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ROLL TURNING AND TAP TURNING FOR VIRTUAL REALITY

ENVIRONMENTS

BACKGROUND

[001] Providing a comfortable experience for users in a virtual reality environment is

important. In some situations, standard virtual reality controls provide an unsettling

experience for the user. For example, a typical turning control in a virtual reality

environment turns the user for an amount corresponding to the length of time the control is

held, which can provide an unsettling experience.

SUMMARY

[002] This Summary is provided to introduce a selection of concepts in a simplified form

that are further described below in the Detailed Description. This Summary is not intended

to identify key features or essential features of the claimed subject matter, nor is it

intended to be used to limit the scope of the claimed subject matter.

[003] Technologies are described for providing turning in virtual reality environments.

Some implementations use roll turning that involves rotating around an outer edge of a

control input. For example, a first movement to an outer edge of an analog input control

can be received. In response, a roll turn mode can be activated and a second movement

along the outer edge can be received. A turning amount corresponding to the second

movement can be determined and an element in a virtual environment (e.g., a user's

avatar) can be turned by the turning amount.

[004] Some implementations use tap turning to move directly to a location indicated by a

control movement. For example, a movement of an analog input control can be received to

a point on an outer edge of the control. In response, a tap turn action can be performed by

determining an angle and direction from a default position to the point. An element in the

virtual environment can then be turned proportional to the determined angle and direction.

[005] Some implementations involve combinations of roll turning and tap turning. For

example, a tap turn can be performed by moving an analog control input to a point on an

outer edge and a roll turn can be performed by moving the control along the outer edge.

BRIEF DESCRIPTION OF THE DRAWINGS

[006] Figure 1 is a diagram depicting an example of roll turning in a virtual reality

environment.

[007] Figure 2 is a diagram depicting an example of tap turning in a virtual reality

environment.



[008] Figure 3 is a diagram depicting an example method for roll turning in a virtual

reality environment.

[009] Figure 4 is a diagram depicting another example method for roll turning in a virtual

reality environment.

[010] Figure 5 is a diagram depicting an example method for tap turning in a virtual

reality environment.

[011] Figure 6 is a diagram depicting an example method for tap turning and roll turning

in a virtual reality environment.

[012] Figure 7 is a diagram of an example computing system in which some described

embodiments can be implemented.

DETAILED DESCRIPTION

Overview

[013] As described herein, various technologies are described for turning in virtual

environments (also called virtual reality environments), which can include virtual

environments implemented using virtual reality and/or augmented reality. Some

implementations use roll turning that involves rotating around an outer edge of a control

input, some implementations use tap turning to move directly to a location indicated by a

control movement, and some implementations involve combinations of roll turning and

tap turning.

[014] The technologies described herein for turning in virtual environments utilize an

analog input control. In some implementations, the analog input control is an analog stick

of a game controller. In some implementations, the analog input control is another type of

control that supports two axes (x and y) of control movement, such as a touchpad, mouse,

or trackball. In some implementations, the analog input control receives input that

represents a 2-axis control, such as a gesture recognition system (e.g., part of an

augmented reality device) that can recognize a movement as corresponding to movement

of a virtual 2-axis analog input control.

[015] VR (virtual reality) and AR (augmented reality) devices provide additional axes for

head pitching, and fine-tuned horizontal turning, via head/gaze control. By utilizing a

second stick on a traditional dual-analog gamepad design (or any analog or dual-analog

design, inclusive of sticks, trackballs, touchpads, etc.) in a different way it becomes

possible to enable smooth, comfortable turning in VR environments for first-person and

third-person experiences.



[016] By treating one stick's borderline area or border region (e.g., the area at the edges

of the area the stick can extend to, also called the outer edge) as a control region, an

application can use the direction the stick points in as a relative direction-change directive.

