmetric Reflection" 

15:50 
Luis Perez Martinez, Danilo Beli, Carlos De Marqui Jr "Frequency Conversion in a Tunable 

Piezoelectric Topological Metamaterial Beam" 

16:10 
Muhammad Bilal Khan, Christopher Sugino "Generalized Non-Reciprocal Dispersion in Non-

Local Piezoelectric Metamaterials" 

16:30 
Yan Borden, Daniel Inman "Model Verification and Experimental Testing of a Hybrid Piezo-

Hydraulic Actuator" 

16:50 

  

Poster session 

18:00 Welcome reception (at the venue) 



TUESDAY (May 21) 

8:00 
  

Check in and breakfast  

8:50 Opening/introduction 
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Diann Brei (keynote) "Adaptive Inflatable Structures for Avant Garde Automotive and Medical 

Applications" 

10:00 
Tae-Hyun Kim, Dae-Young Lee, Jae-Hung Han "Conceptual Design of an Origami-based 

Deployable Structure for Initial Space Shelter" 

10:20 
Federica Conti, Marco Eugeni, Paolo Gaudenzi "From the experience of Smart Structures to 

Smart Manufacturing: a general approachfor the realization of a Space Smart Factory" 

10:40   Coffee break 

11:10 
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 c
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Ruihai Xin, Xiongjie Che, Nam Seo Goo "Exploring Challenges on Mechanical Property of 

Additively Manufactured Composite Structures" 

11:30 
Rafael Martin Heeb, Benjamin King Sutton Woods "BIRB Feathers: Biologically inspired 

morphing wing covers" 

11:50 
Emiliano Rustighi, Paolo Gardonio, Mahyar Shamsikolokhi, Sofia Baldini, Davide Raffaele, 

Ciro Malacarne, Matteo Perini "Vibration response of tunable structured fabrics with applications" 

12:10   

 

 

Lunch 

14:00 
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Norman M. Wereley (keynote) "Energy Absorption Strategies for Occupant Protection" 

15:00   Coffee break 

15:30 
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 c
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Patrick Dorin, Kon-Well Wang "Wave-based mechanical computing in a higher-order 

topological metamaterial" 

15:50 

Andrea Esposito, Domenico Tallarico, Moustafa Sayed Ahmed, Marco Miniaci, Shima Shahab, 

and Andrea Bergamini "Impedance matching metasurface inspired by the lateral line organ of 

fishes" 

16:10 
Mohamed Mousa, Mohammadreza Moghaddaszadeh, Amjad Aref, Mostafa Nouh "Mechanical 

Intelligence via Adaptive Reconfigurable Neuromorphic Metasurfaces" 

16:30 
Fei Chen, Bolei Deng, Robert G. Parker, and Pai Wang "Adaptive Inerter-based Metamaterials 

with Hz and sub-Hz Band Gaps" 

16:50 

  

Break 

17:30 Bus transfer (from the venue) 

18:00 GA Aquarium tour 

19:15 Banquet at Arctic Ballroom 

21:30 Bus transfer  

IOC meeting (12:45-13:45) 



WEDNESDAY (May 22) 

8:00 
  

Check in and breakfast  

8:50 Opening/intro 

9:00 

S
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 c
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Wei-Hsin Liao (keynote) "Auxetic structures for energy absorption and harvesting" 

10:00 
Minghao Guo, Bolei Deng "Innovative Shape-Morphing Mechanisms via Mechanical 

Metamaterials" 

10:20 
Nuhaadh Mahid, Mark Schenk, Branislav Titurus, Benjamin Woods "Parametric Study of 

Flexible Fairing Design for Folding Wingtips" 

10:40   Coffee break 

11:10 

S
es
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o
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 c
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Yong Chen, Amin Fereidooni, Rene Laliberte, Viresh Wickramasinghe "Flight Demonstration of 

An Active Seat Mount System for Pilot Whole-Body Vibration Mitigation on NRC Bell-412 

Helicopter" 

11:30 

Boris Lossouarn, Alan Luo, Robin Darleux, Mathieu Aucejo, Kenneth A. Cunefare,  Alper 

Erturk, Jean-François Deü "Vibration Damping Using Analogous Piezoelectric Networks: 10 

Years of Research at Cnam and Georgia Tech" 

11:50 
Jens D. Richardt, Boris Lossouarn, Jan Høgsberg, Jean-François Deü “Experiment-Based 

Calibration of a Digital Piezoelectric Shunt for Vibration Mitigation” 

12:10   Lunch 

13:40 

S
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o
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 c
h
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 Salvatore Ameduri, Angela Brindisi, Antonio Concilio "Preliminary Applications of Acoustic 

Emission Detection Systems on Composite Structures" 

14:00 
Todd Mull, Marcias Martinez "Towards the Development of a Digital Twin Framework for 

Non-Destructive Evaluation of Adhesive Structural Joints" 

