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Project Summary

• Hand fits in adjustable brace, 
secures to base

• Finger fits in silicon cup(s), force 
detected at base

• Force signals sent to computer and 
processed into usable information

• Increase digit count from two to five

• 8 → 20 signal channels

• Properly calibrate force sensors
with high sensitivity

• Modify mechanisms for easier 
component attachment and 
removal (brace, retention cups, etc.)



Paper Selection

• Clinical background (1 paper)

• Jing Xu et al. ― Recovery of hand func�on a�er stroke: separable systems for finger strength and control

• Practical application (3 papers)

• Dovat, L. et al. ― HandCARE: a cable-actuated rehabilitation system to train hand function after stroke

• Jean-Claude Metzger et al. ― Assessment-driven selection and adaptation of exercise difficulty in robot-
assisted therapy: a pilot study with a hand rehabilitation robot

• N.S.K. Ho et al. ― An EMG-driven Exoskeleton Hand Robotic Training Device on Chronic Stroke Subjects 

(if time permits)



Recovery of hand function after stroke

• Objective:

• Isolate aspects of hand function 
(strength/individuation)

• Key Results:

• Finger evaluation device

• Involuntary passive finger movement 
correlates with active finger force

• Strength/Individuation 

• Max improvement in first 3 months

• Strong correlation up to 60% non-paretic 
strength



Recovery of hand function after stroke

• Background

• 2 components of hand motor 
function

• Strength

• Independent finger control

• Existing metrics

• Fugl-Meyer Assessment (Upper Extremity) 
http://www.gu.se/digitalAssets/1328/1328
946_fma-ue-english.pdf

• Action Reach Arm Test

FMA-UE



Recovery of hand function after stroke

• Methodology

• Sampling

• 3 medical centers (JH, Columbia, Zurich)

• Inclusion criteria

• 14 healthy age-matched control patients

• Duration 

• 5 visits over 54 weeks

• Strength – 2 x 2 sec / digit

• Individuation – 4 x 4 levels x 0.5 sec / digit



Recovery of hand function after stroke

• Methodology

• Human Interface

• Keyboard glove

• Monitor display

• Metrics

• MVF (Max strength 
averaged across all digits)

• Individuation (Averaged 
regression b/t active, 
passive fingers)

2 trials per digit 4 trials per level

4 levels (20% ― 
80%) per digit



Recovery of hand function after stroke



Recovery of hand function after stroke

• Highlights
• Two independent metrics of motor 

control

• Representative sampling

• Limitations
• Averaging metrics overgeneralizes 

finger contributions

• Single direction transducers

• Relevance
• Evaluation device

• Appropriate test and interface



Paper Selection

• Clinical background (1 paper)

• Jing Xu et al. ― Recovery of hand funcHon aIer stroke: separable systems for finger strength and control

• Practical application (3 papers)

• Dovat, L. et al. ― HandCARE: a cable-actuated rehabilitation system to train hand function after stroke

• Jean-Claude Metzger et al. ― Assessment-driven selection and adaptation of exercise difficulty in robot-
assisted therapy: a pilot study with a hand rehabilitation robot

• N.S.K. Ho et al. ― An EMG-driven Exoskeleton Hand Robotic Training Device on Chronic Stroke Subjects



HandCARE cable-actuated rehabilitation system

• Objective:

• Train fingers with elements of passive 
and active haptics

• Key Results:

• Adjustable cable-driven training 
system

• Individual control for each digit 
through clutch subsystem

• Relatively large range of motion



HandCARE cable-actuated rehabilitation system

• Background

• Active robotics

• Bulky

• Limited range

• Nonactuated devices

• No force control

• Continuous passive motion (CPM)

• No active movements



HandCARE cable-actuated rehabilitation system

• Biomechanical study

• Sampling

• 8 healthy participants

• 5 chronic stroke patients (RH)

• Measurements

• Finger orientation 

• Finger amplitude

• States: open and close



HandCARE cable-actuated rehabilitation system

• Construction
• Multi-pulley system (POM)

• Cables (steel)
• Linear workspace ∆� � 8cm

• Open palm range

• Force sensors
• 1000 Hz sampling rate

• Orthogonally anchored to cable

• �: Angular deflection of cable

• �	: sensed force; �: applied finger force; 
 �
�	

�

• Sensor voltage � � 
�	 � �� � 
�
�

�
sin � � ��

• � ∈ �15, 15 	�	If 
 � 0.2
�

 
and �� � 1.9	�

�	 �
"

#

" � �$ % � & � �'%

�( � )( sin �(, * � 1,2

+, � �' � -'

+. � /' � -'

� � 0 +, � +. � �� /

)$ cos 2 � )' cos 3

cos2 �
�

+,
cos3 �

/

+.

