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Infringem
ent C

ontentions 

T
hese contentions are disclosed to only provide notice of Plaintiff's theories of infringem

ent. 
T

hese 
contentions 

do 
not 

constitute 
proof 

nor 
do 

they 
m

arshal 
Plaintiff's 

evidence 
of 

infringem
ent to be presented during trial. 
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C
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 1, w
ith claim

 constructions, is recited below
 (text in brackets 

[] reflects the C
ourt's claim

 construction or the parties' agreed 
claim

 construction in C
yW

ee G
roup, L

td. a A
pple Inc., N

o. 3:13 -cv- 01853 -H
SG

 or in C
yW

ee G
roup, L

td. a Sam
sung E

lecs. C
o., L

td., 
N

o. 2:17 -cv- 00140 -W
C

B
). C

onstrued term
s and constructions are underlined. 

1. A
 three- dim

ensional (3D
) pointing device [Sam

sung C
ourt's construction: no construction necessary" subject to m

ovem
ents and 

rotations in dynam
ic environm

ents, com
prising: 

a housing associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in a spatial pointer reference fram
e [Sam

sung 
C

ourt's construction: fram
e of reference associated w

ith the 3D
 pointing device, w

hich alw
ays has its origin at the sam

e point in the 
device and in w

hich the axes are alw
ays fixed w

ith respect to the devicel; 
a printed circuit board (PC

B
) enclosed by the housing; 

a six -axis m
otion sensor m

odule [Sam
sung C

ourt's construction: no construction necessary" attached to the PC
B

, com
prising a 

rotation sensor for detecting and generating a first signal set [Sam
sung C

ourt's construction: no construction necessary" com
prising 

angular velocities w
,t, coy, co, associated w

ith said m
ovem

ents and rotations of the 3D
 pointing device in the spatial pointer reference 

fram
e, an accelerom

eter for detecting and generating a second signal set [Sam
sung C

ourt's construction: no construction necessary" 
com

prising axial accelerations A
X

, A
y, A

z associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in the spatial pointer 
reference fram

e; and 

a processing and transm
itting m

odule, com
prising a data transm

itting unit electrically connected to the six -axis m
otion sensor m

odule 
for transm

itting said first and second signal sets thereof and a com
puting processor for receiving and calculating said first and second 

signal sets from
 the data transm

itting unit [A
pple C

ourt's construction: no construction necessary], com
m

unicating w
ith the six -axis 

m
otion sensor m

odule to calculate a resulting deviation com
prising resultant angles in said spatial pointer reference fram

e [Sam
sung 

C
ourt's construction: no construction necessary] by utilizing a com

parison to com
pare the first signal set w

ith the second signal set 

jA
pple C

ourt's construction: using the calculation of actual deviation angles to com
pare the first signal set w

ith the second signal set] 
w

hereby said resultant angles in the spatial pointer reference fram
e of the resulting deviation of the six -axis m

otion sensor m
odule of 

the 3D
 pointing device are obtained under said dynam

ic environm
ents, w

herein the com
parison utilized by the processing and 

transm
itting m

odule further com
prises an update program

 to obtain an updated state based on a previous state associated w
ith said 

first signal set and a m
easured state associated w

ith said second signal set; w
herein the m

easured state includes a m
easurem

ent of said 
second signal set and a predicted m

easurem
ent obtained based on the first signal set w

ithout using any derivatives of the first signal 
set [Sam

sung C
ourt's construction: the m

easured state includes a m
easurem

ent of axial accelerations and predicted axial accelerations 
calculated using the angular velocities w

ithout com
puting derivatives of said angular velocities (i.e. angular accelerations)]. 
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1 

A
 three- dim

ensional (3D
) pointing device [Sam

sung C
ourt's construction: no construction necessarv] subject to m

ovem
ents and 

rotations in dynam
ic environm

ents, com
prising: 

L
G

 V
20 
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1 

a housing associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in a spatial pointer reference fram
e [Sam

sung C
ourt's 

construction: fram
e of reference associated w

ith the 3D
 pointing device, w

hich alw
ays has its origin at the sam

e point in the device and in w
hich 

the axes are alw
ays fixed w

ith respect to the devicel; 

Y
 

z 

z 

. C
oordinate system

 (relative to a 
that's used by the Sensor A

PI. 

spatial pointer reference fram
e 

Source: http: / /developer.android.com
 /guide/ topics/ sensors /sensors_overview

.htinl #sensors -coords 

4 
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1 

a printed circuit board (PC
B

) enclosed by the housing; 

printed circuit board (PC
B

) 

Source: https: / /w
w

w
.ifixit.corn/G

uide /L
G

 +
V

20+
 M

otherboard +
A

ssem
bly +

R
eplacem

ent /96392 
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1 

a 
sa<

 - axis 3no ton sensor liaíÿ 
íSam

sung C
ourt's construction: no construction necessarvl attached to the PC

B
, com

prising a 

rotation sensor for detecting and generating a first signal set [Sam
sung C

ourt's construction: no construction necessary] com
prising 

angular velocities cox, coy, co, associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in the spatial pointer reference 

fram
e, 

T
he 

"v-P ;S m
otion sensor m

odule 
includes an accelerom

eter and gyroscope com
bo. T

he rotation sensor is the G
yroscope 

included in the six -axis m
otion sensor m

odule. 

?220 

A
 

0 
®

203P1A
 

Sensor K
inetics 

S 

M
ulti- S

ensor R
ecorder 

new
 

T
hree D

im
ensional S

ensors 

..-...:4:4 

T
ype: LG

E
 A

ccelerom
eter 

M
tn B

O
S

C
H

 V
et 1173900 

P
ow

er C
onsum

ption: 0.180m
A

 
R

esolution: 0.002 R
ange: 78.453 

M
tn D

elay: 5000 ps 

19H
z 

! hits 
M

s22 

R
 

X
.0.3129 

ete:U
l 

v. -I 
Y

.- 0.4077 
Z

 9.9023 

type: LG
E

 G
yroscope 

vH
r: B

O
S

C
H

 
V

er. 
1173900 

r'ow
er C

onsum
ption: 0.900m

A
 

2esolutlon: 0.001 R
ange: 34.907 

Jlin D
elay: 5000 ps 

18H
z 

rad /s 
X

.- 0.0013 
A

 
Y

 =
0.0002 

Z
=

 -0.0001 

R
ate:U

l 

Sensors 

T
hree D

im
ensional Sensors 

A
ccelerom

eter 

T
ype: LG

E
 A

ccelerom
eter 

M
fr. B

O
S

C
H

 V
er 1173900 

P
ow

er C
onsum

ption: 0.180m
A

 
R

esolution: 0.002 R
ange: 78.453 

M
in D

elay: 5000 ps 

19H
z 

units: m
 /s2 

X
=

 0.3129 
/ 

Y
 =

- 0.4077 
Z

 =
9.9023 

R
ate:U

l 

T
ype: LG

E
 G

yroscope 
M

fr: B
O

S
C

H
 

V
er: 1173900 

P
ow

er C
onsum

ption: 0.900m
A

 
R

esolution: 0.001 
R

ange: 34.907 
M

in D
elay: 5000 us 

18H
z 

rad /s 
X

 =
- 0.0013 

A
 

Y
 =

0.0002 
Z

 =
- 0.0001 

R
ate:U

l 

Fingerprint (rear- m
ounted) accelerom

ete 
color spectrum

 
Source: https:// w

w
w

 .gsm
arena.com

 /lg_v20- 8238.php , gyro 
proxim

ity, com
pass, barom

eter, 

E
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1 

a six -axis m
otion sensor m

odule fSam
sung C

ourt's construction: no construction necessary] attached to the PC
B

, com
prising a 

rotation sensor for detecting and generating a first signal set [Sam
sung C

ourt's construction: no construction necessary] com
prising 

angular velocities co,{, 
coy, co, associated w

ith said m
ovem

ents and rotations of the 3D
 pointing device in the spatial pointer reference 

fram
e, 

T
he first signal set includes the sensor event values of T

Y
PE

 
G

Y
R

O
SC

O
PE

. 

G
yroscope 

R
eporting -m

ode: C
ontinuous 

g
e
t
D
e
f
a
u
l
t
S
e
n
s
o
r
 (
S
E
N
S
O
R
_
T
Y
P
E
_
G
Y
R
O
S
C
O
P
E
)
 returns a non -w

ake -up sensor 

A
 gyroscope sensor reports the rate of rotation of the device around the 3 sensor axes. 

R
otation is positive in the counterclockw

ise direction (right -hand rule). T
hat is, an observer looking from

 som
e positive 

location on the x, y or z axis at a device positioned on the origin w
ould report positive rotation if the device appeared to 

be rotating counter clockw
ise. N

ote that this is the standard m
athem

atical definition of positive rotation and does not 

agree w
ith the aerospace definition of rall. 

he m
easurem

ent is reported in the x, y and z fields of 
s
e
n
s
o
r
s
_
e
v
e
n
t
_
t
 

.
 g
y
r
o
 

and all values are in radians per second 

(rad /s). 

S
ource: https: / /source.android.corn /devices /sensors /sensor- types #gyroscope 

i
 
S
e
n
s
o
r
 .
T
Y
P
_
_
G
Y
R
O
S
C
O
P
E
:
 

A
l
l
 v
a
l
u
e
s
 a
r
e
 
i
n
 r
a
d
i
a
n
s
/
s
e
c
o
n
d
 a
n
d
 m
e
a
s
u
r
e
 t
h
e
 r
a
t
e
 
o
f
 
r
o
t
a
t
i
o
n
 a
r
o
u
n
d
 t
h
e
 d
e
v
i
c
e
'
s
 l
o
c
a
l
 
X
,
 Y
 a
n
d
 Z
 a
x
i
s
.
 T
h
e
 
c
o
o
r
d
i
n
a
t
e
 s
y
s
t
e
m
 
i
s
 t
h
e
 s
a
m
e
 a
s
 i
s
i
 

used for the acceleration sensor. R
otation is positive in the counter-clockw

ise direction. T
hat is, an observer looking from

 som
e positive location on the i 

values[ç1] 
A

nnidar speed aroused the x-axis 

values[1]: A
ngular speed around the y -axis 

values[2}: A
ngular speed around the z -axis 

Source: https: / /developer. android. com
 / reference / android /hardw

are /SensorE
vent.htm

l #values 
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1 

a six -axis m
otion sensor m

odule [Sam
sung C

ourt's construction: no construction necessary] attached to the PC
B

, com
prising a 

rotation sensor for detecting and generating a first signal set [Sam
sung C

ourt's construction: no construction necessary] com
prising 

angular velocities cox, coy, coz associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in the spatial pointer reference 

fram
e, 

V
ariable w

, 
used by the handl eG

yro () 
function in the fusion.cpp file, represents gyroscope data or a first signal set. 

3
1
3
 

3
1
4
 

3
1
5
 

v
o
i
d
 
F
u
s
i
o
n
:
 

:
 h
a
n
d
l
e
G
y
r
o
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{ 
i
f
 

(
 

!
 c
h
e
c
k
I
n
i
 t
c
o
r
T
i
p
l
e
t
e
 (
G
Y
R
O
,
 
w
,
 
d
T
)
 
)
 

r
e
t
u
r
n
;
 

Source: https: // android .googlesource.com
 /platform

 /fram
ew

orks /native /+
 /m

aster /ser vices /sensorseivice /Fusion.cpp 
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1 

a six -axis m
otion sensor m

odule [Sam
sung C

ourt's construction: no construction necessary] attached to the PC
B

, com
prising a 

rotation sensor for detecting and generating a first signal set [Sam
sung C

ourt's construction: no construction necessary] com
prising 

angular velocities w
X

, coy, co, associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in the spatial pointer reference 

fram
e, 

S
ensor C

oordinate S
ystem

 
In general, the sensor fram

ew
ork uses 

a standard 
3 -axis coordinate system

 to express data values. F
or m

ost sensors, the coordinate system
 is defined 

relative to the devices screen w
hen the device is held in its default orientation (see figure 1). W

hen a device is held in its default orientation, the X
 axis is 

horizontal and points to the right, the Y
 axis is vertical and points up, and the Z

 axis points tow
ard the outside of the screen face. In this system

, 

coordinates behind the screen have negative Z
 values. T

his coordinate system
 is used by the follow

ing sensors: 

A
cceleration sensor 

G
ravity sensor 

G
yroscope 

Linear acceleration sensor 

G
eom

agnetic field sensor 

T
he m

ost im
portant point to understand about this coordinate system

 is that the axes are not sw
apped 

w
hen the device's screen orientation changes -that is, the sensor's coordinate system

 never changes as 

the device m
oves. T

his behavior is the sam
e as the behavior of the O

penG
L coordinate system

. 