Upon first reaching the border region, the difference between a predetermined "forward"

or "default" direction, and the current stick direction can apply an "instant-turn" delta

angle to the user's in-game avatar. In addition, or alternatively, if the stick is held at the

border region, and then treated as a "wheel", while rotating around the border region,

changes in stick direction can be applied directly, or in scaled fashion, to the user's avatar

facing direction. The concept of a border region on a control stick can be extended to

include touchpad rotational movement, trackball rotational movement, and movement of

other input controls that have a border region. Described roll and tap turning actions can

also be performed using a gesture based control system (e.g., performing a gesture

corresponding to a movement to an outer edge or movement around the outer edge). In

some implementations, the border region of an analog input control refers to an area of the

control outside the center or default location. For example, with some analog input

controls, the border region is a visual and/or tactile area (e.g., visual and/or tactile circles

representing borders between different areas of a touch surface) that may or may not be at

the limit of the control movement. For example, a touch surface may have a raised circular

area that a user can feel with the user's finger or thumb providing tactile feedback in order

to activate and use the roll and/or tap turning technologies described herein. With some

analog input controls, the border region is an outer edge at the limit of the control

movement. For example, a game controller stick may be moved to an outer edge at the

physical limit of stick movement. As another example, a finger on a touch pad may be

moved to a physical outer edge of the touch pad.

[017] Previous incarnations of virtual reality control schemes (on gamepads, and similar

devices) have copied standard console controls for first-person and third-person

experiences, or used a modified version of those controls, with stuttered (by time or angle)

"comfort" turns, to allow the user's senses to bypass VR motion comfort issues. For

example, with previous solutions, moving the control stick to the right causes the avatar to

turn right while the control stick is held in that direction, with the amount of turning

corresponding to the length of time the control stick is held.

[018] The technical solutions described herein provide an effective, comfortable turning

alternative for VR experiences which do not rely on standard, or stuttered standard,

rotation controls. Many VR users find standard controls unsettling, and stuttered controls



to be lacking the immersive quality which contribute to an enjoyable VR experience. For

example, standard solutions which rely on the length of time the control is held down can

be unsettling because there is no relation between the direction and/or amount of

movement of the control and the corresponding movement of the avatar. In contrast, the

turning solutions described herein provide an improved experience because the direction

and/or amount of movement of the control directly corresponds to the movement of the

avatar. For example, the user could perform a tap turn 120 degrees to the right on an

analog control stick (in relation to a default forward facing direction) which results in the

in-game avatar also turning 120 degrees to the right (or in some implementations a scaled

amount). This direct relation between the control movement and the avatar movement

provides a more comfortable experience (e.g., by connecting what the user's hand and

brain expect to see from the movement with the corresponding action in the virtual reality

experience). For example, the technologies described herein provide feedback

corresponding to the direction and amount of turning which helps the user feel

comfortable because there is a direct connection between what the user's hand is doing

(muscular feedback) and what the user's brain expects to see in the virtual environment

(e.g., the user moves the control 120 degrees to the left and the user's avatar turns a an

equal, or scaled, amount to the left).

[019] In addition, the turning solutions described herein can provide improved turning

precision and speed. For example, the user can tap turn to any desired direction (e.g., a

complete 180 degree turn with just a single tap action). As another example, with roll

turning, the user can turn to any desired angle (e.g., 54 degrees, 55 degrees, fractions of a

degree, etc.) and finely control the angle by rotating around the edge of the control. As

another example, with roll turning the user can control the speed of the rotation by moving

the control slow (causing the avatar to turn slowly) or fast (causing the avatar to turn fast).

[020] In addition to providing an improved comfort experience over previous solutions,

the roll/wheel turning mechanism provides a user-controllable rotational speed equivalent,

and in some ways more accurately when combined with head-mounted display fine tuning,

than mouse turning does in keyboard plus mouse driven experiences.

[021] Additionally, games which typically require wheel-based motion for control, like

driving simulators, can benefit from the roll/wheel solutions, both in VR and in normal

(non-VR) game experiences. Other types of computer games can utilize the technologies

described herein as well, such as games that use a fixed camera pitch (e.g., a real-time

strategy games or games that use a fixed camera view)



[022] In a first-person or third-person experience, a VR headset can be utilized to

provide minor turning via horizontal rotations, as well as pitching. Once these elements

are available, the "turning stick" (traditionally the right stick) on a gamepad is freed.

Typical experiences use only the horizontal axis of the right stick, to provide a "choppy"

turning experience, known to allow the human brain to adjust better to the turning

experience, not producing motion comfort issues. In order to provide an improved

experience, implementations are described which uses both axes of the turning-stick to

provide a 2D vector, an angle between vectors can be determined, and utilized for both tap

turning, and roll turning.

