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(57) Abstract: In example embodiments, a method of implementing an industrial asset browser user interface is disclosed. An asset
browser component is embedded in a user interface of an application executing on a device. A notification is received at the asset
browser component pertaining to activation in a dashboard user interface of an asset in an industrial internet of things (IloT). In-
formation that is to be presented by the asset browser component in response to the notification is updated. An asset browser user in-
terface is opened for presentation of the updated information. Upon a closing of the asset browser user interface, a breadcrumb
presented in the dashboard user interface is updated to reflect an interaction of the user with the asset browser user interface.
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USER INTERFACE COMPONENT
FOR BROWSING INDUSTRIAL ASSETS

CROSS-REFERENCE TO RELATED APPLICATIONS

{8601} This apphication claims the benefit of priority to U.S. Application No.
15/261,133, filed September 9, 2016, and claims the benefit of U.S. Provisional
Application No. 62/297,629, filed February 19, 2016, cach of which is

incorporated by reference herein mn ifs entirety.
TECHNICAL FIELD

{8602} This apphication relates generally to graphical user mterfaces and, in one
specific example, to a graphical user interface component for browsing assets in
an Industnal Internet of Things (HoT) and programmatically incorporating the

user mterface component into an application design.

BACKGROUND
{8603} The traditional Internet of Things ({oT) involves the connection of

various consumer devices, such as coffee pots and alarm clocks, to the Intermnet
to allow for various levels of control and automation of those devices. The
Industrial Interet of Things (IloT), on the other hand, involves connecting
industrial assets as opposed to consumer devices. There are technical challenges
mvolved in interconnecting diverse industnal assets, such as wind turbines, jet

engines, and locomotives, that do not exist i the realm of consumer devices.

BRIEF DESCRIPTION OF DRAWINGS

[0604] The present disclosure is tlustrated by way of example and not himitation
in the figures of the accompanying drawings, in which like refercnces indicate
similar elements and in which:

[8005] FIG. 1 1s a block diagram illustrating a system, in accordance with an
example embodiment, implementing an HoT.

[08606] FIG. 2 15 a block diagram ilustrating different edge connectivity options
that an lloT machine provides, in accordance with an example embodiment.
{0067] FIG. 3 is an example method of implementing an industnal asset browser

component in an application.
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{0008] FIG. 4 is a line drawing depicting an example user interface of a
dashboard card of an application execoting on a device of a user.

{0009] FIG. 5 15 a line drawing depicting an cxample user interface of an asset
browser user interface suitable for presentation on a wide display.

[8618] FIG. 615 a line drawing depicting an example user interface of an
additional asset browser user interface.

{0011] FIG. 7 15 a line drawing depicting an example user interface of an
additional asset browser user interface that is suitable for presentation on a
mobile device.

{0012] FIG. 8 is a line drawing depicting an cxample user interface of an
additional asset browser user interface that 1s suitable for presentation on a
mobile device.

18613} FIG. 915 an example of a direct context that may be received via an
application program interface (AP of the asset browser component or from
other components or programmuing logic included 1 a card containing the asset
browser component.

[6614] FIG. 10 is an example of an initial context that may be received via an
API of the asset browser.

[8615] FIG. 11 is an example AP for programmatically accessing or controlling
an asset browser component that is included 0 a user interface.

[0616] FIG. 12 15 a block diagram dlustrating a representative software
architecture which mav be used in conjunction with varnious hardware
architectures herein described.

10617} FIG. 13 is a block diagram illustrating components of a maching,
according to some example embodiments, able to read mstructions from a
machine-readable medium (e.g., a machine-readable storage medivm) and

perform any one or more of the methodologies discussed herein,

DETAILED DESCRIPTION

[8618] The descrniption that follows mcludes itlustrative svsiems, methods,
technigues, mstroction sequences, and machme-readable media {¢.g., computing
machine program products} that cmbody iilustrative embodiments. In the

following description, for purposes of explanation, numerous specific details are
& 2
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act forth m order to provide an understanding of various embodiments of the
ventive subject matter. I will be evident, however, to those skilled in the art
that embodiments of the inventive subject matter may be practiced without these
specific details. In general, well-known instruction instances, protocols,

structures, and technigues have not been shown 1n detail.

[8819] Some of the technical challenges involved m an HoT melude ftems such
as predictive maintenance, where industrial assets can be serviced prior o
problems developing to reduce unplanned downtimes. As such, one such
techmical chalienge mvolves prediction of when industrial assets or parts thereon
will fail. In an example embodiment, an HoT may be designed that momitors data
collected from sensors and, using physics-based analytics, detects potential orror
conditions based on an asset model. The asset in question can then be gracefully
shut down for mamienance at the appropriate time. In addition to these types of
edge applications {applications involving the industrial assets directly}, the lloT
may also pass the sensor data to a cloud environment where operational data for
all similar machines under management can be stored and analvzed. Over time,
data scientists can discover new patterns and create new and improved physics-
based analvtical models. The new analytical model can then be pushed back to
all of the assets, effectively umproving the performance of all assets

simultaneously.

[8628] In exampie embodiments, a method of implementing an indusinal asset
browser user interface 1s disclosed. An asset browser component {or widget) is
embedded m a user interface of an application executing on a device. A
notification 1s received at the asset browser component pertaming to activation
n a dashboard user interface of an asset in an [loT. Information that is to be
presented by the asset browser component in response to the notification is
updated. An asset browser user interface is openad for presentation of the
updated mformation. Upon a closing of the asset browser user interface, a
breaderumb presented in the dashboard user interface is updated to reflect an

mteraction of the user with the asset browser user interface.

{6621} FIG. 1 15 a block diagram Hustrating a system 100, in accordance with

an example embodiment, implementing an HoT. An industrial asset 102, such as

3
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a wind turbine as depicted here, may be directly connected to an [foT machine
104, The HoT machine 104 is a sofiware stack that can be embedded into
hardware devices such as industrial control systems or network gateways. The
software stack may include its own software development kit (SDK}. The SDK
includes functions that enable developers to leverage the core features descnibed

below.

18022] One responsibility of the HoT machine 164 is to provide secure, bi-
dircctional cloud connectivity to, and management of, industrial assets, while
also enabling applications {analytical and operational services) at the edge of the
HoT. The latter permuts the delivery of near-real-time processing in controlled
environments. Thus, the HoT machine 104 connects to an HoT cloud 106, which
includes various modules, including asset module 108A, analvtics module 1088,
data module 108C, securtty module 108D, and operations module 108E, as well
as data infrastructure 110, This allows other computing devices, sach as client
computers, running user interfaces/mobile applications to perform various

analyses of erther the mdividual mndusiral asset 102 or assets of the same tvpe.

{080623] The UoT machime 104 also provides security, authentication, and
governance services for endpoint devices. Thas allows security profiles to be
andited and managed centrally across devices, ensuring that assets are
connected, controlled, and managed in a safe and secure manner, and that cntical

data 1s protected.

[00624] In example embodiments, a service broker 112 may deliver varnous
services, including asset services 108A, analvtics services 108B, data services
108C, secunity services 108D, operational services 108E, connectivity serviees,
platform services, mfrastructure services, and so on. The connectivity services
may provide a managed, sccure, end-to-end connectivity solution from the edge
of a customer’s network to the HoT cloud. Such connectivity services may
inchude providing physical comnectivity globally {e.g., via cellular, fixed, or
satcllite networks), a secure virtual private network (VPN) between edge assets
and the floT cloud to help ensure data privacy and asset protection, an ability to
via VNC,

RDP. 55H, and HTTP}, end-to-cnd monitoring and notifications about the

manage and control edge assets by providing remove access {e.g.

Pl
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connectivity between the HT cloud and edge assets, one-stop-shop billing and

reporting for all connectivity and 1P services, and a self-management portal.

18025] An application platform 116 supports the building of responsive web,
mobile, and embedded applications that scale gracefully from smart phoge to
desktop. The user interface system provides developers and designers with
simple, modular, cohesive sohutions for theming, layout, and Ul components
with tailored mtegration points into the rest of the platform stack. Applications,
such as industnal applications 114A-114C, are not only context-aware, but also
context-adaptive, meaning they will chance according to the context, so users
can visualize and interface with the application in a way that s relevant to them.
This paradigm removes the need for multiple applications and context switching

bv users.

{0026] In order to meet requirements for industrial connectivity, the HoT
machine 104 can support gateway solutions that conmect multiple edge
components via various industry standard protocols. FIG. 2 1s a block diagram
itfustrating different edge connectivity options that an lloT machine 104
provides, in accordance with an example embodiment. There are generally three
types of edge connectivity options that an HoT machine 104 provides: machine
gateway (M2M) 202, cloud gateway (M2DC) 204, and mobile gateway (M2H)
206.

