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AMENDED CLAIMS
received by the International Bureau on 02 August 2016 (02.08.16)

WHAT IS CLAIMED IS:

1. A position sensing apparatus for a hand, comprising:

a plurality of first sensors positioned about joints of a wrist and one or
more fingers of the hand, said sensors detecting the angles of the respective joints;

a controller coupled to the first sensors and receiving angle detection
data output therefrom; and

a communication interface coupled to the controller.

2. The apparatus of claim 1 further comprising:

a supportive substrate for attaching said device to the hand.

3. The apparatus of claim 1 further comprising:
a computing device communicating with the controller via the

communication interface.

4, The apparatus of claim 3 wherein the apparatus executes
computer-executable code for

calculating the fingertip positions of at least one of the one or more
fingers in a three-dimensional (3D) space using the angles detected by the first
sensors; and

generating one or more commands based on the calculated fingertip

positions in the 3D space.

AMENDED SHEET (ARTICLE 19)
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2
5. The apparatus of claim 4 wherein the one or more commands
include one or more gestures.
6. The apparatus of claim 4 wherein the apparatus further

executes computer-executable code for generating a virtual keyboard, and wherein

the one or more commands include one or more keystrokes of the virtual keyboard.

7. The apparatus of claim 4 wherein the controller executes the
computer-executable code for calculating the fingertip positions of at least one of
the one or more fingers in the 3D space, wherein the communication interface
transmits the calculated fingertip positions in the 3D space to the computing device,
and wherein the computing device executes the computer-executable code for

generating one or more commands based on the calculated fingertip positions.

8. The apparatus of claim 4 wherein the controller executes the
computer-executable code for calculating the fingertip positions of the at least one
of the one or more fingers in the 3D space and the computer-executable code for
generating one or more commands based on the calculated fingertip positions in the
3D space, and wherein the communication interface transmits the generated one or

more commands to the computing device.

AMENDED SHEET (ARTICLE 19)
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9. The apparatus of claim 6 wherein the apparatus further
executes computer-executable code for
detecting at least one of the fingertips hitting a key of the virtual

keyboard.

10. The apparatus of claim 9 wherein the computer-executable
code for detecting at least one of the fingertips hitting a key of the virtual keyboard
comprise computer-executable code for

detecting at least one of the fingertips hitting a key of the virtual

keyboard using a statistic estimation method.

11.  The apparatus of claim 10 wherein the statistic estimation

method is a Neyman Pearson (NP) detection method.

12.  The apparatus of claim 11 wherein the computer-executable
code for detecting at least one of the fingertips hitting a key of the virtual keyboard
further comprise computer-executable code for

a calibration process for determining parameters of a probability space
of a hypothesis of “fingertip not hitting any key” and a probability space of a
hypothesis of “fingertip hitting a key”; and

calculation of a key-pressing threshold for determining the at least one

of the one or more fingertips hitting a key of the virtual keyboard.

AMENDED SHEET (ARTICLE 19)
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13.  The apparatus of claim 12 wherein the key-pressing threshold
is a key-pressing velocity threshold, and wherein the computer-executable code for
detecting the at least one of the one or more fingertips hitting a key of the virtual
keyboard further comprises computer-executable code for

calculating the fingertip velocity of the at least one of the one or more
fingertips; and

determining the at least one of the one or more fingertips hitting a key

if the calculated fingertip velocity is higher than the key-pressing velocity threshold.

14. The apparatus of claim 10 wherein the statistic estimation

method comprises a Bayesian Filter.

156. The apparatus of claim 14 wherein the Bayesian Filter is a

Kalman Filter or Particle Filter.

16.  The apparatus of claim 3 further comprising:

at least one second sensor for detecting the position of the hand in the

3D space.

17.  The apparatus of claim 16 wherein the at least one second

sensor comprise at least one inertial measurement unit (IMU).

AMENDED SHEET (ARTICLE 19)
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18. The apparatus of claim 16 wherein the at least one second

sensor comprise at least one of a magnetometer and a barometer.

19.  The apparatus of claim 3 further comprising:
at least one sensor for measuring the Time of Arrival of a wireless

signal for detecting the position of the hand in the 3D space.