14:20 
Ceren Cengiz, Shima Shahab "Tailoring Focused Ultrasound Fields with Acoustic Lenses for 

Complex Heat Patterns" 

14:40 
Jacob H. Brody, Prabhakaran Manogharan, Nathan W. Moore, Alper Erturk "High-Intensity 

Focused Ultrasound for Adhesion Testing and Delamination of Soft Materials" 

15:00   Coffee break 

15:30 
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Moustafa Sayed Ahmed, Shima Shahab "Flexible Frequency Tuning in Ultrasound Power 

Transfer Systems" 

15:50 
Mario Schleyer, Christoph Eberl "Temperature-adaptive damping through metamaterial-based 

control of liquid friction in a Couette flow" 

16:10 
Sai Aditya Raman Kuchibhatla, Michael Leamy "Experimental demonstration of a topological 

insulator-based electroacoustic transistor" 

16:30 
Prabhakaran Manogharan, Alper Erturk "Topological Interface Modes in Triply Periodic 

Minimal Surface and Programmable Piezoelectric Resonant Metamaterials" 

 

  



LIST OF POSTERS 

(May 20, Monday, 16:50)  
 

Jiehao Chen, Herit Patel, Adriane G. Moura, Bohan Wang, Yuhang Hu, Alper 

Erturk "UV-reprogrammable hydrogel for shape morphing metamaterial with 

tunable bandgap" 

C 

Ravi Kiran Bollineni, Moustafa Sayed Ahmed, Reza Mirzaeifar, Shima Shahab 

"Acoustic metamaterials with nacre-like phononic band gaps and mechanical 

qualities" 

C 

Elizabeth Davidson, Trevor Irwin, Todd Mull, Marcias Martinez "Non-Destructive 

Evaluation and Distributed Sensing Monitoring of Double Lap Shear Joints" 
C  

Kevin Dix, Ihab El-Kady, Alper Erturk "Multiphysics Through-Metal Ultrasonic 

Data Transmission Bridging Electromagnetic and Piezoelectric Methods" 
  

Hrishikesh Kulkarni, Ahmed Sallam, Phoenix Lee, David Safranski, Shima Shahab 

"Analysis of shape recovery in 4D-printed ultrasound-responsive polymers" 
C 

Ananya Bhardwaj, Alper Erturk, Karim Sabra "Broadband Piezoelectric Acoustic 

Identification Tag Design and Optimization for Underwater Applications" 
  

Nuhaadh M. Mahid, Mark Schenk, Branislav Titurus, Benjamin K. S. Woods 

"Morphing GATOR Skin Fairings for Folding Wingtip Joints" 
C 

Mihir Pewekar, Moustafa Sayed Ahmed, Shima Shahab "Shear effects in 

holographic acoustic lenses" 
C 

Allen Zhou, Kevin Dix, Prabhakaran Manogharan, Ihab El-Kady, Alper Erturk 

"Design of Multi-Stage Detachable Ultrasonic Power Transfer System and the Effect 

of Self-Heat Generation" 

  

Yuning Zhang, Kon-Well Wang "Embodying Mechano-intelligence in Phononic 

Metastructures via Physical Computing and Learning" 
C 

Moustafa Sayed Ahmed, Shima Shahab "Modifiable Acoustic Lens for Changing 

Target Patterns Spatially" 
  

Tiantian Li, Jonathan Luntz, Diann Brei "Pneumatic Tile-Based Approach for 

Localized, Distributed, Proportional Actuation of Active Origami" 
C 

Christopher Sugino, Joseph Shedleski, Matthew Irving, Eetu Kohtanen, Ihab El-

Kady, Alper Erturk "Dynamic Pressure Inversion Using a Piezoelectric Sensor Array 

and Faulty Sensor Detection" 

  

Derek J. Willis, J. Boomer Perry, Daniel J. Inman "Vibration and Stability of 

Morphing Wing" 
  

Jacob H. Brody, Prabhakaran Manogharan, Nathan W. Moore, Alper Erturk "High-

Intensity Focused Ultrasound for Adhesion Testing and Delamination of Soft 

Materials" 

  

Jiaxin Xi, Ahmed Sallam, David Safranski, Reza Mirzaeifar, Shima Shahab 

"Focused Ultrasound-Actuated Shape Memory Polymers for Biomedical Devices" 
C 

Nadine Fahed, Yang Wang, Lauren Stewart "Joint Input-State Estimation for 

Inelastic Structural Systems Subjected to Extreme Dynamic Input" 
  

Fernando M. Dapino, Samir A. Emam, Daniel J. Inman "On the Dynamic 

Response of a Smart Bistable Plate" 
  

 

C: Student poster competition    
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RESTAURANTS    
Atwoods Pizza Cafe
817 West Peachtree St. NW, A105
404-748-9577
www.atwoodspizzacafe.com

Boho Taco
22 5th St NW, Atlanta, GA 30308
404-500-1356
www.eatboho.com

Buffalo Wild Wings ‘GO’
68 5th St NW, Atlanta, GA 30308
404-905-5010
www.buffalowildwings.com