{8627} Many assets may already support connectivity through industrial
protocols such as Open Platform Commumnication (OPC)-UA or ModBus. A
machine gateway component 208 may provide an extensible plug-in framework
that enables connectivity to assets via M2M 202 based on these common

industrial protocols.

{8028] A cloud gateway component 210 connects an HloT machine 104 to an

o cloud 106 via M2DC 204,

10629] A mobile gateway component 212 enables people to bypass the HoT
cloud 106 and establish a direct connection to an asset 102, This may be
eapecially important for maintenance scenarios. When service technicians are

deployed to maintain or repair machines, they can connect directly from their

(v
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machine to understand the asset’s operating conditions and perform
troubleshooting. In certain industrial cnvironments, where connectivity can be
challenging, the ability to bypass the cloud and create this direct connection to

the asset may be important.

[0030] As described above, there are a serics of core capabilities provided by the
HoT system 100. Industrial scale data, which can be massive and is often
generated contimuously, cannot always be efficiently transferred to the cloud for
processing, unlike data from consumer devices. Edge analytics provide a way to
preprocess the data so that only the pertinent information is sent fo the cloud.
Various core capabilities provided inchide file and data transfer, store and
forward, local data store and access, seusor data aggregation, edge analytics,
certificate management, device provisioning, device decommissioning, and

configuration management.

[8631] As described above, the HoT machine 104 can be deploved in varnous
different ways. These include on a gateway, on controllers, or on sensor nodes.
The gateway acts as a smart conduit between the HoT cloud 106 and the assei{s)
102. The HoT machine 104 may be deploved on the gateway device to provide

connectivity to asset(s) 102 via a vanety of protocols.

{8632} The TloT machine 104 can be deploved directly onto machine controller
gnits. This decouples the machine software from the machine hardware,
allowing connectivity, upgradability, cross-compatibility, remote access, and
remote control. It also cnables mdustrial and commercial assets that have
traditionally operated standalone or m very isolated networks to be connected

directly to the HoT cloud 106 for data collection and Hive analytics.

[8633] The UoT machine 104 can be deployed on sensor nodes. In this seenario,
the mntelligence lives in the HoT cloud 106 and simple, low-cost sensors can be
deployed on or near the asset{sy 102. The scusors collect machine and
environmental data and then backhaul this data to the HoT cloud 106 {(directly or

through an HoT gateway), where it 18 stored, analyzed, and visualized.

[8634] Customers or other users may create applications to operate in the HoT

cloud 106. While the applications reside in the HoT cloud 106, thev may rely
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partially on the local HoT machines 104 to provide the capabilities to gather

sensor data, process it locally, and then push it to the HoT cloud 106,

[8635] The HoT cloud 106 enables the HoT by providing a scalable cloud
infrastructure that serves as a basis for platform-as-a-service {PaaS}, which is
what developers use to create Industrial fnternet applications for use in the HoT

cloud 106,

[8636] Referring back o FIG. 1, services provided by the floT cloud 106 and
generally available to applications designed by developers include asset services
from asset module 1084, analytics services from analytics module 1088, data
services from data module 108C, application security services from security

module 108D, and operational services from operations module 108E.

[8637] Asset services include services to create, import, and organize asset
models and their associated business rules. Bata services include services to
ingest, clean, merge, and ultimately store data in the appropnate storage
technology so that it can be made available to applications in the manmer most

suitable to their use case.

[8638] Analvtics services include services to create, catalog, and orchestrate
analytics that will serve as the basis for applications to create insights about
industrial assets. Application security services nclade services to meet end-to-
end security requirements, including those related to authentication and

authorization.

[8639] Operational services enable application developers to manage the
Lifecycle and commercialization of thetr applications. Operational services may
nclude development operational services, which are services to develop and
deploy Industrial Internet applications in the cloud, as well as business
operational services, which are services that enable transparency nto the usage

of Industrial Internet applications so that developers can ensure profitability.

8048} The asset model may be the centerpicce of many, if not all, Industrial
Internct applications. While assets are the instantiations of asset types {(types of

mdustrial equipment, such as turbines), the asset model is a digital representation
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of the asset’s structure. In an example embodiment, the asset service provides
Application Program futerfaces {(APIs), such as Representational Siate Transfer
(REST) APIs that enable application developers to create and store asset models
that define asset properties, as well as relationships between assets and other
modeling clements. Application developers can then leverage the service to
store asset-instance data. For example, an application developer can create an
assct mode! that describes the logical component structure of all turbines in a
wind farm and then create instances of that model to represent each mdividual
turbine. Developers can also create custon modeling objects to meet their own

unique domain needs.

{0641} In an example embodiment, the asset module 108A may include an APE
layer, a query engine, and a graph database. The AP1 layer acts to translate data
for storage and query in the graph database. The query engine enables
developers to use a standardized language, such as Graph Expression Language
{GEL), to retrieve data about anv object or property of any object in the asset

service data store. The graph database stores the data.

[0042] An asset model represents the information that application developers
store about assets, how assets are organized, and how they are related.
Application developers can use the asset modude 108A APIsto define a
consistent assct model and a hierarchical structure for the data. Each piece of
physical equipment may then be represented by an asset instance. Assets can be
organized by classification and by any number of custom modeling objects. For
example, an organization can use a location object to store data about where s
pumps are manufactured, and then use a manufacturer object to store data about
specitic pump supphiers. It can also use several classifications of pumps to
define pump types, assign multiple attributes, such as Brass or Steel, to each
classification, and associate multiple meters, such as Flow or Pregsure, to a

classification.

[0043] Data services from the data module 108C enable Industnal Internet
apphication developers to bring data into the o system 100 and make it
avatlable for their applications. This data may be ingested via an ingestion

pipeline that allows for the data to be cleansed. merged with data from other data
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sources, and stored in the appropriate type of data store, whether it be a time
series data store for sensor data, a Binary Large Object (BLOB]) store for

medical images, or a relational database management system (RDBMS).

{0644} Since many of the assets are industrial in nature, much of the data that
will commonly be brought into the HoT system 100 for analvsis is sensor data
from mdustrial assets. In an example embodiment, a time series service may
provide a query-efficient columnar storage format optimized for time series data.
As the continuous stream of information flows from sensors and needs to be
analvzed based on the fime aspect, the arnival time of each stream can be
maintained and indexed in this storage format for faster queries. The time series
service also may provide the ability to efficiently ingest massive amounts of data
based on extensible data models. The time senies service capabilitics address
operational challenges posed by the volume, velocity, and variety of lloT data,
such as efficient storage of time senes data, indexing of data for quick retrieval,

high availability, horizontal scalability, and data pont precision.

{8645} The application security services provided by the security module 108D
mclude user account and authentication (UAA) and access control. The UAA
service provides a mechanism for applications to authenticate users by setting up
a UAA zone. An application developer can bind the application to the UAA
service and then use services such as basic login and logout support for the
application, without needing to recode these services tor each application.
Access control may be provided as a policy-drive authorization service that
enables applications to create access restrictions to resources based on a number

of criteria.

108846] Thaos, a situation arnses where application developers wishing to create
mdustrial applications for use in the lloT may wish to use common services that
many such industrial applications may use, such as a log-in page, time series
management, data storage, and the hike. The way a developer can otilize such
services is by instantiating mstances of the services and then having thewr
applications consume those instances. Tyvpically, many services may be so

instantiated.
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[8847] A service may communicate (e.g., via a specific AP with a user
interface component. For example, a component may be created with a specific
AP that talks to a service. The component may have its own generic APY and
generic data format. In this case, an adapter or transformer may be used by the
Ul component to transform the service data format and protocol and APl into
something that the component can communicate with. These adapters can
themselves be components or attached reusable behaviors. The services and
component may be included in or provided as part of a user mterface (U
platform, such as General Electric {GE) Digital’s Predix platform. The Ul
platform may be framework agnostic. The platform provides functions,
capabilitics, and a default set of components that may be used with other
frameworks, without a framework {or just the DOM framework itself). The Ul
platform may also be used to construct frameworks. The Ul platform may be
analogized o a bunch of Legos and building blocks that are used to build bigger
and bigger components. For example, 1n user interface {¢.g., web) application
and system design, the building blocks are pieces that may be assembled
together o pages, applications, multiple applications, and eventually an entire

system.

