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Newsletter Vol. 6 September 2016 Research in the Mechatronics and Haptic Interfaces (MAHI) Laboratory mahilab.rice.edu



Professor Marcia K. O'Malley (Department of Mechanical Engineering, Rice University) Design and Development of a Cybernetic Exoskeleton For Hand-Wrist Rehabilitation Robotic devices are excellent candidates for delivering repetitive and intensive practice that can restore functional use of the upper limbs, even years after a stroke. Rehabilitation of the wrist and hand in particular are critical for recovery of function, since hands are the primary interface with the world. However, robotic devices that focus on hand rehabilitation are limited due to excessive cost, complexity, or limited functionality. A design and control strategy for such devices that bridges this gap is critical. The goals of the research effort are to analyze the properties and role of passive dynamics, defined by joint stiffness and damping, in the human hand and wrist during grasping and manipulation, and then mimic such properties in a wrist-hand exoskeleton for stroke rehabilitation. The project will culminate with device testing in collaboration with rehabilitation clinicians. (in collaboration with Ashish Deshpande, UT-Austin)



Dr. Marcia O'Malley is currently a Professor in the Department of Mechanical Engineering at Rice University. Dr. O'Malley received her B.S. from Purdue University and M.S. and Ph.D. from Vanderbilt University. Dr. O'Malley is a Fellow of the American Society of Mechanical Engineers and Senior Member of the Institute of Electrical and Electronics Engineers. She is a co-founder of Houston Medical Robotics, holds a joint appointment in Computer Science at Rice, and is an Adjunct Associate Professor in the Departments of Physical Medicine and Rehabilitation at both Baylor College of Medicine and the University of Texas Medical School at Houston. At Rice, her research interests focus on the issues that arise when humans physically interact with robotic systems. One thrust of her lab is the design of haptic feedback and shared control between robotic devices and their human users for training and rehabilitation in virtual environments. Psychophysical studies provide insight into the effect of haptic cues on human motor adaptation, skill acquisition, and the restoration of motor coordination. She has also explored the use of haptic devices for teaching the fundamentals of dynamic systems and control in the mechanical engineering curriculum. In 2008, she received the George R. Brown Award for Superior Teaching at Rice University. O’Malley is a 2004 Office of Naval Research Young Investigator and the recipient of the NSF CAREER Award in 2005. She received the Best Paper Award at the 2011 IEEE World Haptics Conference in Istanbul, Turkey, and the Best Robotics Paper Award at the 2013 ASME Dynamic Systems and Controls Conference. She is the former chair of the IEEE Technical Committee on Haptics and was on the founding editorial board for the IEEE Transactions on Haptics. She also served on the editorial board of the ASME/IEEE Transactions on Mechatronics. She currently serves as an Associate Editor for the ASME Journal of Mechanisms and Robotics.



domain techniques have been proposed which yield effective SEA torque and impedance control; however, these methods are accompanied by undesirable stability constraints.



The RiceWrist-S has been redesigned to allow easier interfacing with the user, quick swapping between R and L sides, and improved ROM and torque output.



A Time Domain Approach to Control of Series Elastic Actuators Robots are increasingly designed to physically interact with humans in unstructured environments, and as such must operate both accurately and safely. Leveraging compliant actuation, typically in the form of series elastic actuators (SEAs), can guarantee this required level of safety. To date, a number of frequency



Schematic of an SEA within an interaction control hierarchy. We propose using time domain functions, such as parameter adaption and interaction energy, to address both SEA torque or force control and the passivity of SEA impedance control. [1]