A
nother point to understand is that your application m

ust not assum
e that 

a device's natural (default) 

orientation is portrait. T
he natural orientation for m

any tablet devices is landscape. A
nd the sensor 

coordinate system
 is alw

ays based on the natural orientation of a device. 

y 

F
igure 1. C

oordinate system
 (relative to a 

device) that's used by the S
ensor A

P
I. 

Source: http: / /developer.android.com
 /guide/ topics/ sensors /sensors_overview

.htm
l #sensors -coords 
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1 

a ii--axis m
otioü sensor 

[Sam
sung C

ourt's construction: no construction necessarv] attached to the PC
B

, com
prising...an 

accelerom
eter for detecting and generating a second signal set [Sam

sung C
ourt's construction: no construction necessary] com

prising 
axial accelerations A

x, A
y, A

z associated w
ith said m

ovem
ents 

rotations of the 3D
 pointing device in the spatial reference fram

e; 
and 

T
he 

x -axis m
otion sensor m

odule 
is an accelerom

eter and gyroscope com
bo. 

7120 

E
 

G
 

1P It' 
B

2 03 PM
 

S
ensor K

inetics 
cj 

M
ulti- S

ensor R
ecorder 

new
 0. 

type: L
G

E
 A

ccelerom
eter 

M
fr. B

O
SC

H
 

V
er: 1173900 

Pow
er C

onsum
ption: 0.180m

A
 

R
esolution: 0.002 R

ange: 78.453 
M

in D
elay: 5000 ps 
19H

z 
m

/a2 
X

.0.3129 
Y

..0.4077 
Z

.9.9023 

R
ate:U

l 

T
ype: LG

E
 G

yroscope 
M

fr: B
O

S
C

H
 

V
er. 1173900 

P
ow

er C
onsum

ption: 0.900m
A

 
R

esolution: 0.001 R
ange: 34.907 

M
in D

elay: 5000 ps 

18H
z 

red /s 
X

=
 -0.0013 

Y
 =

0.0002 
R

ate:U
I 

11 

S
ensors 

F
ingerprint (rear-m

ounted) 
color spectrum

 

S
ource: https:// w

w
w

 .gsm
arena.com

 /lg_v20- 8238.php 

T
hree D

im
ensional S

ensors 
ot rgivsl}o.f."a-0±

ßr 

T
ype: 

LG
E

 A
ccelerom

eter 
M

fr: B
O

S
C

H
 

V
er: 1173900 

P
ow

er C
onsum

ption: 0.180m
A

 
R

esolution: 0.002 R
ange: 78.453 

M
in D

elay: 5000 ps 

19H
z 

R
ate:U

l 

m
/s2 

X
=

0.3129 
A

 
Y

=
-0.4077 

Z
=

9.9023 

G
ytdscQ

m
 

T
ype: LG

E
 G

yroscope 
M

fr: B
O

S
C

H
 

V
er: 1173900 

P
ow

er C
onsum

ption: 0.900m
A

 
R

esolution: 0.001 
R

ange: 34,907 
M

in D
elay: 5000 ps 

18H
z 

R
ate :U

l 

radis 
X

=
- 0.0013 

A
 

Y
 =

0.0002 
z=

- 0.0001 

accelerom
eter gyro, i roxim

ity, com
pass, barom

eter, 

1
0
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a 
. 

; 
_ 

_ 
; ion sensor 

{Saiiisiing C
ourt's construction: no construction necessary] attached to the PC

B
, com

prising... an accelerom
eter 

for detecting and generating a second signal set [Sam
sung C

ourt's construction: no construction necessary] com
prising axial accelerations A

x, A
y, 

A
z associated w

ith said m
ovem

ents and rotations of the 3D
 pointing device in the spatial reference fram

e; and 

T
he six -axis m

otion sensor m
odule 

also includes an accelerom
eter for detecting and generating a second signal set com

prising axial 
accelerations. 

T
he second signal set includes the sensor event values of T

Y
PE

_A
C

C
E

L
E

R
O

M
E

T
E

R
. 

A
ccelerom

eter 

R
eporting -m

ode: C
ontinuous 

g
e
t
D
e
f
a
u
l
t
S
e
n
s
o
r
 (
S
E
N
S
O
R
_
T
Y
P
E
_
A
C
C
E
L
E
R
O
M
E
T
E
R
)
 
r
e
t
u
r
n
s
 a
 n
o
n
 -
w
a
k
e
 -
u
p
 s
e
n
s
o
r
 

A
n accelerom

eter sensor resorts the acceleration of the device alone the 3 sensor axes. T
he m

easured acceleration 

includes both the physical acceleration (change of velocity) and the gravity. T
he m

easurem
ent is reported in the x, y and 

z fields of sensors_event_t.acceleration. 

A
ll values are in S

I units (m
/sA

2) and m
easure the acceleration of the device m

inus the force of gravity along the 3 

sensor axes. 

Source: https : / /source.android.cor/devices /sensors /sensor- types #accelerom
eter 

S
e
n
s
o
r
 

.
 T
Y
P
E
 
A
C
C
E
L
E
R
O
M
E
T
E
R
:
 

A
ll values are in 

S
I units (m

 /s"2) 

values[0]: A
cceleration m

inus G
x on the x -axis 

values[1]: A
cceleration m

inus G
y on the y -axis 

values[2]: A
cceleration m

inus G
z on the 

z -axis 

A
 sensor of this type m

easures the acceleration applied to the device (A
d). C

onceptually, it does so by m
easuring forces applied to the sensor itself (F

s) 

using the relation: 

A
d =

 - Z
F

s / m
ass 

In particular, the force of gravity is alw
ays influencing the m

easured acceleration: 

A
d 

=
 -g - E

F
 /m

ass 

F
or this reason, w

hen the device 
is sitting on a table (and obviously not accelerating), the accelerom

eter reads 
a m

agnitude of g 
=

 9.81 
m

 /sA
2 

Source: https: // developer .android.com
 /reference /android/ hardw

are /SensorE
vent.htinl #values 
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1 

a six -axis m
otion sensor m

odule [Sam
sung C

ourt's construction: no construction necessary] attached to the PC
B

, com
prising...an accelerom

eter 

for detecting and generating a second signal set [Sam
sung C

ourt's construction: no construction necessary] com
prising axial accelerations A

x, A
y, 

A
z associated w

ith said m
ovem

ents and rotations of the 3D
 pointing device in the spatial reference fram

e; and 

V
ariable a, 

used by the handleA
cc O

 
function in the fusion.cpp file, represents acceleration data or a second signal set. 

m
erhofflosilM

ie 

,
3
2
0
 

3
2
1
 

3
2
2
 

s
t
a
t
u
s
_
t
 
F
u
s
i
o
n
:
:
h
a
n
d
l
e
A
c
c
(
c
o
n
s
t
 
V
e
c
3
_
t
&
 
a
,
 
f
l
o
a
t
 
d
T
)
 
{
!
 

i
f
 
(
.
'
c
h
e
c
k
I
n
i
t
C
o
m
p
l
e
t
e
(
A
C
C
,
 
a
,
 
d
T
)
)
 

r
e
t
u
r
n
 
B
A
D
 _
V
A
L
U
E
,
 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native / +
/ m

aster / services /sensorservice /Fusion.cpp 
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1 

I 

a six -axis m
otion sensor m

odule [Sam
sung C

ourt's construction: no construction necessary) attached to the PC
B

, com
prising...an accelerom

eter 
for detecting and generating a second signal set [Sam

sung C
ourt's construction: no construction necessary] com

prising axial accelerations A
x, A

y, 
A

z associated w
ith said m

ovem
ents and rotations of the 3D

 pointing device in the spatial reference fram
e; and 

S
ensor C

oordinate S
ystem

 
In general, the sensor fram

ew
ork uses a standard 

3 -axis coordinate system
 to express data values. F

or m
ost sensors, the coordinate system

 is defined, 

relative to the device's screen w
hen the device is held in its default orientation (see figure 1). W

hen a device is held in its default orientation, the X
 axis is 

horizontal and points to the right, the Y
 axis is vertical and points up, and the Z

 axis points tow
ard the outside of the screen face. In this system

, 

coordinates behind the screen have negative Z
 values. T

his coordinate system
 is used by the follow

ing sensors: 

A
cceleration sensor 

G
ravity sensor 

G
yroscope 

Linear acceleration sensor 

G
eom

agnetic field sensor 

T
he m

ost im
portant point to understand about this coordinate system

 is that the axes are not sw
apped 

w
hen the device's screen orientation changes -that is, the sensor's coordinate system

 never changes as 

the device m
oves. T

his behavior is the sam
e as the behavior of the O

penG
L coordinate system

. 

A
nother point to understand is that your application m

ust not assum
e that 

a device's natural (default) 

orientation is portrait. T
he natural orientation for m

any tablet devices is landscape. A
nd the sensor 

coordinate system
 is alw

ays based on the natural orientation of a device. 

x 

F
igure 1. C

oordinate system
 (relative to a 

device) that's used by the S
ensor A

P
I. 

Source: http : / /developer.android.com
/guide/ topics/ sensors /sensors_overview

.htm
l #sensors -coords 
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U
.S. Patent N

o. 8,441,438 - L
G
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20 

C
laim

 
1 

a processing and transm
itting m

odule, com
prising a data transm

itting unit electrically connected to the 71x -axis m
ot-7-7 sensor 

aproU
U

A
c for transm

itting said first and second signal sets thereof and a com
puting processor for receiving and calculating said first 

and second signal sets from
 the data transm

itting unit [A
pple C

ourt's construction: no construction necessary], 

A
 

O
 

S
ensor K

inetics 

M
ulti- S

ensor 

7)20 

1111 
2:03 P

M
 

S
 

? 
° 

corder 
new

 

T
hree D

im
ensional Sensors 

T
ype: 

LG
E

 A
ccelerom

eter 
M

fr: B
O

S
C

H
 

V
er: 

1173900 
P

ow
er C

onsum
ption: 0.180m

A
 

R
esolution: 0.002 R

ange: 78.453 
M

in D
elay: 5000 ps 

19H
z 

m
 /sz 

X
=

 0.3129 
A

 
Y

 =
- 0.4077 

Z
=

 9.9023 

R
ate:U

l 

G
y: 

T
ype: LG

E
 G

yroscope 
M

fr: B
O

S
C

H
 

V
er: 1173900 

P
ow

er C
onsum

ption: 0.900m
A

 
R

esolution: 0.001 
R

ange: 34.907 
M

in D
elay: 

5000 ps 

18H
z 

rad /s 
X

=
- 0.0013 

A
 

Y
=

 0.0002 
Z

 =
- 0.0001 

R
ate:U

l 

com
puting processor 
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U
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o. 8,441,438 - L
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C
l
a
i
m
 

1
 

com
m

unicating w
ith the six -axis m

otion sensor m
odule to calculate a resulting deviation com

prising resultant angles in said spatial 
pointer reference fram

e (Sam
sung C

ourt's construction: no construction necessary] by utilizing a com
parison to com

pare the first 

signal set w
ith the second signal set {A

pple C
ourt's C

onstruction: using the calculation of actual deviation angles to com
pare the first 

signal set w
ith the second signal set] w

hereby said resultant angles in the spatial pointer reference fram
e of the resulting deviation of 

the six -axis m
otion sensor m

odule of the 3D
 pointing device are obtained under said dynam

ic environm
ents, 

4 R
otation vector 

U
nderlying physical sensors: A

ccelerom
eter, M

agnetom
eter, and G

yroscope 

R
eporting -m

ode: C
ontinuous 

1i getD
efaultSensor ( SE

N
SO

R
 

T
Y

PE
_R

O
T

A
T

IO
N

V
E

C
T

O
R

) 
returns a non -w

ake-up sensor 

Source: https: / /source.android.com
/ devices / sensors /sensor -types #rotation_vector 

getO
rientation 

f
l
o
a
t
[
]
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 

(
f
l
o
a
t
[
]
 
R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the devices orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

getR
otationM

atrixFrom
V

ector 

v
o
i
d
 
g
e
t
R
o
t
a
t
i
o
n
M
a
t
r
i
x
F
r
o
m
V
e
c
t
o
r
 

(
f
l
o
a
t
[
]
 
R
,
 

f
l
o
a
t
[
]
 
r
o
t
a
t
i
o
n
V
e
c
t
o
r
)
 

added in A
P

I level 9 

H
elper function to convert a rotation vector to a rotation m

atrix. G
iven 

a rotation vector 

(presum
ably from

 a R
O

T
A

T
IO

N
 V

E
C

T
O

R
 sensor), returns a 9 or 16 elem

ent rotation m
atrix in the 

array R
. 

R
 m

ust have length 
9 or 16. If R

.Iength 
=

=
 9, the follow

ing m
atrix is returned: 

Source: https: // developer. android. corn /reference /android /hardw
are /SensorM

anager 
# getR

otationM
atrixFrom

V
ector (float[], %

20float[]) 

added in A
P

I level 
3 

values[O
]: A

zim
uth, 

angle of 
rotation about the -z axis. T

his value represents the angle betw
een the devices y axis and the m

agnetic north pole. W
hen 

facing north, this angle is 
O

, w
hen facing south, this angle is n. Likew

ise, w
hen facing east, this angle is n /2, and w

hen facing w
est, this angle is -n /2. 