{0048] An mdustnal asset browser component may be one of a set of higher-
order components that has been built from ditferent pieces. In various
embodiments, the asset browser component may be included as one of a
plurality of components included in a “card” {described in more detail below) for
selection of one or more assets that is active on the card. An example card may
be a dashboard user interface that presents data pertaining to selected or active
industrial assets in a time series data component (see, ¢.g., FIG. 4}, In various
cmbodiments, a higher-order application component in which the user mterface
component is included may be configured {¢.g., programmatically, via an API)

to make the selecied mndustrial assets active within the user interface.

[8649] In various embodiments, the component is programmatically accessible
and configurable by higher-order components. In various embodiments, all
aspects of the component, such as colors used, fonts used, thickness of lines
used, and so on, are user or programmatically (developer) configurable. In

various embodiments, the aspects of the component are automatically adjusted

10
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programmatically based on a context of the user, as described in more detail
below. For example, if the user moves mto 3 darker environment, the
component may be programmed to automatically become brighter. Or, ifthe
user moves to a different location, the asset browser may change a breadcrumb
to reflect a hierarchy of industrial asscts that are proximate to the user’s new

location.

10650 An asset browsing compounent may be included in acard. In various
embodiments, a card 1s another higher-order component that represents a self-
contained unit of work within an application or workflow. In various
embodiments, a user may mteract with cards, which together form a user
interface experience, and there is a purpose associated with cach card. For
cxample, in an email application, an inbox user iderface may be implemented
on a first card and a details section corresponding to an individual selected email
may be implemented on another card. The cards are tied together in a workflow
that may be saved bv the user, capturing a snapshot i time. The saved state may
be shared with other users, but presented m a different manner to cach user
based on each user’s context. Users may be alerted that some data cannot be
presented to them based on their security level. In other cases, the user may not
be notified that some data is not being presented to the user, such that the end

user does not even know that the other data 1s there.

[8651] In exampie embodiments, a card may comprise part of a dashboard for
managing industrial assets, such as a card that includes a time series data
component to plot data items pertaining to active industrial assets and an asset
browser component for selecting assets that are active in the dashboard. A setof
cards may be included in a deck. Decks may have a common user interface
theme, logic, or be part of a larger workflow module. In various embodiments,
decks are stored as a higher-order component. A deck may have many cards; a
card may belong to many decks; hence, decks and cards may have a many-to-
many relationship. Depending on the context, a user may not be able to sce
every card or visualize all cards in the same manner as other users. Thus, a deck
may be context-aware, context-sensitive, and context-adaptive. In various
embodiments, multiple decks can be grouped together to create views. And

many views can be grouped together to create a page.

I
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[8832] As an example, an analyst may look at multiple {e.g., 10 sets) of time
series data overtaid in various ways. An anomaly may be detected based on the
analytics performed. The analyst {c.g., working in an “analyst” or “reporting”
context) may then annotate the sets of time senes data and save a snapshot for
inclusion as an attachment to a case (¢.g., for reporting purposes). The viewer of
the report {e.g.. working im a “viewer™ or “decision-making’ context) may not be
mterested in data other than the particular overlay showing the anomaly. Thus,
when presented with the snapshot saved by the analyst, the time series data
component may not present all of the multiple overlays used by the analyst to
discover the anomaly. Instead, if the viewer is a decision maker, for example,
the specific overlay(s) used to discover the anomaly may be highlighted or a
smoothing of an aggregation of the multiple sets of time series data may be
presented. Or, if the viewer is a field engineer {¢.g., working in a “ficld”
context), data pertaining to monitoring of the asset {c.g., time and place of Hikely
reoccurrence ) may be presented. In example embodiments, when a user requests
an asset, they are also requesting the context of that asset (which in turn gets
combined with the user’s context to form a global context for an application).
This global context 1s used by the platform and end application 1n an adaptive
and responsive way. The application will “transform™ according to the currently
selected context or contexts. As an example, a user browses for Asset A with
Context AC. The user has a gencral user context UC. The application responds
to this by showing only cards that available for Asset A and Context AC-
mtersected-with-UC. A card may have visualization components inside of if that
atlow User U to work with Asset A and analyze its data. The visualization
components may present different ways of visualizing an asset hierarchy,
mehiding Miller columns or graph-like visualizations {¢.g., for multi-relationship
assct-visualization that does not neatly fall into a hierarchy}. In example
embodiments, visual cues {¢.g., icons} are used to classify assets (¢.g., bv type),
making it casier for a user to quickly scan the hierarchy for relevant information.
Given user context UC, the user may only have access to certain data stream or
certain parts of the asset tree, and will therefore only see the parts that they have

a4ccess 1o.
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[8833] As an example, on startup of a wind turbine, there 1s an expected startup
curve {e.g., with respect to various parameters, such as temperature or vibration).
An analysis of the time series data may include taking overlavs of recent {e.g.,
the most recent 20 startups of a single asset or of multiple similar assets, thus
placing more value on data from more recent startups. If an analysis of the time
series data shows there is a statistical deviation {¢.g., with regpect to vibration)
for a particular asset, the time series data component may then present a
notification of a detection, based on threshold settings, of an anomaly pertaining
to an asset. The alert may be presented {or not} in the user interface depending
on developer customizable scttings. A prescntation a snapshot of the anomaly n
the time series component included n a2 user interface of an application
executing on a device of a field engincer may provide specific information
pertaining to the asset and a marker in the time series data showing the anomaly
{c.g., a spike in vibration). The ficld engineer would then have helptil
mformation to monitor and troubleshoot the asset. For example, the field
engineer could restart the asset and troubleshoot the asset, focusing at the
wdentificd point i time of the anomaly. The data may be viewed in real-time by
the field engineer and a control center analyst at the same time, cach working in
different contexts and thus being presented with different, context-optimized
vigws of the same data. An annotation stream from the field enginger may be
synchronized with event data and other metadata for viewing along with the
corresponding time series data at the control center. In example embodiments, a
sct of industrial assets within a geographical range from the field engincer may
be populated 1 the indastnal asset browser component such that the field
enginecer may casily navigate to information pertaining to the industrial assets
within a user mterface presented on a device. In example embodiments, the
industrial asset browser component may allow a user to rank or filier results
using a context of the user, such as the GPS location of the user relative to the
mdustrial assets or information pertaining to one or more work tasks that the
user is assigned pertaining to the industrial assets (o.g., startup, shutdown,
maintenance, reporting, and o on), as a starting point for navigation of a tree (or

hierarchy) of available industrial assets.

13
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[38334] Thaos, in example embodiments, a context of the user is identified. For
example, it is determined whether the user is a field engineer, a data analyst, a
control center operator, or a decision-maker. For example, the context may
melude a profile of the user, information pertaining to the environment in which
the user is working, including a location of the user, a device of the user {e.g.,
including device type, imformation pertaining to displays connected to the
device}, and so on. The context may include imformation gathered from a scusor
of a device of the user, such as audio and visual conditions, such as levels of
ambient noise, lighting conditions, whether the user is in motion. and so on. The
context may include a purpose of the user in viewing the information. For
example, if the user 1s a field engineer, the purpose of the user may be to monitor
an asset in the field with respect to an anomaly that was detected 1 the control
center. Based on the context, the way in which the time series data is presented

and the ways in which the user may interact with the data s customized.

{0055] Each of the components may register with the card and receive
mformation from the card concerning other components. The components may
communicate vartous ways in which the presentation of their data has changed to
the other components, and the other components may be notified of and respond
to the changes. For example, upon an updating of a sclection of active industrial
assets by a user using the asset browser component, other components, such as a
time series data component, may be refreshed to present data related to the
newly selected active sct of industrial assets. A main communication component
may be integrated with an adapter component in the card or deck level to provide
the commumication separate from the component. The components may
leverage the web B{OM/browser as the Ul framework, thus keeping the
framework agnostic of any specitic implementation, such as JavaScript
frameworks like Angular, Knockout, and Ember. As an example, each DOM
component in HTML, such as TABLE or a DIV clement, may have an

associated Polymer element.

108656] In various embodiments, a set of assets s accessible through the UoT.
The sensor data is roceived at a high-order level, such as the deck, which then
communicaies to children, such as cards or components on the cards. Adapters

mcorporated mio the cards may then be connected to the time series data
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sources. There may be data stored in different formats by different assets. The
format may be transformed by adapters into a commaon data format by modular
components, added as needed by a developer of an application using the user
mterface platform. [n other words, an adapter specific to an asset may be

mcluded on a card as needed.

[8637] Components may be context aware and context adaptive. For example,
the asset browser component may avtomatically adapt to a user situation in the
ficld, on the factory floor, or at home. The differences may be as subtle as the
fonts or lines of user mierface clements needing to be thicker or bolder for
display i a large monitor in a factory environment than they are when they are
displaved on a mobile device to a ficld engineer. As an example, the asset
browser component may automatically update a breadcrumb for assets that are
nearest a location of a device on which the asset browser component is executing
such that a ficld engineer mav more quickly navigate the asset hierarchy to find a
particular nearby asset more gquicklv. In vanous embodiments, the breadcrmamb
may comprise a hint {¢.g., a partial path) pertaming to the location of the

currently selected asset within the hierarchy.

