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(57) Abstract: A hand-held controller includes a handle extending in a longitudinal direction. The handle is shaped and dimensioned
to be grasped by a user's hand. A ring is attached to an end of the handle and surrounds a thumb of the user when the handle is grasped
by the user's hand. The ring has an annular surface that defines a plane that forms a predetermined angle with respect to the longitudinal
direction, and a curved outer surface. Light sources are mounted on the curved outer surface and configured to emit light to be captured
by an imaging device for tracking a position or orientation of the hand-held controller. The light is emitted in a direction normal to

the curved outer surface.
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HAND-HELD CONTROLLER USING LED TRACKING RING
BACKGROUND
Field of the Disclosure

[0001] The present disclosure generally relates to virtual reality (VR) controllers, and
specifically to a hand-held controller using an LED tracking ring,
Description of the Related Arts

[0002] VR systems may include a controller to translate movement of the user’s body
into tangible action in a virtual world. Some controllers provide vibration feedback to
Android or i0S VR headsets for motion-based gaming. A controller may be equipped with a
gyroscope, an accelerometer, or terrestrial magnetic field sensor to trace motion back to a
game, allowing intuitive gameplay as if the player is within the game.

SUMMARY
[0003] Embodiments relate to a hand-held controller to track a user’s hand motion,
position, natural gestures, and finger movement to create a sense of hand presence for more
realistic and tactile VR. The controller may let the user make social gestures like point,
wave, and give a thumbs-up or manipulate objects in the virtual space, pick up toys or fire
laser guns with intuitive, natural hand movement.
[0004] In one embodiment, the hand-held controller includes a handle extending in a
longitudinal direction. The handle is shaped and dimensioned to be grasped by a user’s hand.
A ring is attached to an end of the handle and surrounds a thumb of the user when the handle
is grasped by the user’s hand. The ring has an annular surface that defines a plane that forms
a predetermined angle with respect to the longitudinal direction, and a curved outer surface.
Light sources are mounted on the curved outer surface and configured to emit light to be
captured by an imaging device for tracking a position or orientation of the hand-held
controller. The light is emitted in a direction normal to the curved outer surface.
[0005] In one embodiment, the handle has a cylindrical shape.
[0006] In one embodiment, the hand-held controller includes a button located on a
bottom surface of the handle. The button may be pressed by an index or middle finger of the
user’s hand.
[0007] In one embodiment, the button has a symmetrical shape.
[0008] In one embodiment, the predetermined angle is between 45° to 135°.
[0009] In one embodiment, a preferred ratio of a diameter of the ring to a length of the
handle is 9:10.

[0010] In one embodiment, the light sources are light-emitting diodes.
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[0011] In one embodiment, the handle is made of engineering plastic.
[0012] In one embodiment, the ring is made of engineering plastic.
[0013] In one embodiment, the hand-held controller includes a sensor interface circuit to
receive sensor signals from a button located on a bottom surface of the handle. The button
generates the sensor signals responsive to being pressed by an index or a middle finger of the
user’s hand.
[0014] In one embodiment, the hand-held controller includes a circuit to provide
electrical signals to the light sources.
[0015] In one embodiment, the hand-held controller includes a wireless communication
interface to transmit wireless signals indicating user input received from the user’s hand.
[0016] Embodiments according to the invention are in particular disclosed in the attached
claims directed to a hand-held controller/a system, wherein any feature mentioned in one
claim category, e.g. system, can be claimed in another claim category, e.g. a method, a
storage medium, a computer program product, as well. The dependencies or references back
in the attached claims are chosen for formal reasons only. However any subject matter
resulting from a deliberate reference back to any previous claims (in particular multiple
dependencies) can be claimed as well, so that any combination of claims and the features
thereof is disclosed and can be claimed regardless of the dependencies chosen in the attached
claims. The subject-matter which can be claimed comprises not only the combinations of
features as set out in the attached claims but also any other combination of features in the
claims, wherein each feature mentioned in the claims can be combined with any other feature
or combination of other features in the claims. Furthermore, any of the embodiments and
features described or depicted herein can be claimed in a separate claim and/or in any
combination with any embodiment or feature described or depicted herein or with any of the
features of the attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The teachings of the embodiments can be readily understood by considering the
following detailed description in conjunction with the accompanying drawings.
[0018] Figure (FIG.) 1 is an example schematic perspective view of a hand-held
controller, in accordance with an embodiment.
[0019] FIG. 2 is an example schematic side view of the hand-held controller, in
accordance with an embodiment.
[0020] FIG. 3 is an example schematic block diagram of the hand-held controller, in