20. The apparatus of claim 16 wherein the apparatus executes
computer-executable code for

calculating the fingertip positions of at least one of the one or more
fingers in a 3D space using the angles detected by the first sensors and output of
the at least one second sensor; and

generating one or more commands based on the calculated fingertip

positions in the 3D space.

21. The apparatus of claim 6 wherein the virtual keyboard is
divided into a plurality of zones, and the apparatus further executes computer-
executable code for

detecting the zone of the virtual keyboard that the hand is therewithin;

calculating a corrective vector; and

revising the position of the hand within said zone using the corrective

vector for compensating for position drift of the hand.

AMENDED SHEET (ARTICLE 19)
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22. A method of detecting the fingertip positions of one or more
fingers of a hand in a 3D space, comprising:

detecting the angles of the joints of the one or more fingers of the
hand and the angle of the joint of a wrist of the hand in the 3D space using one or
more first sensors; and

calculating the fingertip positions in the 3D space using the detected

angles of the joints of the one or more fingers and the angle of the joint of the wrist.

23.  The method of claim 22 further comprising:
attaching the one or more first sensors to a person’s hand using a

supportive substrate.

24.  The method of claim 22 further comprising:

transmitting the calculated fingertip positions to a computing device.

25.  The method of claim 22 further comprising:

generating one or more commands based on the calculated fingertip

positions in the 3D space.

26.  The method of claim 25 further comprising:

transmitting the one or more commands to a computing device.

AMENDED SHEET (ARTICLE 19)
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27.  The method of claim 22 further comprising:
generating one or more gestures based on the calculated fingertip

positions in the 3D space.

28.  The method of claim 22 further comprising:
generating a virtual keyboard; and
generating one or more keystrokes of the virtual keyboard based on

the calculated fingertip positions in the 3D space.

29.  The method of claim 28 further comprising:
detecting at least one of the fingertips hitting a key of the virtual

keyboard.

30.  The method of claim 28 further comprising:
detecting at least one of the fingertips hitting a key of the virtual

keyboard using a statistic estimation method.

31.  The method of claim 28 further comprising:

detecting at least one of the fingertips hitting a key of the virtual

keyboard using a Neyman Pearson (NP) detection method.

AMENDED SHEET (ARTICLE 19)
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32. The method of claim 31 wherein said detecting at least one of
the fingertips hitting a key of the virtual keyboard comprises:

determining parameters of a probability space of a hypothesis of
“fingertip not hitting any key” and a probability space of a hypothesis of “fingertip
hitting a key”; and

calculating a key-pressing threshold for determining the at least one of

the one or more fingertips hitting a key of the virtual keyboard.

33. The method of claim 32 wherein the key-pressing threshold is a
key-pressing velocity threshold, and wherein detecting the at least one of the one or
more fingertips hitting a key of the virtual keyboard further comprises:

calculating the fingertip velocity of the at least one of the one or more
fingertips; and

determining the at least one of the one or more fingertips hitting a key

if the calculated fingertip velocity is higher than the key-pressing velocity threshold.

34. The method of claim 28 further comprising:
detecting at least one of the fingertips hitting a key of the virtual

keyboard using a Bayesian Filter.

35.  The method of claim 28 further comprising:

detecting at least one of the fingertips hitting a key of the virtual

keyboard using a Kalman Filter or Particle Filter.

AMENDED SHEET (ARTICLE 19)
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36. The method of claim 22 further comprising:

detecting the hand position in the 3D spacing using at least one
second sensor; and wherein calculating the fingertip positions comprises:

calculating the fingertip positions in the 3D space using the detected
angles of the joints of the one or more fingers, the angle of the joint of the wrist and

the detected hand position.

37. The method of claim 36 wherein detecting the hand position in
the 3D spacing using at least one second sensor comprises:

detecting the hand position in the 3D spacing using at least one IMU.

38. The method of claim 36 wherein detecting the hand position in
the 3D spacing using at least one second sensor comprises:
detecting the hand position in the 3D spacing using at least one of a

magnetometer and a barometer.

39. The method of claim 36 wherein detecting the hand position in
the 3D spacing using at least one second sensor comprises:
detecting the hand position in the 3D spacing using at least one

sensor for measuring the Time of Arrival of a wireless signal

AMENDED SHEET (ARTICLE 19)
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40. One or more non-transitory, computer readable media
comprising computer-executable code for:

receiving the angle measurements of the joints of the one or more
fingers of the hand and the angle of the joint of a wrist of the hand in the 3D space
from one or more first sensors;

calculating the fingertip positions of at least one of the one or more
fingers in a 3D space using the angles detected by the first sensors; and

generating one or more commands based on the calculated fingertip

positions in the 3D space.