[B838] In various embodiments, an API exposes atiributes of the asset browser
component for programming. The APl may define various elements, such as
JavaScript Object Notation (JSON) elements, for language independent data
mterchange of objects comprising attribute-value pairs. An example of such an

APLis shownin FIG. 11

[6059] FIG. 3 is an example method 300 of implementing an industrial asset
browser component in an application. In various embodiments, the industrial
browser component is implemented in an application executing on a client

device that is in communication with the asset browsing service 120 of FIG. 1.

[0068] At operation 302, a notification is received at an asset browser
component embedded in a user interface of a change pertaining to assets that are
active or likely soon to be active 1n a user interface with which the browser
component 1s associated (e.g., such as the dashboard user mterface described
above). Forexample, the asset browser component may receive a notification

that a new assct has been made active in the user mterface, the new asset being

[y
W
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in 3 different location in the asset higrarchy than other assets that are currently
active., {br the asset browser component may receive a notification that a
location of the user has changed such that particular assets in the hicrarchy are

now closer to the user than assets that are currently active in the user interface.

[B061] At operation 304, the asset browser component is updated with
information relevant to the change. For example, the asset browser component
may receive communications meluding a direct context from which the new
asset is Jikely to be selected, or the asset browser may receive communications
mecluding an mitial context of the asset that 1s likely to be selected, as descnbed
in more detail below. Based on the context information, the browser component
may load information pertaining to navigation of the assets in the hierarchy, such
as information pertaining to the names of the assets, the location of the assets,
whether the assets have children, and whether cach of the assets can be opened

{or made active) within the dashboard user interface.

[80662] At operation 306, upon a selection of the asset browser component, an
asset browser user interface s opened to allow the user to browse ndustrial

asscts. Example mterfaces for various devices are depicted i FiGs. 4-8.

13663] At operation 308, a breaderumb is updated based on nteractions of the
user with the asset browser user interface. For example, based on a selection of
an asset from the asset hierarchy, a breadcrumb is updated to show the usera
navigation path to the parent, grandparent, and so on of one or more of the active
assets, showing a path from the assets up to the root of a hierarchical asset tree.
In various embodiments, the hierarchy is provided by the asset browsing service

120.

[80664] At operation 310, upon a closing of the asset browser user nterface, at
least a portion of the updated breadcrumb is presented in the dashboard user
mierface. For example, a title of the asset browser component is updated to
nciude at least some of the path of breaderumbs that were updated at operation

308.

18065] FIG. 4 s a line drawing depicting an example user interface 400 of a

dashboard card of an application executing on a device of a user. Refeorence
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numeral 402 corresponds to an asset browser component that is associated with a
time series data component, both of which are included on the card. The title of
the dashbhoard component includes a currently selected turbine plant (“Rocky
Flats Plant”} for which data 1s being presented in the time series data component.
The title of the dashboard component also includes a breadcrumb pertaining to
the selection of the turbine plant (“U.S. A >California™). A selection of the title
will bring up the asset browser user unterface for modifving a selection of one or
more assets that is fo be presented in the time series data component. Upon
closing of the asset browser user interface, the breaderumb may be updated to
reflect anv changes to the selection of active assets in the dashboard.
Alternatively, even if there is not a change to the active assets, the breaderumb
or title of the component may change to reflect likely candidates for selection,
such as candidate assets that are nearest to the user’s location. In various
cmbodiments, the title may reflect the nearest asset and be clickable by the user
to make the nearest asset active without opening the full asset browser user

interface.

{8066] FIG. 5 is a line drawing depicting an example user interface 500 of an
asset browser user interface suitable for presentation on a wide display, suchas a
tablet or personal computer display. In this example, the user has drilled down
to a particular asset (“Gas Turbine VXL-4B"), leaving a breadcrumb trail
(“USA> Connecticut > Boulder City > Gas Turbime VXL-4B). The asset hag
five chuldren, including Blade B-1, Blade B-2, Blade B-3, Generator GN-20, and
Inlet Valve V2D-B, cach of which is associated with additional chuldren (as
evidenced by the “>7 mdicator). An indicator (Ceve” icon) shows that this asset

is a currently selected asset in the dashboard user interface.

[8067] FIG. 6 is a line drawing depicting an example user interface 600 of an
additional asset browser user mterface. In this example, the user has drilled
down to a particular asset {(“Gas Turbine™), leaving a breadcrumb trail
{“California > San Ramon > Gas Turbine™). Indicators are provided showing
that the selected asset can be opened in the dashboard, synchronized with the
dashboard, or viewed according to activitics {new or all) associated with the

asset.

s
=
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[0068] FIG. 7 is a line drawing depicting an example user interface 700 of an
additional assct browser user interface that 1s suitable for presentation on a
mobile device. This example shows progressive user mierface screens being
presented upon selection of options going from the root defanlt view (“Unite
States™) to “California™ to “Alameda.” From there, the user can select from
various options {2.g., corresponding to assets at the location).

{0069] FIG. 815 a line drawing depicting an example user interface 800 of an
additional assct browser user interface that 1s seitable for presentation on a
mobile device. This example shows progressive user interface screens being
presented upon selection of options going from the root default view (“United
States”) to “California.” From there, the user can select multiple regions to
trigger display of assets in the multiple selected regions.

{8678) FIG. 9 is an example of a direct context 900 that may be received via an
API of the asset browser component {(¢.g., from the asset browsing service 120)
or from other components or programming logic included in a card containing
the asset browser component. The direct context data provides that asset
browser with just enough information to present data m a first set of columns
{c.g., one or two columns) of the asset browser user interface. The API includes
“selectedasset,” which is 3 Boolean vahie that denoctes whether this ttem 15 the
one that should be loaded as the context, and “children,” which is an array
containing the children of the ttem. The “children” value 1s included only along
the path of the selected 1tem and not on cach and every ttem.

[6671] FIG. 10 i3 an example of an mninial context 1000 that may be received via
an API of the asset browser i the same way as deseribed above with respect to
FI(G. 9. The mitial context 1000 may include a subset of the direct context 900,
but it may nevertheless be used by the asset browser component to populate the
asset browser user interface. Thas, the asset browser component may be
eventually populated (¢ g., through refreshing of the menu ttems as the user
navigates through assets in the asset browser user interface and/or
commumications between the component and the asset browsing service 120)
despite not having a complete context initially. For example, a user can start off
{c.g., in the Asset Browser} in a position of the asset hierarchy as if they had
already drilled-down to that specific asset. In this case, the user may see a direct

line up the hierarchy, but may not have full visibility of the asset elements at
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higher points in the hierarchy. In example embodiments, the user would have
this full visibility only if the user had drilled down through the assets from a
higher point in the hierarchy.

[8672] FIG. 11 s an example API 1106 for programmatically-accessing or
controlling an asset browser component that is included in a user interface. The
attributes include a browser-context {a browser-specific context that is separate
from the user context discussed above), bandlers, show-chevron, id-field, label-
ficld, opencd-item-name, selected-ttem, and show-column-browser. In this way
a user interface developer may be able to customize the behaviour of the asset
browser component {¢.g., to fit a purpose of a user intertace card). In cxample
embodiments, each node in the asset hierarchy may have detailed information
about the physical asset it represents. By selecting a node, the user may be able
to perform an action {¢.g., an “open’” action} to see details about the asset. In
example embodiments, the asset browser component includes asset-specific
extensions to support asset-specitic displays of specific details corresponding to
specific assets in response to the user requesting the asset-specific display by

performing a corresponding action via a node m the hierarchy.

