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PROVISIONAL APPLICATION FOR 

3D POINTING DEVICES AND METHODS OF THE SAME 

[0001] The present invention may generally related to methods or apparatuses of human 

interface devices, and more particularly, to methods or apparatuses of 3-dimentional controller 

5 devices. 

BACKGROUND OF THE INVENTION 

[0002] A three-dimensional (3D) pointing device may refer to an input device applicable to 

be moved by a user in three or more dimensions in the space (e.g., air) in front of a screen (or 

monitor) to control a corresponding user interface by translating those motions done by the user 

10 with the 3D pointing device directly into commands acceptable by the user interface, for 

example, movement of a cursor on the screen. The transfer of data between the 3D pointing 

device may be performed via a wire or a wireless way coupled the 3D pointing device to another 

device where the user interface setup in and/or displayed with. Conventionally, the 3D pointing 

device may enhance usability by transforming sensed motion data generated accordingly to the 

15 user's motion from a body frame of the 3D pointing device into another frame of reference (e.g., 

a user's frame of reference). 

[0003] Conventionally, the 3D pointing device may include an accelerometer (g-sensor) and 

a gyroscope, wherein the accelerometer is used to detect/measure the acceleration of the 3D 

pointing device in a specific direction(s) (e.g., the three axis directions), and the gyroscope is 

20 used to measure the rotation (e.g., the rotation rate) of the 3D pointing device. The displacement 

and the rotation of the 3D pointing device may be measured or tracked by applying integral to 

the acceleration/rotation of the 3D pointing device. However, error, that is or may be the 

difference between a real track which a user wants to take his/her motion(s) to get and the track 

generated after the acceleration/rotation of the 3D pointing device is detected or measured by its 

25 accelerometer or gyroscope, may be accumulated during continuously calculating the integral for 
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calculating the displacement or rotation of the tracking (i.e., the error is also integrated into the 

calculation result). 

[0004] Compensation to the accumulated error may be done by calibration with reference to 

a magnetic direction, for example, the magnetic line(s) or force direction (magnetic field 

5 direction) at the position of the 3D pointing device, detected by a magneto-resistance (MR, or 

magnetic reluctance) sensor equipped in the 3D pointing device. An example of the prior art can 

easily be found from Chinese patent numbered CN 1664506A of which acceleration measured by 

a 3-axis accelerometer and magneto field detected by a 3-axis MR sensor may be calibrated by 

measurement done by a 3-axis gyroscope. Another example of the prior art may be found fron;1 

10 Chinese patent numbered CN1740746A of which a direction cosine matrix may be modified by a 

I-axis accelerometer, a 3-axis MR sensor and a 3-axis gyroscope to estimate/measure a posture 

of a 3D pointing device. 

[0005] However, the MR sensor may suffer from slow response due to its characteristic. 

Therefore, the calibration of the abovementioned prior art may be delayed and thus the 

15 performance of the 3D pointing device may be lowered down. 

[0006] It may therefore be desirable to have a 3D pointing device and method of the same to 

solve the abovementioned problem(s). 

PRELIMINARY DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0007] The foregoing summary, as well as the following detailed description of the 

20 invention, wiH be better understood when read in conjunction with the appended drawings. For 

the purpose of illustrating the invention, there are shown in the drawings examples which are 

presently preferred. It should be understood, however, that the invention is not limited to the 

precise arrangements and instrumentalities shown. 

