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MODULAR COMPUTING ENVIRONMENT

PRIORITY CLAIM

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.

62/355,076 entitled "Modular Computing Environment," filed on June 27, 2016 and U.S.

Patent Application Serial Number 15/339,350 entitled "Modular Computing Environment"

filed on October 31, 2016.

FIELD

[0002] The present disclosure relates generally to modular computing devices, and more

particularly to controlling operation of one or more devices based at least in part on the

modular computing devices.

BACKGROUND

[0003] Many devices suffer from being inflexible and difficult to adapt if requirements

change in use. As one example, a mechanical dial or other interface device may include one

or more detents or notches configured to resist the motion of the dial to provide feedback to a

user. However, such mechanisms can be inflexible since they cannot easily be altered after

the user interface device has been manufactured. As an example, a dial may control a

frequency of a radio device that is able to pick up multiple discrete radio stations, and a

feedback scheme associated with the input mechanism can specify feedback points

corresponding to the different radio stations. If the radio device picks up an additional radio

station signal it would be desirable to alter the feedback scheme to include an additional

feedback point associated with the additional radio station, but this can be difficult to do with

a conventional mechanical feedback mechanism.

SUMMARY

[0004] Aspects and advantages of embodiments of the present disclosure will be set forth

in part in the following description, or may be learned from the description, or may be

learned through practice of the embodiments.

[0005] One example aspect of the present disclosure is directed to a modular computing

environment. The modular computing environment includes a control entity comprising one

or more processing devices. The modular computing environment further includes one or

more modular components directly or indirectly coupled to the control entity. The one or



more modular components are configured to receive a module specifying one or more

instructions to be performed by an external device (e.g. a device that is external to the

modular computing environment). The one or more modular components include one or

more processing devices. Each modular component is configured to determine state data

associated with the modular component based at least in part on the received module, and to

provide the state data to the control entity. The state data includes an identification signature

of the received module and a configuration context of the modular component within the

modular computing environment. This example aspect provides a modular computing

environment that can be configured and/or re-configured as desired. Such a modular

computing environment has many possible uses and application. As one example use, a

modular computing environment of this example aspect may be used to provide a

reconfigurable feedback scheme - for example, if the modular computing environment is

used to implement a feedback scheme relating to an input mechanism the feedback scheme

may easily be reconfigured to include an additional feedback point if this should be necessary

or desirable (for example, in the example given above of an input mechanism of a radio

device, if the radio device picks up an additional radio station signal). It should however be

appreciated that a modular computing environment of this example aspect is not limited to

providing a feedback scheme but has many further applications.

[0006] A modular computing environment of this aspect may optionally have one or

more of the following features: the state data further comprises position data associated with

the module, the position data being determined based at least in part on a position of an input

mechanism associated with the module, the input mechanism configured to receive an input

from a user; the modular component further comprises a feedback controller configured to

provide feedback to the user in response to an actuation of the input mechanism by the user;

the input mechanism is a rotatable dial, fader device, button, knob, toggle, or switching

device; each modular component comprises one or more position sensors, and the position of

the input mechanism is determined based at least in part on the one or more position sensors;

the one or more position sensors comprise one or more Hall-effect sensors, magnetometers,

or rotary position sensors; the input mechanism comprises a magnet embedded within a

movable portion of the input mechanism, and the position of the input mechanism is

determined based at least in part on the position of the magnet; the identification signature is

a capacitive signature represented by one or more capacitive pads positioned in a predefined

pattern on a surface of the module; each modular component comprises a capacitive sensor



configured to determine the pattern of the capacitive pads upon reception of the module by

the modular component; the control entity is configured to receive data indicative of a user

selected application for which an instruction set is to be generated; the control entity is

configured to determine an instruction set based at least in part on the state data received

from the one or more modular components and the user selected application; the control

entity is configured to determine the instruction set by: determining one or more functions

associated with an application based at least in part on the respective identification signatures

of the one or more modular components; determining an order of execution to be associated

with the instruction set based at least in part on the configuration context of the one or more

modular components; and determining one or more control values associated with the one or

more functions based at least in part on position data associated with the one or more modular

components; and/or the order of execution is determined based at least in part on an

execution model associated with the one or more modular components .

[0007] Other example aspects of the present disclosure are directed to systems, apparatus,

computer-readable media (including but not limited to tangible, non-transitory computer-

readable media), user interfaces, memory devices, and electronic devices for controlling one

or more devices with a configurable modular computing environment.

[0008] These and other features, aspects and advantages of various embodiments will

become better understood with reference to the following description and appended claims.

The accompanying drawings, which are incorporated in and constitute a part of this

specification, illustrate embodiments of the present disclosure and, together with the

description, serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Detailed discussion of embodiments directed to one of ordinary skill in the art are

set forth in the specification, which makes reference to the appended figures, in which:

[0010] FIG. 1 depicts an overview of an example system for controlling one or more

devices based on a modular computing environment according to example embodiments of

the present disclosure;

[001 1] FIG. 2 depicts example modules according to example embodiments of the

present disclosure;

[0012] FIG. 3 depicts example identification signatures associated with one or more

modules according to example embodiments of the present disclosure;



[0013] FIG. 4 depicts an example interaction between a module and a modular

component according to example embodiments of the present disclosure;

[0014] FIG. 5 depicts example modular chains and example execution model

representations according to example embodiments of the present disclosure;

[0015] FIG. 6 depicts a flow diagram of an example method for determining state data

according to example embodiments of the present disclosure;

[0016] FIG. 7 depicts a flow diagram of an example method for determining an

instruction set according to example embodiments of the present disclosure;

[0017] FIG. 8 depicts a flow diagram of an example method for determining an

instruction set according to example embodiments of the present disclosure;

[0018] FIG. 9 depicts an example system for providing feedback control according to

example embodiments of the present disclosure;

[0019] FIG. 10 depicts example feedback schemes associated with an input mechanism

according to example embodiments of the present disclosure;

[0020] FIG. 11 depicts a flow diagram of an example method of providing feedback

control according to example embodiments of the present disclosure; and

[0021] FIG. 12 depicts an example system according to example embodiments of the

present disclosure.

DETAILED DESCRIPTION

[0022] Reference now will be made in detail to embodiments, one or more examples of

which are illustrated in the drawings. Each example is provided by way of explanation of the

embodiments, not limitation of the present disclosure. In fact, it will be apparent to those

skilled in the art that various modifications and variations can be made to the embodiments

without departing from the scope or spirit of the present disclosure. For instance, features

illustrated or described as part of one embodiment can be used with another embodiment to

yield a still further embodiment. Thus, it is intended that aspects of the present disclosure

cover such modifications and variations.

[0023] Example aspects of the present disclosure are directed to modular computing

environments. For instance, a modular computing environment can include a control entity

and one or more modular components configured to directly or indirectly communicatively

couple to the control entity. The modular components can be configured to communicatively

couple to the control entity and/or to one or more additional modular components. In this



manner, a chain of modular components (e.g. modular chain) can be communicatively

coupled to the control entity. Each modular component can be configured to receive a

module. For instance, a module can be a device configured to attach to, fit within, or

otherwise make contact with a modular component to pair with the modular component. The

module can include an identification signature that can be read by a modular component, for

instance, upon a reception of the module by the modular component. The module can specify

a function to be performed by an external device, for instance, in the context of an application

selected by a user of the modular computing environment and/or the external device. For

instance, in some implementations, the function can be a function associated with controlling

an operation of a robot device, or other device, such as move, jump, turn right, turn left,

rotate 90 degrees, etc. As another example, the function can be a function for controlling

operation of a digital application executed, for instance, on a user computing device. In some

implementations, the function can be encoded in the identification signature of the module.