[023] In some implementations, on the frame when the turning-stick is pressed to reach a

predetermined border region, a relative angle between a predetermined "forward" direction

(usually "up" on the stick), and the direction indicated by the direction given by the two

stick axes is computed. This angle is then applied directly or scaled, and instantly, as a tap

turn, providing the same motion comfort as the stutter turn mechanism described above.

Subsequently, or alternately, as the stick is held at the border limit, and rolled around the

outer edge, relative angle changes can be applied directly, or in scaled fashion, to the

player's avatar. These angle changes can be smooth, or can be stuttered for extra comfort

in VR.

Roll Turning

[024] In the technologies described herein, roll turning in a virtual environment occurs

when the user moves the analog input control to the outer edge and then moves along the

outer edge in a direction, either clockwise or counter-clockwise. No turning occurs until

the control is moved to the outer edge and beings to move along the outer edge. Turning of

the element in the virtual environment (e.g., the user's avatar) then occurs during, and in

proportion to, the movement along the outer edge. In some implementations, a roll turn

mode is enabled when the control is moved to the outer edge (e.g., and held in that

position). In some implementations, the roll turn mode is enabled when the control is

moved to the outer and beings to move along the outer edge. In some implementations, the

roll turn mode is enabled in another way, such as by pressing a button on a game

controller, pressing a key, performing a gesture, etc. Roll turning is also called wheel

turning. In some implementations, roll turning is performed in relation to a border region

of the analog input control, which may be at the outer edge or at another border area of the

analog input control.



[025] Figure 1 is a diagram 100 depicting an example of roll turning in a virtual reality

environment. As depicted in the diagram 100, an analog input control 110 is used to

control an element in a virtual reality environment (in this example, a user's avatar in a

first-person or third-person virtual reality environment). In implementations where the

element in the virtual reality environment is an avatar, turning is performed by rotating the

avatar's body or camera orientation. For example, a typical avatar may have separate head

and body rotation (e.g., the user can look around using movement of the user's head while

rotation involves rotating the avatar's body to a new direction). In implementations where

there is no separate head and body orientation (e.g., head and body have the same

orientation or there is no separate concept of head and body), then turning is performed for

the single orientation.

[026] The analog input control 110 is depicted as an analog stick of a game controller.

However, the analog input control 110 could be another type of control, such as a

touchpad, trackball, mouse, or gesture recognition system.

[027] In the roll turning example, the analog input control 110 has been moved to an

outer edge using a first movement, as depicted at 112. The analog input control 110 has

then been moved along the outer edge, as depicted at 114. In this example, the distance

that the control has been moved along the outer edge, depicted at 114, results in a 70

degree angle from the point where the outer edge was reached to the point where the

second movement ends, as depicted at 116. As the movement along the outer edge occurs,

the element in the environment turns a proportional amount (e.g., with a smooth or

stuttered turning motion). Therefore, the element in the environment turns during the

movement along the outer edge and does not wait for the movement to end. In some

implementations, the turning amount is scaled.

[028] A number of example results of how an avatar is turned in the virtual reality

environment, as a result of the first and second movements depicted at 112 and 114, are

depicted in order to illustrate the roll turning mode. In the first example 120, the avatar

turns 70 degrees to the right, as depicted at 125. In the first example 120, no scaling is

applied so the avatar turns 70 degrees (in direct one-to-one relation to the control

movement along the outer edge, as depicted at 116). The 70 degree turning (or rotation)

starts from the current facing of the avatar and then turns 70 degrees to the right (or

clockwise). While the avatar in the first example 120 begins facing the top of the figure, in

general the avatar may begin facing any direction and then rotate 70 degrees to the right to

accomplish the roll turn.



[029] In the second example 130, the avatar turns 35 degrees to the right from the

avatar's starting facing, as depicted at 135. In the second example, the turning amount (70

degrees, as depicted at 116) is scaled by one-half (0.5). Other scaling amounts can be used,

such as one-third or one-quarter. In some implementations, the scaling amount is a user-

configurable setting.

[030] In the third example 140, the avatar turns 54 degrees to the right from the avatar's

starting facing, as depicted at 145. In the third example 140, the turning is applied with

stuttering in 18 degree increments. Therefore, the 70 degree turning amount is segmented

into three individual 18 degree turns from the avatar's starting facing, as depicted at 145.

In this example, the remaining 16 degrees (70 minus 54) is not enough to complete

another 18 degree increment. Other stuttering increments can be used instead of 18

degrees. In some implementations, the stuttering amount is a user-configurable setting.

