




































CLAIMS 

1. A method for calibrating a haptic device, the method comprising the steps of: 

providing the haptic device for an able limb of a stroke patient to manipulate; 

providing with an interface, automated visual/audio instructions to guide the stroke 

patient in using the able limb to manipulate the haptic device to perform at least one 

calibration action; 

determining a first position of the haptic device, the first position resultant from the 

manipulation of the haptic device by the able limb in completing the at least one calibration 

action; 

providing the haptic device for a stroke-affected limb to manipulate; 

providing with the interface, automated visual/audio instructions to guide the stroke 

patient in using the stroke-affected limb to manipulate the haptic device to perform the at least 

one calibration action; 

determining a second position of the haptic device, the second position resultant from 

the manipulation of the haptic device by the stroke-affected limb in completing the at least one 

calibration action; 

moving the haptic device coupled with the stroke-affected limb from the second 

position towards the first position until a predetermined counterforce emanating from the 

stroke-affected limb is detected, indicating an extreme position for the stroke-affected limb 

using the haptic device; and 

calibrating the haptic device with the extreme position such the haptic device is 

prevented from moving beyond the extreme position, 

wherein the force applied by the haptic device is a function of a motor imagery score 

of the stroke patient, a limb strength of the stroke-affected limb and a maximum limb strength 

of the able limb, and 

wherein the force applied by the haptic device is represented by an equation 

a = — tanh (——— (h — !hs£x\\ tanh ( 5m ), 
\Jlmax ^ 2 J J 

wherein a is the force applied by the haptic device, h is the limb strength of the stroke-

affected limb, hmax is the maximum limb strength of the able limb, m is the motor imagery 

score of the stroke patient, and mmax is a maximum motor imagery score. 
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2. The method of claim 1 wherein the haptic device is calibrated and configured for the 

stroke patient once memory has stored finger flexion action, finger extension action, pronation 

action, and supination action for the stroke-affected limb. 

3. The method of claim 1 wherein the at least one calibration action is any one of, or any 

combination of the following actions: finger flexion, finger extension, forearm pronation and 

forearm supination. 
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4. The method of claim 1 further comprising the steps of: 

providing with the interface, automated visual/audio instructions to guide the stroke 

patient in using the able limb to apply maximum strength when the haptic device is stationary; 

and 

determining the maximum limb strength of the able limb by measuring the maximum 

strength applied by the able limb. 

5. The method of claim 4 wherein the predetermined counterforce is greater than one 

quarter of the maximum limb strength of the able limb. 

6. The method of claim 4 further comprising the step of determining the limb strength of 

the stroke-affected limb by measuring a driving motor current necessary to maintain a same 

servo motor position during exercise for the stroke-affected limb. 

7. The method of claim 6 further comprising the step of using a brain computer interface 

(BCI) system to obtain electroencephalogram (EEG) data from a brain of the stroke patient, 

and determining from the EEG data, the motor imagery score of the stroke patient. 

8. The method of claim 1, wherein the haptic device is a robotic glove that fits onto a 

hand of the stroke patient. 

9. The method of claim 8 wherein the haptic device is connected to a sensor that includes 

position encoders that provide position/orientation data of the haptic device to a processor. 

10. The method of claim 9 wherein the processor provides visual or audible instructions to 

the stroke patient when to place of a hand of the able limb into the robotic glove, when to 

remove the hand of the able limb from the robotic glove, and when to place a hand of the 

stroke-affected limb into the robotic glove. 

11. The method of claim 1 wherein the force applied by the haptic device is an assistive 

force or a resistive force depending on the limb strength of the stroke-affected limb. 
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12. The method of claim 7 further comprising the step of using the EEG data to compute a 

Temporal Spectral-dependent Brain Index (TSBI), and then plotting the TSBI against Fugi-

Meyer Score Improvement in a graph so as to predict progress of the stroke patient. 

13. The method of claim 12 wherein the TSBI is calculated using the equation 

TSBI(t) = ^Y.nlkl 

14. A system for calibrating and executing a rehabilitation exercise for a stroke-affected 

limb of a stroke patient, the stroke patient having an able limb, the system comprising a haptic 

device, an interface, at least one sensor and a processor; 

wherein the haptic device is capable of: 

being manipulated by the able limb, in response to automated visual/audio instructions 

provided by the interface to guide the stroke patient in using the able limb to manipulate the 

haptic device to perform at least one calibration action, wherein the at least one sensor is 

configured to determine a first position of the haptic device, the first position resultant from 

the manipulation of the haptic device by the able limb in completing the at least one 

calibration action; 

being manipulated by the stroke-affected limb, in response to automated visual/audio 

instructions provided by the interface to guide the stroke patient in using the stroke-affected 

limb to manipulate the haptic device to perform the at least one calibration action; wherein the 

at least one sensor is configured to determine a second position of the haptic device, the 

second position resultant from the manipulation of the haptic device by the stroke-affected 

limb in completing the at least one calibration action; and 

moving, coupled with the stroke-affected limb, from the second position towards the 

first position until a predetermined counterforce emanating from the stroke-affected limb is 

detected by the least one sensor, indicating an extreme position for the stroke-affected limb 

using the haptic device; 

wherein the processor is configured to calibrate the haptic device with the extreme 

position such that during the rehabilitation exercise for the stroke-affected limb, the haptic 

device is prevented from moving beyond the extreme position, 

21 



wherein the force applied by the haptic device is a function of a motor imagery score 

of the stroke patient, a limb strength of the stroke-affected limb and a maximum limb strength 

of the able limb, and 

wherein the force applied by the haptic device is represented by an equation 

a = — tanh (—— (h — tanh ( 5m \ 
S^h-max V ^ J J \mmax' 

wherein a is the force applied by the haptic device, h is the limb strength of the stroke-

affected limb, hmax is the maximum limb strength of the able limb, m is the motor imagery 

score of the stroke patient, and mmax is a maximum motor imagery score. 

15. The system of claim 14 wherein the haptic device is a robotic device and is shaped in 

the form of a glove or a knob. 

16. The system of claim 14 wherein the at least one sensor comprises position encoders for 

providing position and orientation data of the haptic device. 

17. The system of claim 14 further comprising a brain computer interface (BCI) system, 

the BCI system configured to obtain electroencephalogram (EEG) data from a brain of the 

stroke patient, and determine from the EEG data the motor imagery score of the stroke patient. 

18. The system of claim 17 wherein the haptic device is configured to execute the 

rehabilitation exercise by applying the force during the rehabilitation exercise for the stroke-

affected limb, wherein the force is a function of the motor imagery score of the stroke patient, 

the limb strength of the stroke-affected limb and the maximum limb strength of the able limb. 

19. The system of claim 18 wherein the force applied by the haptic device is an assistive 

force or a resistive force depending on the limb strength of the stroke-affected limb. 

20. The system of claim 17 wherein the EEG data is used to compute a Temporal Spectral-

dependent Brain Index (TSBI), and the TSBI is then plotted against Fugi-Meyer Score 

Improvement in a graph so as to predict progress of stroke rehabilitation. 
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