[0024] The module can be a static module or a dynamic module. For instance, a static

module can specify an invariable function (e.g. in the context of an application). In this

manner, the function specified by a static module can remain constant within the context of

an application. A dynamic module can specify a variable function. For instance, a dynamic

module can include an input mechanism capable of receiving an input by a user. The input

mechanism can be a rotatable dial, a knob, a switch, a toggle, a fader device, a button, or

other suitable input mechanism capable of receiving an input by a user. In this manner, the

function to be performed specified by a dynamic module can be determined based at least in

part on a position or state of the input mechanism. As an example, if the function associated

with a dynamic module specifies a rotation command for a robot device within a control

application associated with the robot, the user can interact with the input mechanism to

control a degree of rotation to be performed by the robot device. In some implementations,

the modules can be "dumb" modules that do not have internal processing capabilities. In this

manner, the modules must be paired with a modular component to facilitate a provision of an

instruction for use in the implementations of an application.

[0025] Upon reception of a module by a modular component in a modular chain coupled

to the control entity, the modular component can be configured to determine state data

associated with the modular component. For instance, the state data can include the

identification signature of the paired module, a position data associated with the paired



module (e.g. when the paired module is a dynamic module), and/or a configuration context of

the modular component within the modular chain.

[0026] In some implementations, the identification signature can be a capacitive

identification signature. For instance, the module can include one or more capacitive pads

arranged in a predefined configuration that specifies an identification signature of the

module. The capacitive pads can be made from various suitable conductive materials, such

as capacitive ink, conductive thread, conductive tape, metal, PCB, etc. The capacitive pads

can be attached to or otherwise located on a bottom surface of the module, such that the

bottom surface of the module can be configured to make contact with a capacitive sensor

located on an upper surface of a corresponding modular component. The capacitive sensor

can be configured to identify the configuration of the capacitive pads. The modular

component can determine the identification signature of the module based at least in part on

the identified configuration of the capacitive pads. In some implementations, the capacitive

identification signature can be an 8-bit signature represented in a hexadecimal format.

[0027] The position data can be used to determine a control value associated with a

function. More particularly, the control value can be determined based at least in part on a

position and/or state of an input mechanism associated with a dynamic module. For instance,

the modular components can further include one or more position sensors. The positions

sensor(s) can include or otherwise be associated with one or more Hall-effect sensors,

magnetometers, rotary position sensors, or other suitable position sensors. The position

sensor(s) can determine position data (angular position of a rotatable dial or knob, a state of a

switch or button, fader position, slider position, etc.) associated with the input mechanism of

a dynamic module. For instance, when a dynamic module is paired with a modular

component, the position sensor(s) can detect the corresponding input mechanism and

determine a position of the input mechanism. In this manner, as the user interacts with the

input mechanism to change the position of the input mechanism (e.g. by rotating a dial,

flipping a switch, pressing a button, sliding a fader or slider device, etc.), the position

sensor(s) can detect the change in position interpret the new position of the input mechanism.

[0028] In some implementations, the position sensor(s) can be configured to detect a

position of a magnet embedded within or otherwise attached to a moveable portion of the

input mechanism. In this manner, the position of the magnet can correspond to the position

of the input mechanism, such that when the user interacts with the input mechanism to cause

the input mechanism to change positions, the magnet changes positions as well. The position



sensor(s) can be configured to detect the position of the magnet based at least in part on

variations in the magnetic field and/or a polarity associated with the magnet as the magnet

changes positions.

[0029] The configuration context of the modular component within the modular chain

can specify a position and/or orientation of the modular component within the modular chain.

For instance, a modular component within the modular chain can communicate with one or

more additional modular components within the modular chain to determine the position

and/or orientation of the modular component relative to the other modular components within

the modular chain.

[0030] In some implementations, the modular components can include one or more

output devices configured to provide feedback to the user. For instance, the modular

components can include a lighting feedback device, a haptic feedback device, and/or other

suitable feedback devices. The lighting feedback device can include one or more lighting

elements, such as one or more light emitting diodes (LEDs). In some implementations, the

lighting elements can include or more RGB LEDs. The lighting components can be triggered

individually by the control entity to provide specific feedback locally on each modular

component. The haptic feedback device can include one or more haptic motors (e.g.

vibration motors) that can be triggered to provide specific feedback locally on each modular

component. For instance, the haptic motor can be triggered as the user actuates the input

mechanism of a dynamic module. As will be described below, operation of the haptic motor

can be controlled to provide feedback (e.g. vibratory feedback) at one or more feedback

points in accordance with a specified feedback scheme as the user actuates the input

mechanism.

[003 1] Upon receiving the state data from each modular component within the modular

chain, the control entity can determine an instruction set to be performed. For instance, the

control entity can translate the state data of the modular chain to an executable structure

capable of being read by the external device. More particularly, the control entity can map

the identification signatures associated with the state data to corresponding application

functions. The control entity can further specify corresponding control values as arguments

within the application function. In this manner, raw position data determined by the modular

component can be mapped to a control value that specifies a predefined argument for a

function within the context of an application. The instruction set can be associated with an

application. For instance, the application can be selected by a user, for instance, through a



user device communicatively coupled (e.g. over a network) to the control entity. Each

received identification signature can be mapped to a function to be performed within the

selected application. As indicated, the identification signatures can be associated with

different functions for different activities. In this manner, the function associated with the

module can be determined based at least in part on the application selected by the user.

[0032] The instruction set can include a sequence of functions to be performed by the

external device. The instruction set can be determined based at least in part on the selected

activity. The instruction set can further be determined based at least in part on the

configuration and/or layout of the modular components within the modular chain. For

instance, the control entity can determine an order of execution of the various functions to be

performed based at least in part on an execution model associated with the configuration

and/or layout of the modular chain. For instance, the execution model associated with a

linear chain can specify a linear order of execution such that the instructions are read

sequentially according to the proximity of the corresponding modular component-module

pairs to the control entity. As another example, the execution model can specify that the

instructions from each modular component-module pair be read simultaneously. When the

modular chain includes a multidimensional configuration (e.g. a square arrangement of 4x4),

an execution model can specify that the instructions be read one at a time, in parallel rows,

parallel columns, simultaneously, or in other suitable orders.

[0033] The control entity can provide the instruction set to an external device associated

with the selected application for performance of the instruction set by the external device. In

some implementations, the external device can be can be any suitable computing device, such

as a smartphone, tablet, laptop, desktop, PDA, mobile phone, display with one or more

processors, wearable computing device, or other suitable device. In some implementations,

the external device can be a physical device, such as a robot device, lighting device, control

surface, automotive device, or other suitable external device capable of being controlled by

the modular computing environment. The external device can be communicatively coupled

to the modular computing environment, for instance, through a network (e.g. Wi-Fi network,

Bluetooth network, and/or other suitable network). In some implementations, the user device

can present a user interface to the user specifying one or more applications to which the

control entity can connect. For instance, the activities can be associated with one or more

external devices currently connected to the network. Upon a user selection of an application,

data indicative of the selected application can be communicated to the control entity, and the



control entity can determine an instruction set to be performed in the context of the selected

application.

[0034] According to example aspects of the present disclosure, the modular computing

environment can be reconfigurable, such that one or more modular component-module pairs

associated with the modular chain of modular component-module pairs directly or indirectly

coupled to the control entity can be rearranged, removed, replaced, manipulated, controlled,

to facilitate the provision of desired control commands to an external device by the control

entity. In this manner, the user can configure the modular chain in a desired arrangement to

facilitate performance of a desired sequence of instructions in the context of a selected

activity.

[0035] According to additional or alternative example aspects of the present disclosure, a

feedback control scheme can be determined and implemented using a feedback control

system. The feedback control system can be a haptic feedback control system including one

or more haptic motors. The one or more haptic motors can be associated with an input

mechanism configured to receive an input from a user. For instance, the input mechanism

can be a dial, such as a rotatable dial, a button, a slider device, a fader device, a switch, a

toggle device, or other suitable input mechanism configured to be actuated by a user. In

some implementations, the input mechanism can be a free flowing input mechanism that does

not have physical detents associated with the mechanical structure of the input mechanism.

The feedback control system can be configured to determine a position or state of the input

mechanism. For instance, the feedback control system can be configured to determine an

angular position of a dial, a state of a switch, toggle, or button, a position along a track of a

fader or slider device, etc.