Tap Turning

[031] In the technologies described herein, tap turning in a virtual environment occurs

when the user moves the analog input control to the outer edge. Once the tap turn action is

activated (e.g., once the analog input control reaches the outer edge or reaches the outer

edge and begins to return to the center or starting position) a turning amount is determined

and applied proportionally to turn the element in the virtual environment (e.g., to turn the

user's avatar). In some implementations, tap turning immediately turns the avatar to the

new facing, without performing a smooth rotation to the new facing. Turning is not

repeated if the user holds the control at the outer edge. In some implementations, the

possible facings are divided (also called bucketed) so that there are limited number of

possible facings that the user can tap turn to (e.g., every 15 degrees). In some

implementations, tap turning is performed in relation to a border region of the analog input

control, which may be at the outer edge or at another border area of the analog input

control.

[032] Figure 2 is a diagram 200 depicting an example of tap turning in a virtual reality

environment. As depicted in the diagram 200, an analog input control 210 is used to

control an element in a virtual reality environment (in this example, a user's avatar in a

first-person or third-person virtual reality environment). The analog input control 210 is

depicted as an analog stick of a game controller. However, the analog input control 210

could be another type of control, such as a touchpad, trackball, mouse, or gesture

recognition system. In implementations where the element in the virtual reality

environment is an avatar, turning is performed by rotating the avatar's body or camera



orientation. For example, a typical avatar may have separate head and body rotation (e.g.,

the user can look around using movement of the user's head while rotation involves

rotating the avatar's body to a new direction). In implementations where there is no

separate head and body orientation (e.g., head and body have the same orientation or there

is no separate concept of head and body), then turning is performed for the single

orientation.

[033] In the tap turning example, the analog input control 210 has been moved to an

outer edge using a movement, as depicted at 212. The analog input control 210 has then

been moved to the center location. Upon activating the tap turn action (e.g., once the

analog input control 210 reaches the outer edge or beings to move back to the center

location), an angle is determined between the default position 214 and the point where the

movement reaches the outer edge. In this example, the angle is 150 degrees, as depicted at

216. In some implementations, the default position 214 may be in a different direction or

may be a user-configurable setting. Once the tap turn is activated, an element in the virtual

environment (e.g., the user's avatar) immediately turns an amount proportional to the

determined angle (e.g., the user's avatar will be at the new facing immediately after the tap

turn action). In some implementations, the turning amount is scaled.

[034] A number of example results of how an avatar is turned in the virtual reality

environment, as a result of the movements depicted at 212, are depicted in order to

illustrate the tap turning mode. In the first example 220, the avatar turns 150 degrees to the

right, as depicted at 225. In the first example 220, no scaling is applied so the avatar

immediately turns 150 degrees once the tap turn action is performed (as depicted at 212).

The 150 degree turning (or rotation) starts from the current facing of the avatar and then

turns 150 degrees to the right (or clockwise). While the avatar in the first example 220

begins facing the top of the figure, in general the avatar may begin facing any direction

and then rotate 150 degrees to the right to accomplish the tap turn.

[035] In the second example 230, the avatar turns 50 degrees to the right from the

avatar's starting facing, as depicted at 235. In the second example, the angle (150 degrees,

as depicted at 216) is scaled by one-third. Other scaling amounts can be used, such as one-

half or one-quarter. In some implementations, the scaling amount is a user-configurable

setting. Tap turning can also be performed using a stuttered movement.

Turning Implementations

[036] In the technologies described herein, different turning options can be applied to the

roll turning and/or tap turning modes. In some implementations, tap turning or roll turning



is applied using a smooth motion without stuttering. For example, a tap turn by a particular

angle amount can be performed by smoothly rotating the user's avatar by the angle

amount at a particular speed (e.g., a default or user-selectable speed).

[037] In some implementations, tap turning or roll turning is applied using a stuttered

motion. Stuttering can be applied by time or by stuttering increments. When stuttering is

applied by time, the overall turning amount is broken up a number of times per second

(e.g., a default or user-configurable number of times per second, such as six times per

second). For example, an overall turning amount that takes one second to complete can be

broken up into one-sixth second increments.