[0008] In the drawings: 

25 [0009] FIG. 1 is a diagram illustrating inertial signal definition of a remote controller or a 

joystick according to an example of the present invention; 

2 



Page 11 of 31

[OOlOJ FIG. 2A is a diagram illustrating measuring results of tilt angles generated from an 

accelerometer; 

[0011] FIG. 2B is a diagram illustrating a tilt angle calculated from measuring results of an 

accelerometer in y-axis direction; 

5 [0012] FIG. 2C is a diagram illustrating integrated angles calculated from measuring results 

of a gyroscope; 

[0013] FIG. 2D is a diagram illustrating bias of integrated angles caused by thermal run-

away while a gyroscope stays still; 

[0014] FIG. 2E is a diagram illustrating measuring results related to low sampling rate of an 

10 accelerometer and/or sensitivity issues of MR sensor; 

[0015] FIGS. 3A and 3B are diagrams of a dynamic analysis and measuring results according 

to an example of the present invention; 

[0016] FIG. 4 is a diagram of a dynamic analysis of a 3D pointing device according to an 

example of the present invention; 

15 [0017} FIG. 5A is a functional block diagram of a 3D pointing device according to another 

example of the present invention; 

[0018] FIG. 5B is a flowchart of a method of a 3D pointing device according to still another 

example of the present invention; 

[0019] FIG. 6 is a diagram illustrating measuring results of a 3D pointing device according 

20 to yet another example of the present invention; 

[0020] FIG. 7 A is a block diagram illustrating a system of a 3D pointing device including a 

mapping tool according to other example of the present invention; and 

3 
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[0021] FIG. 7B is a diagram illustrating an exemplary graphic user interface (GUI) for 

setting the mapping tool of the system of the 3D pointing device illustrated in FIG. 7 A. 

PRELIMINARY DESCRJPTION OF THE INVENTION 

[0022] Reference will now be made in detail to the present examples of the invention, 

5 examples of which are illustrated in the accompanying drawings. Wherever possible, the same 

reference numbers will be used throughout the drawings to refer to the same or like parts. 

[0023] FIG. 1 is a diagram illustrating inertial signal definition(s) of a remote controller, a 

joystick or a cellular phone 10 (hereinafter the "remote controller 1 0") according to an example 

of the present invention, wherein the cellular phone may also be applicable to control a remote 

10 device such as a TV, a PC, a laptop or a gamer if it is configured as a transmitter capable of 

generating and sending control signals to the remote device, and if the remote device is capable 

of receiving the control signals, either equipped a receiver for receiving the control signals 

directiy, or coupled with a gateway to receive the control signals in some examples of the present 

invention. 

15 [0024] Referring to FIG. 1, the remote controller 10 may be used to point a cursor or control 

a game displayed on a screen 12. The remote controller 10 may include a motion-sensor module 

which not shown in FIG. I but will be described and illustrated as a motion-sensor module 40 

with reference to FIG. 4. The motion-sensor module (40 shown in dashed lines) may be formed 

or disposed in the remote controller 10. The motion-sensor module may include an 

20 accelerometer (such as an accelerometer 41 shown in FIG. 4), a gyroscope (such as a gyroscope 

42 shown in FIG. 4) and a magnetic sensor (such as an MR sensor 43 shown in FIG. 4). The 

ac;celerometer (41) may be configured to measure acceleration of the remote controller 10. In 

one example, the accelerometer may include, but is not limited to at least one of a single-axis, a 

dual-axis or a 3-axis accelerometer for measuring acceleration of the remote controller 10 

25 generated in different direction(s). In the example of applying the 3-axis accelerometer in the 

motion-sensor module, accelerations in x-axis, y-axis and z-axis directions of the remote 

controller 10 may be defined and measured as (Ax, Ay, Az). Those skilled in the art can easily 

understand that the 3-axis accelerometer for measuring accelerations in the three axes can also be 

4 
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5 

configured, implemented or replaced by three single-axis accelerometers configured for 

measuring the accelerations in the three directions, that is, to be mounted to face on different 

direction according to the three axes, or by one single-axis accelerometer and one dual-axis 

accelerometer instead, and thus should not become limitation to the present invention. 