Cypress Street Pint and Plate 
817 W Peachtree St. NW
404-815-9243
www.cypressatl.com

Georgia Tech John Lewis  
Student Center 
351 Ferst Dr NW, Atlanta, GA 30332

Gyro Bros 
85 5th St. NW, Suite B 
404-892-5707

Insomnia Cookies
930 Spring St. NW
404-649-0167
www.insomniacookies.com

J. Christopher’s
950 W Peachtree St. NW  
www.jchristophers.com

Moe’s Southwest Grill
85 5th St. NW, Suite C 
404-541-9940
www.moes.com

Ray’s New York Pizza
26 5th St. NW
404-888-9911
www.raysnewyorkpizza.com

Rowdy Tiger Whiskey  
Bar & Kitchen
866 W Peachtree St. NW
678-412-2402
www.rowdytigeratlanta.com 

Sankranti Indian Kitchen
85 5th St. NW
404-343-6358
www.sankranti.com

Starbucks @ Georgia Tech 
Bookstore 
48 5th St. NW 
404-894-1858
www.starbucks.com

Subway
85 5th St. NW, Suite D-2
www.subway.com 

Taco Bell 
930 Spring St. NW 
www.tacobell.com

The Collective Food Hall @ 
Coda
756 W Peachtree St NW #225 
www.thecollectivefoodhall.com

Tiff’s Treats
848 Spring St.
404-649-6291
www.cookiedelivery.com 

Tin Drum Asian Kitchen 
88 5th St. NW
404-881-1368
www.tindrumcafe.com

Twisted Kitchen
930 Spring St. NW 
www.twistedkitchen.net

Marlow’s Tavern 
950 West Peachtree St
www.marlowstavern.com

McCray’s Tavern
1163 W Peachtree St NE
Atlanta, GA 30309
404-937-6444
www.mccraystavern.com

Momonoki
95 8th St. NW #100
404-390-3025
www.momonokiatl.com

Pho King
950 W Peachtree St. NW
www.phokingrestaurant.com

PONKO Chicken
915 W Peachtree St. NW, Ste 6
404-975-2316
www.ponkochicken.com

The Varsity
61 North Ave. NW 
404-881-1706
www.thevarsity.com

Waffle House
66 5th St. NW
404-872-0028 
www.wafflehouse.com

Which Wich
915 W Peachtree St. NW
www.whichwich.com

HOSPITAL

Emory University Hospital  
Midtown
550 Peachtree St. NE
404-686-4411
www.emoryhealthcare.org

ATMS/BANKS

Georgia Tech Hotel ATM 
800 Spring St. 
404-347-9440

PNC Bank
75 5th St. NW 
404-897-5688
www.pnc.com

Wells Fargo
645 State St.
www.wellsfargo.com

RETAIL

Amazon@GeorgiaTech
86 5th St. NW 

Barnes & Noble @ 
Georgia Tech Bookstore  
48 5th St. NW
404-894-2515

Caleris Solutions
817 W Peachtree St.
404-876-9667
www.calerissolutions.com

CVS 
842 Peachtree St. NE 
Main: 404-881-1605 
Pharmacy: 404-892-8468  
www.cvs.com

Great Clips 
74 5th St NW 
www.greatclips.com

Publix
The Plaza Midtown 
950 W. Peachtree St. NW 
Main: 404-253-3544
Pharmacy: 404-253-3547 
www.publix.com 

ATTRACTIONS

Atlanta Symphony Hall
1280 Peachtree St. NE
404-733-4800
www.aso.org 

Bobby Dodd Stadium 
Georgia Tech Sports Hall of Fame
150 Bobby Dodd Way
www.ramblinwreck.com 

Centennial Olympic Park
265 Park Ave. West NW
404-223-4412
www.gwcca.org/centennial-olympic-park

College Football 
Hall of Fame 
250 Marietta St. NW 
404-880-4800 
www.cfbhall.com

Ferst Center for the Arts 
349 Ferst Dr.  
404-894-9600
www.arts.gatech.edu

Fox Theatre
660 Peachtree St. NE
855-285-8499
www.foxtheatre.org

Georgia Aquarium
225 Baker St.
404-581-4000 
www.georgiaaquarium.org

High Museum
1280 Peachtree St. NE
404-733-HIGH (4444)
www.high.org

Martin Luther King, Jr. National 
Historical Park
450 Auburn Ave NE
404-331-5190 x5046
www.nps.gov

National Center for Civil and  
Human Rights
100 Ivan Allen Jr. Blvd NW
678-999-8990
www.civilandhumanrights.org

SkyView Atlanta  
Ferris Wheel
168 Luckie St. NW
678-949-9023 
www.skyviewatlanta.com 