In this research, we instead focus on a time domain approach to the control of SEAs, and adapt two existing control techniques for SEA platforms. First, a
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Newsletter Vol. 6 September 2016 model reference adaptive controller is developed which requires no prior knowledge of system parameters and can specify desired closed-loop torque characteristics. Second, the time domain passivity approach is modified to control desired impedances in a manner that temporarily allows the SEA to passively render impedances greater than the actuator's intrinsic stiffness. This approach also provides conditions for passivity when augmenting any stable SEA torque controller with an arbitrary impedance. The resultant techniques are experimentally validated on a custom prototype SEA. Guiding with touch: Haptic cueing of surgical techniques on virtual and robotic platforms Co-robots in the endovascular surgical domain can take several forms, from a virtual reality (VR) simulator that mimics patient-specific procedures, enabling high-fidelity procedural rehearsal, to telesurgical systems that are used to navigate flexible robotic tools to anatomical locations. Such systems require significant skill to use, and in turn a rigorous training protocol before certification to operate with the robot is granted. To date, training protocols rely on practice and subjective feedback by a skilled observer, and acquisition of skill on these systems can be inefficient. Furthermore, there is a lack of objective metrics of skill acquisition.



simulated and robotic endovascular surgical tasks. We evaluate the benefit of providing specific performance feedback that highlights task strategies in the motion space, and the effect of providing such directed feedback on learning and retention of the task. BMI Control of a Therapeutic Exoskeleton This research aims to accelerate the development, efficacy and use of robotic rehabilitation after stroke by capitalizing on the benefits of patient intent and realtime assessment of impairment. Validation will occur using the MAHI EXO-II exoskeleton robot at The Institute for Rehabilitation and Research (TIRR) in Houston, Texas. Robotic rehabilitation is an effective platform for sensorimotor training in stroke patients.



Non-invasive brain-machine interfaces (such as EEG, pictured) are interfaced with robotics devices (MAHI Exo-II exoskeleton for upper limb rehabilitation) to detect movement intent in individuals with chronic stroke and promote neural plasticity and recovery. [3]



Approach for identifying motion-based performance metrics of endovascular skills. (Left) Subject performing endovascular task. (Center) Experimental platforms (and fluoroscopic images). (Right) Representative speed trajectory of catheter tip during task execution. Correlations are used to relate the measured motion data to observation-based assessments; then, ability group differences are determined. [2]



In this work, we investigate the transformation of motion-based performance metrics to haptic representations to a trainee and the potential role of this feedback modality during performance and training for



A robotic device enables accurate positioning of the impaired limb while simultaneously providing assistance & resistance forces and collection of motion data that can be used to characterize the quality of the patient's movements. The MAHI EXO-II, a physical human-robot interface, will be augmented with a noninvasive brain-machine interface (BMI) to include the patient in the control loop, thereby making the therapy 'active' and engaging patients across a broad spectrum of impairment severity in the rehabilitation tasks. This approach capitalizes on the known benefits of patient intent in movement initiation observed in other clinical studies of robotic rehabilitation and on the beneficial effects of BMI use on cortical plasticity. Robotic measures of motor impairment, derived from real-time data acquired from sensors on the MAHI EXO-II and from the BMI, will drive patient-specific
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Newsletter Vol. 6 September 2016 therapy sessions adapted to the capabilities of the individual, with the robot providing assistance or challenging the participant as appropriate, in order to maximize rehabilitation outcomes. Assist-as-needed paradigms in robotic rehabilitation have been shown to be efficacious; however, such paradigms are passive and driven by performance metrics that have not been sufficiently validated and verified. Additionally, intense practice and continual 'challenge' during therapy is known to improve rehabilitation outcomes. References 1. D.P. Losey, A. Erwin, C.G. McDonald, F. Sergi, and M.K. O’Malley (2016) Adaptive Torque and Passivity-Based Impedance Control for Series Elastic Actuators: A Time Domain Approach, IEEE/ASME Trans. on Mechatronics, 21(4): 2085-2096. 2. S. Estrada, C. Duran, D. Schulz, J. Bismuth, M.D. Byrne, and M.K. O’Malley (2016) Smoothness of surgical tool tip motion correlates to skill in endovascular tasks, IEEE Transactions on HumanMachine Systems, 46(5): 647-659. 3. N.A. Bhagat, A. Venkatakrishnan, B. Abibullaev, E.J. Artz, N. Yozbatiran, A.A. Blank, J. French, C. Karmonik, R.G. Grossman, M.K. O’Malley, G.E. Francisco, and J.L. Contreras-Vidal (2016) Design and optimization of an EEG-based brain machine interface (BMI) to an upper-limb exoskeleton for stroke survivors, Frontiers in Neuroscience, section on Neuroprosthetics, Vol. 10.