[0036] In some implementations, the feedback control system can include one or more

position sensors, such as one or more one or more Hall-effect sensors, magnetometers, rotary

position sensors, or other suitable position sensors. The position sensor(s) can determine

position data associated with the moveable portion of the input mechanism. In this manner,

as the user actuates the input mechanism, the position sensor(s) can track the motion of the

moveable portion of the input mechanism to determine an angular position, state, position

along a track, etc. associated with the input mechanism.

[0037] In some implementations, the position sensor(s) can be configured to determine

the position associated with the input mechanism based at least in part on a position of a

magnet embedded within or otherwise attached to the moveable portion of the input



mechanism. The magnet can move in a corresponding manner to the actuation of the input

mechanism by the user. The position of the magnet (and therefrom the input mechanism) can

be determined by variations in a magnetic field and/or a polarity associated with the magnet

caused by the movement of the magnet.

[0038] A feedback scheme can be determined for the input mechanism. The feedback

scheme can specify one or more feedback points associated with the position of the input

mechanism at which feedback is to be applied using, for instance, the haptic motor. As an

example, when the input mechanism is a rotatable dial, the feedback scheme can specify

feedback points at one or more angular positions associated with the rotational movement of

the dial at which feedback is to be applied. As another example, when the input mechanism

is a slider or fader device configured to be actuated along a track, the feedback scheme can

specify feedback points at one or more positions with respect to the track at which feedback

is to be applied. As yet another example, when the input mechanism is a switch, toggle,

button, etc. having multiple states, the feedback scheme can specify feedback points at

positions of the input mechanism corresponding to one or more of the states. In some

implementations, the feedback scheme can specify that feedback is to be applied in response

to each state change of the input mechanism.

[0039] In some implementations, the feedback scheme can further specify a type and/or

intensity of feedback to be applied. For instance, the feedback scheme can specify that

lighting feedback, audio feedback, vibratory feedback, or other feedback type is to be applied

at one or more of the feedback points. The feedback scheme can further specify an intensity

of feedback, such as a volume associated with audio feedback, a vibration intensity, length,

pattern etc. associated with vibratory feedback, a luminosity, color, pattern, etc. associated

with lighting feedback, etc. The type and/or intensity of feedback can vary at different

feedback points. For instance, the feedback scheme can specify that lighting feedback is to

be applied at a first feedback point, and that vibratory feedback is to be applied at a second

feedback point. As another example, the feedback scheme can specify that feedback having a

first intensity level is to be applied at a first feedback point, and that feedback having a

second intensity level is to be applied a second feedback point.

[0040] In some implementations, the feedback points in a feedback scheme can be

associated with one or more settings of an application or activity associated with the input

mechanism. For instance, the input mechanism can be configured to control operation of one

or more applications associated with one or more devices. As an example, a rotatable dial



can be configured to control operation of a lighting element having multiple discrete light

intensity settings (e.g. dim, medium, bright, very bright, etc.). The dial can be configured to

include multiple setting points, each corresponding to a light intensity setting. The setting

points can be positioned at various angular positions associated with the dial. In some

implementations, the setting points can be evenly spaced around the rotatable spectrum of the

dial. The lighting element can operate in accordance with the various light intensity settings

as a user actuates the dial to the various setting points. In this manner, the feedback control

scheme can include feedback points corresponding to each light intensity setting. For

instance, the feedback points can be positioned at multiple angular positions of the dial

corresponding to a change in light intensity setting (e.g. to the various setting points). As

another example, the dial can control a frequency of a radio device that is able to pick up

multiple discrete radio stations. The user can then actuate the dial to various setting points

associated with the radio stations to change the reception frequency of the radio device to

tune in to a particular radio station. A feedback scheme associated with the input mechanism

can specify feedback points corresponding to the various setting points, such that when the

user actuates the dial, feedback can be applied each time the radio tunes into a different radio

station.

[0041] In some implementations, the feedback scheme can be reprogrammed based at

least in part on a variable number of settings or inputs associated with the application. For

instance, in continuing the radio control example from above, if the radio picks up an

additional radio station signal, an additional setting point can be added for the additional

radio station. The feedback scheme can then be reprogrammed to include an additional

feedback point associated with the additional setting point and/or radio station. For instance,

the setting points and feedback points can be reapportioned along the rotational spectrum of

the dial to include the additional radio station. In contrast, as noted above, a conventional

mechanical feedback system cannot easily be altered after manufacture of the associated

input device.

[0042] In some implementations, a particular input mechanism can be configured to

control multiple applications. One or more of the applications can be associated with

different feedback schemes. The feedback schemes can be defined for a particular input

mechanism and/or a particular application. In this manner, while operating in a particular

application (such as controlling an air conditioning system associated with an automobile),

the feedback control system can control operation of a feedback motor in accordance with the



feedback scheme determined for the application. In this manner, upon a user interaction with

the input mechanism, the feedback motor can be controlled to provide feedback to the user in

accordance with the feedback scheme as the user moves the input mechanism to the various

feedback points. If the input mechanism is then used for another application (such as

controlling a volume of an audio system associated with the automobile) the feedback control

system can control operation of a feedback motor in accordance with the feedback scheme

determined for the new application.

[0043] With reference now to the figures, example aspects of the present disclosure will

be described in greater detail. For instance, FIG. 1 depicts an overview of an example

modular computing environment 100 according to example embodiments of the present

disclosure. Environment 100 includes a control entity 102 in communication with one or

more modular components 104. The modular components 104 can directly or indirectly

communicatively couple to control entity 102 to form a modular chain. For instance, a first

modular component 104 can be directly coupled to control entity 102, for instance, through

physical contact with control entity 102. One or more additional modular components 104

can be indirectly coupled to control entity 102, for instance, through physical contact with the

first modular component 104 and/or one or more additional modular components 104. In this

manner, the modular components can form a modular chain having a mesh communication

structure wherein data flows to and from the control entity 102 by way of the modular chain.

[0044] Each modular component can be configured to receive a module 106, for instance

as desired by a user. The module 106 can encode a function, command, or instruction to be

performed within an application within an identification signature of the module 106. In this

manner, the module 106 can be a tile-like structure configured to fit within, attach or mount

to, or otherwise make contact with a modular component 104. As indicated above, module

106 can be a static module or a dynamic module. In this manner, the module 106 and the

modular component 104 can form a modular component-module pair. The user can form

modular component-module pairs and arrange them as desired to facilitate performance of a

desired instruction set within the framework of a specified application.

[0045] Modular component 104 can further include a state data generator 108. State data

generator 108 can be configured determine state data associated with the modular

component-module pair. For instance, the state data can include the identification signature

of the module 106. The state data can additionally or alternatively include data indicative of

a configuration context of the modular component-module pair. In this manner, state data



generator 108 can further be configured to determine the configuration context of the

modular component 104 within the modular chain. For instance, each modular component

104 within the modular chain associated with control entity 102 can communicate among

each other to determine the respective configuration contexts of the modular components

104. The configuration context can refer to a position of the modular component 104 within

the modular chain. The state data can additionally or alternatively include position data

associated with an input mechanism of module 106 (e.g. when module 106 is a dynamic

module). The position data can be determined based at least in part on a position of the input

mechanism within the framework of the track, spectrum, state, etc. of a moveable portion of

the input mechanism. For instance, the position of the input mechanism can be determined

using one or more position sensors 110 associated with the modular component 104. As

indicated above, the position sensor(s) can include or otherwise be associated with one or

more Hall-effect sensors, rotary position sensors, magnetometers, or other suitable position

sensors. For instance, in some implementations, the position sensors can determine position

data associated with a magnet embedded within or otherwise associated with the input

mechanism. The position data can include angular position data (e.g. for a knob or dial), state

data (e.g. for a switch, button, or toggle), data indicative of a position along a track (e.g. for a

fader or slider), or other suitable position data.