[0025] The gyroscope (42) may be configured to measure rotation of the remote controller 

10. In one example, the gyroscope may include, but is not limited to at least one of a single-axis, 

a dual-axis or a 3-axis gyroscope for measuring rotation of the remote controller 10 in various 

direction(s). Similarly, in the example of applying the 2-axis gyroscope in the motion-sensor 

module, rotations (or rotation rate(s)) defined as Wx and Wz in the x-axis direction and z-axis 

10 direction or in at least two directions of the x-axis, y-axis and z-axis directions of the remote 

controller 10 may be measured. Those skilled in the art can easily understand that the 3-axis 

gyroscope for measuring rotation(s) defined as Wx, Wyand Wz in the three axes can also be 

applied according to various design requirement(s). In one example, the 2-axis gyroscope or the 

3-axis gyroscope may also be configured, implemented or replaced by combination(s) of single-

15 axis and/or 2-axis gyroscope(s). 

[0026] Moreover, the MR sensor may be configured to measure magneto-field (magnetism) 

which the remote controller 10 suffers in various directions. In one example, the MR sensor may 

include, but is not limited to at least one of a single-axis, a dual-axis or a 3-axis magnetic sensor 

for measuring magnetisms of the remote controller 10 in various direction(s). Moreover, the MR 

20 sensor may include an electrical compass (ore-compass). In the example of applying the 3-axis 

magnetic sensor in the motion-sensor module (40), magnetism defined as Mx, My and Mz in x­

axis, y-axis and z-axis directions of the remote controller 10 may be measured. Those skilled in 

the art can easily understand that the direction(s), axis or axes, or the number of the axes which 

the MR sensor may be configured should not become the limitation of the present invention. 

25 [0027] Therefore, the inertial signal definition(s) of the remote controller 10 according to the 

present example should be as follows: 

Ax, Ay and Az are the acceleration signals sensed by the accelerometer(s) in the x-, y-, z­

axis directions, respectively; 

5 
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Wx, Wyand Wz are the angle (rotation) rate signals sensed by or calculated from the 

gyroscope pivoted at the x-, y-, z-axis directions, respectively; and 

Mx, My and Mz are the magnetic (magneto-field) signals sensed by the MR sensor pivoted 

at the x-, y-, z~axis directions, respectively. 

[0028] In one example, when the remote controller 10 is pointed as doing the cursor control 

in the air, it may use rotation angles pivoted at any two axes to map into cursor movement(s) in 

x- and y-axis direction(s) shown on the screen 12, of which the tilt angles of the remote 

controller 10 may be calculated by the Ax and Ay signals, integrated signals Ix and I2 may be 

calculated by W x and W z signals and both tilt angles or integrated angles may be compensated by 

l O the magnetic signals. 

15 

[0029] FIG. 2A is a diagram illustrating measuring results of the tilt angles 0x and 0y 

generated from the accelerometer when the remote controller 10 is pointed in the air. Referring 

to FIG. 2A, rotation (tilt) angles Bx and 0y may be calculated by Ax and Ay signals as follows: 

wherein the Axo and Ayo are acceleration signals at zero gravity, and g is the one gravity value. 

[0030] FIG. 2B is a diagram illustrating a tilt angle calculated from measuring results of an 

accelerometer in y-axis direction when a remote controller is pointed in the air. Those skilled in 

the art can easily understand that the remote controller may suffer from ergonomic problem such 

20 as not quite fit ergonomics when hold by a user for do pointing and/or controls. Moreover, it 

may induce an extra acceleration Ay in y-axis direction when the controller is sweep left or right 

(as shown in FIG. 2B). The extra acceleration Ay may be represented as C~RxW/), where R is 

the distance between the user's wrist and the accelerometer sensing the Ay value. In tum, it may 

cause rotation interference such as the change of the W2 value according to the extra Ay. 