�	 � )$ � )'
%

#
sin �

04566�	7,.�6 � 40
�

99

3.5	
9 ; � ; 21.5	
9 → ∆� � 8cm

�	 � � sin=



HandCARE cable-actuated rehabilitation system

• Construction
• Cogwheels (steel)

• Clutch subsystem
• AcHve mode (4) ― driving gear

• Fixed mode (2) ― blocking pin

• Free mode (1,3) ― disengaged gear 
and pin

• Actuation/control subsystem
• 150 W motor; 500 counts/rev encoder

• 100 Hz sampling from encoder; 100 Hz 
commands to motor

• Able to record 2-7 Hz human motions

• Safety subsystem
• Mechanical stops

• Emergency button



HandCARE cable-actuated rehabilitation system

• Advancements

• Wide actuation workspace

• Hybrid modes

• Limitations

• Little detail about material selection

• Human testing (detail and scale)

• Relevance
• Passive actuation

• Force transducing individual digits

• Human signal sampling rate



Paper Selection

• Clinical background (1 paper)

• Jing Xu et al. ― Recovery of hand funcHon aIer stroke: separable systems for finger strength and control

• Practical application (3 papers)

• Dovat, L. et al. ― HandCARE: a cable-actuated rehabilitation system to train hand function after stroke

• Jean-Claude Metzger et al. ― Assessment-driven selection and adaptation of exercise difficulty in robot-

assisted therapy: a pilot study with a hand rehabilitation robot

• N.S.K. Ho et al. ― An EMG-driven Exoskeleton Hand Robotic Training Device on Chronic Stroke Subjects



ReHapticKnob Pilot Study

• Objective:

• Adaptive stroke therapy 

• Key Results:

• 2 DOF passive haptic device

• Control over exercise 
performance with difficulty 
adjustment

• Sensorimotor impairment 
characterization



ReHapticKnob Pilot Study



ReHapticKnob Pilot Study

• Background

• Relationship between 
engagement and difficulty

• 2DOF range of motion

• Pronation/supnation

• Grip aperature >?"@ � AB,C,D � A4,C,D

>?"D � EC,D � EC(F



ReHapticKnob Pilot Study

• Methodology
• Sampling

• Robotic Assessment
• ROM

• Proprioception

• Haptic perception

• Neurocognitive Exercises
• Proprioception

• Haptic perception

• Sensorimotor memory

• Sensorimotor coordination

• Difficulty adjustment

• Impairment Evaluation
• Fugl-Meyer Assessment 

• Upper Extremity (A-D) & Hand/Wrist (B,C)



ReHapticKnob Pilot Study



ReHapticKnob Pilot Study



ReHapticKnob Pilot Study



ReHapticKnob Pilot Study



ReHapticKnob Pilot Study

• Advancements

• System of adjusting difficulty

• Plenty of detailed tests

• Limitations

• High variability in performance

• Small subject pool / limited control

• Relevance
• Modifying force level difficulty

• Mechanical adjustment of actuators



Paper Selection

• Clinical background (1 paper)

• Jing Xu et al. ― Recovery of hand funcHon aIer stroke: separable systems for finger strength and control

• Practical application (3 papers)

• Dovat, L. et al. ― HandCARE: a cable-actuated rehabilitation system to train hand function after stroke

• Jean-Claude Metzger et al. ― Assessment-driven selection and adaptation of exercise difficulty in robot-
assisted therapy: a pilot study with a hand rehabilitation robot

• N.S.K. Ho et al. ― An EMG-driven Exoskeleton Hand Robotic Training Device on Chronic Stroke Subjects



EMG-driven Exoskeleton Hand Robotic Training 

• Objective:

• Develop active rehab 
exoskeleton driven by 
EMG

• Key Results:
• Exoskeleton deliverable

• Portable by design



EMG-driven Exoskeleton Hand Robotic Training 

• Background
• Shoulder/elbow function 

recover faster than hand/wrist

• Surface EMG from residual 
muscle

• Exoskeleton design
• 2DOF with linear actuator

• 55 degree ROM for 
metacarpophalangeal (MCP) joint

• 65 degree ROM for proximal 
interphalangeal (PIP) joint

• 2 second zero-load close/open 
duration 



EMG-driven Exoskeleton Hand Robotic Training 

• Methodology

• Sampling

• Eight chronic stroke patients

• Presumably convenience sampling

• Duration 

• Three to five sessions / week

• Two 10-minute tasks

• Move block 50 cm  (horizontal)

• Move block 20 cm (vertically)

• Five min rest in between



EMG-driven Exoskeleton Hand Robotic Training 

• Methodology

• 1 kHz EMG from two muscle 
groups

• Abductor pollicis brevis (closing)

• Extensor digitorum (opening)

• Mode select focuses action

• Trigger at 20% max voluntary 
contraction EMG

• Baseline and MVC EMG 
measured at beginning

• Metrics

• FMA-UE – Motor function

• ARAT – Common daily tasks



EMG-driven Exoskeleton Hand Robotic Training 

• Advancements

• 2 DOF lightweight exoskeleton

• Improvement in hand function 
scores

• Limitations

• Lack of portability verification

• Limited patient group

• Relevance

• Mobility  & weight

• Human signal sampling rate

• Secure hand via Velcro



Recap and Going Forward

• Finger Eval. Device
• Motor function metrics (MVF, Individuation)

• HandCARE
• Passive actuation

• Force transduction and sampling

• ReHapticKnob
• Engagement through dynamic difficulty

• Actuator adjustment

• EMG Exoskeleton
• Mobility, hand securing, sampling
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