[0046] As will be described in more detail below, modular component 104 can further

include a feedback control 112. Feedback control 112 can include one or more output

devices, such as a lighting component, a feedback motor, or other output device configured to

provide feedback to a user. In some implementations, the feedback control 112 can provide

feedback in accordance with one or more control commands provided by the control entity

102. In some implementations, the control entity 102 can assign some autonomy to the

feedback control 112. For instance, the control entity 102 can assign control of the feedback

motor or lighting elements to the feedback control 112 in accordance with a program

associated with the module 106.

[0047] Each modular component 104 in the modular chain associated with the control

entity 102 can provide the determined state data to the control entity, for instance, responsive

to a request from control entity 102. In this manner, the state data may be communicated by

way of the modular chain, such that the modular components 104 that are indirectly coupled

to the control entity 102 (e.g. that do not make direct contact with the control entity 102) can



provide the state data to the control entity 102 by way of at least one additional modular

component 104.

[0048] Control entity 102 can include an instruction generator 120 configured to generate

an instruction set to be performed within the context of a specified application based at least

in part on the received state data. For instance, control entity 102 can access application data

114 to determine functions associated with the specified application that correspond to the

identification signatures provided within the state data. Control entity 102 can further access

application data 114 to determine one or more application control values associated with the

application functions that correspond to the position data provided within the state data. As

indicated, the control values can be used as arguments within the corresponding application

function.

[0049] As indicated, an identification signature associated with a particular module can

correspond to different functions for different applications. For instance, a particular

identification signature may correspond to a control command of "turn right" in an

application associated with controlling a vehicle, and to a control command of "jump" in an

application associated with control of a robot device. In this manner, a list of functions

associated with an application can be mapped to corresponding identification signatures and

stored in one or more databases associated with application data 114. In some

implementations, an identification signature associated with a particular module can be

assigned to multiple functions within a particular activity. For instance, a module can be

reused within a particular activity if the module is reassigned to a different function within

the activity.

[0050] Control entity 102 can further be in communication with a user device 116 and/or

a physical device 118, for instance, via a network. The user device 116 can present a user

interface to the user to facilitate a selection of an application by the user. For instance, the

control entity can identify one or more available external devices (e.g. user device 116,

physical device 118 and/or other external device) connected to the network and capable of

receiving control commands from control entity 102 for the performance of an application.

Control entity 102 can further determine one or more available applications based at least in

part on the available devices. For instance, the available applications can be applications that

the available devices are capable of implementing. Control entity 102 can provide data

indicative of the available applications to the user device 116, which can present the available

applications to the user within the user interface. The user can select an application, and data



indicative of the selection can be provided to the control entity 102. In this manner, upon

receiving the data indicative of the selected application, instruction generator 120 can access

application data 114 to determine the function data for the selected application.

[0051] As indicated above, the sequencing of the instruction set can be determined in

accordance with an execution model associated with the control entity 102. The execution

model can specify an order in which the functions within the instruction set are to be

executed. In particular, the execution model can specify the order based on the arrangement

and/or configuration of the modular chain of modular components 104. For instance, the

execution model can be a linear execution model that specifies an order of execution of the

functions based on proximity of the modular component-module pairs to the control entity

102. As another example, the execution model can specify an order of execution of the

functions based on a row or column in which the corresponding modular component-module

pairs are located within the modular chain.

[0052] Once the instruction set has been generated, control entity 102 can provide the

instruction set to an appropriate device (e.g. user device 116, physical device 118, or other

external device). Each application can correspond to a particular device. In this manner, the

instruction set can be provided to the external device corresponding to the selected

application. Upon receiving the instruction set, the external device can execute the

instructions to implement the application.

[0053] In some implementations, updated state data can be provided by one or more

modular components 104 to control entity 102, for instance, during the performance of the

activity. The updated state data can reflect a user interaction with the input mechanism of a

module 106. More particularly, the updated state data can include updated position data

indicative of a new position of the input mechanism. Upon receiving the updated state data,

the control entity 102 can access application data 114 to determine a control value

corresponding to the position data. The control entity 102 can then provide data indicative of

the control value to the appropriate external device, such that the external device can operate

in accordance with the control value.

[0054] FIG. 2 depicts example modules 130 and 132 according to example embodiments

of the present disclosure. Module 130 represents a static module and module 132 represents

a dynamic module. As indicated, the modules 130, 132 can be tile-like structures configured

to attach to or otherwise make contact with a modular component. The modules 130, 132 can

encode a command, function, or instruction within an identification signature of the module.



In implementations wherein the identification signature is a capacitive signature, the modules

132, 132 can be made from various suitable non-capacitive materials, such as paper, card,

wood, plastic, or other suitable non-capacitive material.

[0055] As indicated above, the static module 130 can be associated with an invariable,

constant function that does not change within the context of a particular application. The

dynamic module 132 can be associated with a variable function that can be determined based

at least in part on a user interaction with an input mechanism, such as a rotatable dial 134

associated with the dynamic module 132. As indicated, although FIG. 2 depicts a dial, the

input mechanism can be any suitable input mechanism capable of being actuated by a user,

such as a knob, button, switch, toggle, fader, etc. The dial 134 can further be fitted with a

magnet 136, for instance, within a moveable portion of the dial 134. In this manner, the

magnet 136 can be fitted within the dial 134 such that, when the dial 134 is rotated by the

user, the magnet 136 is rotated in a corresponding manner. In this regard, the position and/or

orientation of the magnet 136 can represent the position and/or orientation of the dial 134.

[0056] As indicated above, modules 130, 132 can be configured to encode unique

identification signatures that respectively represent the modules. The identification

signatures can be encoded using various suitable techniques, such as radio-frequency

identification (RFID) techniques (e.g. passive RFID), bar code techniques (e.g. 2-D bar

codes), near field communication (NFC) technologies, capacitive sensing techniques, and/or

other suitable identification techniques. For instance, in some implementations, the

identification signature can be a capacitive signature represented by a particular pattern of

capacitive materials attached to a surface of the module configured to come in contact with a

modular component.

[0057] For instance, FIG. 3 depicts an example capacitive identification signature scheme

that can be used according to example embodiments of the present disclosure. In particular,

FIG. 3 depicts capacitive signature representations 140, 142, 144, and 146. Each capacitive

signature representation can be positioned on a surface of a module. The capacitive signature

representations can include a predefined pattern of capacitive pads that correspond to a

capacitive signature of a module. For instance, capacitive signature representation 140

includes capacitive pads 148, 150, and 152. The capacitive pads can be made from various

suitable conductive materials, such as capacitive ink, conductive thread, conductive tape,

metal, PCB, etc. The predefined pattern can represent, for instance, an 8-bit hexadecimal

capacitive signature that represents a particular module. In this manner, different



arrangements or patterns of the capacitive pads can represent different capacitive signatures.

The patterns can be configured based at least in part on a capacitive sensor associated with a

modular component. The capacitive sensor can be configured to read the capacitive signature

of a module when the capacitive signature is brought into contact with the capacitive sensor.

[0058] FIG. 4 depicts an example interaction between a module 132 and a modular

component 104. As indicated, a user can pair modular component 104 and module 132 to

form a modular component-module pair, for instance, by bringing module 132 into contact

with modular component 104. As shown, modular component 104 includes a capacitive

sensor 160. Capacitive sensor 160 can be configured to read the capacitive signature, in this

example positioned on the bottom surface of module 132, when the module is placed on

modular component 104. In particular, capacitive sensor 160 can be configured to determine

the pattern of the capacitive pads associated with the module 132. The pattern can then be

mapped to a corresponding capacitive signature.

[0059] As indicated above, one or more modular components 104 can be linked together

to form a modular chain associated with the control entity 102. The modular components 104

within a modular chain can be arranged in various manners by a user. The control entity 102

can then determine an order of execution of instructions associated with the modular

components 104 based at least in part on the arrangement of the modular components 104. In

particular, the control entity 102 can determine the order of execution based at least in part on

an execution model associated with the control entity 102. The execution model can specify

a protocol for determining the order of execution.