6 
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[0031] FIG. 2C is a diagram illustrating integrated angles calculated from measuring results 

of a gyroscope when a remote controller is pointed in the air. The integrated angles of lz and Ix 

signals may be calculated from Wz and Wx as follows: 

[0032] 

Iz = fwz, 
Ix= fwx 

Those skilled in the art can easily understand that the remote controller may suffer 

from a position drift problem (shown in FIG. 2C) caused by accumulation errors from noise or 

base-line thermal run-away. Moreover, the remote controller may also suffer from a position 

jitter problem induced by unconscious operation of the user's hand, and may lose position 

accuracy seriously when moving the remote controller (or the cursor moved respectively) out of 

IO a screen and then draw it back. That is, there may not be any reference for the motion-sensor 

module of the remote controller to refer as an absolute position information when the cursor is 

moved out of the screen and then coming back. 

[0033] FIG. 2D is a diagram illustrating bias of integrated angles Iz and Ix caused by thermal 

run-away of a gyroscope in a remote controller, for example, when the remote controller stays or 

15 hold still (e.g., while a remote controller or a joystick lays on a table). Referring to FIG. 2D, as 

the temperature increased, the rotation rate Wz and Wx vary because of the thermal run-way, and 

thus caused the bias of the integrated angles Iz and Ix, 

[0034] FIG. 2E is a diagram illustrating measuring results related to low sampling rate of an 

accelerometer and/or sensitivity issues of an MR sensor. Referring to FIG. 2E, those skilled in 

20 the art can easily understand that the MR sensor may suffer from low sampling rate, for example, 

about 30 millisecond for a MR sensor chip provided by the vendor Yamaha. Therefore, the MR 

sensor may not allow fast movements of the remote controller and thus fast movements of the 

cursor may be failed. Moreover, the MR sensor may be sensitive to external magnetic field and 

may need a calibration procedure according to an example of the present invention. 

25 [0035] For the cursor pointing purpose (such as the cursor movement control), examples of 

the present invention may apply a dynamic analysis and an integrated inertial and MR signals for 

the position accuracy and the absolute pointing control. 

7 
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[0036) The direction of the remote controller 10 may be measured by the MR sensor. 

However, since the MR sensor provided by an IC vendor (e.g., Yamaha) may include error or 

bias caused by the temperature, calibration to the measured result may be necessary. Let (Rx, 

Ryl, Ry2) be raw data read out from the MR sensor. In one example, the calibrated data (Hx, 

5 Hy, Hz) may be represented as 

15 

lHxJ [al 
Hy= a4 
Hz a7 

where a1~a9 are calibration parameters. Sx, Sy and Sz represent compensations of which: 

Sxz Rx-CxT 

Syl:::e: Ryl~CylT 

Sy2 :c;: Ry2 - Cy2T 

Sy= Sy2~$y1 

Sz:::: Syl+Sy2 

where T is the cun-ent temperature and Cx, Cy 1 and Cy2 are temperature compensation. 

[0037] The attitude (or posture) and direction calculation may be represented as follows: 

[
A[O][O]] lHxl [Gx] A[O][l] = Hy x Gy (Vector cross product) 

A[0][2] Hz Gz 

where the attitude is a 3x3 matrix (i.e., declared as A[3][3]), and [Gx, Gy, Gz]T is the 3-axis 

acceleration. Moreover, since 

8 
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and 

r

A[2][0],l. rGxl 
A[2][1] = Gy (Gsensorframeasnewz-axis) 

A[2][2] Gz 

Therefore, the direction of the remote controller 10 may be represented as: 

[0038] FIGS. 3A and 3B are diagrams of a dynamic analysis and measuring results according 

to an example of the present invention. Referring to FIG. 3A, the dynamic analysis of the remote 

controller l O may be done by continuously rotating the remote controller in a direction shown in 

FIG. 3A. Referring to FIG. 3B, the measuring results may further be calculated as follows: 

lWxc] l cos(02 )cos(0y) 
Wye = -sin(0Jcos(0x)+cos.(0Jsin(0y)sin(0x) 

W2 c sin(02 )sin(0x) +cos(0,Jsin(0Y)cos(0J 

10 

where (Wxc, Wyc,Wzc) represent sensed signals and (Wx, Wy,Wz) represent real operated value 

in the dynamic operation. 