State Farm Arena 
1 State Farm Dr, Atlanta, GA 30303 
www.statefarmarena.com

World of Coca-Cola
121 Baker St. NW 
1-800-676-COKE (2653)  
or 404-676-5151
www.worldofcoca-cola.com
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Frequency conversion in a tunable piezoelectric topological 
metamaterial beam 

Luis Pérez M.1, Danilo Beli2, Carlos De Marqui Jr1 
1Department of Aeronautical Engineering, Sao Carlos School of Engineering, University of Sao Paulo, Brazil, 

luisperezm@usp.br, demarqui@sc.usp.br 
2Department of Mechanical Engineering, Eindhoven University of Technology, The Netherlands,  

beli.danilo@gmail.com 

Abstract: In this work, we numerically investigate a tunable piezoelectric metamaterial 
beam that enables frequency conversion of topological modes. The coupled metamaterial 
is a bimorph piezoelectric beam with electrically interconnected unit cells. The unit cell is 
defined as two consecutive pairs of segmented electrode sections that are connected to 
inductive shunt circuits. A secondary chain of capacitors interconnects the resonant shunt 
circuits of the main chain. Manipulating the coupling capacitances of the secondary chain 
while the main resonant chain is tuned to a target frequency leads to the nucleation of trivial 
and non-trivial band gaps, in which a shared interface supports topological modes. Through 
a supercell dispersion analysis and frequency response of a finite beam, we demonstrate 
the presence of interface states in a beam composed of two sub-structures with distinct 
topological properties. Furthermore, we use time integration to illustrate the potential of 
robust frequency up- and down-conversion by changing the frequency of the topological 
interface states due to time-varying inductances.  
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Generalized Non-Reciprocal Dispersion in Non-Local 
Piezoelectric Metamaterials 
Muhammad Bilal Khan1, Christopher Sugino1 

1Department of Mechanical Engineering, Stevens Institute of Technology, 1 Castle Point, Hoboken, NJ 07030, USA 
mkhan42@stevens.edu, csugino@stevens.edu  

Abstract: This talk will present the theoretical and experimental investigation of vibration 
and wave propagation in a class of piezoelectric metamaterials with non-local electrical 
interactions. Conventional piezoelectric metamaterials have effective properties that 
depend on a shunt circuit that acts locally at each unit cell: each shunt circuit supplies 
current to a unit cell in response to that same . These local interactions 
add frequency-dependence to the dispersion of the metamaterial via mechanisms such as 
inductive-capacitive (LC) local resonance and resistive damping. In this work, we show 
that non-local shunt circuit connections between unit cells modify the wavenumber-
dependence  dispersion curves, greatly expanding the possibilities for 
wave manipulation and enabling behaviors that are otherwise unachievable, such as roton-
like dispersion. Furthermore, the use of non-local interaction enables symmetry-breaking 
via unbalanced, directional electrical connections, such that non-reciprocal behavior can 
be created without nonlinearity or time-varying material properties. To explore the full 
design space of non-local piezoelectric metamaterials, we present a general analytical 
model and inverse design methods to calculate the required shunt circuitry for a given set 
of non-reciprocal dispersion curves. An array of voltage-controlled current sources 
provides the non-local connections between unit cells, creating an electrical lattice whose 
dispersion can be made non-Hermitian, non-reciprocal, and drawn to specification via a 
Fourier series expansion. The piezoelectric dispersion curves form from the hybridization 
of elastic and electrical dispersion curves, similar to the case of local resonance, which 
informs the design of the electrical lattice. One- and two-dimensional analytical and 
numerical (finite-element) case studies are given for non-local resistive, inductive, and 
capacitive shunt circuits, which provide insight into the uses of each of these circuits in 
non-local metamaterial systems. We then experimentally demonstrate this approach using 
a piezoelectric bimorph beam with local and non-local circuit interactions, highlighting 
non-reciprocity and the tunability of the dispersion relation of the system.  
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Wave-based mechanical computing in a higher-order 
topological metamaterial  

Patrick Dorin, K.W. Wang 

Department of Mechanical Engineering, University of Michigan, 2350 Hayward St. Ann Arbor, MI, USA, 48109 
pdorin@umich.edu, kwwang@umich.edu 