accordance with an embodiment.
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[0021] The figures depict various embodiments for purposes of illustration only.
DETAILED DESCRIPTION
[0022] In the following description of embodiments, numerous specific details are set
forth in order to provide more thorough understanding. However, note that the embodiments
may be practiced without one or more of these specific details. In other instances, well-
known features have not been described in detail to avoid unnecessarily complicating the
description.
[0023] Embodiments are described herein with reference to the figures where like
reference numbers indicate identical or functionally similar elements. Also in the figures, the
left most digits of each reference number corresponds to the figure in which the reference
number is first used.
[0024] Embodiments relate to a hand-held VR controller to track a user’s hand motion
and position. The hand-held controller includes a handle extending in a longitudinal
direction. A ring is attached to an end of the handle and has a curved outer surface. Light
sources are mounted on the curved outer surface and configured to emit light to be captured
by an imaging device for tracking a position or orientation of the hand-held controller.
Example Schematic Perspective View of Hand-Held Controller
[0025] FIG. 1 is an example schematic perspective view of a hand-held controller 100, in
accordance with an embodiment. The hand-held controller 100 may be included in a VR
system as a stand-alone controller or as part of a pair of tracked controllers that give a user
“hand presence”—the feeling that the user’s virtual hands are actually his own. The hand-
held controller 100 may enable the user to manipulate objects in a virtual space with
precision and intuitive, natural hand movement.
[0026] The hand-held controller 100 includes a handle 104 extending in a longitudinal
direction 108. In one embodiment, the handle 104 may be made of an engineering plastic,
such as injection-molded polycarbonate (PC)/acrylonitrile butadiene styrene (ABS) or
polyamide (nylon). In other embodiments, the handle 104 may be made of wood or metal.
The handle 104 may be resistant to impact and abrasion. The material of the handle 104 may
exhibit heat resistance, mechanical strength, or rigidity.
[0027] The handle 104 is shaped and dimensioned to be grasped by a user’s hand for
tracking natural gestures and finger movements to create more realistic and tactile VR. For
example, the handle may have a cylindrical shape. The handle 104 of the hand-held
controller 100 may bend or curve to balance the weight of the controller 100, such that it rests

naturally in the top of the palm of the user or the crook of the user’s fingers. The user may
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therefore comfortably hold the hand-held controller 100 without dropping it. Even if the user
tries to open his hand completely when holding the hand-held controller 100 normally, the
user’s fingers may catch on the ring 112 and support the hand-held controller 100°s weight.
The ring 112 is attached to an end of the handle 104 and has an annular surface 120. The ring
may be made of engineering plastic. In one embodiment, the ring is made of infrared-
transparent polycarbonate. The ring 112 may surround a thumb of the user when the handle
104 is grasped by the user’s hand.

[0028] The ring 112 has a curved outer surface 116, as illustrated in FIG. 1. Light
sources 128 are mounted on the curved outer surface 116 to emit light 132 to be captured by
an imaging device for tracking a position or orientation of the hand-held controller 100. The
light 132 is emitted in a direction normal to the curved outer surface 116. The light sources
128 may be light-emitting diodes. A light-emitting diode 128 is a two-lead semiconductor
light source, such as a p—n junction diode, which emits light 132 when receiving an electrical
signal. A VR system may include a camera to track a position or orientation of the hand-held
controller 100 by capturing the emitted light 132. For example, a camera may be mounted on
a computer monitor covering a field of view including the hand-held controller 100.