T
he range of values is -n to n. 

values[1): P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen 

and 
a plane parallel 

to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen 

is face -up, tilting the top edge of the device tow
ard 

the ground creates 
a positive pitch angle. T

he range of values 
is -n to n. 

values[2]: R
oll, angle of rotation about the y axis. T

his value represents the angle betw
een 

a plane perpendicular to the device's screen and 
a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

rP
V

I!`P
 tnw

arrl the nrnl,nri 
f ro,tP

C
 a nnc itiv, rnll annlç 

T
ha ranna of vals lac 

is -n/9 to n/9 

S
ource: https: / /developer.android.com

/ reference / android / hardw
are /SensorM

anager#getO
rientation (float[], %

20float[]) 
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1 

i 

com
m

unicating w
ith the six -axis m

otion sensor m
odule to calculate a resulting deviation com

prising resultant angles in said spatial 
pointer reference fram

e ÍSam
sun , C

ourt's construction: no construction necessary) by utilizing a com
parison to com

pare the first 

signal set w
ith the second signal set (A

pple C
ourt's C

onstruction: using the calculation of actual deviation angles to com
pare the first 

signal set w
ith the second signal set] w

hereby said resultant angles in the spatial pointer reference fram
e of the resulting deviation of 

the six -axis m
otion sensor m

odule of the 3D
 pointing device are obtained under said dynam

ic environm
ents, 

T
he predict O

 
function show

s that the first signal set (angular velocities), w
, is used to calculate the global variable x0. 

4
3
0
 

v
o
i
d
 
F
u
s
i
o
n
:
 :
p
r
e
d
i
c
t
 
(
 c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

4
3
1
 

c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

485 
x
0
 
=
 
0
*
q
;
 

T
he second signal set (axial accelerations) a, is passed to the variable z, and used in the update O

 
function to update the global 

variable x0. 

3
4
5
 

v
e
c
3
_
t
 
u
n
i
t
y
A
 
=
 
a
 
*
 
1
_
i
n
v
;
 

¡
 
3
4
9
 

u
p
d
a
t
e
(
u
n
i
t
y
A
,
 
B
a
,
 
p
)
;
 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
:
u
p
d
a
t
e
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 

z 
4
9
6
 

v
e
c
4
_
t
 
q
 
(
 x
0
 )
 

;
 

4
9
7
 

/
/
 
m
e
a
s
u
r
e
d
 
v
e
c
t
o
r
 
i
n
 
b
o
d
y
 
s
p
a
c
e
:
 
h
(
p
)
 
=
 
A
 (
p
)
 *
B
i
 

4
9
8
 

c
o
n
s
t
 
m
a
t
3
3
_
t
 
A
(
q
u
a
t
T
o
M
a
t
r
i
x
(
q
)
)
;
 

4
9
9
 

c
o
n
s
t
 
v
e
c
3
_
t
 
B
b
(
A
*
B
i
)
;
 

v
e
c
3
_
t
&
 
B
i
,
 

b
o
a
t
 
s
i
g
m
a
)
 

{
 

529 

533 

..__ 
_.. 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
(
z
 
-
 
B
b
)
;
 

=
 
n
o
r
m
a
l
i
z
e
_
q
u
a
t
 (
q
)
;
 

Source: https: // android .googlesource.com
 /platform

/ fram
ew

orks/ native / +
/ m

aster / services /sensorsetvice /Fusion.cpp 
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n
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4
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4
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0
 

C
l
a
i
m
 

i
 

i
 

com
m

unicating w
ith the six -axis m

otion sensor m
odule to calculate a resulting deviation com

prising resultant angles in said spatial 
pointer reference fram

e [Sam
sung C

ourt's construction: no construction necessary] by utilizing a com
parison to com

pare the first 

signal set w
ith the second signal set {A

pple C
ourt's C

onstruction: using the calculation of actual deviation angles to com
pare the first 

signal set w
ith the second signal seti w

hereby said resultant angles in the spatial pointer reference fram
e of the resulting deviation of 

the six -axis m
otion sensor m

odule of the 3D
 pointing device are obtained under said dynam

ic environm
ents, 

T
he p

r
e
d
i
c
t
 O

 
function and u

p
d
a
t
e
 O

 
functions are used in sensor fusion to update the global variable x0 in a quaternion form

, 
w

hich can represent actual deviation angles. In the p
r
e
d
i
c
t
 O

 
function, the first signal set, 

w
,
 is used to calculate the global variable 

x0. In the 
u
p
d
a
t
e
 O

 
function, 

x0 
is converted to the variable B

b. T
he second signal 

s
e
t
,
 
a
,
 is passed to the u

p
d
a
t
e
 O

 
function as 

local variable z, and is used by the u
p
d
a
t
e
 O

 
function to update the global variable x0. T

he variable B
b (from

 the first signal set) and 
the variable z (from

 the second signal set) are com
pared to calculate the variable e on line 529 of the Fusion.cpp file. T

herefore, 

during the calculation of actual deviation angles, the first signal set is com
pared w

ith the second signal set. 

4
3
6
 

v
o
1
 
c
i
 
F
u
 s
i
 o
n
 

:
 

:
 p
 r
e
c
h
 c
t
 
(
 c
o
n
s
t
 
v
e
c
3
®
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

i 

4
3
1
 

c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

x
O
 
=
 
o
k
c
i
;
 

4
9
5
 

v
o
i
d
 

F
,
 I
s
i
 o
n
 

:
 

:
 u
p
d
a
t
e
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
 

4
9
6
 

v
e
c
4
_
t
 
q
 (
x
0
)
 

;
 

4
9
7
 

1
/
 
m
e
a
s
u
r
e
d
 
v
e
c
t
o
r
 
i
n
 
b
o
d
y
 
s
p
a
c
e
:
 
h
(
p
)
 

=
 
A
 
(
 p
 
)
 *
B
i
 

4
9
8
 

c
o
n
s
t
 
m
a
t
3
3
_
t
 
A
 
(
 q
u
a
t
T
o
M
a
t
 r
i
 x
 
(
 g
 
)
 
)
 

;
 

4
9
9
 

c
o
n
s
t
 
v
e
c
3
_
t
 
B
b
 (
A
*
 B
i
 
)
 

;
 

B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

{
 

5
2
9
 

c
o
n
s
t
 
v
e
c
3
_
t
 

e
 

- 
B

b) 
; 

533 
x0 

=
 
n
o
r
m
a
l
i
 z
e
_
q
u
a
t
 (
q
)
 
;
 

Source: https: / /android.googlesource .corn /platform
 /fram

ew
orks/ native /+

 /m
aster/ services /sensorservice /Fusion.cpp 
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1 

w
herein the com

parison utilized by the processing and transm
itting m

odule further com
prises an update program

 to obtain an 

updated state based on a previous state associated w
ith said first signal set and a m

easured state associated w
ith said second 

signal set; 

For exam
ple, the update program

 includes a predict 0 
function and an update 0 

function that are used to update the global 
variable x0 based on x0 (the previous state) associated w

ith the first signal set w
 and e (the m

easured state) associated w
ith the 

second signal set to calculate an updated state x0. 
T

he updated state x0 becom
es the previous state x0 in the next iteration of the 

update program
 to obtain the updated state x0 in that iteration. 

first signal set 

_
_
 

.
 
4
3
0
 
-
 v
o
i
d
 
F
u
s
i
o
n
;
 
:
p
 r
 e
d
i
 c
t
 
(
 c
o
n
s
t
 
v
e
c
3
,
t
&
 
w
,
 
f
l
o
a
t
 
d
T
 

4
3
1
 

const 
vec4_t 

q 
=

 
xe 

; 
previous state 

1 

485 
xO

 
=

 
cf*q ; 

1
 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
 
;
u
p
d
a
t
e
 (
c
o
r
l
s
"
t
 
v
e
c
3
_
t
&
 

4
9
6
 

v
e
c
4
_
t
 
g
(
x
0
)
;
 

updated state 

m
easured state 

c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
 

,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

r 
" 

_ 

5
2
9
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
 
(
 

-
 
B
 b
 
)
 

;
 

5
3
0
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
g
(
K
[
0
]
*
e
)
;
 

5
3
1
 

5
3
2
 

J
 J
 

second signal set 

q
 
+
=
 
g
e
t
 F
 (
q
)
 *
 (
0
.
5
f
*
d
g
)
 

;
 

j
'
 

next iteration 

x
0
 
=
 
n
o
 r
-
m
a
l
i
 z
e
_
q
u
a
t
 
(
 q
 )
 

;
 

Source: https 
: / /android.googlesource.conl/ platform

 /fram
ew

orks /native /+
 /m

aster/ services /sensorservice /Fusion.cpp 
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1 

w
herein the m

easured state includes a m
easurem

ent of said second signal set and a predicted m
easurem

ent obtained based on the first signal 
set w

ithout using any derivatives of the first signal set [Sam
sung C

ourt's construction: the m
easured state includes a m

easurem
ent of axial 

accelerations and predicted axial accelerations calculated using the angular velocities w
ithout com

puting derivatives of said angular velocities (i.e. 
angular accelerations)] 

T
he variable 

e is a m
easured state that includes a m

easurem
ent of said second signal set z and a predicted m

easurem
ent B

b 

calculated based on x0 (the previous state, w
hich is calculated based on the first signal set). 

second signal set (m
easured accelerations) 

1
 

3
4
5
 

v
e
c
3
_
t
 
u
n
i
t
y
A
 
=
 
a
 
*
 
t
_
i
 n
v
 
;
 

- 
4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
 

;
 ;
u
p
d
a
t
e
 
(
 c
o
n
s
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
 

,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

{
 

4
9
6
 

v
e
c
4
t
 
q
 (
x
4
)
 

;
 

4
9
7
 

/
/
 
m
e
a
s
u
r
e
d
 
v
e
c
t
o
r
 
i
n
 
b
o
d
y
 
s
p
a
c
e
:
 
h
(
p
)
 

=
 
A
 (
p
)
 *
B
1
 

4
9
8
 

c
o
n
s
t
 
m
a
t
3
3
_
t
 
A
 (
q
u
a
t
T
o
r
»
l
a
t
r
i
 x
 (
q
)
)
 

;
 

4
9
9
 

c
o
n
s
t
 
v
e
c
3
_
t
 
B
b
 (
A
 *
B
-
i
 
)
 

;
 

i
 
5
2
9
 

c
o
n
s
t
 
v
e
c
3
 
t
 
e
(
z
 
-
 
B
b
)
;
 

m
easured state 

second 

A
s show

n in the code above, the predicted m
easurem

ent 
first signal set. 

Source: https: // android. googlesource .com
 /platform

 

signal set 
predicted m

easurem
ent 

is obtained based on the first signal set w
ithout using any derivatives of the 

/fram
ew

orks/ native / +
/m

aster/ services /sensorservice /Fusion.cpp 
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T
he 3D

 pointing device of claim
 

1, w
herein the PC

B
 enclosed by the housing com

prises at least one substrate having a first 

longitudinal side configured to be substantially parallel to a longitudinal surface of the housing. 

first longitudinal side 

longitudinal surface of the housing 
Source: https: / /w

w
w

.ifixit.corn /G
uide /L

G
 +

V
20+

 M
otherboard +

A
ssem

bly +
R

eplacem
ent /96392 
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T
he 3D

 pointing device of claim
 

1, w
herein the spatial pointer reference fram

e is a reference fram
e in three dim

ensions; and w
herein 

said resultant angles of the resulting deviation includes yaw
, pitch and roll angles about each of three orthogonal coordinate axes of 

the spatial pointer reference fram
e. 

getO
rientation 

added in A
PI level 

3 

f
l
o
a
t
(
)
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 
(
f
l
o
a
t
(
)
 
R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the device's orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

values(0): A
zim

uth, angle of rotation about the -z axis. T
his value represents the angle betw

een the device's y axis and the m
agnetic north pole. W

hen 

facing north, this angle is 0, w
hen facing south, this angle is n. Likew

ise, w
hen facing east, this angle is n/2, and w

hen facing w
est, this angle is -tt /2. 

T
he range of values is -n to n. 

values(1): P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen and a plane parallel 

to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the top edge of the device tow

ard 

the ground creates a positive pitch angle. T
he range of values is -n to n. 

values(2): R
oil, angle of rotation about the y axis. T

his value represents the angle 
betw

een a plane perpendicular to the device's screen and a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates a positive roll angle. T

he range of values is -n /2 to n /2. 