Abstract: Mechanical metamaterials unlock the capability to manipulate the flow of elastic 
waves in structural systems through the formation of waveguides. Recent advances have 
uncovered the potential of exploiting this useful functionality to achieve wave-based 
mechanical computing. For instance, a growing body of research has focused on the 
exploration of mechanical metamaterials that can emulate Boolean logic by treating elastic 
waves propagating through engineered structures as carriers of information. The outcomes 
from these initial studies are very promising, illustrating how elastic waves can be utilized 
to conduct many of the fundamental Boolean logic operations. However, more research is 
required to create mechanical computing systems with robust operational performance, 
even in the presence of undesired structural defects. Furthermore, an unexplored 
opportunity exists to study mechanical computing in mechanical metamaterials with more 
complex physics, such as topological metamaterials that are inspired by topological phase 
theory from condensed matter physics. To address these research gaps and advance the 
state of the art, this research proposes a 2D topological metamaterial that harnesses higher-
order topological phases and multimodal resonances to achieve robust and multifunctional 
wave-based mechanical computing. The proposed metamaterial is constructed as a 2D thin 
plate with periodically attached resonators that are designed to attain multimodal 
resonances. The resonators are arranged in a configuration that facilities higher-order 
topological phases according to the Su-Schrieffer-Heeger model. Calculation of the band 
structure for the metamaterial reveals four topological bandgaps that align with the 
multimodal resonant modes. A supercell study illuminates gapped 1D topological edge 
states that emerge within each topological bandgap. An eigenfrequency analysis shows 0D 
topological corner states that appear in each of the topological bandgaps and contain 
distinct displacement field attributes. Further investigation illustrates how these corner 
states can be utilized to construct fundamental Boolean logic elements. Multifunctional and 
defect-immune computing operations that are dependent on the frequency and phase 
properties of the input are achieved by taking advantage of the diverse characteristics of 
the topological corner states. The promising outcomes from this investigation open the 
door to future research of higher-order topological metamaterials for wave-based 
mechanical computing. 
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Parametric Study of Flexible Fairing Design for Folding 

Wingtips 

Nuhaadh M. Mahid, Mark Schenk, Branislav Titurus, Benjamin K. S. Woods 

School of Civil, Aerospace and Design Engineering, University of Bristol, Bristol, UK 
nuhaadh. mahid@bristol.ac. uk, m.schenk@bristol.ac. uk, brano.titurus@bristol.ac. uk, ben.k.s.woods@bristol.ac. uk 

Abstract: Folding wingtips enable longer wingspan in flight while shortening the wing to 
fit within the airport gate size. A wingtip that is hinged to the inboard wing at an outward 
angle to the line of flight and free to flap in response to gust provides structural weight 
saving due to reduced peak loads. A flexible fairing is required around the hinged joint to 
provide a smooth aerodynamic surface as the wingtip is movable in flight. This fairing 
must be flexible in the direction across the hinge to allow folding of the wingtip but stiff in 
the out-of-plane direction to carry pressure loads. This paper investigates a morphing 
fairing concept incorporating three key design features to achieve these objectives for the 
fairing. Firstly, a central rib pivoted and co-located with the folding hinge is used to support 
the fairing. This architecture reduces the torsional stiffness compared to a rigid rib and 
avoids contact between the hinge and the fairing as the wingtip folds. Secondly, floating 
ribs supporting the fairing are used to minimise the localised warping of the fairing, but 
this comes at the cost of increased torsional stiffness. However, this penalty on the torsional 
stiffness can be reduced by increasing the flexibility of the fairing in the morphing 

direction. Thirdly, a sandwich panel with a cellular core and flexible facesheets is used as 
the fairing. The cellular core consists of parallel ribs with chevrons in between them. This 
configuration provides high flexibility in the direction across the ribs as the chevrons 
predominantly deform in bending instead of axial stretching. The ribs provide high stiffness 
in the direction along the rib, thereby achieving near zero Poisson's ratio. The panels are 
oriented with the ribs of the panel parallel to the hinge. These three design features together 
provide a flexible fairing for the folding wingtip joint. The design variables can be further 
tuned to reduce torsional stiffness and panel warping as the wingtip folds. This paper 
discusses the design features of the fairing and presents a parametric study of the design 
space. The results show the solution space of torsional stiffness and panel warping, 
achievable within the constraints of the design variables. These results help assess the 
benefits and drawbacks of flexible fairing for a commercial aircraft with hinged wingtips. 
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Experiment-Based Calibration of a Digital Piezoelectric 
Shunt for Vibration Mitigation 

Jens D. Richardt1, Boris Lossouarn2, Jan Høgsberg1, Jean-François Deü2 

1Department of Civil and Mechanical Engineering, Technical University of Denmark, Kongens Lyngby, Denmark, 
jdari@dtu.dk, jahog@dtu.dk 

2Laboratoire de Mécanique des Structures et des Systèmes Couplés, Conservatoire national des arts et 
métiers, Paris, France,  

