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Investigation of a passive inter-limb device on step-to-
step transition of human walking 

• A passive inter-limb device was 
developed to transfer energy between 
legs during step-to-step transition. 

• Metabolic and ground reaction forces 
were measured during 10 minutes of 
walking with the device active and passive. 

• Preliminary results show a decrease in 
mechanical work performed by the leading 
and trailing leg but an increase in the 
subjects rate of metabolic expenditure 
when using the device. 

J Zhang: Queen’s University, Canada 
Q Li: Queen’s University, Canada 
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Human Motion Intention based Scaled Teleoperation for 

Orientation Assistance in Preshaping for Grasping 

• Users are assisted to orient remote 

gripper to desired orientations for 

grasping by scaling their components 

of motion that lead to the desired 

configuration 

• The desired configuration for grasping 

is determined by a Hidden Markov 

Model trained on user motion data 

• Users were able to preshape quicker, 

faster and with much ease compared 

to unassisted mode. 

Karan H. Khokar, Redwan Alqasemi, Sudeep Sarkar and Rajiv V. Dubey: 

University of South Florida, USA 
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Fuel Efficiency of a Portable Powered Ankle-Foot Orthosis 

• The PPAFO gives plantarflexion and 

dorsiflexion assistance during gait  

• The timing and direction of assistance is 

determined based on the control mode 

• Two control modes (state estimation and 

direct event) were compared for fuel 

consumption and net work output 

• A pneumatic recycling scheme was introduced 

for fuel savings 

• State estimation with recycling allowed for the 

most net work output with the least fuel use 

due to the best-timed assistance 

 

MK Boes, M Islam, YD Li, ET Hsiao-Wecksler  

University of Illinois at Urbana-Champaign (UIUC) 
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Differentiating Ability in Users of the ReWalkTM Powered 
Exoskeleton (An Analysis of Walking Kinematics)

• ReWalkTM enables paraplegics 
(thoracic level motor complete) to 
walk again

• Users were able to walk with widely 
varying velocities – ranging from 
0.05m/s to nearly 0.5m/s – despite 
identical training

• Injury level did not predict success
• Subtleties in walking technique may 

allow for improvement and reduction 
in energy demands in slower walkers

M. Talaty, A. Esquenazi : Gait & Motion Analysis Laboratory, MossRehab 
(Albert Einstein Healthcare Network), Elkins Park, PA, USA
Jorge E. Briceño : Universidad Simon Bolivar, Caracas, Venezuela
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Development of an Elliptical Trainer with Real-Time Knee 

Adduction Moment Feedback 

• The external knee adduction moment 
(EKAM) is highly associated with knee 
osteoarthritis (OA).  

• A practical real-time EKAM estimation 
method utilizing a simple 6-DOF 
goniometer was developed to reduce 
the damaging EKAM during training. 

• The proposed method was well-agreed 
with traditional off-line methods: 
ICC(2,1)=0.9580. 

SH Kang, SJ Lee, Y Ren, LQ Zhang: Rehabilitation Institute of Chicago  

                                                        Northwestern University (USA) 
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A Pivoting Elliptical Training System  

for Prevention and Rehabilitation of Musculoskeletal Injuries 

• A Pivoting Elliptical Training System 

(PETS) for preventing and rehabilitating 

musculoskeletal injuries 

• Capabilities of allowing axial plane 

pivoting motion during sagittal stepping 

with biofeedback and various training 

modes 

• Various Training/Evaluation Modes of 

Lower Extremity Stability with Different 

Pivoting Control Algorithms 

Y Ren, SJ Lee, HS Park, LQ Zhang: Rehabilitation Institute of Chicago 

                                                      Northwestern University (USA) 
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Adaptation of Task Difficulty in Rehabilitation Exercises 
Based on the User’s Motor Performance and 

Physiological Responses 

• Exploring use of machine learning algorithms 
to predict users’ desirable difficulty to offer a 
more engaging therapy regimen  

• Used a robot-assisted reaching task with 
different levels of error amplification to elicit 
different performance levels and physiological 
signal responses  

• Results showed higher prediction accuracy 
when using the user’s performance as an 
input compared to the user’s physiological 
signals   

Navid Shirzad, H. F. Machiel Van der Loos 
UBC Mechanical Engineering 
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Improving the match between ability and challenge: 

toward a framework for automatic level adaptation in 

game-based assessment and training 

• A method and set of games for home-

based assessment of motor impairment 

and game level adaptation structure 

• Measurement of arm reach and vertical 

lifting force during developed 

assessment tasks  

• Pilot result of motion range and control 

progression for single stroke patient 

illustrate the potential for mobility 

assessment with the ArmAssist system 

JC Perry, S Balasubramanian, C Rodriguez-de-Pablo, T Keller  

TECNALIA Research & Innovation 
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Design of Wrist Gimbal: a Forearm and Wrist 

Exoskeleton for Stroke Rehabilitation 

• A three DOF exoskeleton for 

forearm and wrist rehabilitation 

was developed and 

manufactured. 

• Main design goal has been 

development of a robust, safe 

and practical device to facilitate 

clinical implementation, testing 

and acceptance.  

JA Martinez, P Ng, S Lu, MS Campagna, O Celik 

San Francisco State University (SFSU) 
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Development of a Fuzzy Logic Based Intelligent System for 
Autonomous Guidance of Post-stroke Rehabilitation Exercise 

 
 

 

R. Huq,R. Wang, E. Lu, D. Hébert, H. Lacheray, and A. Mihailidis 
 
 

 

• This work presents preliminary studies in developing a fuzzy logic based 

intelligent system for autonomous post-stroke upper-limb rehabilitation 

exercise. 
 
• The intelligent system autonomously varies control parameters to 

generate different haptic effects on the robotic device. The robotic device 

is able to apply both resistive and assistive forces for guiding the patient 

during the exercise. 
 

• The fuzzy logic based decision-making system estimates muscle fatigue of 

the patient using exercise performance and generates a combination of 

resistive and assistive forces so that the stroke survivor can exercise for 

longer durations with increasing control. 
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Restoring ADL Function after Wrist Surgery in Children with 
Cerebral Palsy: A Novel Bilateral Robot System Design 

• A desktop bilateral ADL Exercise Robot has 
been developed to help children with 
cerebral palsy recover function for reach 
and grasp tasks. 

• The system consists of a passive robot (6 
DOF) and active robot with 7 DOF (5 
controlled degrees of freedom) 

• Preliminary design results show versatile 
environment for training reaching and 
orientation strategies for a variety of ADLs. 

MJ Johnson, D Hughes: Medical College of Wisconsin (MCW) 
S Kamara, V Anewenter: Milwaukee School of Engineering (MSOE) 

A Theriault, D Holley: Marquette University 
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