Source: https: // developer. android.com
 /reference/ android / hardw

are /SensorM
anager #getO

rientation(float[], float[]) 

S
ensor C

oordinate S
ystem

 
In general, the sensor fram

ew
ork uses a standard 3 -axis coordinate system

 to express data values. F
or m

ost 
sensors, the coordinate system

 is defined relative to the device's screen w
hen the device is held in its default 

orientation (see figure 1). W
hen a device is held in its default orientation, the X

 axis is horizontal and points to 
the right, the Y

 axis is vertical and points up, and the Z
 axis points tow

ard the outside of the screen face. In 
this system

, coordinates behind the screen have negative Z
 values. T

his coordinate system
 is used by the 

follow
ing sensors: 

A
cceleration sensor 

G
ravity sensor 

G
yroscope 

Linear acceleration sensor 

G
eom

agnetic field sensor 

Source: http : / /developer.android.com
/guide/ topics /sensors /sensors_overview

.htinl #sensors -coords 

y 

.x 

Figure 1. C
oordinate system

 (relative to a 

device) that's used by the S
ensor A

P
I. 21 
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T
he 3D

 pointing device of claim
 

1, w
herein the data transm

itting unit of the processing and transm
itting m

odule is attached to the 
PC

B
 enclosed by the housing and transm

its said first and second signal of the six-axis m
otion sensor m

odui c to the com
puter 

processor via electronic connections. 
T

he com
puter processor and the 

soi 
... 

!ile are each attached to the PC
B

, as is the data transm
itting unit, 

w
hich transm

its the first and second signal of the six -axis m
otion sc áso 

' M
O

C
4iii, 

to the com
puter processor via electronic 

connections. 
-ix -axis m

otion sensor m
odule 
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A
 m

ethod for obtaining a resulting deviation including resultant angles in a spatial pointer reference fram
e of a three -dim

ensional 

(3D
) pointing device utilizing a six -axis m

otion sensor m
odule therein and subject to m

ovem
ents and rotations in dynam

ic 
environm

ents in said spatial pointer reference fram
e, com

prising the steps of: 

three- dim
ensional (3D

) 
pointing device 

Y
 

A
 

00- x z 

. C
oordinate system

 (relative to a 
that's used by the Sensor A

PI. 

spatial pointer reference fram
e 

Source: http: / /developer.android.com
 /guide/ topics/ sensors /sensors_overview

.htm
l #sensors- coords 
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obtaining a previous state of the six -axis m
otion sensor m

odule; w
herein the previous state includes an initial -value set associated 

w
ith previous angular velocities gained from

 the m
otion sensor signals of the six -axis m

otion sensor m
odule at a previous tim

e T
 -1; 

T
he previous state is obtained through an update program

 that includes a predict 0 
function and an update O

 
function. T

hose 

functions that are used to update the global variable x0 based on x0 (the previous state) associated w
ith previous angular velocities 

w
 gained at a previous tim

e T
-1 to obtain an updated state x0. 

T
he updated state x0 becom

es the previous state x0 at tim
e T

 (the next 

iteration) of the update program
 to obtain the updated state x0 at tim

e T
. 

430 
431 

v
o
i
d
 
F
u
s
i
o
n
:
 

:
 p
 r
e
d
i
 c
t
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c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{ 
c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

previous state 

4
8
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x
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o
*
g
'
s
 

4
9
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F
u
s
i
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d
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t
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e
c
3
_
t
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z
,
 
c
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s
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_
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B
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l
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i
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4
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v
e
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4
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t
 
q
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)
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5
2
9
 

5
3
0
 

5
3
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c
o
n
s
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e
(
z
 
-
 
B
b
)
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c
o
n
s
t
 

d
g
 
(
 K
 [
0
]
 *
e
)
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5
3
2
 

q
 
+
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g
e
t
F
 (
q
)
 *
 (
0
 

.
 5
f
*
d
q
)
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5
3
3
 

x
0
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n
o
 r
m
a
l
i
 z
e
_
q
u
a
t
 
q
 

; 

next iteration 

Source: https: // android .googlesource.com
 /platform

/ fram
ew

orks / native / +
/ m

aster / services /sensorservice /Fusion.cpp 
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obtaining a current state of the six -axis m
otion sensor m

odule by obtaining m
easured angular velocities 

cox, coy, 
coz gained from

 the 

m
otion sensor signals of the six -axis m

otion sensor m
odule at a current tim

e T
; 

T
he predict O

 
function runs during each iteration of the fusion algorithm

, at a tim
e T

 its output represents a current state output as 
x0. T

he predict O
 

function is called by the handleG
yro O

 
function and receives m

easured angular velocities, w
, associated w

ith 
the current state. 

3
1
3
 

3
1
4
 

i
f
 

(
 

!
 c
h
e
c
k
I
n
i
 t
C
o
m
E
a
l
e
t
e
 
(
 G
Y
R
o
 

i
 
w
,
 
d
T
)
 

3
1
5
 

v
o
i
d
 
F
u
s
i
o
n
:
:
h
a
n
d
l
e
G
y
r
o
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

r
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t
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 

4
3
1
 

c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

4
8
5
 

x
0
 
=
 
o
*
q
;
 

i
 

current state 

m
easured angular velocities 

f
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Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native / +
/ m

aster / services /sensorservice/Fusion.cpp 
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obtaining a m
easured state of the six -axis m

otion sensor m
odule by obtaining m

easured axial accelerations A
x, A

y, A
z gained from

 
the m

otion sensor signals of the six -axis m
otion sensor m

odule at the current tim
e T

 and calculating predicted axial accelerations 

A
x', A

y', A
z' based on the m

easured angular velocities cox, coy, co, of the current state of the six -axis m
otion sensor m

odule w
ithout 

using any derivatives of the m
easured angular velocities cox, coy, coz; 

T
he variable e is a m

easured state that includes m
easured axil accelerations 

z and predicted axial accelerations B
b calculated 

based on x0 (the previous state, w
hich is calculated based on the m

easured angular velocities). 

m
easured axial accelerations 
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3
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_
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m
easured state 

m
easured axial accelerations 

predicted axial accelerations 

A
s show

n in the code above, the predicted m
easurem

ent is obtained based on the first signal set w
ithout using any derivatives of the 

m
easured angular velocities. 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native /+
 /m

aster/ services /sensorservice /Fusion.cpp 
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said current state of the six -axis m
otion sensor m

odule is a second quaternion w
ith respect to said current tim

e T
; 

A
s show

n in the exam
ples provided, the current state is represented by the global state variable x0, 

w
hich is a quaternion w

ith 

respect to the current tim
e T

. 
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Source: https: // android. googlesource .com
 /platform

 /fram
ew

orks /native /+
 /m

aster/ services /sensorservice /Fusion.cpp 
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com
paring the second quaternion in relation to the m

easured angular velocities 
cox, coy, 

coz of the current state at current tim
e T

 w
ith the 

m
easured axial accelerations A

x, A
y, A

z and the predicted axial accelerations A
x', A

y', A
z' also at current tim

e T
; obtaining an updated state 

of the six -axis m
otion sensor m

odule by com
paring the current state w

ith the m
easured state of the six -axis m

otion sensor m
odule; and 

For exam
ple, as previously show

n, the m
easured state, e, is obtained using the update 0

 
function, w

hich com
bines the m

easured 
axial accelerations, z, and the predicted axial accelerations, 

B
b. 

M
oreover, the predicted axial accelerations are determ

ined 

based on the m
easured angular velocities of the current state at the current tim

e T
. T

he update() function further com
pares the 

m
easured state, e, and the current state to obtain the updated state, 

x0. 
m

easured angular velocities 
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m
easured axial accelerations 

predicted axial accelerations 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native / +/ m
aster / services /sensorservice/Fusion.cpp 
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C
l
a
i
m
 
1
4
 

calculating and converting the updated state of the six axis m
otion sensor m

odule to said resulting deviation com
prising said 

resultant angles in said spatial pointer reference fram
e of the 3D

 pointing device. 

T
he updated state x0 is in quaternion form

, and can easily be converted to resultant angles. 

A
ccording to A

ndroid's developer library, the g
e
t
O
r
i
e
n
t
a
t
i
o
n
 O

 function "com
putes the device's orientation based on the rotation 

m
atrix," and returns resultant angles including the A

zim
uth, Pitch, and R

oll angles. 

getO
rientation 

r
 

f
l
o
a
t
[
]
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 
(
f
l
o
a
t
[
]
 

R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the device's orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

A
d
d
e
d
 
i
n
 
A
P
I
 
l
e
v
e
l
 
3
 

values[0]: A
zim

uth, angle of rotation about the -z axis. T
his value represents the angle betw

een the device's y axis and the m
agnetic north pole. W

hen 

facing north, this angle is 0, w
hen facing south, this angle is n. Likew

ise, w
hen facing east, this angle is n /2, and w

hen facing w
est, this angle is -n /2. 

T
he range of values is -n to n. 

values[1 ]: P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen and a plane 

parallel to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the top edge of the device 

tow
ard the ground creates a positive pitch angle. T

he range of values is -n to n. 

values[2]: R
oll, angle of rotation about the y axis. T

his value represents the angle betw
een a plane perpendicular to the device's screen and 

a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates a positive roll angle. T

he range of values is -n/2 to n /2. 

T
he g

e
t
R
o
t
a
t
i
o
n
M
a
t
r
i
x
F
r
o
m
V
e
c
t
o
r
 O

 function "convert[s] a rotation vector to a rotation m
atrix," and the 

g
e
t
Q
u
a
t
e
r
n
i
o
n
F
r
o
m
V
e
c
t
o
r
 O

 
function " convert[s] a rotation vector to a norm

alized quaternion." T
herefore, the quaternion, x0, can 

be easily converted to its m
athem

atically equivalent form
, rotation m

atrix, and used by g
e
t
O
r
i
e
n
t
a
t
i
o
n
 O

 
function to com

pute the 
orientation in its angular form

. 

Source: https:/ /developer. android. com
 / reference / android / hardw

are /SensorM
anager#getorientation (float[], float[]) 

2
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T
he m

ethod for obtaining a resulting deviation of a 3D
 pointing device of claim

 14, further com
prises the step of outputting the updated state of 

the six -axis m
otion sensor m

odule to the previous state of the six -axis m
otion sensor m

odule; and w
herein said resultant angles of the resulting 

deviation includes yaw
, pitch and roll angles about each of three orthogonal coordinate axes of the spatial pointer reference fram

e. 

For exam
ple, A

ndroid's source code discloses an iterative process for updating device m
otion. T

he updated state x0 output at tim
e T

- 

1 becom
es an input of the previous state at tim

e T
 and the "state" is iteratively updated. 

4
3
0
 

v
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d
 
F
u
s
i
o
n
:
 
:
p
 r
e
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i
 c
t
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o
n
s
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v
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c
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_
t
&
 
w
,
 
f
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d
T
)
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4
3
1
 

c
o
n
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v
e
c
4
_
t
 
q
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x
0
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¿
i
-
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v
o
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F
u
s
i
o
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:
 u
p
c
l
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t
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c
o
r
r
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v
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3
_
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z
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c
o
n
s
t
 
v
e
c
3
_
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B
i
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f
l
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-
i
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g
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4
9
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v
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4
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x
0
)
 

;
 

updated state 
ß
c
0
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n
o
r
m
a
l
i
 z
e
_
q
u
a
t
 (
q
)
 

;
 

M
oreover, the getO

rientation O
 

function outputs yaw
, pitch and roll angles. 

p
u
b
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i
c
 
s
t
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t
i
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f
l
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a
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g
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r
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f
l
o
a
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.
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R
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f
l
o
a
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v
a
l
u
e
s
[
]
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1108 
i
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R
.
l
e
n
g
t
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=
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9
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1109 
v
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l
u
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f
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a
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M
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a
t
a
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R
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f
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-
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R
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s
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M
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.
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V
a
l
u
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f
l
o
a
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M
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a
s
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g
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o
a
t
)
M
a
t
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.
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t
a
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,
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1
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1116 

next iteration 

Source: https 
: / /android.googlesource.com

/ platform
 /fram

ew
orks/base/ +

/b267554/ core /java/ android /hardw
are /SensorM

anagerjava 
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T
he m

ethod for obtaining a resulting deviation of a 3D
 pointing device of claim

 14, further com
prises the step of outputting the updated state of the 

six -axis m
otion sensor m

odule to the previous state of the six -axis m
otion sensor m

odule; and w
herein said resultant angles of the resulting 

deviation includes yaw
, pitch and roll angles about each of three orthogonal coordinate axes of the spatial pointer reference fram

e. 

getO
rientation 

f
l
o
a
t
[
]
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 
(
f
l
o
a
t
(
)
 
R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the device's orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

added in A
P

I level 
3 

values(0): A
zim

uth. anale of rotation about the -z axis, T
his value represents the angle betw

een the device's y axis and the m
agnetic north pole. W

hen 

facing north, this angle 
is 0, w

hen facing south, this angle is n. Likew
ise, w

hen facing east, this angle is n /2, and w
hen facing w

est, this angle 
is -n /2. 