BSHC News Book Publication: Jun Ueda and Yuichi Kurita, Human Modeling for Bio-Inspired Robotics, ISBN 9780128031377, Academic Press, Elsevier, September 2016. [Link] Multiple members of the ASME BSHC TC have contributed to the book edited by Drs. Ueda and Kurita. Award/Grant: Dr. Marcia O'Malley has received an NSF National Robotics Initiative grant, for the project "NRI: Guiding with Touch: Haptic Cueing of Surgical Techniques on Virtual and Robotic Platforms". [Link 1], [Link 2]



BSHC Publications 1. AK LaPrè, BR Umberger, FC Sup IV. A Robotic Ankle–Foot Prosthesis With Active Alignment. ASME. J. Med. Devices. 2016;10(2):025001-025001-9. doi:10.1115/1.4032866. 2. R. Bighamian, A.T. Reisner, J.O. Hahn, “A Lumped-Parameter Subject-Specific Model of Blood Volume Re-sponse to Fluid Infusion,” Frontiers in Physiology, Vol. 7, Article 390 doi: 10.3389/fphys.2016.00390. 3. C.S. Kim, S.L. Ober, M.S. McMurtry, B.A. Finegan, O.T. Inan, R. Mukkamala, J.O. Hahn, “Ballistovardiogram: Mechanism and Potential for Unobtrusive Cardiovascular Health Monitoring,” Scientific Reports, Vol. 6, Article 31297 doi: 10.1038/srep31297. 4. J. Liu, H.M. Chang, C.H. Chen, S.H. Sung, M. Moslehpour, J.O. Hahn, R. Mukkamala, “PatientSpecific Oscillometric Blood Pressure Measurement,” IEEE Transactions on Biomedical Engineering, Vol. 63, No. 6, pp. 1220-1228, June 2016 [Featured Article 06/2016]. 5. Rohan Katoch, Yoshinori Yamakawa, Jun Ueda and Hiroshi Honda , “Design and Analysis of an Articulated Single-Port Laparoscopic Surgical Device,” ASME Journal of Medical Devices, 10(3), August 1, 2016 (Technical Brief: reprint of the paper presented at 2016 ASME Design of Medical Devices, in Minnesota) [Link] 6. Yuichi Kurita, Yamato Sueda, Minoru Hattori, Hiroyuki Sawada, Hiroyuki Egi, Hideki Ohdan, Jun Ueda, and Toshio Tsuji, Surgical Grasping Forceps With Enhanced Sensorimotor Capability via the Stochastic Resonance Effect, IEEE/ASME Transactions on Mechatronics, accepted (June 2016). 7. Melih Turkseven and Jun Ueda, An Asymptotically Stable Pressure Observer Based on Load and Displacement Sensing for Pneumatic Actuators with Long Transmission Lines, IEEE/ASME Transactions on