boris.lossouarn@lecnam.net, jean-francois.deu@lecnam.net 

Abstract: Piezoelectric shunts can be used efficiently for vibration mitigation of flexible 
structures when the electrical impedance is designed correctly and precisely tuned to 
enhance the overall damping performance. The electrical impedance can be composed of 
physical electrical components such as resistances, inductors, and capacitors. 
Alternatively, the electrical impedance can be synthesized using a digital control unit, often 
referred to as a digital piezoelectric shunt. In the present study, such a digital piezoelectric 
shunt is attached and calibrated to damp vibrations of a single mode of a composite blade. 
The calibration of the impedance requires knowledge of structural parameters in terms of 
the natural frequency, modal capacitance, and electromechanical coupling factor. When a 
detailed numerical model is not available, these parameters need to be determined 
experimentally. In this study, it is demonstrated that the required structural parameters can 
be obtained experimentally from measurements of the dynamic capacitance of the 
piezoelectric transducer. Furthermore, it is shown that the measurement of the dynamic 
capacitance can be done directly with the digital shunt by applying a current and measuring 
the voltage across the piezoelectric patch. Thereby, the use of additional sensors is not 
required for the calibration of the shunt. Removing this requirement can reduce the cost of 
implementation of digital shunts and allows for re-tuning to account for changes in 
structural parameters in operation, e.g. due to temperature changes or changes in the 
structural parameters during the lifespan of the structure. Yet, in contrast to a passive shunt 
with physical components, a digital shunt requires external power and is not inherently 
stable. A more robust shunt with the same benefits as the digital shunt can potentially be 
obtained by combining the digital control unit with physical components.  Such a hybrid 
shunt with adaptive capability can reduce the power demand and secure a minimum 
functionality in case of loss of power.  
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Preliminary Applications of Acoustic Emission Detection 

Systems on Composite Structures 

Salvatore Ameduri1, Angela Brindisi1, Antonio Concilio1 

1Adaprtive Structures Dept, the Italian Aerospace Research Centre, via Maiorise, Capua, Italia 

s.ameduri@cira.it; a.brindisi@cira.it; a.concilio@cira.it 

Abstract: Acoustic Emission (AE) is finding new attention from the scientific and 

technological community for a number of applications that needs a prompt identification 

of the health status of a certain structure. For instance, they allow getting info on the 

released energy after a crack event, making it possible to extrapolate indications on its 

residual life, and support other SHM systems to easily identify maps of the existing, current 

damage. Such potentialities are particularly interesting for critical structures, like the 

hydrogen tanks, recently identified as a novel component on-board of commercial aircraft, 

following the Greening wave that is investing all the means of transport, and even the all-

day life. In this perspective, the widely used piezoelectric ceramics, excellent for their very 

large bandwidth, are hard to be used for the possibility of spark insurgence after being 

exposed to strain fields. In this view, optical sensors could be a viable mean for overcoming 

those limitations. Within the H2ELIOS*, a EU Clean Aviation Project, CIRA is starting to 

develop its own expertise, with the support of all the Consortium, to deploy a suitable AE 

sensor network for SHM monitoring purposes. In this activity, preliminary results are 

shown, mainly dealing with the characterization of typical crack signals by a common PZT 

sensor networks for individuating its main features, in view of replacing it with an optical 

acoustic system. Different coupons have been tested on a standard mechanical rig. At first, 

a simple growing damage was imposed and the strain history was recorded and post 

processed in details, highlighting some peculiar properties of the acquired signal. In a 

second case, the signals were detected at the event insurgence, irrespectively of the 

magnitude and variability of the quasi-static load therein applied, in the perspective of a 

full real-time application. A correlation analysis was then performed among the successive 

acquisitions, and some preliminary conclusions were drafted. 

*Acknowledgment: The project H2ELIOS is supported by the Clean Aviation Joint 

Undertaking and its members. Funded by the European Union. However, views and 

opinions expressed are those of the author(s) only and do not necessarily reflect those of 

the European Union or Clean Aviation Joint Undertaking. Neither the European Union nor 

the granting authority can be held responsible for them. 
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UV-reprogrammable hydrogel for shape morphing 
metamaterial with tunable bandgap 

Jiehao Chen1, Herit Patel1, Adriane G. Moura1, Bohan Wang1, Yuhang Hu1,2, Alper Erturk1 
1Mechanical Engineering Department, Georgia Institute of Technology 

801 Ferst Dr, Atlanta, GA, U.S. 
jchen645@gatech.edu, hpatel333@gatech.edu, agmoura@gatech.edu, yhu462@gatech.edu, 

alper.erturk@me.gatech.edu 
2Chemical and Biomolecular Engineering Department, Georgia Institute of Technology 

311 Ferst Dr NW. Atlanta, GA, U.S.  

Abstract: Nature creatures constantly evolving shapes and properties to realize various 
functions and become adaptive to the changing environment. In the past several decades, 
intensive efforts have been made to develop materials with tunable properties. Among 
those, hydrogels because of their good biocompatibility, large deformation, versatile 
stimuli-responsiveness, have attracted significant attention among researchers in many 
engineering fields. Furthermore, hydrogels exhibit less internal damping compared to 
commonly used soft materials and have close-to-water impedance. It is considered a good 
candidate for shape morphable metamaterials which offers potential for structural 
dynamics and wave propagation applications. 