18073] The following examples are non-himiting examples of example

embodiments of the subject matter disclosed hercin.
Example 1

{8674} In cxample embodiments, a system is disclosed that comprises an
mstance of a user interface component corresponding to a dashboard user
mnterface. The instance of the user interface component configures one or morg
processors of a device to present data pertaining to a current industrial asset
selected from an industral internet of things (Ho'T). The syster also comprises
an mstance of an asset browser component that configures the one or more
processors of the device to present a hint pertaining to a location of the current
industrial asset within a hicrarchical tree representing the HoT and present a user
mierface to facilitate selection of a new industrial asset from the fIoT. The
mstance of the asset browser component 1s communicatively coupled to the

instance of the user interface component such that the selection of the new
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industrial asset from the HoT causes the instance of the user interface component

to present data pertaining to the new mdustrial asset.
Example 2

{8675 In example embodiments, the instance of the asset browser component in
the system of Example 1 further configures the one or more processors of the
device to update the hint pertaining to the location of the current industrial asset

based on the selection of the new mdustnal asset from the loT.
Example 3

[8076] In example embodiments, in the svstem of Example | or Example 2, the
mstance of the user mterface component contigures the one or more processors
of the device to select a different asset as the current industrial asset based on a
change to a context associated with the HoT and wherein the instance of the
asset browser component configures the one or more processors of the device to
receive a notification of the selecting of the different asset and, based on the

notification, update the hint based on the selecting of the different asset.
Example 4

[B877] In example embodiments, in the system of Example 3, the contextis a
global context that includes a combination of a context of the different asset and
a

context of a user of the device.
Example 5

[8678] In example embodiments, in the system of Example 1, 2, 3, or 4, the user
interface includes navigable user nterface clements corresponding to a portion
of the hierarchical tree, the portion selected based on the location and a context

of a user of the device.
Example 6

[8679] In example embodiments, in the svstem of Example 1, 2, 3, 4, or 5, the
mstance of the user interface component configures the ong or more processors

of the device to recetve a notification of the selection of the new industrial asset
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and, based on the notification, present data pertaining to the new industral asset

on the dashboard user interface.
Example 7

[8080] In example embodiments, in the system of Example 1, 2. 3, 4, 5, or 6, the
user interface is prepopulated based on a geographical location of a user of the

device relative to geographical locations of industrial assets in the Uo'f.

{8081] Certain embodiments are described herein as including logic or a number
of components, modules, or mechanisms. Modules may constitute cither
software modules {¢.g., code embodied on a machine-readable medium) or
hardware modules. A “hardware module”™ is a tangible unit capable of
performing certain operations and may be configured or arranged in a certain
physical manner. In various example embodiments, one or more computer
systems {e.g., a standalone computer system, a client computer system, or a
server computer system) or ong or more hardware modules of a computer system
{c.g., a processor or a group of processors) may be configured by software (c.g.,
an application or application portion} as a hardware module that operates to
perform certain operations as described herein.

10682] In some embodiments, a hardware module may be implemented
mechanically, electronically, or any suitable combination thereof. For example,
a hardware module may include dedicated circwitry or logic that is permanently
configured to perform certain operations. For example, a hardware module may
be a special-purpose processor, such as a ficld-programmable gate array (FPGA)
or an application specific ntegrated circuit {ASIC). A hardware module may
also mclude programmable logic or circuitry that is temporarily configared by
softwarg to perform certain operations. For example, a hardware module may
mclude software executed by a general-purpose processor or other
programmable processor. Once configured by sach software, hardware modules
become specific machines (or specific components of a machine} uniquely
tailored to perform the configured functions and arc no longer general-purpose
processors. It will be appreciated that the decision to implement a hardware

modile mechanically, in dedicated and permanently configored circuitry, or in
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temporarily configured circuitry {¢.g., configured by software} may be driven by
cost and time considerations.

{0083] Accordingly, the phrase “hardware module” should be understood to
encompass a tangible entity, be that an entity that is physically constructed,
permanently configured {e.g., hardwired), or temporarily configured (e.g.,
programimed) to operate in a cortain manner or {o perform certain operations
described herein. As used herein, “hardwarc-implemented module” refers to a
hardware module. Considering embodiments in which hardware modules are
temporarily configured {(¢.g., progranmmed), cach of the hardware modules need
not be configured or instantiated at any one instance in time. For example,
where a hardware module comprises a general-purpose processor configured by
software to become a special-purpose processor, the gencral-purpose processor
may be configured as respectively different special-purpose processors {e.g.,
comprising ditferent hardware modules) at different times. Software
accordingly configures a particular processor or processors, for example, to
constitute a particular hardware module at one imstance of time and to constitute
a different hardware module at a different instance of time.

[6684] Hardware modules can provide information to, and receive information
from, other hardware modules. Accordingly, the described hardware modules
may be regarded as being communicatively coupled. Where multiple hardware
maodules exist contemporancously, communications may be achieved through
signal transmission {e.g., over appropriate circuits and buses) between or among
two or more of the hardware modules. In embodiments in which multiple
hardware modules are configured or instantiated at difforent times,
communicafions between such hardware modules may be achieved, for example,
through the storage and retrieval of mformation in memory structures to which
the multiple bardware moduies have access. For example, one hardware module
may perform an operation and store the output of that operation in a memory
device to which if is communicatively coupled. A further hardware module may
then, at a later time, access the memory device to retrieve and process the stored
cutput. Hardware modules may also inttiate communications with input or
output devices, and can operate on a resource {¢.g., a collection of mformation).
[8685] The various operations of example methods described herein may be

performed, at least partially, by one or more processors that are termporarily
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configured {e.g., by software} or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured, such processors
may constitute processor-implemented modules that operate to perform onc or
more operations or funciions described herein. As used herein, “processor-
implemented module” refers to a hardware module implemented using one or
OIS ProCcessors.

{0086] Sinularly, the methods described herein may be at least partially
processor-implemented, with a particular processor or processors being an
example of hardware. For example, at least some of the operations of a method
may be performed by one or more processors or processor-implemented
modules. Moreover, the one or more processors may also operate to support
performance of the relevant operations in a “cloud computing” environment or
as 3 “software as a service” {SaaS). For example, at least some of the operations
may be performed by a group of computers (as examples of machines including
processors), with these operations being accessible via a network (e.g., the
Internet) and via one or more appropriate interfaces {e.g., an API).

{0087] The performance of cortain of the operations may be distributed among
the processors, not only residing within a single machine, but deploved across a
number of machines. In some example embodiments, the processors or
processor-implemented modules may be located in a single geographic location
{c.g., within a home environment, an office environment, or a server farm). In
other example embodiments, the processors or processor-implemented modules
may be distributed across a number of geographic locations.

10688] The modules, methods, applications, and so forth described herein are
implemented, in some embodiments, in the context of a machine and an
associated software architecture. The sections below describe representative
software architecture(s) and machine {¢ g, hardware) architecture{s} that are
suitable for use with the disclosed embodiments.

[B089] Software architectures are used in conjunction with hardware
architectures to create devices and machines tailored to particular purposes. For
example, a particular hardware architecture coupled with a particular software
architecture will create a mobile device, such as a mobile phone, tablet device, or
so forth. A slightly different hardware and software architecture may vield a

smart device for use in the “nternet of things,” while vet another combination
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produces a server computer for use within a cloud computing architecture. Not
all combinations of such software and hardware architectures are presented here,
as those of skill in the art can readily understand how to implement the inventive
subject matter in different contexts from the disclosure contamed herein.

18690} FIG. 12 is a block diagram 1200 illustrating a representative software
architecture 802, which may be used 1n conjunction with varicus hardware
architectures herein described. FIG. 12 is mercly a non-limiting exarmple of a
softwarg architecture 802, and it will be appreciated that many other
architectures may be implemented to facilitate the functionality described
herein. The software architecture 802 mayv be executing on hardware such as a
machine 1300 of FIG. 13 that includes, among other things, processors Y19,
memory/storage 930, and V0 components 950. A representative hardware layer
804 15 illustrated and can represent, for example, the machine 1300 of FIG,

13. The representative hardware layer 804 comprises one or more processing
units 806 having associated executable mstructions 808, The executable
mstnuctions 808 represent the executable instructions of the software architecture
802, meluding implementation of the methods, modules, and so forth described
herein. The hardware layer 804 also includes memory and/or storage modules
810, which also have the executable mstructions 808, The hardware layer 804
may also comprise other hardware 812, which represents any other hardware of
the hardware layer 804, such as the other hardware illustrated as part of the
machine 1300,

[80691] In the example architecture of FIG. 12, the software architecture 802 may
be conceptualized as a stack of layers where each layer provides particular
functionality. For example, the software architecture 802 may inclade lavers
such as an operating system 814, libraries 816, frameworks/middleware 818,
applications 820, and a presentation layer 844, Operationally, the applications
820 and/or other components within the layvers may invoke API calls 824
through the software stack and receive a response, returned values, and so forth
tlustrated as messages 826 in response to the APY calls 824, The lavers
tustrated are representative in nature, and not all software architectures have all
layers. For example, some mobile or special purpose operating systems may not
provide a frameworks/middieware 818, while others may provide such a

layer. Other software architectures may include additional or different layers.
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{8092] The operating system 814 may manage hardware resources and provide
common services. The operating system %14 may include, for example, a kernel
8238, services 830, and drivers 832, The kemel 828 may act as an abstraction
layer between the hardware and the other software layers. For example, the
kernel 828 may be responsible for memory management, processor management
{c.g., scheduling}, component management, networking, security settings, and so
on. The services 830 may provide other common services for the other software
tayers. The drivers 8§32 may be responsible for controlling or interfacing with
the underlying hardware. For instance, the drivers 832 may include display
drivers, camera drivers, Bluctooth® drivers, flash memory drivers, serial
communication drivers {e.g., Universal Senal Bus (USB) drivers), Wi-Fi®
drivers, audio drivers, power management drivers, and so forth, depending on
the hardware configuration.

