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	 Project Description: Physical and mental readiness is critical for human beings to carry out very important missions. For example, many warfighters are deployed in different parts of the world on short notice. Due to the needs of quickly adapting to changing situations, facing extreme weather or terrain conditions, and performing demanding tasks, they have to be physically ready to complete their mission tasks. The traditional physical readiness training procedures rely heavily on routine coach instructions with self-report qualitative assessment. The training performance and quality vary significantly across different individuals during the course of training process. A personalized-biofeedback-based physical training procedure is promising to make accurate psychophysiological assessments and maximize training performance for each individual trainee effectively in a limited period of time for training. However, due to limitations of current sensor techniques during extreme body movements (e.g., those that accompany strenuous exercise) and a lack of efficient signal processing & data fusion tools for heavily movement-artifacted sensor signals, psychophysiology and biofeedback is still conceptual and largely restricted to laboratory settings. It is still extremely challenging to identify physical and mental conditions accurately and achieve effective biofeedback interventions in various physical training procedures. This project is targeting to bridge this gap to investigate and develop a reliable biofeedback-based physical training platform, including movement-resistant body sensor techniques and associated data analytics tools that suitable to physical training settings. We will investigate the complex signal components induced by dynamic physical activities and provide a set of signal processing and analytical methods to accurately assess physical and mental conditions of an individual trainee. Based on such assessments, optimized training instructions will be possible for each individual. The proposed system is an automated training aide platform. Trainees will be able to follow the automatically generated instruction with minimal “trainer” intervention. It is expected to improve training efficacy as the algorithms are designed based on physiological responses to exercise and environmental challenge. Compared to the current pre-designed training processes, the proposed system will make significant impacts on training program to build warfighter’s physical resilience.

	 Experimental plan:  A trainee will wear the devices before the exercise begins. The trainee shall download an updated program from a cloud-computing unit that analyzes the training performance based on his/her previous training records. Then, the devices scan the sensors to check the body’s physiological condition (i.e., heart rate, skin temperature, internal temperature) and will then to generate instructions for the trainee to follow (e.g., as target intensity). Trainees will receive audio instruction as notifications as training progresses. 

	Related work elsewhere: Biofeedback-based approaches have become popular to accelerate learning and enhance human performance in different fields. While for physical training field, it is still a underdeveloped area. Most recently, there are some studies on smart personalized physical trainer systems. Some commercial products are available on market now based on wearable sensory techniques and smart phone apps. The related works include Smart Coach from Runner's World, the LifeBeam Vi, Moov Intelligent Personal trainer. 

	 How this project is different: Although biofeedback is promising to make accurate psychophysiological assessments and maximize training performance for each individual trainee effectively in a limited period of time for training. However, due to limitations of current sensor techniques during extreme body movements (e.g., those that accompany strenuous exercise) and a lack of efficient signal processing & data fusion tools for heavily movement-artifacted sensor signals, psychophysiology and biofeedback is still conceptual and largely restricted to laboratory settings. It is still extremely challenging to identify physical and mental conditions accurately and achieve effective biofeedback interventions in various physical training procedures. This project is targeting to bridge this gap to investigate and develop a reliable biofeedback-based physical training platform, including movement-resistant body sensor techniques and associated data analytics tools that suitable to physical training settings. Another novel part of this proposed project is to combine regular physiological signals with brainwave signals to identify a trainee’s physical and mental status for biofeedback of physical training. 

	Milestones for the current proposed year: This project will be collaborative with kinesiology department on experimental design and data collection. In the current year, we will develop an integrated wearable sensor system that collects human physiological signals and brainwave signals during physical training activities. We will also develop new real-time signal processing and data analytics techniques for heavily movement-artefacted brainwave signals to identify mental status during physical training processes.

	Deliverables for the current proposed year: We will establish an experimental lab setup to test different designs of wearable sensor systems and biofeedback methods to improve physical training performance. We will also deliver new signal processing methods for heavily artefacted physiological and brainwave signals.  

	 How the project may be transformative and/or benefit society: This project will ultimately lead to an innovative personal optimal-performance training platform for various physical training and physical therapy processes using integrated physical and mental condition-based biofeedback. The developed system can also be transformative to broad applications to improve human learning and training performance using both physiological and brainwave feedback signals. 

	 Research areas of expertise needed for project success: This project need expertise on physical training knowledge and exercise physiology. Such expertise will be used for experiment protocol design for exercise and physical training, recruit and screen participants, and evaluate and assess physiological signals and related physical/mental conditions of participants during physical training settings. 
The project needs expertise wearable sensor development, which is critical to develop the movement-resistant wearable sensor networks that are applicable in physical training settings. 
The project also needs expertise on signal processing and data sciences, which will be important to investigate and develop effective signal processing techniques for heavily movement-artifated sensor signals and data analytics and fusion techniques for physical and mental condition assessment.


	Potential Member Company Benefits: The personalized optimal-performance training platform to improve human learning and training performance has a huge market potential in the following years. 

	Progress to Date:  In the current stage, we have form an interdisciplinary team of three PIs, from IMSE Department, Kinesiology Department, and UTARI. Dr. Wang is data scientist and computer engineer, Dr. David Keller is an expert on cardiovascular, environmental and exercise physiology, and Dr. Shin is an expert in robotics and sensor development. A draft experimental design and participant recruitment plan has been made at the lab at kinesiology department.  

	Estimated Start Date: August 2017
	Estimated Knowledge Transfer Date: July 2018


The Executive Summary is used by corporate stakeholders in evaluating the value of their leveraged investment in the center and its projects.  It also enables stakeholders to discuss and decide on the projects that provide value to their respective organizations. Ideally, the tool is completed and shared in advance of IAB meetings to help enable rational decision making. 