[0039] FIG. 4 is a diagram of a dynamic analysis of the motion-sensor module 40 of the 3D 

pointing device according to another example of the present invention. Referring to FIG. 4, the 

15 motion sensor module 40 may include the accelerometer 41, the gyroscope 42 and the MR sensor 

43. The dynamic analysis on rotation effect on the accelerometer(s) can be represented as 

follows: 

Pmx RWz+gsin(0y) 

Pmy + -R(W: + W)+ gcos(0y)sin(0x) .. . 
P,nz R W x- gcos(0x)cos(0y) 

20 where 

9 
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and where Ax, Ay and Az are signals sensed by the accelerometer(s). 

[0040] FIG. 5A is a functional block diagram of a 3D pointing device according to another 

example of the present invention. Referring to FIG. 5A, regular inputs Wz and Wx generated 

5 from a gyroscope may be compensated by Ax sensed by an accelerometer and calibrated data (Hx, 

Hy, Hz) generated from an MR sensor based on a pointing algorithm. The pointing algorithm 

may include algorithms 1 and 2 (Algl and Alg2) of which a compensated angle in z-axis 

direction 82 _,may be calculated as Bzc = Algl(82 , Bxr), and a compensated angle in x-axis direction 

0xc may be calculated as Bxc = Algl(0x, Tiltx) for generating the output. The algorithm 1, that is 

10 the Alg 1 ( ... ), which may use magnetic direction to compensate z~gyro drift and a horizontal 

range of the cursor. Moreover, the algorithm 2, that is the Alg2( ... ). which may use tilt 

measured by the accelerometer to compensate x-gyro drift and monitor cursor vertical range. 

The Bxr and the tiltx may keep information when the remote controller 10 is out of range. 

Moreover, FIG. 5B is a detailed flowchart of a method of a 3D pointing device according to still 

15 another example of the present invention. 

[0041] FIG. 6 is a diagram illustrating measuring results of a 3D pointing device according 

to yet another example of the present invention. 

(0042] FIG. 7 A is a block diagram illustrating a system of a 3D pointing device including a 

mapping tool according to other example of the present invention, wherein Tl, T2 and T3 are 

20 remote controllers and the receiving device may be, for example, a gate way connected/coupled 

with a remote device, for example, a PC installed with a kernel program thru a USB port. 

Motion signals generated by the remote controller(s) may first be received by the receiving 

device and then passed to a motion decode module for deciding its motion information. Next, 

the decoded motion information may be mapped by a motion mapping module to get/recovery its 

25 respected/represented motion(s) or control(s). 

IO 
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[0043] FIG. 7B is a diagram illustrating an exemplary graphic user interface (GUI) for 

setting the mapping tool of the system of the 3D pointing device illustrated in FIG. 7 A, which 

may include option(s) for a user to configured the motion mapping module. 

[0044] It will be appreciated by those skilled in the art that changes could be made to the 

5 examples described above without departing from the broad inventive concept thereof. It is 

understood, therefore, that this invention is not limited to the pmticular examples disclosed, but it 

is intended to cover modifications within the spirit and scope of the present invention as defined 

by the appended claims. 

[0045] Further, in describing representative examples of the present invention, the 

10 specification may have presented the method and/or process of the present invention as a 

particular sequence of steps. However, to the extent that the method or process does not rely on 

the particular order of steps set forth herein, the method or process should not be limited to the 

particular sequence of steps described. As one of ordinary skill in the art would appreciate, other 

sequences of steps may be possible. Therefore, the particular order of the steps set forth in the 

15 specification should not be construed as limitations on the claims. In addition, the claims 

directed to the method and/or process of the present invention should not be limited to the 

performance of their steps in the order written, and one skilled in the art can readily appreciate 

that the sequences may be varied and still remain within the spirit and scope of the present 

invention. 

20 
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