[0060] For instance, FIG. 5 depicts various example modular chains and ordering

protocols associated with modular chains. In particular, FIG. 5 depicts modular chains 170,

172, 174, 176, and 178. As shown, modular chains 170-178 include multiple modular

components 104 arranged in various manners by the user. The arrows 180 depicted within

the modular chains 170-178 represent example execution models that can be used to

determine an execution order of instructions associated with the modular components 104

within the modular chains 170-178.

[0061] In this manner, the interpretation of the modular chains 170-178 can be set

programmatically in the control entity 102. For instance, the modular chain 170 can be

interpreted on a row-by-row basis starting from the top row to the bottom row. Modular

chain 172 can be interpreted in a linear manner starting with the modular component 104

closest to the control entity 104. The order of execution can be used by the control entity in



generating the instruction set. For instance, the instruction set can be configured such that

functions associated with each modular component in a modular chain are executed by an

external device according to the order of execution specified by the execution model and the

arrangement of the modular components 104 within the modular chain.

[0062] Although FIG. 5 depicts the formation of the modular chains 170-178 through a

physical connection between the modular components making up the modular chains, it will

be appreciated that the modular chains of the present disclosure can be formed through other

communication techniques. For instance, a modular chain can be formed using wireless

communication techniques in which a physical connection is not required between the

modular components 104 to form a modular chain. In addition, the modular chain may also

communicate with a control entity through wireless communication techniques. In this

manner, communication of state data by the modular components 104 of a modular chain to

the control entity can be performed, for instance, using a wireless mesh type technique

wherein the state data associated with a particular modular component can be wirelessly

routed to one or more additional modular components within the modular chain and

subsequently communicated to the control entity 102. However, it will also be appreciated

that non-mesh wireless communication techniques can also be used wherein each modular

component 104 within a modular chain communicates state data directly to the control entity

102 using wireless communication techniques.

[0063] FIG. 6 depicts a flow diagram of an example method (200) of providing state data

to a control entity according to example embodiments of the present disclosure. Method

(200) can be implemented by one or more computing devices, such as one or more of the

computing devices depicted in FIG. 11 . In particular implementations, the method (200) can

be implemented by a modular component 104 depicted in FIG. 1 . In addition, FIG. 6 depicts

steps performed in a particular order for purposes of illustration and discussion. Those of

ordinary skill in the art, using the disclosures provided herein, will understand that the steps

of any of the methods discussed herein can be adapted, rearranged, expanded, omitted, or

modified in various ways without deviating from the scope of the present disclosure.

[0064] At (202), method (200) can include detecting a capacitive pattern associated with

a module positioned on a surface of a modular component. As indicated, the capacitive

pattern can represent an identification signature of the module. The capacitive pattern can be

formed using one or more capacitive pads arranged in a predefined pattern such that the

pattern can be read by a capacitive sensor associated with a modular component when the



capacitive pattern is positioned proximate the capacitive sensor. In this manner, when the

module is positioned proximate the modular component, the capacitive sensor can detect the

pattern using various suitable capacitive sensing techniques.

[0065] At (204), method (200) can include determining an identification signature of the

module based at least in part on the capacitive pattern. For instance, the identification

signature can be an 8-bit hexadecimal identification signature that corresponds to the

particular pattern of the module. It will be appreciated that various other suitable

identification signature formats can be used without deviating from the scope of the present

disclosure. The pattern can be mapped to a corresponding identification signature, for

instance by accessing a lookup table or other structure that maps identification signatures to

capacitive patterns.

[0066] It will be appreciated that various other suitable identification signatures can be

used, and that the identification signatures can be determined using various other suitable

identification techniques. For instance, the identification signature can be encoded within a

passive RFID tag associated with the module. In this manner, the modular component can

include an RFID reader, such that the RFID reader can extract the identification signature

from the RFIE tag when the module is positioned proximate the modular component.

[0067] At (206), method (200) can include determining position data associated with an

input mechanism associated with the module. As indicated, one or more modules can include

input mechanisms capable of being actuated by a user. The position, state, and/or orientation

of a moveable portion of the input mechanism can be determined by the modular component,

for instance, using one or more position sensors, such as one or more magnetometers, Hall-

effect sensors, rotary position sensors, etc. For instance, the position data can be associated

with a position along a track or rotational spectrum defining a range in which the input

mechanism can be actuated. In some implementations, the position data can be associated

with a state (e.g. of a switch or toggle).

[0068] At (208), method (200) can include determining a configuration context of the

modular component within a modular chain of modular components directly or indirectly

coupled to a control entity. For instance, the configuration context can refer to a position of

the modular component with respect to the modular chain. In this manner, the modular

component can communicate with one or more additional modular components within the

modular chain to coordinate a determination of the configuration context by the modular

component.



[0069] At (210), method (200) can include providing the identification signature, position

data, and/or configuration context to the control entity. For instance, the modular component

can generate a state data packet including data indicative of one or more of the identification

signature, position data associated with the input mechanism, or configuration context. As

indicated, in some implementations, the state data packet can be routed through one or more

additional modular components within the modular chain before reaching the control entity.

[0070] The state data packet can be used by the control entity to determine an instruction

set associated with a selected application. For instance, FIG. 7 depicts a flow diagram of an

example method (300) of determining an instruction set according to example embodiments

of the present disclosure. Method (300) can be implemented by one or more computing

devices, such as one or more of the computing devices depicted in FIG. 12. In particular

implementations, the method (300) can be implemented by a control entity 102 depicted in

FIG. 1. In addition, FIG. 7 depicts steps performed in a particular order for purposes of

illustration and discussion. Those of ordinary skill in the art, using the disclosures provided

herein, will understand that the steps of any of the methods discussed herein can be adapted,

rearranged, expanded, omitted, or modified in various ways without deviating from the scope

of the present disclosure.

[0071] At (302), method (300) can include identifying one or more controllable external

devices over a network. For instance, the one or more controllable external devices can

include one or more user computing devices and/or one or more physical devices (e.g. robot

device, automobile, light switch, radio device, etc.). The controllable devices can be devices

capable of performing applications associated with the control entity and/or capable of

implementing control commands provided by the control entity for use in implementation of

an application associated with the control entity.

[0072] At (304), method (300) can include determining one or more available application

based at least in part on the presence of the external devices. For instance, the available

applications can include one or more applications that the external devices present on the

network are capable of implementing. For instance, the applications can include control

applications associated with an automobile, robot device, user device, light switch radio, etc.

The applications can be associated with various aspects of control of the present external

devices.

[0073] At (306), method (300) can include receiving data indicative of an application

selected by a user. For instance, the available applications can be provided to the user device



for display by the user device in a user interface. The user of the user device can select an

application through interaction with the user interface. Data indicative of the selected action

can be provided to the control entity. In some implementations, the application can be

selected without the use of a separate user interface. For instance, the user can connect the

external device directly to the control entity to trigger one or more applications associated

with the connected external device.

[0074] At (308), method (300) can include receiving state data from one or more modular

components in a modular chain of modular components directly or indirectly coupled to the

control entity. At (310), method (300) can include determining an instruction set to be

implemented by an external device associated with the selected application. The instruction

set can be determined based at least in part on the state data. The instruction set can include

one or more functions to be performed by the external device within the context of the

selected application.

[0075] FIG. 8 depicts a flow diagram of an example method (400) of determining an

instruction set according to example embodiments of the present disclosure. In some

implementations, method (400) can correspond to (310) of method (300). Method (400) can

be implemented by one or more computing devices, such as one or more of the computing

devices depicted in FIG. 12. In particular implementations, the method (400) can be

implemented by a control entity 102 depicted in FIG. 1 . In addition, FIG. 8 depicts steps

performed in a particular order for purposes of illustration and discussion. Those of ordinary

skill in the art, using the disclosures provided herein, will understand that the steps of any of

the methods discussed herein can be adapted, rearranged, expanded, omitted, or modified in

various ways without deviating from the scope of the present disclosure.

[0076] At (402), method (400) can include mapping one or more identification signatures

associated with one or more modular components within a modular chain to one or more

functions associated with the selected application. For instance the identification signatures

can be mapped to the corresponding functions by accessing a lookup table that correlates

identification signatures to functions within an application.