[8093] The hibraries 816 may provide a common infrastructure that may be
utilized by the applications 820 and/or other components and/or layers. The
libraries 816 typically provide functionality that allows other software modules
to perform tasks in an casier fashion than to mierface directly with the
underlying operating system 8 14 functionality {(e.g., kemel 828, services 830,
and/or drivers 832}, The libraries 816 may melude system libraries 834 (g, C
standard library) that may provide functions such as memory allocation
functions, string manipulation functions, mathematic functions, and the ke, In
addition, the libraries 816 may include API librarics 836 such as media Hbrarics

{e.g., libraries to support presentation and manipulation of various media formats

such as MPEG4, H 264, MP3, AAC, AMR, JPG, PNG), graphics libraries (e .g.,
an OpenGL framework that may be used to render 2D and 3D in a graphic
context on a display), database libraries {¢.g., SQLite that may provide various
relational database functions), web libraries (c.g., WebKit that may provide web
browsing functionality), and the like. The libraries 816 may also include a wide
variety of other libraries 838 to provide many other APIs to the applications 820
and other software components/modules.

10094] The frameworke/middleware 818 may provide a higher-level common
mfrastructure that may be utilized by the applications 820 and/or other software
components/modules. For example, the frameworks/middieware 818 may

provide various graphic user interface (GUI) functions, high-level resource
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management, high-level location services, and so forth. The
frameworks/middieware 813 may provide a broad spectrum of other APls that
may be utilized by the applications 820 and/or other software
components/modules, some of which may be specific to a particuiar operating
system or platform.

18695} The applications 320 include built-in applications 840 and/or third-party
applications 842, Examples of representative built-in applications 840 may
include, but are not limited to, a contacts application, a browser application, a
book reader application, a location application, a media application, a messaging
application, and/or a game application. Third-party applications 842 may
meclude any of the built-in applications 840 as well as a broad assortment of
other applications. In a specific example, the third-party application 842 (e g,
an application developed using the Android™ or 105™ software development
kit (SDK) by an entity other than the vendor of the particular platform) may be
mobile software running on a mobile operating system such as 108™,
Android™ Windows® Phone, or other mobile operating systems. In thig
example, the third-party application 842 may invoke the APY calls 824 provided
by the mobile operating system such as the operating svstem 814 1o facilitate
functionality described herem.

18696} The applications 820 may utilize built-in operating system functions
{c.g., kernel 828, services 830, and/or drivers 832), libraries {¢.g., svstem
librarics 834, API Iibrarics 836, and other libranes 838}, and
frameworks/middleware 818 to create user interfaces to interact with users of the
system. Alternatively, or additionally, in some systems, interactions with a user
may occur through a presentation laver, such as the presentation layer 844, In
these svstems, the application/module “logic” can be separated from the aspects
of the apphication/module that interact with a user.

[8097] Some software architectures utilize virtual machines. In the example of
FIG. 12, thus 13 illustrated by a virtual machine 848, A virtual machine creates a
software environment where applications/modules can executs as if they were
gxecuting on a hardware machine {such as the machine 1300 of FIG. 13, for
example). The virtual machine 848 is hosted by a host operating system
{operating system 814 i FIG. 12} and typically, although not always, has a

virtual machine monitor 846, which manages the operation of the virtual
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machine 848 as well as the interface with the host operating system {i.c.,
operating system 814). A software architecture executes within the virtual
machine 848, such as an operating system 850, libraries 852,
frameworks/middleware 834, applications 856, and/or a presentation layver

858. These layers of software architecture executing within the virtual machine
848 can be the same as corresponding layers previously described or may be
different.

{0098] FIG. 13 1s a block diagram illustrating components of a machine 1300,
according to some example embodiments, able to read instructions 916 from a
machine-readable medium (¢.g.. a machine-readable storage medium}) and
perform any one or more of the methodologies discussed herem. Specifically,
FIG. 13 shows a diagrammatic representation of the machine 1300 in the
example form of a computer system, within which the instructions 916 {e.g.,
software, a program, an application, an applet, an app, or other executable code)
for causing the machine 1300 to perform any one or more of the methodologies
discussed herein may be executed. For example, the instructions 916 may cause
the machine 1300 to exceute the flow diagram of FIG. 3. Additionally, or
alternatively, the nstructions 916 may implement modules of FIG. 1, and s0
forth. The instructions 916 transform the general, non-programmed maching
1300 into a particular machine programmed to carry out the described and
tllustrated functions i the manner described. v altermative embodiments, the
machine 1300 operates as a standalone device or may be coupled (e.g.,
networked) to other machines. In a networked deployment, the machine 1300
may operate in the capacity of a server machine or a client machine in a server-
client network environment, or as a peer machine in a peer-to-peer {or
distributed) network environment. The machine 1300 may comprise, buat not be
Emited to, a server computer, a client computer, a personal computer (P(), a
tablet computer, a laptop computer, a netbook, a set-top box (STB), a personal
digital assistant (PDA), an entertainment media system, a cellular telephone, a
smart phone, a mobile device, a wearable device {(¢.g., a smart watch}, a smart
home device {¢.g., a smart appliance), other smart devices, a web appliance, a
network router, a network switch, a network bridge, or any machine capable of
executing the instructions 916, sequentially or otherwise, that specify actions to

be taken by the machine 1300, Further, while only a single machine 1300 is

M
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tlustrated, the term “machine” shall also be taken {0 include a collection of
machines 1300 that individually or jointly execute the instructions 916 to
perform any one or more of the methodologies discussed herein.

[8699] The machine 1300 may mclude processors 910, memory/storage 930,
and V0O components 850, which may be configured to communicate with cach
other such as via a bus 502, In an example embodiment, the processors 910
{c.g., a contral processing unit (CPU), a reduced mstruction set computing
(RISC) processor, a complex instruction set computing {CISC) processor, a
graphics processing unit (GPU)}, a digital signal processor {DSP), an ASIC, a
radio-frequency integrated circuit {RFIC), another processor, or any suitable
combination thereof) may imclude, for example, a processor 912 and a processor
914 that may exccute the instructions 916, The term “processor” is intended to
include 3 multi-core processor 912, 914 that may comprise two Or more
ndependent processors 912, 914 (sometimes referred to as “cores”) that may
execute the mstructions 916 contemporancously. Although FIG. 13 shows
multiple processors 910, the machine 1300 may include a single processor 912,
914 with a single core, a sigle processor 912, 914 with multiple cores (e.g., a
multi-core processor 912, 914), multiple processors 912, 914 with a smgle core,
multiple processors 912, 914 with multiples cores, or any combination thereof.
{00100 The memory/storage 930 may mnclude a memory 932, such as a
main memory, or other memory storage, and a storage unit 936, both accessible
to the processors 910 such as via the bus 902, The storage unit 936 and memory
932 store the mstructions 916 embodyving any one or more of the methodologics
or functions described herein. The instructions 916 may also reside, completely
or partially, within the memory 932, within the storage unit 936, within at least
one of the processors 810 {e.g., within the cache memory of processor 912, 9143,
or any suitable combination thercof, during execution thereof by the machine
1300, Accordinglv, the memory 932, the storage unit 936, and the memory of
the processors 910 are examples of machine-readable media.

006101} As used herein, “machine-readable medium”™ means a device able
to store the tnstructions 916 and data temporarily or permanently and may
meclude, but not be hnuted to, random-access memory (RAM), read-only
memory {(ROM), buffer memory, flash memory, optical media, magnetic media,

cache memory, other types of storage {¢.g., erasable programmable read-only
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memory {(EEPROM)), and/or any suitable combination thergof. The term
“machine-readable mednim” should be taken to melude a single medium or
multiple media (e.g., a contralized or distributed database, or associated caches
and servers) able to store the mstructions 916, The term “machine-readable
medium” shall also be taken to include any medium, or combination of multiple
media, that is capable of storing instructions {e.g., instructions 916} for
execution by a machine (¢.g., machine 1300}, such that the instructions 916,
when exccuted by one or more processors of the machme 1300 (e.g., processors
910), cause the machine 1300 to perform any one or morg of the methodologies
described herein. Accordingly, a “machine-readable medium™ refers to a single
storage apparatus or device, as well as “cloud-based” storage systems or storage
networks that include multiple storage apparatus or devices. The term “machine-
readable medium™ excludes signals per se.