Mechatronics
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Newsletter Vol. 6 September 2016 8. Sean Estrada, Cassidy Duran, Daryl Schulz, Jean Bismuth, Michael D. Byrne, and Marcia K. O’Malley (2016) Smoothness of surgical tool tip motion correlates to skill in endovascular tasks, IEEE Transactions on Human-Machine Systems, 46(5): 647-659. DOI:10.1109/THMS.2016.2545247 9. Nuray Yozbatiran, Zafer Keser, Matthew Davis, Argyrios Stampas, Marcia K. O’Malley, Catherine Cooper-Hay, Joel Frontera, Felipe Fregni, and Gerard E. Francisco (2016) Transcranial Direct Current Stimulation (tDCS) of the Primary Motor Cortex and Robot-assisted Arm Training in Chronic Incomplete Cervical Spinal Cord Injury: A Proof of Concept ShamRandomized Clinical Study, NeuroRehabilitation, 39(3): 401-411, DOI: 10.3233/NRE-161371 10. Yingfu Zeng, Chad Rose, Walid Taha, Adam Duracz, Kevin Atkinson, Roland Philippsen, Robert Cartwright, Marcia O’Malley (2016) Modeling Electromechanical Aspects of Cyber-Physical Systems,” Journal of Software Engineering for Robotics, 7(1):100-119. 11. Dylan P. Losey, Andrew Erwin, Craig G. McDonald, Fabrizio Sergi, and Marcia K. O’Malley (2016) Adaptive Torque and Passivity-Based Impedance Control for Series Elastic Actuators: A Time Domain Approach, IEEE/ASME Trans. on Mechatronics, 21(4): 2085-2096, DOI: 10.1109/TMECH.2016.2557727



Graduates Andrew LaPre (Advisor: Frank Sup; University Massachusetts Amherst) completed his PhD degree in Mechanical Engineering in Aug. 2016. The title of his dissertation was "A Lower Limb Prosthesis with Active Alignment for Reduced Limb Loading". He is currently a Research and Development Engineer at FTL Labs Corp. Abhijit Kadrolkar (Advisor: Frank Sup; University Massachusetts Amherst) completed his PhD degree in Mechanical Engineering in Aug. 2016. The title of his dissertation was "Multi-Classifier Fusion Strategy for Activity and Intent Recognition of Torso Movements". He will be starting as a Senior Scientist at Medtronic.



Melih Turkseven (Advisor: Jun Ueda; Georgia Institute of Technology) completed his PhD in Mechanical Engineering in May 2016 and joined RPI as a Postdoc. Michael Kim (Advisor: Jun Ueda; Georgia Institute of Technology) completed his PhD in Mechanical Engineering in August 2016 and will join Sandia National Lab in California as a senior researcher. Ali Utku Pehlivan (Advisor: Marcia K. O'Malley, Rice University) completed his PhD in Mechanical Engineering in May 2016. The title of his dissertation was "Subject Adaptive Control Paradigms for Robotic Rehabilitation". He will be working at Intel. Anton Filatov (Advisor: Ozkan Celik; Colorado School of Mines) completed his PhD in Mechanical Engineering in August 2016. The title of his dissertation was "Impact of Prehensor Stiffness on Quality of Haptic Feedback in Body-Powered Upper Limb Prostheses".



Positions Post-doc Position in Haptics and Surgical Robotics Mechatronics and Haptic Interfaces Lab, Rice University, Houston, TX USA The MAHI Lab at Rice University has one opening for a post-doctoral research associate, beginning January 2017. The post-doc will support an exciting research project titled "Guiding with touch: Haptic cueing of surgical techniques on virtual and robotic platforms", recently funded by the NSF National Robotics Initiative, with the opportunity to contribute to other research efforts within the lab as part of the scope of the appointment. Qualifications: The successful candidate will have a PhD in mechanical engineering, biomedical engineering, or a related field, with a strong background in dynamic systems, controls, haptics, mechatronics, or robotics. Demonstrated experience with human-subject experiments and collaborations with medical professionals is preferred. The project will be supervised by Prof. Marcia O'Malley in the Mechatronics and Haptic Interfaces Lab in collaboration with Prof. Mike Byrne, Director of the Computer Human Interaction Lab. The initial term of appointment is for one year, with the possibility of renewal based on satisfactory performance and availability of funding.
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Newsletter Vol. 6 September 2016 Application Process: Interested applicants should send, in a single email with 'POST-DOC' in the subject line, to [email protected], the following items: 1. In the body of the email a. A summary of research background and interests (
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