[0077] At (404), method (400) can include mapping position data associated with the one

or more modular components to control values associated with the corresponding functions

associated with the selected application. For instance, a control value can specify an

argument to the corresponding function associated with a modular component.



[0078] At (406), method (400) can include determining an order of execution to be

associated with the instruction set based at least in part on the configuration context data

associated with the one or more modular components. As indicated, the configuration

context data can indicate respective positions of the modular components within the modular

chain. In this manner, the collective configuration context data can be used to determine an

arrangement and/or configuration of the modular chain. The order of execution can be

determined in accordance with an execution model that specifies rules and/or protocols for

the order in which the instructions are to be executed.

[0079] At (408), method (400) can include generating an instruction set based at least in

part on the mapped functions, mapped control values, and determined order of execution. At

(410), method (400) can include providing the instruction set to the external device associated

with the selected application.

[0080] As indicated, additional aspects of the present disclosure are directed to providing

feedback control associated with an input mechanism capable of being actuated by a user. In

some implementations, such feedback control can be integrated within the modular

computing environment of the present disclosure. In some implementations, the feedback

control of the present disclosure can be implemented within one or more alternative control

interfaces. In this manner, the feedback control of the present disclosure can be implemented

within any suitable system, aspects of which include providing feedback to a user.

[0081] For instance, FIG. 9 depicts an overview of an example system 500 for providing

feedback to a user according to example embodiments of the present disclosure. System 500

includes a feedback generator 502 that interfaces with a control interface 504. The control

interface 504 can include an input mechanism 506. In some implementations, the input

mechanism 506 can be capable of being actuated by a user. For instance, the input

mechanism 506 can be a knob, dial, button, toggle, switch, slider, fader, or other suitable

input mechanism. The input mechanism 506 can be a free flowing input mechanism that

does not include any physical detents in the mechanical structure of the input mechanism

506. In this manner, the user can interact with the input mechanism 506 to change a position

and/or orientation of the input mechanism to control an application associated with the

control interface.

[0082] Feedback generator 502 includes a feedback controller 508. Feedback controller

508 can include one or more processors and one or more memory devices including

computer-readable instructions that can be executed by the one or more processors to perform



operations according to example embodiments of the present disclosure. Feedback

controller 508 can be configured to control operation of one or more feedback motors 510 to

cause the feedback motor(s) 510 to provide feedback to a user. In some implementations, the

feedback controller 508 can correspond to the feedback control 112 of FIG. 1 . The feedback

motor(s) can include any suitable device or component capable of providing feedback to a

user. For instance, the feedback motor(s) 510 can include one or more lighting components,

audio components, vibration motors, etc. In this manner, operation of the feedback motors

510 can be controlled to provide suitable feedback signals to a user, for instance, in response

to an actuation of the input mechanism 506.

[0083] Feedback generator 502 further includes one or more position sensors 512. For

instance, the one or more position sensors 512 can include any suitable device or component

capable of determining a position and/or orientation of the input mechanism 506. In some

implementations, the position sensor(s) 512 can include one or more Hall-effect sensors,

magnetometers, rotary position sensors, and/or any other suitable position sensor.

[0084] The positions sensor(s) 512 can be configured to determine a position and/or

orientation of a moveable portion of the input mechanism 506. For instance, the position

and/or orientation can be determined with respect to a state of the input mechanism 506. As

another example, the position and/or orientation can be determined with respect to a position

of the input mechanism along a track, or an angular position of the input mechanism along a

rotational spectrum on which the input mechanism is configured to rotate. It will be

appreciated that any suitable position determining technique can be used to determine the

position of the input mechanism 506 without deviating from the scope of the present

disclosure. For instance, in some implementations, the position of the input mechanism 506

can be determined using mechanical techniques.

[0085] Feedback controller 508 can be configured to control operation of the feedback

motor(s) 510 based at least in part on the determined position and/or orientation of the input

mechanism 506. For instance, feedback controller 508 can be configured to access scheme

data 514 to determine a feedback scheme to apply to the input mechanism 506. The feedback

scheme can include one or more feedback points at which to apply feedback. The feedback

points can correspond to positions of the input mechanism 506. In this manner, the feedback

points can be selected such that feedback is applied to the input mechanism 506 when a user

actuates the input mechanism 506 to the one or more feedback points.



[0086] The feedback scheme can be determined based at least in part on the type of input

mechanism 506 (e.g. knob, dial, switch, etc.). For instance, the feedback scheme can be

determined to include one or more feedback points at one or more positions along the

rotational spectrum of a dial or knob. As another example, the feedback scheme can be

determined to include one or more feedback points that correspond to operation of a switch in

one or more states of the switch. As yet another example the feedback scheme can be

determined to include one or more feedback points at one or more positions along a track

associated with a fader or slider. In this manner, as the user actuates the input mechanism

506 to one or more positions, states, etc. that correspond to feedback points, feedback

controller 508 can control operation of the feedback motor(s) 510 to provide feedback to the

user in accordance with the feedback scheme.

[0087] The feedback scheme can further be determined based at least in part on a control

application associated with the input mechanism 506. For instance, the amount of feedback

points and/or the position of the feedback points in the feedback scheme can be determined

based at least in part on one or more settings and/or input values associated with the control

application. For instance, if the input mechanism 505 is configured to control the volume of

an audio system, the feedback points can correspond to volume levels. In this manner, if the

audio system includes 10 volume levels, the feedback scheme can include 10 feedback points

positioned along a track, rotational spectrum, etc. associated with the input mechanism 506.

As another example, if the input mechanism 506 is configured to control an air conditioner in

a vehicle having 4 discrete power settings, the feedback scheme can include 4 feedback

points positioned along a rotational spectrum, track, etc. associated with the input mechanism

506. The position of the feedback points can vary. For instance, in some implementations,

the feedback points may be evenly spaced along the track or spectrum of the input

mechanism 506. In some implementations, the feedback points can be unevenly spaced

around the track or spectrum. For instance, in some implementations, the feedback points

can be positioned to indicate a difference between a setting value and a previous setting

value.

[0088] The feedback schemes can be applied to the input mechanism 506 based at least in

part on a selected application associated with the input mechanism 506. In this manner, the

input mechanism 506 can be associated with multiple applications (for instance, the input

mechanism 506 may be configured to control either an air conditioner or a radio volume in a

vehicle), and a user can select one of the multiple applications associated with the input



mechanism 506 such that the input mechanism 506 can be configured to control one or more

aspects of the selected application. Scheme data 514 can be accessed to determine the

feedback scheme to apply based at least in part on the selected application.

[0089] In some implementations, the feedback scheme can specify a type of feedback to

be applied. For instance, the feedback scheme can specify an application of lighting

feedback, audio feedback, vibratory feedback, and/or various other suitable types of

feedback. The feedback scheme can further associate different feedback types with different

feedback points. For instance, the feedback scheme can specify a first feedback type at a first

feedback point associated with the input mechanism 506 within a control application, and a

second feedback type at a second feedback point associated with the input mechanism 506

within the control application.

[0090] In some implementations, the feedback scheme can control one or more

characteristics of the feedback to be provided. For instance, the feedback scheme can specify

an intensity of the feedback, a pattern of the feedback, a length of the feedback, a color of the

feedback (e.g. for lighting feedback), a luminosity of the feedback (e.g. for lighting feedback)

and/or other suitable characteristics of the feedback. The feedback scheme can further

specify different feedback characteristics for different feedback points within a control

application. For instance, the feedback scheme may specify a gradually increasing or

decreasing vibratory intensity at the various feedback points as the user actuates the input

mechanism 506. In this manner, the feedback scheme can specify a first feedback

characteristic (e.g. color, intensity, luminosity, etc.) at a first feedback point and a second

feedback characteristic at a second feedback point.

[0091] In some implementations, the feedback scheme can be reprogrammable to modify

the feedback scheme. For instance, one or more feedback points can be added, removed,

modified, manipulated, etc. based at least in part on variations of the control application. In

this manner, the feedback type and/or characteristics can be modified as well, for instance, to

accommodate changes to the control application (e.g. an addition or removal of settings, etc.).