T
he range of values is -n to n. 

values[1]: P
itch. angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen and a plane parallel 

to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen 

is face -up, tilting the top edge of the device tow
ard 

the ground creates a positive pitch angle. T
he range of values is -n to n. 

values(2): R
oll, angle of rotation about the y axis. T

his value represents the angle betw
een a plane perpendicular to the device's screen and a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates 

a positive roll angle. T
he range of values is -n/2 to n /2. 

Source: https: / /developer.android.com
/ reference / android/ hardw

are /SensorM
anager#getO

rientation (float[], float[]) 

S
ensor C

oordinate S
ystem

 
In general, the sensor fram

ew
ork uses a standard 3 -axis coordinate system

 to express data values. F
or m

ost 
sensors, the coordinate system

 is defined relative to the device's screen w
hen the device is held in its default 

orientation (see figure 
1). W

hen 
a device is held in its default orientation, the X

 axis is horizontal and points to 
the right, the Y

 axis is vertical and points up, and the Z
 axis points tow

ard the outside of the screen face. 
In 

this system
, coordinates behind the screen have negative Z

 values. T
his coordinate system

 is used by the 

follow
ing sensors: 

A
cceleration sensor 

G
ravity sensor 

G
yroscope 

Linear acceleration sensor 

G
eom

agnetic field sensor 

Source: http: / /developer.android.com
 /guide/ topics /sensors /sensors_overview

.htm
l #sensors -coords 

y 

F
igure 1. C

oordinate system
 (relative to a 

device) that's used by the S
ensor A

P
I. 31 
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T
he m

ethod for obtaining a resulting deviation of a 3D
 pointing device of claim

 14, w
herein said previous state of the six -axis 

m
otion sensor m

odule is a first quaternion w
ith respect to said previous tim

e T
 -1; and said updated state of the six -axis m

otion 
sensor m

odule is a third quaternion w
ith respect to said current tim

e T
. 

T
he previous state set by the predict O

 function takes the form
 of a first quaternion, x0. 

4
3
0
 

v
o
i
d
 
F
u
s
i
o
n
:
 

:
 p
r
e
d
i
 c
t
 (
c
o
n
s
t
 
v
e
c
3
r
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

431 
c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

44 
previous state 

T
he update O

 
function calculates a third quaternion representing the updated state, x0. 

1=
11111%

=
. 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
:
u
p
d
a
t
e
(
c
o
n
s
t
 
v
e
c
3
_
I
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
 

4
9
6
 

v
e
c
4
_
t
 
q
 
(
 x
a
 
)
 

;
 

updated state 

5
2
9
 

5
3
0
 

5
3
1
 

5
3
2
 

q
 
+
=
 
g
e
t
F
(
q
)
*
(
0
.
5
f
*
d
q
)
;
 

x
0
 
=
 
n
o
r
m
a
l
i
z
e
_
q
u
a
t
(
g
)
 

;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
(
z
 
-
 
B
b
)
;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
q
 (
K
[
0
]
 *
e
)
 

;
 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native / +
/ m

aster / services /sensorservice /Fusion.cpp 
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T
he m

ethod for obtaining a resulting deviation of 3D
 pointing device of claim

 14, w
herein the obtaining of said previous state of the 

six -axis m
otion sensor m

odule further com
prises initializing said initial -value set. 

T
he fusion algorithm

 sets an initial -value set as show
n in the 

i nitFusion Q
 function. 

: m
iolow

erm
- 

v
o
i
d
 
F
u
s
i
o
n
:
:
i
n
i
t
F
u
s
i
o
n
(
c
o
n
s
t
 
v
e
c
4
_
t
&
 
q
,
 
f
l
o
a
t
 
d
T
)
 

2
1
9
 

{
 

2
2
0
 

2
2
1
 

2
2
2
 

/
/
 
i
n
i
t
i
a
l
 
e
s
t
i
m
a
t
e
:
 

E
{
 
x
(
t
0
)
 

} 
x
0
 
=
 

x
l
 

=
 

q; 
0 

Source: https: // android. googlesource .com
 /platform

 fram
ew

orks/ native / +/ m
aster / services /sensorservice/Fusion.cpp 
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A
 m

ethod for obtaining a resulting deviation including resultant angles in a spatial pointer reference fram
e of a three -dim

ensional 

(3D
) pointing device utilizing a six -axis m

otion sensor m
odule therein and subject to m

ovem
ents and rotations in dynam

ic 
environm

ents in said spatial pointer reference fram
e, com

prising the steps of: 

three- dim
ensional (3D

) 

pointing device 

. C
oordinate system

 (relative to a 
that's used by the S

ensor A
P

I. 

spatial pointer reference fram
e 

Source: http: / /developer.android.com
 /guide /topics /sensors /sensors_overview

.htm
l #sensors -coords 
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obtaining a previous state of the six -axis m
otion sensor m

odule; w
herein the previous state includes an initial -value set associated 

w
ith previous angular velocities gained from

 the m
otion sensor signals of the six -axis m

otion sensor m
odule at a previous tim

e T
 -1; 

T
he previous state is obtained through an update program

 that includes a predict O
 

function and an update O
 

function. T
hose 

functions that are used to update the global variable x0 based on x0 (the previous state) associated w
ith previous angular velocities 

w
 gained at a previous tim

e T
-1 to obtain an updated state x0. 

T
he updated state x0 becom

es the previous state x0 at tim
e T

 (the next 

iteration) of the update program
 to obtain the updated state x0 at tim

e T
. 

-y....- 

-
-
-
:
.
:
 

4
3
0
 

v
o
i
d
 
F
u
s
i
o
n
:
 

:
 p
r
 e
c
l
i
 c
t
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

4
3
1
 

i
 

4
8
5
 

c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

previous state 

=
 
0
*
q
;
 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
 

:
 u
p
d
a
t
e
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

4
9
6
 

v
e
c
4
_
t
 
q
 
(
 x
0
 
)
 

;
 

5
2
9
 

5
3
0
 

5
3
1
 

5
3
2
 

5
3
3
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
(
z
 
-
 
B
b
)
;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
g
(
K
[
0
]
*
e
)
 
;
 

q
 
+
=
 
g
e
t
F
 (
q
)
 *
 (
0
 

.
 5
f
*
d
q
)
 

;
 

x
0
 
=
 
n
o
r
m
a
l
i
z
e
_
q
u
a
t
(
q
)
 

next iteration 

Source: https 
: / /android.googlesource.com

 /platform
 /fram

ew
orks/ native / +

/ m
aster / services /sensorservice /Fusion.cpp 
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obtaining a current state of the six -axis m
otion sensor m

odule by obtaining m
easured angular velocities 

cox, coy, co, gained from
 the 

m
otion sensor signals of the six -axis m

otion sensor m
odule at a current tim

e T
; 

T
he p

r
e
d
i
c
t
 O

 
function runs during each iteration of the fusion algorithm

, at a tim
e T

 its output represents a current state output as 
x0. T

he p
r
e
d
i
c
t
 O

 
function is called by the h

a
n
d
l
e
G
y
r
o
 O

 
function and receives m

easured angular velocities, w
, associated w

ith 
the current state. 

31.E
 

314 

315 

v
o
i
d
 
F
u
s
i
o
n
:
 
:
h
a
n
d
l
e
G
y
r
 o
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 
{
I
 

i
f
 

(
 

!
 c
i
l
e
c
k
I
r
l
i
 t
c
o
l
T
l
p
l
e
t
e
 (
G
Y
R
O
 

,
 

r
e
t
u
r
n
;
 

1111 

m
easured angular velocities 

4
3
0
 

v
o
i
d
 
F
u
s
i
o
n
 :
:
p
r
e
d
i
c
t
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

4
3
1
 

c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

1
 
4
8
5
 

x
0
 
=
 
O
g
;
 

current state 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks %
native / +/ m

aster / services /sensorservice /Fusion.cpp 



U
.S. Patent N

o. 8,441,438 - L
G

 V
20 

C
laim

 19 

obtaining a m
easured state of the six -axis m

otion sensor m
odule by obtaining m

easured axial accelerations A
x, A

y, A
z gained from

 
the m

otion sensor signals of the six -axis m
otion sensor m

odule at the current tim
e T

 and calculating predicted axial accelerations 

A
x', A

y', A
z' based on the m

easured angular velocities 
cox, coy, coz of the current state of the six -axis m

otion sensor m
odule w

ithout 

using any derivatives of the m
easured angular velocities cox, coy, coz; 

T
he variable e is a m

easured state that includes m
easured axil accelerations z and predicted axial accelerations B

b calculated 
based on x0 (the previous state, w

hich is calculated based on the m
easured angular velocities). 

m
easured axial accelerations --, 

3
4
5
 

v
e
c
3
_
t
 
u
n
i
t
y
A
 
=
a
 ;
 
h
u
y
;
 

4
9
5
 

4
9
6
 

4
9
7
 

4
9
8
 

4
9
9
 

v
o
i
d
 
F
u
s
i
o
n
:
:
u
p
d
a
t
e
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

{
,
 

v
e
c
4
t
 
q
 (
 x
0
 )
 

;
 

/
1
 
m
e
a
s
u
r
e
d
 
v
e
c
t
o
r
 
i
n
 
b
o
d
y
 
s
p
a
c
e
:
 
h
(
p
)
 
=
 
A
(
p
)
 *
B
i
 

c
o
n
s
t
 
m
a
t
3
3
_
t
 
A
(
 q
u
a
t
T
o
M
a
t
 
f
-
i
 x( g

)
)
;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
B
b
 (
:
A
*
B
i
 
)
 

;
 

5
2
9
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
 (
z
 
-
 
B
b
)
 

;
 

m
easured state 

m
easured axial accelerations 

predicted axial accelerations 

A
s show

n in the code above, the predicted m
easurem

ent is obtained based on the first signal set w
ithout using any derivatives of the 

m
easured angular velocities. 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native / +/ m
aster / services /sensorservice /Fusion.cpp 
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said current state of the six -axis m
otion sensor m

odule is a second quaternion w
ith respect to said current tim

e T
; 

A
s show

n in the exam
ples provided, the current state is represented by the global state variable x0, 

w
hich is a quaternion w

ith 
respect to the current tim

e T
. 

4
0
4
 

v
e
c
4
t
 
F
u
s
I
o
n
:
 
:
g
e
t
A
t
t
i
t
u
d
e
(
)
 
c
o
n
s
t
 

-; 

4
0
5
 

r
e
t
u
r
n
 
x
0
;
 

4
0
6
 

}
 

Source: https :// android .googlesource.com
 /platform

 /fram
ew

orks /native /+
 /m

aster/ services /sensorservice /Fusion.cpp 
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com
paring the second quaternion in relation to the m

easured angular velocities cox., coy, to, of the current state at current tim
e T

 w
ith the 

m
easured axial accelerations A

x, A
y, A

z and the predicted axial accelerations A
x', A

y', A
z' also at current tim

e T
; obtaining an updated state 

of the six -axis m
otion sensor m

odule by com
paring the current state w

ith the m
easured state of the six -axis m

otion sensor m
odule; and 

For exam
ple, as previously show

n, the m
easured state, e, is obtained using the update O

 
function, w

hich com
bines the m

easured 
axial accelerations, z, and the predicted axial accelerations, 

B
b. M

oreover, the predicted axial accelerations are determ
ined 

based on the m
easured angular velocities of the current state at the current tim

e T
. T

he update() function further com
pares the 

m
easured state, e, and the current state to obtain the updated state, 

x0. 

_c 

m
easured angular velocities 

l
 

1
 

S
 

4
3
0
 

v
o
i
d
 
F
u
s
i
o
n
:
:
p
r
e
d
i
c
t
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

4
 

4
3
1
 

c
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
G
 

;
 

previous state 

4
8
5
 

x
O
 
=
 
o
 *
q
 
;
 

current state 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
 
:
u
p
d
a
t
e
 
(
 c
o
n
s
t
 
v
e
c
3
_
t
&
 

, 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

{ 

4
9
6
 

v
e
c
4
_
t
 
q
 (
x
0
)
 

;
 

updated state 

m
easured state 

5
2
9
 

5
3
0
 

5
3
1
 

5
3
2
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
 
(
 z
 
-
 
B
I
D
)
-
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
q
 
(
 K
 [
0
]
 *
e
 
)
 

;
 

q
 
+
=
 
g
e
t
F
(
q
)
*
(
0
.
5
f
*
d
q
)
;
 

x
0
 
=
 
n
o
r
m
a
l
i
z
e
_
q
u
a
t
(
q
)
;
 

m
easured axial accelerations 

predicted axial accelerations 

Source: https : / /android.googlesource.com
 /platform

 /fram
ew

orks/ native / +
/ m

aster / services /sensorservice /Fusion.cpp 
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calculating and converting the updated state of the six axis m
otion sensor m

odule to said resulting deviation com
prising said 

resultant angles in said spatial pointer reference fram
e of the 3D

 pointing device. 