41.  The one or more non-transitory, computer readable media of

claim 40 wherein the one or more commands include one or more gestures.

42.  The one or more non-transitory, computer readable media of
claim 40 further comprising computer-executable code for:
generating a virtual keyboard, and wherein the one or more

commands include one or more keystrokes of the virtual keyboard.

43.  The one or more non-transitory, computer readable media of
claim 42 further comprising computer-executable code for:
detecting at least one of the fingertips hitting a key of the virtual

keyboard.

AMENDED SHEET (ARTICLE 19)



10

11

12

13

14

15

16

17

18

19

20

21

22

WO 2016/074087 PCT/CA2015/051175
11

44,  The one or more non-transitory, computer readable media of
claim 42 further comprising computer-executable code for:
detecting at least one of the fingertips hitting a key of the virtual

keyboard using a statistic estimation method.

45.  The one or more non-transitory, computer readable media of
claim 44 wherein the statistic estimation method is a Neyman Pearson (NP)

detection method.

46. The one or more non-transitory, computer readable media of
claim 45 wherein the computer-executable code for detecting at least one of the
fingertips hitting a key of the virtual keyboard further comprise computer-executable
code for:

determining parameters of a probability space of a hypothesis of
“fingertip not hitting any key” and a probability space of a hypothesis of “fingertip
hitting a key”; and

calculating a key-pressing threshold for determining the at least one of

the one or more fingertips hitting a key of the virtual keyboard.

47.  The one or more non-transitory, computer readable media of

claim 46 wherein the key-pressing threshold is a key-pressing velocity threshold,

and wherein the computer-executable code for detecting the at least one of the one

AMENDED SHEET (ARTICLE 19)
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or more fingertips hitting a key of the virtual keyboard further comprises computer-
executable code for:

calculating the fingertip velocity of the at least one of the one or more
fingertips; and

determining the at least one of the one or more fingertips hitting a key

if the calculated fingertip velocity is higher than the key-pressing velocity threshold.

48. The one or more non-transitory, computer readable media of

claim 44 wherein the statistic estimation method comprises a Bayesian Filter.

49.  The one or more non-transitory, computer readable media of

claim 45 wherein the Bayesian Filter is a Kalman Filter or Particle Filter.

50. The one or more non-transitory, computer readable media of
claim 40 wherein the computer-executable code for calculating the fingertip
positions of at least one of the one or more fingers comprises computer-executable
code for:

receiving measurements from at least one second sensor for detecting

the position of the hand in the 3D space.

51.  The one or more non-transitory, computer readable media of

claim 50 wherein the computer executable codes for receiving measurements from

AMENDED SHEET (ARTICLE 19)
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at least one second sensor comprises computer executable codes for receiving

measurements from at least one IMU.

52. The one or more non-transitory, computer readable media of
claim 50 wherein the computer executable codes for receiving measurements from
at least one second sensor comprises computer executable codes for receiving

measurements from at least one of a magnetometer and a barometer.

53. The one or more non-transitory, computer readable media of
claim 40 further comprising computer executable codes for:

receiving measurements from at least one sensor for measuring the
Time of Arrival of a wireless signal for detecting the position of the hand in the 3D

space.

54. The one or more non-transitory, computer readable media of
claim 50 further comprising computer-executable code for

calculating the fingertip positions of at least one of the one or more
fingers in a 3D space using the angles detected by the first sensors and output of
the at least one second sensor; and

generating one or more commands based on the calculated fingertip

positions in the 3D space.

AMENDED SHEET (ARTICLE 19)
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55. The one or more non-transitory, computer readable media of
claim 42 wherein the virtual keyboard is divided into a plurality of zones, and the
one or more non-transitory, computer readable media further comprises computer-
executable code for

detecting the zone of the virtual keyboard that the hand is therewithin;

calculating a corrective vector; and

revising the position of the hand within said zone using the corrective

vector for compensating for position drift of the hand.

AMENDED SHEET (ARTICLE 19)
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