[0029] The hand-held controller 100 may include a trigger button 136 located on a
bottom surface 140 of the handle 104. The trigger button 136 may be pressed by an index or
middle finger of the user’s hand. The trigger button 136 may provide a signal for grasping,
lifting, etc., of virtual objects in a VR space. The trigger button 136 may have a symmetrical
shape, such as rectangular, elliptical or circular. The trigger button 136 may be made of
rubber or plastic.

Example Schematic Side View of Hand-Held Controller

[0030] FIG. 2 is an example schematic side view of the hand-held controller 100, in
accordance with an embodiment. The annular surface 120 of the ring 112, illustrated and
described above with reference to FIG. 1, defines a plane 224 that forms a predetermined
angle 216 with respect to the longitudinal direction 108 in which the handle 104 extends.

The predetermined angle 216 may be between 45° to 135°. With the ring geometry
illustrated in FIG. 2, if the predetermined angle 216 is more than 45°, this avoids interference
with the thumb movement of the user. If the predetermined angle 216 is less than 135°, this
avoids any affects to the inside-out tracking visibility to a camera mounted on an HMD.
[0031] In embodiments, a preferred ratio of a diameter 204 of the ring 112 to a length 208
of the handle 104 is 9:10. The preferred ratio of the diameter 204 of the ring 112 to a length
208 of the handle 104 reduces the ring size while allowing thumb clearance for a 95th
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percentile male user. The handle 104 grip is sized such that it may be used by a 5th
percentile female user.

Example Schematic Block Diagram of Hand-Held Controller

[0032] FIG. 3 is an example schematic block diagram of the hand-held controller 100, in
accordance with an embodiment. The hand-held controller 100 includes the trigger button
136, a sensor interface circuit 304, light source 128, a circuit 308, a wireless communication
interface 312, and a bus 324. In alternative configurations, different and/or additional
components may be included in the hand-held controller 100, such as a memory, central
processing unit, battery, Bluetooth component, USB input, etc.

[0033] The sensor interface circuit 304 is a digital, analog, or mixed-signal circuit to
receive sensor signals 316 in the form of voltage or current from the trigger button 136 when
the trigger button 136 is pressed by the user. The button 136 generates the sensor signals 316
responsive to being pressed by an index or a middle finger of the user’s hand. The trigger
button 136 may be connected to a transducer that converts the mechanical motion of the
trigger button 136 into the sensor signals 316. The hand-held controller 100 may include a
circuit 308 to provide electrical signals 320, such as voltage, to the light sources 128. The
circuit 308 may be powered by a battery on the hand-held controller 100 to generate the
electrical signals 320. The light sources emit the light 132 responsive to receiving the
electrical signals 320.

[0034] The hand-held controller 100 may include a wireless communication interface
312, which may be a digital, analog, or mixed-signal circuit to transmit wireless signals 328
indicating user input 332 received from the user’s hand. The wireless signals 328 may be
transmitted to a head-mounted display, a computer, a VR system, etc. The wireless
communication interface 312 may send and receive data via a wireless network without the
need for connecting cables to the hand-held controller 100. In one embodiment, the wireless
communication interface 312 may support the USB 1.1 and 802.11b wireless network
standards up to 11 Mbps data transfer rates. In one embodiment, the wireless communication
interface 312 may support the USB 2.0 and 802.11g standards up to 54 Mpbs data transfer
rates. In one embodiment, the wireless communication interface 312 may be a Compact
Flash (CF) wireless network adapter use infrared technology for data exchanges between the
hand-held controller 100 and a computer, etc. The wireless communication interface 412, the
sensor interface circuit 304, and the circuit 308 may communicate via the bus 324.

[0035] The foregoing description of the embodiments has been presented for the purpose

of illustration; it is not intended to be exhaustive or to limit the embodiments to the precise
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forms disclosed. Persons skilled in the relevant art can appreciate that many modifications
and variations are possible in light of the above disclosure.