[038] When stuttering is applied by stuttering increments, the overall turning amount is

broken up into a number of segments with brief pauses after each segment. For example, if

stuttering is applied in 18 degree increments, then a 54 degree overall turning amount will

be broken up into three stuttering increments, with brief stops at 18 degrees and 36

degrees.

[039] In the technologies described herein, settings can be provided (e.g., via user

interfaces such as graphical user interfaces) for configuring various turning options. For

example, a graphical user interface can be provided for configuring turning settings within

an application (e.g., a video game application). Settings can include user configurable

settings to enable or disable various turning modes (e.g., enable or disable a roll turning

mode, a tap turning mode, or a combined mode), configure turning options (e.g., adjust

sensitivity settings), and/or to configure other options (e.g., a default direction to use for

tap turning, configuration of gestures to perform tap and/or roll turning, turning speed,

stuttering configuration, etc.).

Example Methods for Turning in Virtual Environments

[040] In the technologies described herein, methods can be provided for performing roll

turning, tap turning, or a combination of roll turning and tap turning.

[041] Figure 3 is a flowchart of an example method 300 for roll turning in a virtual

reality environment (e.g., for rotating a user's avatar in the virtual reality environment). At

310, a first movement is received via an analog input control. The first movement is a

movement of the analog input control to a border region of the analog input control. In

some implementations, the first movement is to an outer edge of the analog input control.

[042] At 320 a roll turn mode is activated in response to the first movement. For

example, the roll turn can be activated once the border region is reached, or once the

border region is reached and held for a period of time (e.g., a pre-determined or user-



configurable threshold amount of time). After the roll turn mode is activated a second

movement is received via the analog input control along the border region.

[043] At 330, a turning amount (e.g., a number of degrees) corresponding to the second

movement is determined. The turning amount can be scaled by a scaling factor (e.g., one-

half, one-third, etc.).

[044] At 340, an element in the virtual reality environment is turned by the amount

determined at 340. Turning can be performed in a smooth or stuttered manner.

[045] Figure 4 is a flowchart of an example method 400 for roll turning in a virtual

reality environment (e.g., for rotating a user's avatar in the virtual reality environment). At

410, movement is received via an analog input control. The movement is a movement of

the analog input control to an outer edge of the analog input control.

[046] At 420 a roll turn mode is activated in response to the movement received at 410.

For example, the roll turn can be activated once the outer edge is reached, or once the

outer edge is reached and held for a period of time (e.g., a pre-determined or user-

configurable threshold amount of time).

[047] Once the roll turn mode is active, at 430 movement of the analog input control is

received along the outer edge. The movement along the outer edge turns the element in the

virtual environment (e.g., the user's avatar) proportional to the amount of movement (e.g.,

a one-to-one mapping of the angle of the movement to the angle of the turning, or a scaled

amount).

[048] At 440, the method may continue with additional turning or return to the start and

wait for the roll turn to be activated again. Specifically, if the analog input control

continues to move along the outer edge, then the method proceeds from 440 to 430 to

perform more turning proportional to the additional movement. However, if the analog

input control is moved away from the outer edge (e.g., back to the center of the control,

then the method proceeds from 440 to 410, where the roll turn would be initiated again if

the analog input control moves back to the outer edge.

[049] Figure 5 is a flowchart of an example method 500 for tap turning in a virtual reality

environment (e.g., for rotating a user's avatar in the virtual reality environment). At 510, a

movement is received via an analog input control. The movement is a movement of the

analog input control to a point on the outer edge of the analog input control. In some

implementations, the movement starts from a center location of the analog input control

and then moves to the point on the outer edge.



[050] At 520 a tap turn action is performed in response to the movement received at 510.

The tap turn action is performed by determining an angle and a direction from a default

position to the point on the outer edge, as depicted at 530. In some implementations, the

default position is at the top or forward position of the analog input control. Other

implementations may use a different default position, or a user-configurable default

position. The element in the virtual environment is then turned proportional to the

determined angle and in the determined direction, as depicted at 540. In some

implementations, the amount turned is equal to the determined angle (a one-to-one

relationship). In some implementations, the amount turned is scaled (e.g., by one-half,

one-third, or by another amount, which could be a default setting or a user-configurable

setting). In some implementations, the turning is performed in a stuttered manner.

