Bioinspired and biologically derived actuators and sensors 
Our vision is to create new hybrid systems that combine mechanical, electrical, chemical, and biological systems.  These new classes of systems will enable us to better understand how systems work and translate, and to create more effective and efficient sensors, actuators, and systems.  These systems will take advantage of the best of both engineered and natural technologies to create multifunctional, resource efficient solutions to modern scientific and technological problems. 

Broader context:

These systems are expected to lead to major advances in science and technology of relevance to national defense, domestic security, medical diagnosis and therapy, understanding of physical and biological processes.  The systems are expected to inherit properties of robustness and efficiency from the component wetware and hardware technologies. 

Scientific and engineering disciplines need to communicate better across fields and educate students in a multidisciplinary framework.  This is not possible without new models of education and integration of disciplines and new mechanisms of institutional support for these efforts. 
Transformative nature: 

There are distinct advantages of different engineered and natural technologies, and it is important to understand the opportunities and challenges and how best to combine them in order to achieve robust, efficient realizations for a specific application.  In some cases the best component solution is artificial, in other cases natural, and we need tools to be able to seamlessly integrate disparate technologies together into functional systems. These systems must inherently employ dense, information-rich interfaces between the engineered and natural components in order to realize this goal.  

Some prototypes of these sorts of systems exist, but have not been the focus of major scientific inquiry as yet.  This research will be able to create seamless interfaces for hybrid systems that combine the best of both engineered and biological materials in order to create better, robust, efficient systems that can employ the best technologies and components.   

Expected impact:  

The tools and technologies are expected to transform the way in which we live and carry out many functions of our society – examples of specific impacts include: tools and systems that use biological systems in a synthetic context (e.g., transport at the nanoscale, both horizontally and vertically; gliding filament transport) or synthetic components in a biological context (artificial cells or organelles, artificial muscles); biomedical diagnostic and therapeutics, point-of-care diagnostics, personalized medicine; scientific tools for understanding biological systems; handheld sensors for biochemical detection; efficient and low-resource-intensive systems for specific applications.

Multi/interdisciplinary nature: 

This challenge requires understanding and integration of highly complex multiphysics systems, with associated requirements for modeling, simulation, and design capabilities, and requires expertise from all of the domains and disciplines involved (MPS, CISE, ENG, BIO). The research problems pose significant challenges both within the distinct disciplines and bridging the disciplines. 
Basic research problems: 

MPS: Investigation of multiphysics phenomena in nano/micro sensors/actuators, multiscale modeling of complex physical phenomena at many levels. Development and extension of data assimilation techniques to handle non-Gaussian errors and nonstationary nonlinear systems. Model reduction according to the sensor/actuator error levels.

CISE: Modeling and simulation of systems and networks, developing communications and simulation paradigms, and understanding of complex dynamic interactions between natural/engineered components.

ENG: Micro/nanofabrication tools, interaction and communication frameworks/protocols, robust design capability for hybrid systems, design and realization of packaging and interfaces

BIO: Systems are either inspired by or directly include biological components, requires understanding and adapting biological solutions and components to new applications in an engineering context, understanding of which spatial and temporal aspects of information are relevant in a behavioral context. 