[0036] Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope be limited
not by this detailed description, but rather by any claims that issue on an application based
hereon. Accordingly, the disclosure of the embodiments is intended to be illustrative, but not

limiting, of the scope, which is set forth in the following claims.
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CLAIMS
What is claimed is:
1. A hand-held controller comprising;:
a handle extending in a longitudinal direction, the handle shaped and dimensioned to
be grasped by a user’s hand;
a ring attached to an end of the handle and surrounding a thumb of the user when the
handle is grasped by the user’s hand, the ring having:
an annular surface defining a plane that forms a predetermined angle with
respect to the longitudinal direction, and
a curved outer surface; and
a plurality of light sources mounted on the curved outer surface and configured to
emit light to be captured by an imaging device for tracking a position or
orientation of the hand-held controller, the light emitted in a direction normal
to the curved outer surface.
2. The hand-held controller of claim 1, wherein the handle has a cylindrical shape.
3. The hand-held controller of claim 1, further comprising a button located on a bottom
surface of the handle, the button configured for pressing by an index or middle finger of the
user’s hand.
4, The hand-held controller of claim 1, wherein the button has a symmetrical shape.
5. The hand-held controller of claim 1, wherein the predetermined angle is between 45°
to 135°.
6. The hand-held controller of claim 1, wherein a preferred ratio of a diameter of the ring

to a length of the handle is 9:10.

7. The hand-held controller of claim 1, wherein the light sources are light-emitting
diodes.

8. The hand-held controller of claim 1, wherein the handle is made of engineering
plastic.

9. The hand-held controller of claim 1, wherein the ring is made of engineering plastic.
10. The hand-held controller of claim 1, further comprising a sensor interface circuit

configured to receive sensor signals from a button located on a bottom surface of the handle,
the button configured to generate the sensor signals responsive to being pressed by an index

or a middle finger of the user’s hand.
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11. The hand-held controller of claim 1, further comprising a circuit configured to
provide electrical signals to the plurality of light sources.
12. The hand-held controller of claim 1, further comprising a wireless communication
interface configured to transmit wireless signals indicating user input received from the user’s
hand.
13. A hand-held controller comprising:
a handle extending in a longitudinal direction, the handle shaped and dimensioned to
be grasped by a user’s hand;
aring attached to an end of the handle and having an annular surface, the annular
surface defining a plane that forms a predetermined angle with respect to the
longitudinal direction, the ring surrounding a thumb of the user when the
handle is grasped by the user’s hand; and
a plurality of light sources mounted on the annular surface and configured to emit
light to be captured by an imaging device for tracking a position or orientation
of the hand-held controller.
14. The hand-held controller of claim 13, wherein the handle has a cylindrical shape.
15. The hand-held controller of claim 13 or 14, further comprising a button located on a
bottom surface of the handle, the button configured for pressing by an index or middle finger
of the user’s hand.
16. The hand-held controller of any of claims 13 to 15, wherein the button has a
symmetrical shape.
17. The hand-held controller of any of claims 13 to 16, wherein the predetermined angle
is between 45° to 135°.
18. The hand-held controller of any of claims 13 to 17, wherein a preferred ratio of a
diameter of the ring to a length of the handle is 9:10.
19. The hand-held controller of any of claims 13 to 18, wherein the light sources are light-
emitting diodes.
20. The hand-held controller of any of claims 13 to 19, wherein the handle is made of
engineering plastic.
21. The hand-held controller of any of claims 13 to 20, wherein the ring is made of
engineering plastic.
22. The hand-held controller of any of claims 13 to 21, further comprising a sensor

interface circuit configured to receive sensor signals from a button located on a bottom
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surface of the handle, the button configured to generate the sensor signals responsive to being

pressed by an index or a middle finger of the user’s hand.

23. The hand-held controller of any of claims 13 to 22, further comprising a circuit
configured to provide electrical signals to the plurality of light sources.

24. The hand-held controller of any of claims 13 to 23, further comprising a wireless
communication interface configured to transmit wireless signals indicating user input

received from the user’s hand.