[0092] In this manner, as the user actuates the input mechanism 506, feedback generator

502 can be configured to track a position and/or orientation of a moveable portion of the

input mechanism 506, and to control operation of the feedback motor(s) 510 in accordance

with a feedback scheme associated with the input mechanism 506 and a control application

associated with the input mechanism 506. In particular, operation of the feedback motor(s)



can be controlled to provide feedback in accordance with the feedback scheme as the

moveable portion of the input mechanism 506 traverses the various feedback points.

[0093] FIG. 10 depicts example feedback schemes 520, 522, 524, and 526 associated

with input mechanism 506. As shown, FIG. 10 depicts the input mechanism 506 as a

rotatable dial or knob. For instance, the example feedback schemes each include feedback

points 528 associated with a spectrum 530 on which the input mechanism 506 is configured

to rotate. In some implementations, the feedback points 528 can be specified as angular

positions along the spectrum. For instance, feedback scheme 520 can include feedback

points at 90 degrees and 270 degrees with respect to the rotational spectrum of the dial. In

this manner, as the position indicator 530 is rotated to the 90 degree and 270 degree positions,

feedback can be provided in accordance with the feedback scheme 520. As indicated, the

feedback points 528 can correspond to settings or input values associated with one or more

control applications. In this manner, the number of feedback points can be determined based

at least in part on the control application (e.g. a number of settings associated with the control

application).

[0094] FIG. 11 depicts a flow diagram of an example method (600) of providing

feedback according to example embodiments of the present disclosure. Method (600) can be

implemented by one or more computing devices, such as one or more of the computing

devices depicted in FIG. 12. In particular implementations, the method (600) can be

implemented by the system 500 depicted in FIG. 9 . In addition, FIG. 11 depicts steps

performed in a particular order for purposes of illustration and discussion. Those of ordinary

skill in the art, using the disclosures provided herein, will understand that the steps of any of

the methods discussed herein can be adapted, rearranged, expanded, omitted, or modified in

various ways without deviating from the scope of the present disclosure.

[0095] At (602), method (600) can include accessing data indicative of a feedback

scheme associated with an input mechanism. In particular, the feedback scheme can be

associated with a control application associated with the input mechanism. The feedback

scheme can specify one or more feedback points corresponding to one or more physical

positions and/or orientations of a moveable portion of the input mechanism. The feedback

scheme can further specify one or more types of feedback and/ or one or more characteristics

of the feedback to be applied at the one or more feedback points.

[0096] At (604), method (600) can include determining one or more positions of the input

mechanism as the input mechanism is actuated along a track or spectrum by a user. For



instance, the user can actuate the input mechanism to control one or more aspects of a device

associated with the control application. As the user actuates the input mechanism, the

position and/or orientation of the input mechanism can be tracked, for instance, by one or

more positions sensors.

[0097] At (606), method (600) can include controlling operation of one or more feedback

motors to provide feedback for the user based at least in part on the feedback scheme and the

one or more determined positions of the input mechanism. In this manner, the feedback

motor(s) can be controlled to provide vibration, lighting, audio signals, etc. as specified in the

feedback scheme when the position of the input mechanism aligns with the feedback points.

[0098] FIG. 12 depicts an example computing system 700 that can be used to implement

the methods and systems according to example aspects of the present disclosure. The system

700 can be implemented using a one or more computing devices that include a control entity

710 that communicates with one or more modular components 730, and one or more external

devices 750 over a network 740. The system 700 can be implemented using other suitable

architectures, such as a single computing device.

[0099] The system 700 includes a control entity 710. The control entity 710 can be

implemented using any suitable computing device(s). The control entity 710 can have one or

more processors 712 and one or more memory devices 714. The control entity 710 can also

include a network interface used to communicate with one or more external devices 750 over

the network 740. The network interface can include any suitable components for interfacing

with one more networks, including for example, transmitters, receivers, ports, controllers,

antennas, or other suitable components.

[00100] The one or more processors 712 can include any suitable processing device, such

as a microprocessor, microcontroller, integrated circuit, logic device, or other suitable

processing device. The one or more memory devices 714 can include one or more computer-

readable media, including, but not limited to, non-transitory computer-readable media, RAM,

ROM, hard drives, flash drives, or other memory devices. The one or more memory devices

714 can store information accessible by the one or more processors 712, including computer-

readable instructions 716 that can be executed by the one or more processors 712. The

instructions 716 can be any set of instructions that when executed by the one or more

processors 712, cause the one or more processors 712 to perform operations. For instance,

the instructions 716 can be executed by the one or more processors 712 to implement an

instruction generator 120 described with reference to FIG. 1 .



[00101] As shown in FIG. 12, the one or more memory devices 714 can also store data 718

that can be retrieved, manipulated, created, or stored by the one or more processors 712. The

data 718 can include, for instance, application data, state data generated according to example

aspects of the present disclosure, and other data. The data 718 can be stored locally on

control entity 710, or in one or more databases. The one or more databases can be connected

to the control entity 710 by a high bandwidth LAN or WAN, or can also be connected to

control entity 710 through network 740. The one or more databases can be split up so that

they are located in multiple locales.

[00102] The control entity 710 can also include a network interface used to communicate

with one or more remote computing devices (e.g. external devices 750) over the network 740.

The network interface can include any suitable components for interfacing with one more

networks, including for example, transmitters, receivers, ports, controllers, antennas, or other

suitable components.

[00103] The control entity 710 can also include a communication interface 720 used to

communicate with one or more modular components 730 using various suitable

communication techniques. In this manner, the communication interface 720 can

communicatively couple the control entity 710 to one or more modular components 730

using one or more communication techniques, such as electrical, magnetic (e.g., inductive),

or optical couplings, wireless, or other communication techniques (e.g. with a complementary

communication interface 746 respectively associated with the modular component(s) 730).

The communication interface 720 can include any suitable components for interfacing with

the modular components 730, including for example, transmitters, receivers, ports,

controllers, antennas, or other suitable components. As an example, the communication

interface 720 can include a number of prongs, pins, contacts, or the like to form a number of

serial data connections or other forms of data connection. In other implementations, the

communication interface 720 can perform wireless communication with one or more of the

modular components 730 (e.g., according to a short-range wireless communications protocol

such as Bluetooth, or other wireless communication protocol, such as Wi-Fi).

[00104] The control entity 710 can exchange data with one or more modular components

730. Each of the modular components 730 can be can be implemented using any suitable

computing device(s). Similar to the control entity 710, a modular component 730 can include

one or more processor(s) 732 and a memory 734. The one or more processor(s) 732 can

include one or more central processing units (CPUs), and/or other processing devices. The



memory 734 can include one or more computer-readable media and can store information

accessible by the one or more processors 732, including instructions 736 that can be executed

by the one or more processors 732 and data 738. For instance, the memory 734 can store

instructions 736 for implementing a state data generator 108 and a feedback control 112

described with reference to FIG. 1 . The data 738 can include, for instance, feedback data,

state data determined according to example embodiments of the present disclosure, position

data determined according to example embodiments of the present disclosure, and other data.

[00105] The modular component 730 can be configured to receive a module 742. The

module 742 can encode an identification signature associated with the module 742. The

module can further include an input mechanism according to example embodiments of the

present disclosure. The modular component 730 can further include one or more position

sensor(s) 744 configured to determine a position and/or orientation of the input mechanism.