T
he updated state x0 

is in quaternion form
, and can easily be converted to resultant angles. 

A
ccording to A

ndroid's developer library, the getO
rientation O

 function "com
putes the device's orientation based on the rotation 

m
atrix," and returns resultant angles including the A

zim
uth, Pitch, and R

oll angles. 

getO
rientation 

f
l
o
a
t
[
]
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 
(
f
l
o
a
t
[
]
 

R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the device's orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

.,*, 

A
dded in A

P
I level 3 

values[0]: A
zim

uth, angle of rotation about the -z axis. T
his value represents the angle betw

een the device's y axis and the m
agnetic north pole. W

hen 

facing north, this angle is 0, w
hen facing south, this angle is n. Likew

ise, w
hen facing east, this angle is rt /2, and w

hen facing w
est, this angle is -n /2. 

T
he range of values is -n to n. 

values[1]: P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een 

a plane parallel to the device's screen and 
a plane 

parallel to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the top edge of the device 

tow
ard the ground creates a positive pitch angle. T

he range of values is -n to n. 

values[2]: R
oll, angle of rotation about the y axis. T

his value represents the angle betw
een 

a plane perpendicular to the device's screen and a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates 

a positive rol 
l angle. T

he ranee of values is -n/2 to rt /2. 

T
he getR

otationM
atrixFrom

V
ector O

 function "convert[s] a rotation vector to a rotation m
atrix," and the 

getQ
uaternionFrom

V
ector O

 
function " convert[s] a rotation vector to a norm

alized quaternion." T
herefore, the quaternion, x0, can 

be easily converted to its m
athem

atically equivalent form
, rotation m

atrix, and used by getO
rientation O

 
function to com

pute the 
orientation in its angular form

. 

Source: https:/ /developer. android.com
 / reference / android / hardw

are /SensorM
anager#getO

rientation (float[], float[]) 
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ent C
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T
hese contentions are disclosed to only provide notice of Plaintiff's theories of infringem

ent. 
T

hese 
contentions 

do 
not 

constitute 
proof 

nor 
do 

they 
m

arshal 
Plaintiff's 

evidence 
of 

infringem
ent to be presented during trial. 
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C
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C
laim

 10 w
ith claim

 constructions (text in brackets [] reflects the C
ourt's claim

 construction or the parties' agreed claim
 construction 

in C
yW

ee G
roup, L

td. a A
pple Inc., N

o. 3:13 -cv- 01853 -H
SG

 or in C
yW

ee G
roup, L

td. a Sam
sung E

lecs. C
o., L

td., N
o. 2:17- cv- 00140- 

W
C

B
). C

onstrued term
s and constructions are underlined. 

10. A
 m

ethod for com
pensating rotations of a 3D

 pointing device [Sam
sung C

ourt's construction: no construction necessary], 
com

prising: 

generating an orientation output associated w
ith an orientation of the 3D

 pointing device associated w
ith three coordinate axes of a 

global reference fram
e associated w

ith E
arth [Sam

sung C
ourt's construction: reference fram

e w
ith axes defined w

ith respect to the 

E
arth]; 

generating a first signal set com
prising axial accelerations associated w

ith m
ovem

ents and rotations of the 3D
 pointing device in the 

spatial reference fram
e [Sam

sung C
ourt's construction: fram

e of reference associated w
ith the 3D

 pointing device, w
hich alw

ays has 
its origin at the sam

e point in the device and in w
hich the axes are alw

ays fixed w
ith respect to the device]; 

generating a second signal set associated w
ith E

arth's m
agnetism

; generating the orientation output based on the first signal set, the 
second signal set and the rotation output or based on the first signal set and the second signal set; 

generating a rotation output associated w
ith a rotation of the 3D

 pointing device associated w
ith three coordinate axes of a spatial 

reference fram
e associated w

ith the 3D
 pointing device; and 

using the orientation output and the rotation output to generate a transform
ed output associated w

ith a fixed reference fram
e 

associated w
ith a display device [A

pple C
ourt's construction: using the orientation output and the rotation output to generate a 

transform
ed output that corresponds to a tw

o- dim
ensional m

ovem
ent in a plane that is parallel to the screen of a display device; 

Sam
sung C

ourt's construction: using the orientation output and rotation output to generate a transform
ed output representing a 

m
ovem

ent in a fixed reference fram
e that is parallel to the screen of the display device], w

herein the orientation output and the 
rotation output is generated by a nine -axis m

otion sensor m
odule; obtaining one or m

ore resultant deviation including a plurality of 
deviation angles using a plurality of m

easured m
agnetism

s M
x, M

y, M
z and a plurality of predicted m

agnetism
 M

x', M
y' and M

z' for 
the second signal set. 
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A
 m

ethod for com
pensating rotations of a 3D

 pointing device [Sam
sung C

ourt's construction: no construction necessary], com
prising: 

L
G

 V
20 
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generating an orientation output associated w
ith an orientation of the 3D

 pointing device associated w
ith three coordinate axes of a G

lobal 
reference fram

e associated w
ith E

arth [Sam
sung C

ourt's construction: reference fram
e w

ith axes defined w
ith respect to the E

arthl; 

W
hen the orientation sensor is softw

are -based, the orientation output is the attitude of the device that can be represented by the 
azim

uth, pitch, and roll angles relative to the m
agnetic N

orth Pole associated w
ith a global reference fram

e associated w
ith E

arth. 

R
otation vector 

U
nderlying physical sensors: A

ccelerom
eter, M

agnetom
eter, and G

yroscope 

R
eporting -m

ode: C
ontinuous 

getD
efaultSensor (SE

N
SO

R
_T

Y
PE

_R
O

T
A

T
IO

N
_V

E
C

T
O

R
) 

returns a non- w
ake -up sensor 

A
 rotation vector sensor reports the orientation of the device relative to the E

ast- N
orth -U

p coordinates fram
e. It is usually 

obtained by integration of accelerom
eter, gyroscope, and m

agnetom
eter readings. T

he E
ast -N

orth -U
p coordinate system

 
is defined as a direct orthonorm

al basis w
here: 

X
 points east and is tangential to the ground. 

Y
 points north and is tangential to the ground. 

Z
 points tow

ards the sky and is perpendicular to the ground. 

T
he orientation of the phone is represented by the rotation necessary to align the E

ast-N
orth-U

p coordinates w
ith the 

phone's coordinates. T
hat is, applying the rotation to the w

orld fram
e (X

,Y
,Z

) w
ould align them

 w
ith the phone 

coordinates (x,y,z). 

Source: https: // source. android .com
 /devices /sensors /sensor- types #rotation_ vector 

4 
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generating a first signal set com
prising axial accelerations associated w

ith m
ovem

ents and rotations of the 3D
 pointing device in the spatial 

reference fram
e [S

am
sung C

ourt's construction: fram
e of reference associated w

ith the 3D
 pointing device. w

hich alw
ays has its origin at the 

sam
e point in the device and in w

hich the_axes are alw
ays fixed w

ith respect to the deviceI; 

A
ccelerom

eter 

R
eporting -m

ode: C
ontinuous 

g
e
t
D
e
f
a
u
l
t
S
e
n
s
o
r
 (
S
E
N
S
O
R
_
T
Y
P
E
_
A
C
C
E
L
E
R
O
M
E
T
E
R
)
 returns a non- w

ake -up sensor 

A
n accelerom

eter sensor reports the acceleration of the device along the 3 sensor axes. T
he m

easured acceleration 
includes both the physical acceleration (change of velocity) and the gravity. T

he m
easurem

ent is reported in the x, y and 
z fields of sensors_event_t.acceleration. 

A
ll values are in SI units (m

 /s ̂
2) and m

easure the acceleration of the device m
inus the force of gravity along the 3 

sensor axes, 
Source: https: / /source.android.com

/ devices / sensors /sensor- types #accelerom
eter 

S
ensor C

oordinate S
ystem

 
In general, the sensor fram

ew
ork uses a standard 3 -axis coordinate system

 to express data values. For m
ost 

sensors, the coordinate s stern is defined relative to the device's screen w
hen the device is held in its default 

o rientation (see figure 1). W
hen a device is held in its default orientation, the X

 axis is horizontal and points to 
the right, the Y

 axis is vertical and points up, and the Z
 axis points tow

ard the outside of the screen face. 
In 

this system
, coordinates behind the screen have negative Z

 values. T
his coordinate system

 is used by the 
follow

ing sensors: 

A
cceleration sensor 

G
ravity sensor 

G
yroscope 

L
inear acceleration sensor 

G
eom

agnetic field sensor 

Source: http : / /developer.android.com
/guide/ topics/ sensors /sensors_overview

.htrl #sensors -coords Figure 1. C
oordinate system

 (relative to a 
device) that's used by the Sensor A

PI. 
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generating a second signal set associated w
ith E

arth's m
agnetism

; 

T
he m

agnetom
eter (i.e., the com

pass) generates a second signal set associated w
ith E

arth's m
agnetism

. 

M
agnetic field sensor 

R
eporting -m

ode: C
ontinuous 

g
e
t
D
e
f
a
u
l
t
S
e
n
s
o
r
 (
S
E
N
S
O
R
_
T
Y
P
E
_
M
A
G
N
E
T
I
C
_
F
I
E
L
D
)
 

returns a non- w
ake -up sensor 

S
E
N
S
O
R
_
T
Y
P
E
_
G
E
O
M
A
G
N
E
T
I
C
_
F
I
E
L
D
 
=
=
 
S
E
N
S
O
R
_
T
Y
P
E
_
M
A
G
N
E
T
I
C
_
F
I
E
L
D
 

A
 m

agnetic field sensor (also know
n as m

agnetom
eter) reports the am

bient m
agnetic field, as m

easured along the 3 

sensor axes. 

T
he m

easurem
ent is reported in the 

x, y and z fields of 
s
e
n
s
o
r
s
_
e
v
e
n
t
_
t
.
m
a
g
n
e
t
i
c
 

and all values are in m
icro -T

esla 

(U
T

). 

Source: https : / /source.android.com
/devices /sensors /sensor- types#m

agnetic_field 
sensor 
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generating the orientation output based on the first signal set, the second signal set and the rotation output or based on the first 

signal set and the second signal set; 

T
he A

ndroid source code show
s generating the orientation output based on the first signal set, the second signal set and the 

rotation output. 
T

he hand 1 eG
yro O

 
function passes rotation output w

 to the predict 0 
function and the update O

 
function to calculate an 

orientation output, x0. 

3
1
3
 

3
1
4
 

3
1
5
 

. 

4
3
0
 

4
3
1
 

v
o
i
d
 
F
u
s
i
 o
n
 

:
 

:
 h
a
n
d
l
e
G
_
y
r
o
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 { 

i
f
 

c
!
 c
:
h
e
c
k
l
n
i
 -
t
C
c
}
m
p
l
e
t
e
 
c
;
Y
R
O
,
 
w
,
 
d
T
)
 
)
 

r
e
t
u
r
n
;
 

_
a
m
o
L
_
 

v
o
i
d
 
F
u
s
i
o
n
:
 

:
 p
r
-
e
d
i
c
t
 (
c
o
n
s
t
 
v
e
c
3
_
t
&
 
w
,
 
f
l
o
a
t
 
d
T
)
 

{
 

o
.
o
n
s
t
 
v
e
c
4
_
t
 
q
 

=
 
x
0
;
 

4
8
5
 

x
0
 
=
 
o
*
q
 

;
 

4
9
5
 

v
o
i
d
 
F
u
s
i
 o
n
 

:
 

:
 u
p
d
a
t
e
 (
c
o
n
s
t
 
v
e
c
3
v
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
g
J
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
 

-{ 

4
9
6
 

v
e
c
4
_
t
 
C
x
0
)
 

;
 

5
2
9
 

5
3
0
 

5
3
1
 

c
o
n
s
t
 

e
(
z
 
-
 
B
b
)
 

;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
q
 
(
 K
 [
0
]
 *
e
)
 

;
 

5
3
2
 

q
 
+
=
 
g
e
t
F
 (
g
)
 *
 (
0
 

.
 5
f
*
d
g
)
 

;
 

5
3
3
 

x
0
 
=
 
n
o
r
 m
a
l
i
 z
e
_
q
u
a
t
 (
g
)
 

.
 

i
 

Source: https 
: / /android.googlesource.com

/ platform
 / fram

ew
orks / native /+

 /m
aster /services /sensorservice /Fusion.cpp 
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generating the orientation output based on the first signal set, the second signal set and the rotation output or based on the first 

signal set and the second signal set; 

T
he handleA

cc () 
function passes the accelerom

eter m
easurem

ents (first signal set) a to the update Q
 

function, w
hich updates the 

orientation output x0. 