PCT/US2017/037608

WO 2018/200013

s, "
" s
oy, it
b p

orl
20BLNG
woyog

R et

Pid 7Ol
g a|pueH

aoBlNg
Js)nQ panIng

% 2
(A
[

7

ocl

0oL 83Inog 20BlNg

comwmr__n_ 49]|0/U07 o1 Jejnuuy
ke 8H-pue S
[eulpnyBuo] PISH-PUEH cll

Bury

1/3



WO 2018/200013

Hand-Held
Controller
100

o7
/,/

Longitudinal
Direction
108

PCT/US2017/037608

Annular
Surface
120

5 3
c ©
)
)

@
© o
SN
Q -
(%)
[®)]
- . .g§|
g N X~
O%co|
T = v
\ O 5
" D
3
o

v
/f“’//
@

FIG. 2

~ \ N~
B Qmw-*.\'f\.::\w“m:r:-’iy

“\"Wkl‘-::::‘é\“\“"‘""‘: .

Length
% of Handle

I RS ki,

- o
N
7~ I e
”~ \‘\\\\\w\\\\»\\

N RS
e e
R \EN»"'“

2/3



WO 2018/200013

PCT/US2017/037608

Hand-Held Sensor
Controller .
100 Signals A
316 Sensor
Button ( ‘ Interface _
136 »| Circuit g
_ 304 Bus
Electrical — 324
Signals
Light 220 o
Source ) Circuit .
128 308
Wireless
Communication
-
Interface
312
y \/
Wireless User
Signals y Input
328 332
FIG. 3

3/3



ATIONAL SEARC (8) International application No.
[NTERRATIONAL SEARCH REPORT PCT/US2017/037608

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 3/01(2006.01)i, GOGF 3/02(2006.01)i, GO6F 3/03(2006.01)i, GO6T 19/00(2011.01)i, A63F 13/245(2014.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F 3/01; HO4M 1/60; GO6F 3/03; GOOF 3/042; HO4W 12/06; GO6F 3/041; A63B 53/04; GO6F 3/02; GO6T 19/00;, A63F 13/245

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: handle, ring, light, sensor, grasp, controller, detect, position

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2015-0065090 A1 (HUNG-YAO YEH) 05 March 2015 1-24
See paragraphs [0002], [0012], [0022], [0025], [0030], [0035]; and figure 2B.

Y US 2015-0100204 A1 (SUZUKI MOTOR CORPORATION) 09 April 2015 1-24
See paragraphs [0029], [0032]; and figure 1.

Y US 2005-0197205 A1 (MARVIN J. HALE JR.) 08 September 2005 5,17
See paragraphs [0024], [0032]; and figure 1.

A US 2008-0042995 A1 (ZHONGQING LI et al.) 21 February 2008 1-24
See paragraphs [0012], [0049]; and figure 3.

A WO 2016-140924 A1 (TACTICAL HAPTICS) 09 September 2016 1-24
See paragraphs [0056], [0065]; and figure 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
24 January 2018 (24.01.2018) 25 January 2018 (25.01.2018)
Name and mailing address of the ISA/KR Authorized officer
: International Application Division
Korean Intellectual Property Office BYUN, Sung Cheal

189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8262

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2017/037608
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015-0065090 Al 05/03/2015 TW 201508550 A 01/03/2015
US 2015-0100204 Al 09/04/2015 CN 104516642 A 15/04/2015
DE 102014014623 Al 09/04/2015
IN 2795DE2014 A 26/06/2015
JP 2015-071364 A 16/04/2015
US 9483133 B2 01/11/2016
US 2005-0197205 Al 08/09/2005 US 7244201 B2 17/07/2007
US 2008-0042995 Al 21/02/2008 CN 100419652 C 17/09/2008
CN 1740957 A 01/03/2006
DE 112005001922 TbH 12/07/2007
JP 2008-509488 A 27/03/2008
US 7839383 B2 23/11/2010
WO 2006-021135 Al 02/03/2006
WO 2016-140924 Al 09/09/2016 None

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report