[051] The example method 500 can be performed to turn the element in the virtual

environment (e.g., the user's avatar) by any desired amount. For example, by performing a

single tap turn action (e.g., one movement of the analog input control to a point on the

outer edge), the user can initiate an immediate turn of the user's avatar by the selected

amount (e.g., a 30 degree turn, 50 degree turn, 170 degree turn, or any other desired

amount). In this way, the user can initiate an immediate turn by an arbitrary amount

proportional (one-to-one or scaled) to the location on the outer edge where the user moves

the analog input control.

[052] Figure 6 is a flowchart of an example method 600 for tap turning and roll turning

in a virtual reality environment (e.g., for rotating a user's avatar in the virtual reality

environment). At 610, a movement is received via an analog input control. The movement

is a movement of the analog input control to a point on the outer edge of the analog input

control. In some implementations, the movement starts from a center location of the

analog input control and then moves to the point on the outer edge.

[053] At 620 a tap turn action is performed in response to the movement received at 610.

The tap turn action turns an element in the virtual environment according to the location of

the point on the outer edge. For example, the tap turning can be performed by determining

an angle and a direction from a default position to the point on the outer edge. In some

implementations, the default position is at the top or forward position of the analog input

control. Other implementations may use a different default position, or a user-configurable

default position. The element in the virtual environment is then turned proportional to the

determined angle and in the determined direction. In some implementations, the amount

turned is equal to the determined angle (a one-to-one relationship). In some



implementations, the amount turned is scaled (e.g., by one-half, one-third, or by another

amount, which could be a default setting or a user-configurable setting). In some

implementations, the turning is performed in a stuttered manner.

[054] At 630, a roll turn mode is activated in response to the analog input control

remaining at the point on the outer edge. While in the roll turn mode, at 640 a second

movement is received along the outer edge of the analog input control. At 650, a turning

amount is determined corresponding to the second movement (e.g., a one-to-one

relationship or a scaled amount). At 660, the element in the virtual environment is turned

by the determined turning amount in the direction of the movement along the outer edge.

[055] For example, the method 600 can be performed by a user to first initiate a tap turn

to any desired location and then perform a roll turn to perform an additional turning

amount. For example, the user could tap turn 120 degrees to the left to immediately turn

the user's avatar that amount (or a scaled amount) and then hold the control at that

position and rotate to fine tune the movement (e.g., to turn a small number of additional

degrees clockwise or counter-clockwise at a user controlled speed).

Computing Systems

[056] FIG. 7 depicts a generalized example of a suitable computing system 700 in which

the described innovations may be implemented. The computing system 700 is not intended

to suggest any limitation as to scope of use or functionality, as the innovations may be

implemented in diverse general-purpose or special-purpose computing systems.

[057] With reference to FIG. 7, the computing system 700 includes one or more

processing units 710, 715 and memory 720, 725. In FIG. 7, this basic configuration 730 is

included within a dashed line. The processing units 710, 715 execute computer-executable

instructions. A processing unit can be a general-purpose central processing unit (CPU),

processor in an application-specific integrated circuit (ASIC), or any other type of

processor. In a multi-processing system, multiple processing units execute computer-

executable instructions to increase processing power. For example, FIG. 7 shows a central

processing unit 710 as well as a graphics processing unit or co-processing unit 715. The

tangible memory 720, 725 may be volatile memory (e.g., registers, cache, RAM), non-

volatile memory (e.g., ROM, EEPROM, flash memory, etc.), or some combination of the

two, accessible by the processing unit(s). The memory 720, 725 stores software 780

implementing one or more innovations described herein, in the form of computer-

executable instructions suitable for execution by the processing unit(s).



[058] A computing system may have additional features. For example, the computing

system 700 includes storage 740, one or more input devices 750, one or more output

devices 760, and one or more communication connections 770. An interconnection

mechanism (not shown) such as a bus, controller, or network interconnects the

components of the computing system 700. Typically, operating system software (not

shown) provides an operating environment for other software executing in the computing

system 700, and coordinates activities of the components of the computing system 700.

[059] The tangible storage 740 may be removable or non-removable, and includes

magnetic disks, magnetic tapes or cassettes, CD-ROMs, DVDs, or any other medium

which can be used to store information and which can be accessed within the computing

system 700. The storage 740 stores instructions for the software 780 implementing one or

more innovations described herein.