Traditional shape morphing hydrogels rely on structural implementation of inhomogeneity 
inside the material during fabrication to realize predetermined complex shape changes 
upon stimuli activation. Although intriguing, most of these strategies can only realize one 
predetermined configurational change, which is pre-set during fabrication and not 
reprogrammable. Recent advancements have introduced systems with rewritable shape-
morphing capabilities, including electrothermal, photothermal, and reversible ion-printing 
gels. Photochemical hydrogels offer superior spatial and temporal control, yet their 
photoactivation is often coupled with deformation, complicating complex 3D morphing. 
To address this, a novel approach utilizing photo-ionizable molecules in hydrogels is 
proposed. By incorporating two photocleavable molecules that react upon light activation, 
a reactive ion couple is formed within the gel. This reaction not only locks the molecules 
in their activated states but also drives the reversible photochemical reaction, decoupling 
the photopatterning process from morphing. 

This research then explores bandgap formation in such hydrogel-based programmable 
periodic structures and also studies the effects of parameters such as photo-sensitive group 
concentration and unit length ratio onto the width and center frequency of the bandgaps. 
For cantilevered hydrogel-based periodic structures, experimental results are validated 
using finite element and diatomic chain model (represents the simplest type of periodic 
systems). Both experiments and models conclude that increase in the concentration of the 
photo-sensitive group increases bandgap width and attenuation while reducing its center 
frequency whereas, an increase in unit cell length ratio reduces both the bandgap width and 
center frequency. 
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Multiphysics Through-Metal Ultrasonic Data Transmission 
Bridging Electromagnetic and Piezoelectric Methods 

Kevin Dix1, Ihab El-Kady2, Alper Erturk1 
1Department, Georgia Institute of Technology, Atlanta GA, USA, 

kdix7@gatech.edu, alper.erturk@me.gatech.edu 
2Sandia National Laboratories, Albuquerque NM, USA,  

ielkady@sandia.gov 

Abstract: For systems requiring a complete metallic enclosure for isolation from 
electromagnetic interference, it has been shown in literature that pairs of piezoelectric 
transducers can be utilized to form an ultrasonic channel through such a barrier capable of 
transmitting data. Prior work has utilized direct electrical stimulus of the piezoelectric 
transducers. In many applications, however, wireless communication to such a system is 
desirable. Coupling a traditional antenna to such an ultrasonic channel presents several 
challenges. Material damping within the ultrasonic channel limits the operating frequency 
to below about 50MHz. Efficient antennae must be near a quarter wavelength which are 
impractically large in this efficiency regime. Instead, subwavelength antenna must be used. 
These kinds of antenna have fundamental efficiency limits based on their size and have 
port impedances that are difficult to match to receiver impedances. Recently, there has been 
much interest in the literature regarding mechanically actuated antenna. These antennae 
utilize mechanical resonances rather than electrical ones to accelerate charges to produce 
electromagnetic radiation. The current literature suggests that for small antenna these 
mechanically actuated antenna perform orders of magnitude better than their traditional 
counterparts. This work presents an optimization study of traditional antenna and piezo-
barrier parameters to ascertain a baseline for expected system performance to be used as a 
point of comparison for future work. This study utilizes analytical models for the 
performance of a small magnetic loop antenna and the transfer matrix parameters for piezo-
barrier of PZT-4 and aluminum. Antenna and piezo-barrier models are validated 
experimentally using vector network analyzer measurements. Good agreement is found 
between the theory and experiment for both the measured impedance and network 
properties as well as expected system performance. Demonstration of the fully constructed 
system is also presented showcasing both line of sight range measurements and the ability 
to receive commercial AM radio broadcasts. 
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Embodying Mechano-intelligence in Phononic 
Metastructures via Physical Computing and Learning 

Yuning Zhang1, Kon-Well Wang1 
1Department of Mechanical Engineering, University of Michigan, Ann Arbor, USA 

yuningz@umich.edu, kwwang@umich.edu 

Abstract: The rapid advances in technologies have demanded the next generation of 
adaptive structural and material systems to perceive and learn from their working 
conditions, decide the appropriate actions, and execute real-time commands autonomously 
and efficiently. Such a need for highly integrated intelligence requires us to dramatically 
advance from conventional add-on electronics-based computing, sensing, control, and 
actuating platforms, by exploring the emerging mechano-intelligence. Although studies 
have attempted to embed intelligence directly in the design of mechanical systems, there is 
still a lack of a systematic foundation for constructing and integrating the different aspects 
of intelligence, namely perception, learning, decision making, and execution. In this study, 
we lay down this broad foundation by utilizing the promising physical computation and 
learning concept. Especially to advance from mere physical computing to multifunctional 
mechano-intelligence by achieving and integrating the essential functions in the 
mechanical domain, forming the basis for multi-faceted functional-relevant intelligence 
embedded in future adaptive structural systems. As an exemplar platform, we construct a 
mechanically intelligent phononic metastructure to achieve intelligent wave functionality 
adaptation by harnessing a physical reservoir computing framework. That is, by employing 
the computing power hidden in the wave dynamics of a phononic metastructure as a 
physical-body-based analog neural network, we embed and integrate the various key 
elements of intelligence in the mechanical domain of the metastructure such as learning 
from sensory processing, perceiving input features, making decisions, and commanding 
actions to actuator. Through analyses and experimental investigations, we uncover multiple 
adaptive structural functions by training our system to intelligently tune itself according to 
different working conditions ranging from self-tuning wave propagation controls to wave-
based logic gates. Overall, this research will provide the basis for creating future new 
structures that would greatly surpass the state of the art  such as lower power 
consumption, more direct interactions, and much better survivability in harsh environment 
or under cyberattacks. Moreover, it will enable the addition of new functions and autonomy 
to systems without overburdening the onboard computers. 