[00106] The modular component 730 can also include a communication interface 746 used

to communicate with control entity 710 and/or one or more additional modular components

730 using various suitable communication techniques. In this manner, the communication

interface 746 can communicatively couple the modular component 730 to the control entity

710 and/or to one or more additional modular components 730 using one or more

communication techniques, such as electrical, magnetic (e.g., inductive), or optical couplings,

wireless, or other communication techniques (e.g. with a complementary communication

interface 720 or 746 respectively associated with the control entity 710 or the additional

modular component(s) 730). The communication interface 746 can include any suitable

components for interfacing with the control entity 710 and/or the additional modular

components 730, including for example, transmitters, receivers, ports, controllers, antennas,

or other suitable components. As an example, the communication interface 746 can include a

number of prongs, pins, contacts, or the like to form a number of serial data connections or

other forms of data connection. In other implementations, the communication interface 746

can perform wireless communication with the control entity 710 and/or the one or more

additional modular components 730 (e.g., according to a short-range wireless

communications protocol such as Bluetooth, or other wireless communication protocol, such

as Wi-Fi).

[00107] The control entity 710 can communicate with one or more external computing

devices 750 over network 740. The external device(s) 750 can include one or more user

computing devices. The user computing device can be any suitable type of computing



device, such as a general purpose computer, special purpose computer, laptop, desktop,

mobile device, navigation system, smartphone, tablet, wearable computing device, a display

with one or more processors, or other suitable computing device. The external device(s) 750

can further include one or more physical devices, such as one or more controllable robot

devices, automobiles, light switches, and/or various other suitable devices capable of being

controlled by the control entity 710.

[00108] The network 740 can be any type of communications network, such as a local area

network (e.g. intranet), wide area network (e.g. Internet), cellular network, or some

combination thereof. The network 740 can also include a direct connection between a

modular component 730 and the control entity 710. In general, communication between the

control entity 710 and a modular component 730 can be carried via network interface using

any type of wired and/or wireless connection, using a variety of communication protocols

(e.g. TCP/IP, HTTP, SMTP, FTP), encodings or formats (e.g. HTML, XML), and/or

protection schemes (e.g. VPN, secure HTTP, SSL).

[00109] The technology discussed herein makes reference to servers, databases, software

applications, and other computer-based systems, as well as actions taken and information sent

to and from such systems. One of ordinary skill in the art will recognize that the inherent

flexibility of computer-based systems allows for a great variety of possible configurations,

combinations, and divisions of tasks and functionality between and among components. For

instance, server processes discussed herein may be implemented using a single server or

multiple servers working in combination. Databases and applications may be implemented

on a single system or distributed across multiple systems. Distributed components may

operate sequentially or in parallel.

[001 10] While the present subject matter has been described in detail with respect to

specific example embodiments thereof, it will be appreciated that those skilled in the art,

upon attaining an understanding of the foregoing may readily produce alterations to,

variations of, and equivalents to such embodiments. For example, although aspects and

implementations are described herein in the context of generating an instructions set, for

example for use in providing a feedback mechanism for an input device, the teaching in this

disclosure may be applied more broadly. As one further example, software development and

coding has become increasingly important in recent years. It can be important to facilitate

critical thinking skills and creativity in children and beginners to foster an appreciation and

skill set for such software development and coding. In this manner, a large body of research



is devoted to physical programming. For instance, it has been suggested that turning abstract

objects such as code into a physical off-screen experience can stimulate development of

computational thinking through feedback from hand-on manipulation of the physical

experience. The methods and systems described herein may be used to provide such

feedback. Accordingly, the scope of the present disclosure is by way of example rather than

by way of limitation, and the subject disclosure does not preclude inclusion of such

modifications, variations and/or additions to the present subject matter as would be readily

apparent to one of ordinary skill in the art.



WHAT IS CLAIMED IS:

1. A modular computing environment comprising:

a control entity comprising one or more processing devices; and

one or more modular components directly or indirectly coupled to the control

entity, the one or more modular components configured to receive a module specifying one

or more instructions to be performed by an external device, the one or more modular

components comprising one or more processing devices, each modular component

configured to determine state data associated with the modular component based at least in

part on the received module, and to provide the state data to the control entity, the state data

comprising an identification signature of the received module and a configuration context of

the modular component within the modular computing environment.

2 . The modular computing environment of claim 1, wherein the state data further

comprises position data associated with the module, the position data being determined based

at least in part on a position of an input mechanism associated with the module, the input

mechanism configured to receive an input from a user.

3 . The modular computing environment of claim 2, wherein the modular

component further comprises a feedback controller configured to provide feedback to the user

in response to an actuation of the input mechanism by the user.

4 . The modular computing environment of claim 2 or 3, wherein the input

mechanism is a rotatable dial, fader device, button, knob, toggle, or switching device.

5 . The modular computing environment of claim 2, 3 or 4, wherein each modular

component comprises one or more position sensors, and wherein the position of the input

mechanism is determined based at least in part on the one or more position sensors.

6 . The modular computing environment of claim 5, wherein the one or more

position sensors comprise one or more Hall-effect sensors, magnetometers, or rotary position

sensors.

7 . The modular computing environment of claim 6, wherein the input mechanism

comprises a magnet embedded within a movable portion of the input mechanism, and

wherein the position of the input mechanism is determined based at least in part on the

position of the magnet.

8 . The modular computing environment of any one of claims 1 to 7, wherein the

identification signature is a capacitive signature represented by one or more capacitive pads

positioned in a predefined pattern on a surface of the module.



9 . The modular computing environment of claim 8, wherein each modular

component comprises a capacitive sensor configured to determine the pattern of the

capacitive pads upon reception of the module by the modular component.

10. The modular computing environment of any one of claims 1 to 9, wherein the

control entity is configured to receive data indicative of a user selected application for which

an instruction set is to be generated.

11 . The modular computing environment of claim 10, wherein the control entity is

configured to determine an instruction set based at least in part on the state data received

from the one or more modular components and the user selected application.

12. The modular computing environment of claim 11, wherein the control entity is

configured to determine the instruction set by:

determining one or more functions associated with an application based at least

in part on the respective identification signatures of the one or more modular components;

and

determining an order of execution to be associated with the instruction set based

at least in part on the configuration context of the one or more modular components; and

determining one or more control values associated with the one or more

functions based at least in part on position data associated with the one or more modular

components.

13. The modular computing environment of claim 12, wherein the order of

execution is determined based at least in part on an execution model associated with the one

or more modular components.

14. A computer-implemented method of implementing of controlling an external

device, the method comprising:

identifying, by a computing device associated with a modular computing

environment, one or more controllable external devices, the modular computing environment

comprising one or more modular components configured to directly or indirectly couple to

the computing device, each modular component configured to receive a module specifying

one or more instructions to be performed by an external device;

determining, by the computing device, one or more available applications based

at least in part on the identified one or more controllable external devices;

receiving, by the computing device, data indicative of a selected application to

be performed by a selected external device;



receiving, by the computing device, state data from one or more modular

components; and

determining, by the computing device, an instruction set to be implemented by

the selected external device, the instruction set specifying one or more functions to be

performed by the selected external device within the context of the selected application.

15. The computer-implemented method of claim 14, wherein the state data

comprises one or more identification signatures associated with one or more modules

received by the one or more modular components and a configuration data associated with

the modular components within the modular computing environment.

16. The computer-implemented method of claim 14 or 15, wherein the state data

comprises position data associated with the module, the position data being determined based

at least in part on a position of an input mechanism associated with the module, the input

mechanism configured to receive an input from a user.

17. The computer-implemented method of claim 16, wherein the modular

component further comprises a feedback controller configured to provide feedback to the user

in response to an actuation of the input mechanism by the user.

18. A modular component for use in a modular computing environment, the modular

component comprising:

one or more processors; and

a communication interface for communicating with a control entity associated

with the modular computing environment;

wherein the modular component is configured to receive a module specifying

one or more instructions to be performed by an external device, the modular component

configured to determine state data associated with the modular component based at least in

part on the received module, and to provide the state data to the control entity via the

communication interface, the state data comprising an identification signature of the received

module and a configuration context of the modular component within the modular computing

environment.

19. The modular component of claim 18, wherein the state data further comprises

position data associated with the module, the position data being determined based at least in

part on a position of an input mechanism associated with the module, the input mechanism

configured to receive an input from a user.



20. The modular component of claim 18, wherein the modular component further

comprises a feedback controller configured to provide feedback to the user in response to an

actuation of the input mechanism by the user.
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