[060] The input device(s) 750 may be a touch input device such as a keyboard, mouse,

pen, or trackball, a voice input device, a scanning device, or another device that provides

input to the computing system 700. For video encoding, the input device(s) 750 may be a

camera, video card, TV tuner card, or similar device that accepts video input in analog or

digital form, or a CD-ROM or CD-RW that reads video samples into the computing

system 700. The output device(s) 760 may be a display, printer, speaker, CD-writer, or

another device that provides output from the computing system 700.

[061] The communication connection(s) 770 enable communication over a

communication medium to another computing entity. The communication medium

conveys information such as computer-executable instructions, audio or video input or

output, or other data in a modulated data signal. A modulated data signal is a signal that

has one or more of its characteristics set or changed in such a manner as to encode

information in the signal. By way of example, and not limitation, communication media

can use an electrical, optical, RF, or other carrier.

[062] The innovations can be described in the general context of computer-executable

instructions, such as those included in program modules, being executed in a computing

system on a target real or virtual processor. Generally, program modules include routines,

programs, libraries, objects, classes, components, data structures, etc. that perform

particular tasks or implement particular abstract data types. The functionality of the

program modules may be combined or split between program modules as desired in

various embodiments. Computer-executable instructions for program modules may be

executed within a local or distributed computing system.



[063] The terms "system" and "device" are used interchangeably herein. Unless the

context clearly indicates otherwise, neither term implies any limitation on a type of

computing system or computing device. In general, a computing system or computing

device can be local or distributed, and can include any combination of special-purpose

hardware and/or general-purpose hardware with software implementing the functionality

described herein.

[064] For the sake of presentation, the detailed description uses terms like "determine"

and "use" to describe computer operations in a computing system. These terms are high-

level abstractions for operations performed by a computer, and should not be confused

with acts performed by a human being. The actual computer operations corresponding to

these terms vary depending on implementation.

Example Implementations

[065] Although the operations of some of the disclosed methods are described in a

particular, sequential order for convenient presentation, it should be understood that this

manner of description encompasses rearrangement, unless a particular ordering is required

by specific language set forth below. For example, operations described sequentially may

in some cases be rearranged or performed concurrently. Moreover, for the sake of

simplicity, the attached figures may not show the various ways in which the disclosed

methods can be used in conjunction with other methods.

[066] Any of the disclosed methods can be implemented as computer-executable

instructions or a computer program product stored on one or more computer-readable

storage media and executed on a computing device (e.g., any available computing device,

including smart phones or other mobile devices that include computing hardware).

Computer-readable storage media are tangible media that can be accessed within a

computing environment (one or more optical media discs such as DVD or CD, volatile

memory (such as DRAM or SRAM), or nonvolatile memory (such as flash memory or

hard drives)). By way of example and with reference to Fig. 7, computer-readable storage

media include memory 720 and 725, and storage 740. The term computer-readable storage

media does not include signals and carrier waves. In addition, the term computer-readable

storage media does not include communication connections, such as 770.

[067] Any of the computer-executable instructions for implementing the disclosed

techniques as well as any data created and used during implementation of the disclosed

embodiments can be stored on one or more computer-readable storage media. The

computer-executable instructions can be part of, for example, a dedicated software



application or a software application that is accessed or downloaded via a web browser or

other software application (such as a remote computing application). Such software can be

executed, for example, on a single local computer (e.g., any suitable commercially

available computer) or in a network environment (e.g., via the Internet, a wide-area

network, a local-area network, a client-server network (such as a cloud computing

network), or other such network) using one or more network computers.

[068] For clarity, only certain selected aspects of the software-based implementations are

described. Other details that are well known in the art are omitted. For example, it should

be understood that the disclosed technology is not limited to any specific computer

language or program. For instance, the disclosed technology can be implemented by

software written in C++, Java, Perl, JavaScript, Adobe Flash, or any other suitable

programming language. Likewise, the disclosed technology is not limited to any particular

computer or type of hardware. Certain details of suitable computers and hardware are well

known and need not be set forth in detail in this disclosure.

[069] Furthermore, any of the software-based embodiments (comprising, for example,

computer-executable instructions for causing a computer to perform any of the disclosed

methods) can be uploaded, downloaded, or remotely accessed through a suitable

communication means. Such suitable communication means include, for example, the

Internet, the World Wide Web, an intranet, software applications, cable (including fiber

optic cable), magnetic communications, electromagnetic communications (including RF,

microwave, and infrared communications), electronic communications, or other such

communication means.