ICAST 2024: The 33rd International Conference on Adaptive Structures and Technologies 
May 20-22, 2024, Atlanta, Georgia, USA 

Joint Input-State Estimation for Inelastic Structural Systems 
Subjected to Extreme Dynamic Input 

Nadine Fahed1, Yang Wang1,2, Lauren Stewart1 
1School of Civil and Environmental Eng., Georgia Inst. of Technology, Atlanta, GA, 
2 School of Electrical and Computer Eng., Georgia Inst. of Technology, Atlanta, GA, 

fahed.nadine@gatech.edu, yang.wang@ce.gatech.edu, lauren.stewart@ce.gatech.edu 
 

Abstract: This work outlines a robust approach for online joint input-state estimation 
tailored for inelastic multiaxial structural systems subjected to extreme dynamic inputs. 
Towards that goal, a novel nonlinear estimator is designed through the conjunction of the 
Extended Kalman Filter (EKF) and the Finite Input Covariance with Input Updating 
(FICIU) estimator, to yield the extended-FICIU (eFICIU) estimator. The resulting eFICIU 
estimator incorporates an online input updating routine, enabling recursive updates of the 
input covariance matrix, and reducing the reliance on the input statistics that are unknown 
a-priori. Furthermore, to accurately model the system dynamics in the presence of 
hysteresis or plastic deformation, a suitable constitutive model is carefully selected and 
modified. The chosen constitutive model integrates additional degrees of freedom to 
represent the hysteretic deformation and model the inelasticity at the macro-level. The 
nonlinear behavior of the aforementioned hysteretic degrees of freedom is modeled using 
a first order evolution equation, conducive for an estimation framework. Specifically, the 
chosen constitutive model is simplified to reduce the number of unknown degrees of 
freedom and enhance computational efficiency. This simplified constitutive hysteretic 
beam model is then integrated into the proposed eFICIU estimator using a finite element 
framework. The efficacy of the approach is demonstrated through numerical simulations 
of a fixed-fixed beam subjected to an unknown impact at its midspan. The estimation 
results highlight the eFICIU estimator’s capability to provide robust estimates of both input 
and state variables in the presence of nonlinear structural behavior. Finally, to facilitate 
experimental validation of the proposed system identification approach, a comprehensive 
laboratory test setup is devised, and preliminary tests are conducted. An array of sensors is 
instrumented to maximize data collection and explore the minimum sensor requirements 
for optimal results in the case of material inelasticity. A description of the experimental 
setup, instrumentation employed, and preliminary experimental data are presented, 
together with the plan to validate the proposed eFICIU estimator with the experimental 
data. 

 




	abstracts_cover.pdf
	Abstract Book.pdf
	Keynotes
	Ermanni.pdf
	Brei.pdf
	Wereley.pdf
	Liao.pdf

	Presentations
	1. Woods.pdf
	2. Keimer.pdf
	3. Lesieutre.pdf
	4. Saravanos.pdf
	5. Gardonio.pdf
	6. Lin.pdf
	7. De Marqui Jr.pdf
	8. Sugino.pdf
	9. Borden.pdf
	10. Kim.pdf
	11. Conti.pdf
	12. Goo.pdf
	13. Heeb.pdf
	14. Rustighi.pdf
	15. Dorin.pdf
	16. Bergamini.pdf
	17. Nouh.pdf
	18. Wang.pdf
	19. Deng.pdf
	20. Mahid.pdf
	21. Chen.pdf
	22. Lossouarn.pdf
	23. Hogsberg.pdf
	24. Concilio.pdf
	25. Martinez.pdf
	26. Cengiz.pdf
	27. Brody.pdf
	28. Moustafa.pdf
	29. Schleyer.pdf
	30. Kuchibhatla.pdf
	31. Manogharan.pdf

	Posters
	1. Chen.pdf
	2. Bollineni.pdf
	3. Davidson.pdf
	4. Dix.pdf
	5. Kulkarni.pdf
	6. Bhardwaj.pdf
	7. Mahid.pdf
	8. Pewekar.pdf
	9. Dix.pdf
	10. Zhang.pdf
	11. Ahmed.pdf
	12. Li.pdf
	13. Shedleski.pdf
	14. Willis.pdf
	15. Brody.pdf
	16. Xi.pdf
	17. Fahed.pdf
	18. Dapino.pdf