1
 

;
 

32G
 

a
 t
 321 

s
 
3
2
2
 

s
t
a
t
u
s
_
t
 
F
u
s
i
o
n
:
:
h
a
n
d
t
e
A
c
c
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 
a
,
 
f
l
o
a
t
 
d
T
 

i
f
 
(
!
c
h
e
c
k
I
n
i
t
C
o
m
p
l
e
t
e
(
A
C
C
,
 

a
,
 
d
T
)
)
 

r
e
t
u
r
n
 
B
A
D
 _
V
A
L
U
E
,
 

{
 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
 

_
 u
p
d
a
t
e
 (
c
o
n
$
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
 

,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

{
 

4
9
6
 

v
e
c
4
_
t
 
g
 (
x
0
 )
 

;
 

5
2
9
 

5
3
0
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
q
 
(
 K
 [
0
]
 *
e
)
 

;
 

5
3
1
 

5
3
2
 

q
 
+
=
 
g
e
t
F
(
g
)
*
(
0
.
5
f
*
d
q
)
;
 

5
3
3
 

x
0
 
=
 
n
o
r
m
a
l
i
z
e
_
q
u
a
t
(
g
)
;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
(
z
 
-
 
B
b
)
 

;
 

Source: https: // android. googlesource .com
 /platform

/fram
ew

orks/ native / +/ m
aster / services /sensorservice /Fusion.cpp 
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generating the orientation output based on the first signal set, the second signal set and the rotation output or based on the first 
signal set and the second signal set; 

T
he handl eM

ag () 
function passes the m

agnetom
eter m

easurem
ents (second signal set) 

m
 to the sam

e update O
 , w

hich also updates 
the orientation output x0. 

3
5
3
 

.
s
t
a
t
u
s
_
t
 
F
u
s
i
o
n
:
 

:
 h
a
n
d
l
e
P
Y
1
a
g
 
(
 c
o
n
s
t
 
v
e
c
3
_
t
&
 

C
n
)
 

{
 

3
5
4
 

I
f
 

(
!
 C
h
e
<
_
 k
I
n
i
 t
C
o
n
l
p
l
e
t
e
 
(
 M
A
G
 
,
 
m
)
)
 

3
5
5
 

r
e
t
u
r
n
 
B
A
D
 
V
A
L
U
E
;
 

4
9
5
 

v
o
i
d
 
F
u
s
i
o
n
:
 
:
u
p
d
a
t
e
 
(
 c
o
n
s
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
)
 

4
9
6
 

v
e
c
4
_
t
 
q
 (
x
0
)
 

;
 

5
2
9
 

5
3
0
 

5
3
1
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
(
z
 

-
 
B
b
)
;
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
q
(
K
[
0
]
*
e
)
;
 

5
3
2
 

q
 
+
=
 
g
e
t
F
 (
q
)
 *
 (
0
.
 5
f
*
d
q
)
 

;
 

5
3
3
 

x
0
 
=
 
n
o
r
m
a
l
i
z
e
_
q
u
a
t
(
q
)
;
 

Source: https: // android. googlesource .com
 /platform

 /fram
ew

orks/ native / +
/ m

aster / services /sensorservice /Fusion.cpp 
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generating a rotation output associated w
ith a rotation of the 3D

 pointing device associated w
ith three coordinate axes of a spatial 

reference fram
e associated w

ith the 3D
 pointing device; and 

G
yroscope 

R
eporting -m

ode: C
ontinuous 

getD
efaultSensor (SE

N
SO

R
_T

Y
PE

_G
Y

R
O

SC
O

PE
) 

returns a non- w
ake -up sensor 

A
 gyroscope sensor reports the rate of rotation of the device around the 3 sensor axes. 

R
otation is positive in the counterclockw

ise direction (right -hand rule). T
hat is, an observer looking from

 som
e positive 

location on the x, y or z axis at a device positioned on the origin w
ould report positive rotation if the device appeared to 

be rotating counter clockw
ise. N

ote that this is the standard m
athem

atical definition of positive rotation and does not 

agree w
ith the aerospace definition of roll. 

Source: https: / /source.android.corn/ devices /sensors /sensor- types #gyroscope 

S
ensor C

oordinate S
ystem

 
In general, the sensor fram

ew
ork uses a standard 3 -axis coordinate system

 to express data values. F
or m

ost 
_! 

sensors, the coordinate system
 is defined relative to the device's screen w

hen the device is held in its default 
zjgntation (see fi aw

e 1). W
hen a device is held in its default orientation, the X

 axis is horizontal and points to 
the right, the Y

 axis is vertical and points up, and the Z
 axis points tow

ard the outside of the screen face. 
In 

this system
, coordinates behind the screen have negative Z

 values. T
his coordinate system

 is used by the 

follow
ing sensors: 

A
cceleration sensor 

G
ravity sensor 

G
yroscope 

Linear acceleration sensor 

G
eom

agnetic field sensor _,...... 
Source: http : / /developer.android.com

/guide/ topics/ sensors /sensors_overview
.htm

l #sensors -coords 

y A
 

-_- 

0.x Z
 

Figure 1. C
oordinate system

 (relative to a 

device) that's used by the S
ensor A

P
I. o 
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using the orientation output and the rotation output to generate a transform
ed output associated w

ith a fixed reference fram
e associated w

ith a display device 

íA
pple C

ourt's construction: using the orientation output and the rotation output to generate a transform
ed output that corresponds to a tw

o -dim
ensional 

m
ovem

ent in a plane that is parallel to the screen of a display device: Sam
sung C

ourt's construction: using the orientation output and rotation output to generate 
a transform

ed output representing 
a m

ovem
ent in a fixed reference fram

e that is parallel to the screen of the display device], 

T
he fixed reference fram

e is defined by the horizontal and vertical axes of pixels on the L
G

 V
20 display device. 

A
 

] 
. 

ll F
igure 1. 

device) that's 
C

oordinate 
used 

z 

system
 (relative to a 

by the S
ensor A

P
I. 

Source: 
. 

http: / /developer.android.com
 /guide /topics /se 

`` 

nsors /sensors 
overview

.htm
l #sensors -coords 

w
 

11 
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using the orientation output and the rotation output to generate a transform
ed output associated w

ith a fixed reference fram
e associated w

ith a display device 

[A
pple C

ourt's construction: using the orientation output and the rotation output to generate a transform
ed output that corresponds to a tw

o- dim
ensional 

m
ovem

ent in a plane that is parallel to the screen of a display device; Sam
sung C

ourt's construction: using the orientation output and rotation output to generate 
a transform

ed output representing a m
ovem

ent in a fixed reference fram
e that is parallel to the screen of the display device], 

T
h
e
 r
e
m
a
p
C
o
o
r
d
i
n
a
t
e
S
y
s
t
e
m
 O

 function transform
s the orientation output (inR

) to a transform
ed output (outR

), associated w
ith a 

tw
o dim

ensional m
ovem

ent in a plane that is parallel to the screen of a display device. 
p
u
b
l
i
c
 
s
t
a
t
i
c
 
b
o
o
l
e
a
n
 
r
e
m
a
p
C
o
o
r
d
i
n
a
t
e
S
y
s
t
e
m
(
f
l
o
a
t
[
]
 
i
n
R
,
 
i
n
t
 
X
,
 
i
n
t
 
Y
,
 
f
l
o
a
t
[
]
 
o
u
t
R
)
 

{
 

i
f
 
(
i
n
R
 
=
=
 
o
u
t
R
)
 

f
i
n
a
l
 
f
l
o
a
t
_
_
 
t
e
m
p
 

=
 
s
T
e
m
p
M
a
t
r
i
x
;
 

s
y
n
c
h
r
o
n
i
z
e
d
 
(
t
e
m
p
)
 

/
/
 
w
e
 
d
o
n
'
t
 
e
x
p
e
c
t
 
t
o
 
h
a
v
e
 
a
 
l
o
t
 
o
f
 
c
o
n
t
e
n
t
i
o
n
 

i
f
 
(
r
e
m
a
p
C
o
o
r
d
i
n
a
t
e
S
y
s
t
e
m
I
m
p
l
(
i
n
R
,
 
X
.
 
Y
,
 
t
e
m
p
)
)
 

f
i
n
a
l
 
i
n
t
 
s
i
z
e
 

=
 
o
u
t
R
.
l
e
n
g
t
h
;
 

f
o
r
 
(
i
n
t
 

i
 

=
 
0
;
 

i
 

<
 
s
i
z
e
:
 

i
 +
 +
)
 

{
 

o
u
t
R
E
i
_
 

=
 
t
e
m
p
[
i
]
;
 

1
3
5
2
 

1
3
5
3
 

1
3
5
4
 

1
3
5
5
 

1
3
5
6
 

1
3
5
7
 

1
3
5
8
 

1
3
5
9
 

1
3
6
0
 

1
3
6
1
 

1
3
6
2
 

1
3
6
3
 

1
3
6
4
 

1
3
6
5
 

1
3
6
6
 

1
3
6
7
 

}
 

r
 r
e
t
u
r
n
 
t
r
u
e
;
 

}
 

r
e
t
u
r
n
 
r
e
m
a
p
C
o
o
r
d
i
n
a
t
e
S
y
s
t
e
m
I
m
p
l
(
i
n
R
.
 
X
,
 
Y
,
 
o
u
t
R
)
;
 

Source: https: // android. googlesource. com
 /platform

/fram
ew

orks/base / +
/ m

aster / core /java/ android /hardw
are /SensorM

anager.java 
rem

apC
oordinateS

ystem
 

a
d
d
e
d
 
i
n
 A
P
I
 
l
e
v
e
l
 3
 

p
u
b
l
i
c
 
s
t
a
t
i
c
 
b
o
o
l
e
a
n
 
r
e
m
a
p
C
o
o
r
d
i
n
a
t
e
S
y
s
t
e
m
 
(
f
l
o
a
t
[
]
 
i
n
R
,
 

i
n
t
 
X
,
 

i
n
t
 
Y
,
 

f
l
o
a
t
[
]
 
o
u
t
R
)
 

R
otates the supplied rotation m

atrix so it is expressed in a different coordinate system
. T

his is typically used w
hen 

an 

application needs to com
pute the three orientation angles of the device (see 

g
e
t
O
r
i
e
n
t
a
t
i
o
n
 (
 f
l
o
a
t
 
[
 

]
 

,
 
f
l
o
a
t
 

[
 
]
 

)
 

)
 in 

a different coordinate system
. 

W
hen the rotation m

atrix Is used for draw
ing (for instance w

ith O
penG

L E
S

), it usually doesn't need to be transform
ed by 

this function, unless the screen is physically rotated, in w
hich case you can use 

D
i
s
p
l
a
y
.
 g
e
t
R
o
t
a
t
i
o
n
(
 

)
 

to retrieve the 

current rotation of the screen. N
ote that because the user Is generally free to rotate their screen, you often should 

consider the rotation in deciding the param
eters to use here. 

Source: httss: / / develo.er.android.com
/ reference /android/hardw

are /SensorM
ana er#rem

a C
oordinateS stem

 float 
, int, int, float 

1
2
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w
herein the orientation output and the rotation output is generated by a nine -axis m

otion sensor m
odule; 

T
he L

G
 V

20 includes a 3 -axis gyroscope, a 3 -axis accelerom
eter, 

and a 3 -axis m
agnetom

eter w
hich form

 a nine -axis m
otion sensor 

m
odule. 

7)20 

A
 

0 
G

 
R

) 
!ó' 

2:03 P
M

 

®
S

ensor K
inetics 

M
 

? 

M
ulti- Sensor R

ecorder 
new

 

A
ccelerom

eter 
X

=
0.3033 

U
nits: m

/s2 
Y

=
-0.4053 

R
ata; 25H

z 
U

I 
Z

=
9.8927 

G
yroscope 

X
=

-0.0002 
rad/s 

Y
=

-0.0009 
R

eto 
25H

z 
U

I 
Z

=
-0.0001 

M
agnetom

eter 
X

=
225.067 

::;,, 
pT

 
Y

=
61.089 

R
rtta.l5H

z 
U

I 
Z

=
55.400 

? 

G
ravity S

ensor 
X

=
0.3038 

Y
=

-0.3956 
Z

=
9.7940 

U
nits 

m
 /s2 

R
ate: 25H

z 

Linear A
cceleration 

X
=

-0.0033 
Y

=
-0.0060 

Z
=

0.0046 

3
 

R
ete; 

U
I 

R
otation S

ensor 
X

 =
0.0069 

quat. 

i 
A

ccelerom
eter 

X
=

0.3033 
Y

=
-0,4053 

Z
=

9.8927 

U
nfti 

m
 /s2 

R
ate; 25H

z 
U

I 

G
yroscope 

X
=

-0.0002 
Y

=
-0,0009 

Z
=

-0.0001 

U
n 

rad /s 
R

ate: 25H
z 

U
I 

M
agnetom

eter 
X

=
225,067 

Y
=

61,089 
Z

=
-55.400 

w
oo, 

N
T

 

R
at+

 ,..15H
z 

U
I 
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obtaining one or m
ore resultant deviation including a plurality of deviation angles using a plurality of m

easured m
agnetism

s M
x, 

M
y, M

z and a plurality of predicted m
agnetism

 M
x'. M

y' and M
z' for the second signal set. 