[00192] The /O components 950 may include a wide variety of
components to receive nput, provide output, produce output, transmit
information, exchange information, capture measurements, and so on. The
specific VO components 950 that are included in a particular machine 1300 will
depend on the tvpe of machine 1300. For example, portable machines such as
mobile phones will likely include a touch mput device or other such input
mechanismg, while a headless server machine will hikely not include such a
touch mput device. It will be appreciated that the /0 components 950 may
mclude many other components that are not shown n FIG. 13, The VO
components 958 are grouped according to functionality merely for simplifving
the following discussion, and the grouping is in no way limiting. Io vanous
example embodiments, the /O components 950 may include output components
952 and input components 954, The cutput compongnts 952 may include visual
componegnts {¢.g., a display such as a plasma display panc! (PDP), a light
emitting diode (LED) display, a liquid crystal display (LCD), a projector, ora
cathode ray tube {(CRTY), acoustic components {¢.g., speakers), haptic
components (.g., a vibratory motor, resistance mechanisms), other signal
generators, and so forth. The mput components 934 may include alphanumeric
mput components {e.g., a keyboard, a touch screen configured to receive
alphanumeric input, a photo-optical kevboard, or other alphanumeric input

componegnts), point based input components {¢.g., a mouse, a touchpad, a
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trackball, a joystick, a motion sensor, or other pointing instruments), tactile mput
components {¢.g., a physical button, a touch screen that provides location and/or
force of touches or touch gestures, or other tactile mput components), audio
imput components {e.g., a microphone), and the ke,

{66103} In further example embodiments, the 0 components 950 may
include biometric components 956, motion components 958, environmental
components 960, or position components 962, among a wide array of other
components. For example, the biometric components 956 may inchide
components to detect expressions {g.g., hand expressions, facial expressions,
vocal expressions, body gestures, or eye tracking), measure biosignals {c.g.,
blood pressure, heart rate, body temperature, perspiration, or brain waves),
identify a person {e.g., voice wdentification, retinal identification, facial
identification, fingerprint identification, or electroencephalogram based
identification}, and the like. The motion components 958 may mclude
acceleration sengor components (¢.g., accelerometer), gravitation sensor
components, rotation sensor components (e.g., gvroscope), and so forth. The
environmental coraponents 960 may include, for example, iHumination sensor
components {¢.g., photometer), tomperature sensor components (8.g., one or
more thermometers that detect ambient temperature), humidity sensor
components, pressure sensor components {¢.g., barometer), acoustic sensor
components {¢.g., onc or mare microphones that detect background noise),
proximity sensor components (e.g., infrared sensors that detect nearby objects),
gas sensors {(e.g., gas detection sensors to detect concentrations of hazardous
gases for safety or to measure pollutants in the atmosphere}, or other
components that may provide indications, measurements, or signals
corresponding to a surrounding physical environment. The position components
952 may mclade location sensor components {¢.g., a Global Position System
{GPS) receiver component), altitude sensor components (¢.g., altimeters or
barometers that detect air pressure from which altitude may be dernived),
orientation sensor components (¢.g., magnetometers), and the Iike.

[66104] Communication may be implemented using a wide variety of
technologies. The I/O components 950 may include communication components
964 operable to couple the machine 1300 to a network 980 or devices 970 viaa

coupling 982 and a coupling 972 respectively. For example, the communication
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components 964 may inchude a network interface component or other suitable
device to interface with the network 980, In further examples, the
communication components 964 may include wired communication
components, wireless communication components, cellular communication
components, near field communication (NFC) components, Bluctooth®
components {¢.g., Bluetooth® Low Energy), Wi-Fi®R components, and other
communication components to provide communication via other

modalities. The devices 970 may be another machine or any of a wide variety of
peripheral devices {¢.g., a peripheral device coupled viaa USB).

[06G105] Moreover, the communication components 964 may detect
identifiers or include components operable to detect identifiers. For example,
the commupnication components 964 may include radio frequency identification
{RFID)} tag reader components, NFC smart tag detection components, optical
reader components {(e.g., an optical sensor to detect one-dimensional bar codes
such as Umiversal Product Code (UPC) bar code, multi-dimensional bar codes
such as Quick Response (QR) code, Aztec code, Data Matrix, Dataglyph,
MaxiCode, PDF417, Ultra Code, UCC RS85-2D bar code, and other optical
codes), or acoustic detection components (¢.g., microphones to identify tagged
audio signals). In addition, a variety of information may be derived via the
communication components 964, such as location via Internet Protocol (FP)
gealocation, location via Wi-Fi® signal triangulation, location via detecting an
NFC beacon signal that may imdicate a particular location, and so forth.
060106} In various example embodiments, one or more portions of the
network 980 may be an ad hoc network, an intranet, an extranet, a virtual private
network (VPN), a local area network {LAN), a wireless LAN (WLANS, a wide
area network (WAN), a wircless WAN (WWAN), a metropolitan area network
{MAN), the Internet, a portion of the Internet, a portion of the public switched
telephone network (PSTN), a plain old telephone service (POTS) network, a
cellular telephone network, a wireless network, a Wi-Fi® network, another type
of network, or a combination of two or more such networks. For example, the
network 980 or a portion of the network 980 may include a wireless or cellular
network and the coupling 982 may be a Code Division Multiple Access
{CDMA) connection, a Global System for Mobile commumnications (GSM)

connection, or another type of cellular or wireless coupling. In this example, the
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coupling 982 may implement any of a varicty of types of data transfer
technology, such as Smgle Carrier Radio Transmission Technology (IxRTT),
Evolution-Data Optimized (EVDO) technology, General Packet Radio Service
(GPRS) technology, Enhanced Data rates for GSM Evolution (EDGE)
technology, third Generation Partnership Project (3GPP) including 3G, fourth
generation wireless (4G} networks, Universal Mohile Telecommunications
System (UMTS), High Speed Packet Access (HSPA), Worldwide
Interoperability for Microwave Access {(WiMAX), Long Term Evolution (LTE)
standard, others defined by various standard-setting organizations, other long
range protocols, or other data transfer technology.

166107} The instructions 316 may be transmitted or received over the
network 980 using a transnusston medium via a network mterface device (e.g., a
network imterface component incladed 1n the communication components 964}
and utilizing any one of a number of well-known transter protocols {c.g.,
hvpertext transfer protocol (HTTP)). Simiarly, the mnstructions 916 may be
transmitied or reccived using a transmission medinm via the coupling 972 {e.g.,
a peer-to~-peer coupling) to the devices 970, The term “transnussion medium”
shall be taken to include anv intangible medium that 1s capable of storing,
encoding, or carrving the instractions 916 for execution by the machine , and
inchudes digital or analog communications signals or other intangible media to
facilitate convnunication of such sottware.

{66108} Throughout this specification, plural instances may implement
components, operations, or structures described as a single mstance. Although
individual operations of one or more methods are illustrated and described as
separate operations, one or more of the individual operations mav be performed
concurrently, and nothing requires that the operations be performed n the order
tustrated. Stractures and functionality presented as separate components in
example configurations may be implemented as a combined structure or
component. Sumiarly, structures and functionality presented as a single
component may be implemented as separate components. These and other
variations, modifications, additions, and improvements fall within the scope of
the subject matter herein.

{60149} Although an overview of the inventive subject matter has been

described with reference to specific example embodiments, various
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modifications and changes may be made to these embodiments without
departing from the broader scope of embodiments of the present

disclosure. Such embodiments of the inventive subject maticr may be referred to
herein, individually or collectively, by the term “mvention” merely for
convemence and without intending to voluntarily himit the scope of this
application to any single disclosure or inventive concept if more than one is, in
fact, disclosed.