[070] The disclosed methods, apparatus, and systems should not be construed as limiting

in any way. Instead, the present disclosure is directed toward all novel and nonobvious

features and aspects of the various disclosed embodiments, alone and in various

combinations and sub combinations with one another. The disclosed methods, apparatus,

and systems are not limited to any specific aspect or feature or combination thereof, nor do

the disclosed embodiments require that any one or more specific advantages be present or

problems be solved.

[071] The technologies from any example can be combined with the technologies

described in any one or more of the other examples. In view of the many possible

embodiments to which the principles of the disclosed technology may be applied, it should

be recognized that the illustrated embodiments are examples of the disclosed technology

and should not be taken as a limitation on the scope of the disclosed technology.



CLAIMS

1 . A computing device comprising:

a processing unit; and

memory;

the computing device configured to perform operations for turning in a virtual

environment, the operations comprising:

receiving, from a user via an analog input control, a first movement of the

analog input control to a border region of the analog input control;

in response to the first movement of the analog input control, activating a

roll turn mode;

while in the roll turn mode:

receiving a second movement of the analog input control along the

border region of the analog input control;

determining a turning amount corresponding to the second

movement; and

turning an element in the virtual environment by the determined

turning amount.

2 . The computing device of claim 1 wherein the analog input control is one of

an analog stick of a game controller, a touchpad, a trackball, or a gesture recognition

system.

3 . The computing device of claim 1 wherein the virtual environment is a

virtual reality or augmented reality environment generated, at least in part, by the

computing device, and wherein the element in the virtual environment is the user's avatar.

4 . The computing device of claim 1 wherein movement using the analog input

control before it reaches the border region does not result in any turning of the element in

the virtual environment.

5 . The computing device of claim 1 wherein the roll turn mode is only

activated once the first movement reaches the border region of the analog input control.

6 . The computing device of claim 5 wherein activation of the roll turn mode

does not result in any turning of the element in the virtual environment, and wherein any

turning of the element in the virtual environment only begins after receiving the second

movement.

7 . The computing device of claim 1 wherein determining the turning amount

corresponding to the second movement comprises:



determining a point where the first movement reaches the border region; and

determining a distance and direction traveled, according to the second movement,

around the border region from the point.

8 . The computing device of claim 7 wherein turning the element in the virtual

environment comprises:

rotating the element in the virtual environment a number of degrees proportional to

the determined distance and in the determined direction.

9 . The computing device of claim 7 wherein the determined distance is a

number of degrees that is scaled by a scaling factor.

10. The computing device of claim 7 wherein stuttering is applied when

determining the distance, and wherein the turning amount is in a number of stuttering

increments.

11. The computing device of claim 1, the operations further comprising:

receiving, via the analog input control, a third movement of the analog input

control, wherein the third movement moves from a center location to a point on the border

region;

in response to the third movement of the analog input control, performing a tap

turn action comprising:

determining a difference in degrees and a direction between a default

position and the point; and

turning the element in the virtual environment proportional to the

difference in degrees and in the determined direction.

12. The computing device of claim 11, wherein performing the tap turn action

further comprises:

scaling the difference in degrees by a scaling factor.

13. A method, implemented by a computing device, for turning in a virtual

environment, the method comprising:

receiving, via an analog input control, a movement of the analog input control,

wherein the movement moves to a point on an outer edge of the analog input control;

in response to the movement of the analog input control to the point on the outer

edge, performing a tap turn action comprising:

determining an angle and a direction between a default position and the

point on the outer edge; and



turning the element in the virtual environment proportional to the

determined angle and in the determined direction.

14. The method claim 13, wherein the determined angle is applied directly to

immediately turn the element by the determined angle without any scaling.

15. A computer-readable storage medium storing computer-executable

instructions for causing a computing device to perform operations for turning in a virtual

environment, the operations comprising:

receiving, via an analog input control, a movement of the analog input control to a

point on an outer edge of the analog input control;

in response to the movement of the analog input control to the point on the outer

edge, performing a tap turn action that turns an element in the virtual environment

according to the location of the point on the outer edge;

in response to the analog input control remaining at the point on the outer edge,

activating a roll turn mode;

while in the roll turn mode:

receiving a second movement of the analog input control along the outer

edge of the analog input control;

determining a turning amount corresponding to the second movement; and

turning the element in the virtual environment by the determined turning

amount.
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