T
he m

easured m
agnetism

s M
x, M

y, M
z are values [0] - [2] 

. 

S
e
n
s
o
r
 
.
 T
Y
P
E
M
A
G
N
E
T
 I
C
_
F
I
E
L
D
 
U
N
C
A
L
I
B
R
A
T
E
D
:
 

S
im

ilar to T
Y
P
E
 
M
 
G
N
E
T
I
C
_
F
I
E
L
D
,
 but the hard iron calibration is reported separately instead of being 

included in the m
easurem

ent. F
actory calibration and tem

perature com
pensation w

ill still be applied to 
the "uncalibrated" m

easurem
ent. A

ssum
ptions that the m

agnetic field is due to the E
arth's poles is 

,avoided. 
T

he values array is show
n below

: 

values[0] =
 x_uncalib 

values[1] =
 y_uncalib 

values[2] =
 z_uncalib 

values[3] =
 x_bias 

values[4] =
 y_bias 

values[5] =
 z_bias 

x_uncalib, y_uncalib, z_uncalib are the m
easured m

agnetic field in X
, Y

, Z
 axes. S

oft iron and 

tem
perature calibrations are applied. B

ut the hard iron calibration is not applied. T
he values are in 

m
icro -T

esla (uT
), 

x_bias, y_bias, z_bias give the iron bias estim
ated in X

, Y
, Z

 axes. E
ach field is a com

ponent of the 
estim

ated hard iron calibration. T
he values are in m

icro -T
esla (uT

). 

H
ard iron - T

hese distortions arise due to the m
agnetized iron, steel or perm

anenet m
agnets on the 

device. S
oft iron -T

hese distortions arise due to the interaction w
ith the earth's m

agentic field. 

Source: http: / /developer. android.com
/ reference / android /hardw

are /SensorE
vent.htrl #values 

1
4
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obtaining one or m
ore resultant deviation including a plurality of deviation angles using a plurality of m

easured m
agnetism

s M
x, 

M
y, M

z and a plurality of predicted m
agnetism

 M
x', M

y' and M
z' for the second signal set. 

T
he m

easured m
agnetism

s, z, and a predicted m
agnetism

, B
b, are used to calculate a global variable x0 in quaternion fonn. 

342 

m
easured m

agnetism
s 

u
p
d
a
t
e
 
(
 
I
1
1
 

,
 

B
m
 

,
 

1
1
1
P
a
 
i
-
a
1
1
1
 .
(
1
1
a
g
S
t
d
e
v
)
 

4
9
5
 

v
o
i
d
 

i 

F
u
s
i
o
n
:
:
u
p
d
a
t
e
(
c
o
n
s
t
 
v
e
c
3
_
t
&
 
z
,
 
c
o
n
s
t
 
v
e
c
3
_
t
&
 
B
i
,
 
f
l
o
a
t
 
s
i
g
m
a
 

4
9
9
 

c
o
n
s
t
 
v
e
c
3
-
t
 
B
b
(
A
*
B
i
)
;
 ; 

'
5
2
9
 

5
3
0
 

5
3
1
 

c
o
n
s
t
 
v
e
c
3
_
t
 
e
(
z
 
-
 

c
o
n
s
t
 
v
e
c
3
_
t
 
d
g
 (
K
[
0
]
 *
e
)
 

;
 

5
3
2
 

q
 
+
=
 
g
e
t
F
 (
g
 
)
 *
 (
0
 

.
 5
f
 *
d
g
)
 

;
 

5
3
3
 

x
0
 
=
 
n
o
F
i
n
a
l
i
z
e
_
q
u
a
t
(
q
)
;
 

predicted m
agnetism

 

Source: https :// android .googlesource.com
 /platform

/ fram
ew

orks /native /+
 /m

aster /ser vices /sensorservice /Fusion.cpp 
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ore resultant deviation including a plurality of deviation angles using a plurality of m

easured m
agnetism

s M
x, 

M
y, M

z and a plurality of predicted m
agnetism

 M
x', M

y' and M
z' for the second signal set. 

. 

T
he global variable x0 is in quaternion form

, and can easily be converted to resultant angles. 

A
ccording to A

ndroid's developer library, the 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 O

 function "com
putes the device's orientation based on the rotation 

m
atrix," and returns deviation angles including the A

zim
uth, Pitch, and R

oll angles. 

gët4riëntatioñ 
f
l
o
a
t
[
]
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 
(
f
l
o
a
t
[
]
 

R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the devices orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

A
d
d
e
d
 
i
n
 A
P
I
 
l
e
v
e
l
 
3
 

values[0]: A
zim

uth, angle of rotation about the -z axis. T
his value represents the angle betw

een the device's y axis and the m
agnetic north pole. W

hen 

facing north, this angle is 0, w
hen facing south, this angle is rt. Likew

ise, w
hen facing east, this angle is rt /2, and w

hen facing w
est, this angle is -n /2. 

T
he range of values is -rt to 

R
.
 

values[1]: P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen and a plane 

parallel to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the top edge of the device 

tow
ard the ground creates a positive pitch angle. T

he range of values is -n to n. 

values[2]: R
oll, angle of rotation about the y axis. T

his value represents the angle betw
een a plane perpendicular to the device's screen and 

a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates 

a positive roll angle. T
he range of values is -n /2 to n /2. 

T
he g

e
t
R
o
t
a
t
i
o
n
M
a
t
r
i
x
F
r
o
m
V
e
c
t
o
r
 () 

function " convert[s] a rotation vector to a rotation m
atrix," and the 

g
e
t
Q
u
a
t
e
r
n
i
o
n
F
r
o
m
V
e
c
t
o
r
 O

 
function "convert[s] a rotation vector to a norm

alized quaternion." T
herefore, the quaternion, x0, can 

be easily converted to its m
athem

atically equivalent form
, rotation m

atrix, and used by g
e
t
O
r
i
e
n
t
a
t
i
o
n
 O

 
function to com

pute the 
orientation in its angular form

. 

Source: https:/ /developer. android. com
 / reference / android / hardw

are /SensorM
anager#getO

rientation (float[], float[]) 

1
6
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obtaining one or m
ore resultant deviation including a plurality of deviation angles using a plurality of m

easured m
agnetism

s M
x, 

M
y, M

z and a plurality of predicted m
agnetism

 M
x', M

y' and M
z' for the second signal set. 

. 

R
otation vector 

U
nderlying physical sensors: A

ccelerom
eter, M

agnetom
eter, and G

yroscope 

R
eporting -m

ode: C
ontinuous 

getD
efaultS

ensor(S
E

N
S

O
R

 T
Y

P
E

_R
O

T
A

T
IO

N
V

E
C

T
O

R
) returns a non-w

ake -up sensor 

Source: https: / /source.android.com
/ devices / sensors /sensor -types #rotation_vector 

getR
otationM

atrixF
rom

V
ector 

v
o
i
d
 
g
e
t
R
o
t
a
t
i
o
n
M
a
t
r
i
x
F
r
o
m
V
e
c
t
o
r
 
(
f
l
o
a
t
[
]
 
R
,
 

f
l
o
a
t
[
]
 
r
o
t
a
t
i
o
n
V
e
c
t
o
r
)
 

added in A
P

I level 9 

H
elper function to convert a rotation vector to 

a rotation m
atrix. G

iven a rotation vector 

(presum
ably from

 a R
O

T
A

T
IO

N
 

V
E

C
T

O
R

 sensor), returns a 
9 or 16 elem

ent rotation m
atrix in the 

array R
. R

 m
ust have length 9 or 16. If R

.Iength 
=

=
 9, the follow

ing m
atrix is returned: 

Source: https: / /developer.android.com
 /reference /android /hardw

are/ 

S
ensorM

anager #getR
otationM

atrixF
rom

V
ector (float[], float[]) 

getO
rientation 

float[] 
getO

rientation 
(floatE

 
R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the device's orientation based on the rotation m
atrix. 

W
hen it returns, the array values 

are as fol ow
s: 

added ii A
P

I level 3 

values[O
]: A

zim
uth, angle of rotation about the -z axis. T

his value represents the angle betw
een the device's y axis and the m

agnetic north pole. W
hen 

facing north, this angle is 0, w
hen facing south, this angle is n. Likew

ise, w
hen facing east, this angle is n /2, and w

hen facing w
est, this angle is -n /2. 

T
he range of values is -n to n. 

values[1 j: P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen and a plane parallel 

to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the top edge of the device tow

ard 

the ground creates a positive pitch angle. T
he range of values is -n to n. 

values[21: R
oll, angle of rotation about the y axis 

T
his value represents the angle betw

een 
a plane perpendicular to the device's screen and a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates 

a positive roll angle. T
he range of values is -n /2 to n /2. 

S
ource: https://developer.android.com

/ reference' android / hardw
are /S

ensorM
anager#getO

rientation (float[], float[]) 
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T
he m

ethod of claim
 10, w

herein the orientation output is a rotation m
atrix, a quaternion, a rotation vector, or com

prises three 
orientation angles. 

Several m
ethods are provided for receiving the orientation output as a rotation m

atrix, a quaternion, or three orientation angles. 
T

he 
g
e
t
R
o
t
a
t
i
o
n
M
a
t
r
i
x
 O

 
function 

outputs a rotation m
atrix. 

getR
otationM

atrix 
b
o
o
l
e
a
n
 
g
e
t
R
o
t
a
t
i
o
n
M
a
t
r
i
x
 
(
f
l
o
a
t
[
]
 
R
,
 

f
l
o
a
t
[
]
 

I
,
 

f
l
o
a
t
[
]
 
g
r
a
v
i
t
y
,
 

f
l
o
a
t
[
]
 
g
e
o
m
a
g
n
e
t
i
c
)
 

added in A
P

I level 3 

C
om

putes the inclination m
atrix 

I as w
ell as the rotation m

atrix R
 transform

ing a vector from
 the device coordinate system

 to the w
orld's coordinate 

system
 w

hich is defined as a direct orthonorm
al basis, w

here: 

1 

X
 is defined as the vector product Y

.Z
 (lt is tangential to the ground at the device's current location and roughly points E

ast). 

Y
 is tangential to the ground at the device's current location and points tow

ards the m
agnetic N

orth P
ole. 

I 
Z

 points tow
ards the sky and is perpendicular to the ground. 

y 

Source: https: / /developer.android.com
 /reference/ android / hardw

are/ SensorM
anager#getR

otationM
atrix (float[], float[], float[], float[]) 

1
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T
he m

ethod of claim
 10, w

herein the orientation output is 
a rotation m

atrix, a quaternion, a rotation vector, or com
prises three 

orientation angles. 

T
he g

e
t
Q
u
a
t
e
r
n
i
o
n
F
r
o
m
V
e
c
 t
o
r
 O

 function outputs a quaternion. 

g
e
t
Q
u
a
t
e
r
n
i
o
n
F
r
o
m
V
e
c
t
o
r
(
f
l
o
a
t
[
 ]
 

Q
, 

floatH
 

rv) 

H
elper function to convert a rotation vector to a norm

alized quaternion. 

T
he ge 

l 
O

 r i en tat i on O
 

function outputs three orientation angles. 

getO
rientation 

f
l
o
a
t
[
]
 
g
e
t
O
r
i
e
n
t
a
t
i
o
n
 
(
f
l
o
a
t
[
]
 

R
,
 

f
l
o
a
t
[
]
 
v
a
l
u
e
s
)
 

C
om

putes the devices orientation based on the rotation m
atrix. 

W
hen it returns, the array values are as follow

s: 

A
d
d
e
d
 
i
n
 
A
P
I
 
l
e
v
e
l
 
3
 

values[0]: A
zim

uth, angle of rotation about the -z axis. T
his value represents the angle betw

een the device's y axis and the m
agnetic north pole. W

hen 

facing north, this angle is 0, w
hen facing south, this angle is 

R
.
 Likew

ise, w
hen facing east, this angle is 11/2, and w

hen facing w
est, this angle is -n /2. 

T
he range of values is -n to rt. 

values[1]: P
itch, angle of rotation about the x axis. T

his value represents the angle betw
een a plane parallel to the device's screen and 

a plane 

parallel to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the top edge of the device 

tow
ard the ground creates a positive pitch angle. T

he range of values is -rt to n. 

values[2]: R
oll, angle of rotation about the y axis. T

his value represents the angle betw
een 

a plane perpendicular to the device's screen and a plane 

perpendicular to the ground. A
ssum

ing that the bottom
 edge of the device faces the user and that the screen is face -up, tilting the left edge of the 

device tow
ard the ground creates a positive roll angle. T

he range of values 
i 

n/2 to 
rß

;'2. 

Source: https: / /developer.android.com
 /reference/ android/ hardw

are/ S
ensorM

anager #getO
rientation(float[], float[]) 