66110} The embodiments iHustrated herein are described in sufficient
detail to enable those skilled in the art to practice the teachings disclosed. Other
embodiments may be used and derived thercfrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of thig disclosure. The Detaled Description, therefore, tsnot to be taken in a
himiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

LERRE As used herein, the term “or” may be construed i cither an
mclusive or exclusive sense. Morcover, plural instances may be provided for
resources, operations, or structures described herein as a single

mstance. Additionally, boundartes between various resources, operations,
modules, engines, and data stores are somewhat arbitrary, and particular
operations are illustrated in a context of specific tiustrative

configurations. Other allocations of functionality are envisioned and may fall
within a scope of various embodiments of the present disclosure. In general,
structures and functionality presented as separate resources in the example
contigurations may be mmplemented as a combined structure or

resource. Similarty, structures and functionality presented as a single resource
may be implemented as separate resources. These and other variations,
modifications, additions, and improvements fall within a scope of cmbodiments
of the present disclosure as represented by the appended claims. The
specification and drawings arg, accordingly, to be regarded in an illustrative

rather than a restrictive sense.
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CLAIMS

i A system comprising:

an instance of a user interface component corrgsponding to a dashboard user
mterface, the instance of the user interface component configuring one or
more processors of a device to present data pertaining {0 a current
industrial asset selected from an industrial mnternet of things (IloT); and

an tnstance of an asset browser component, the instance of the asset browser
component configuring the one or more processors of the device to
present a hint pertaining to a location of the current industrial assct
within a hicrarchical tree representing the HoT and presenting a user
mterface to facilitate sclection of a new industrial asset from the HoT, the
mstance of the asset browser component communicatively coupled to the
instance of the user tnterface component such that the selection of the
new industrial asset from the 1o causes the instance of the user

mterface component to present data pertaming to the new industrial asset.

2. The system of claim 1, wherein the instance of the asset browser

Y ;
component further configures the one or more processors of the device to update
the hint pertaining to the location of the current industrial asset based on the

selection of the new industrial asset from the [loT.

3. The system of claim 1, wherein the instance of the user interface
component configures the one or more processors of the device to select a
different asset as the current industrial asset based on a change to a context
associated with the HoT and wherein the instance of the asset browser
component configures the one or more processors of the device to receive a
notification of the selecting of the different asset and, based on the notification,

update the hint based on the selecting of the different agset.

4. The system of claim 3, wherein the context is a global context that
mcludes a combination of a context of the different asset and a context of a user

of the device.
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5. The system of claim 1, wherein the user interface meludes navigable user
mterface elements corresponding to a portion of the hierarchical tree, the portion

selected based on the location and a context of a user of the device,

6. The system of claim 1, wherein the instance of the user interface
component configures the one or more processors of the device to receive a
notification of the selection of the new industrial asset and, based on the
notification, present data pertaining 1o the new industnial asset on the dashboard

user mterface.

7. The system of claim 1, wherein the user interface i1s prepopulated based
on a geographical location of a user of the device relative to geographical

locations of industrial assets in the ioT.

3. A method comprising:

at a device communicatively coupled to ong or more services corresponding to
an mdustrial internet of things (o), using an mstance of a user
mterface component corresponding to a dashboard user interface to
present data pertaining to a current industrial asset selected from the
{ioT; and

using an instance of an asset browser component to present a hint pertaining {0 a
location of the current indastrial asset within a hierarchical tree
representing the HoT and presenting a user interface to facilitate selection
of a new industrial asset from the o7, the mnstance of the asset browser
component communicatively coupled to the mstance of the user interface
compongnt such that the selection of the new industrial asset from the
Ho'l causes the mstance of the user interface component to present data

pertaining to the new mdustrial asset.

9, The method of claim 3, further comprising using the agset browser
component to update the bint pertaining to the location of the current industrial

asset based on the selection of the new industnial asset from the HoT.
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10, The method of claim 8, further comprising using the mstance of the user
mterface component to select a different asset as the current industrial asset
based on a change to a context associated with the IoT and using the instance of
the asset browser component to receive a notification of the selecting of the
different asset and, based on the notification, updating the hint based on the

selecting of the different agset.

11, The method of claim 10, wherein the context is a global context that
mncludes a combination of a context of the different asset and a context of a user

of the device.

12, The method of claimm 8, wherein the user interface includes navigable
user mterface elements corresponding {0 a portion of the hicrarchical tree, the

portion selocted based on the location and a context of a user of the device.

13 The method of claim 8, further comprising using the user nterface
component to receive a notification of the selection of the new industrial asset
and, based on the notification, presenting data pertaining to the new mdustrial

asset on the dashboard vser interface.

14, The method of claim 8, wherein the user interface is prepopulated based
on a geographical location of a user of the device relative to geographical

locations of industrial assets in the [oT.

15. A non-transitory machine-readable storage medium storing a set of

mstructions that, when executed by at least one processor, causes the at least one

processor to perform operations, the operations comprising:

using an instance of a user interface component corresponding to a dashboard
user inferface to present data pertaining to a current mdustrial asset

selected from an industrial mternet of things (1loT); and
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using an instance of an asset browser component to present a hint pertaining {0 a
location of the current industrial asset within a hierarchical tree
representing the HoT and presenting a user interface to facilitate selection
of a new industrial asset from the Ho'T, the instance of the asset browser
componegnt communicatively coupled to the mstance of the user interface
component such that the selection of the new industrial asset from the
HoT causes the instance of the user interface component to present data

pertaining o the new industrial asset.

16.  The non-transitory machine-readable storage medium of claim 13, the
operations further comprising usmg the asset browser component to update the
hint pertaining to the location of the current industrial asset based on the

selection of the new industrial asset from the lioT.

17.  The non-transitory machine-readable storage medium of claim 13, the
operations further comprising using the mstance of the user interface component
to select a different assct as the current industnal asset based on a change to a
context associated with the HoT and using the imstance of the asset browser
component to receive a notification of the selecting of the different asset and,
based on the notification, updating the hint based on the selecting of the different

assct.

18.  The non-transitory machine-readable storage medium of claim 17,
wherein the context is a global context that includes a combination of a context

of the different indusinal asset and a context of a user of a device.,

19.  The non-transitory machine-readable storage medium of claim i8,
wheremn the user interface includes navigable user interface clements
corresponding to a portion of the higrarchical tree, the portion selected based on

the location and the context of the user of the device.

L2
2
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20, The non-transitory machine-readable storage medium of claim 13, the
operations further comprising using the user mterface component {0 receive a
notification of the sclection of the new industrial assct and, based on the
notification, presenting data pertaining to the new industrial asset on the

dashboard user interface.
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“ideﬁtiﬁeﬁ "001-2aha",
"name” : "Nested Great Grandchild 1",

L
sOpsnable’ - frue $ "meta”, {"parentld” : "001-2"}

3 ’
\ dentier: 001-22" dentifier: "001-3"

“ﬂame“ : "N@S’(@d Gi’ea‘i Graﬁdchﬂd 2;;, ::E’}ame“ : “N{?:Ehmg Eebw Me“,
"isOpenable”: true, {SOpenabEe e,

EH- o " identifier” : "0014",
ﬂfgfgﬁ?ﬁw é%?;&zé?ga% Gmndchid 3" "name” . "Nothing Below, Not openable”

::§s0penable“ e, }
selectedAsset’: true "meta": { "parentD": null},

}}; § LU LR tH
}umetan: { "parentid” : "001-2ab"} \ contextlype": "directContext
3 ],

FIG. 9
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var initialContexts = {
data: [{
"name" : "Lots of children”,
"identifier" : "001-1",
"isOpenable” : true

a’anamess : ngeep nested“’
"identifier” : "001-2",
"isOpenable” : frue

"name" - "Nothing Below Me",
"identifier” : "001-3",
"isOpenable” : frue

"name" - "Nothing Below, Not openable”,
“identifier” : "001-4",
"isOpenable” ; false

il

meta: {
parenid: null // the id of the asset of the tree above

’&ontexﬂ'ype - "inifialContext”

3

FIG. 10
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browser-context
Type: Sting - (Required) - Defaut™

An atirbute which expects a JSON Cbiedt in orderto lbad the context info the browser. the objedt
can have 1 ormorelevels of assels, each group should be grouped under a chihen array. see
the directContext json fle oor an example.

<px-cortext-browser ... browsercontext={{browserContext}></o-context-browser>

handlers
Type: Object - (Cptional) - Default nul

Cokd deﬁné;g some or al of the folowing functions as members: fiemQOperHandier,
itlemClickHandler, and get Chikdren.

;px—c&rﬁext—bmfser id="my-content-browser” browserContext={browserContext]l<>fm-context-
FoWSer>

var colBrowser = document quereySelector(#my-context-orowser’); coBrowser_handiers ={
femCpenHandlerfuncion(item)!{  /relums specid callback behaviorwhen  /agiven
confexttemisopened  },  femClickHandler, funcion(item){  /fetums specdial callback
behaviorwhen  fagivencontextisselected }, getChildren: funcion(parent) é fretumsa
JavaSorptpromise thatwil  /resolve o chidren oftheitem (tosupportlazy loading) 1)

show-chevion

Type: Boolean - (Optiona)) - Defautt "false”

This atirbutes allows you to usethe "hasChidren” or "chidren” properties inside your json, to
show the chevion which indicates this fem has chidren.

<px-context-browser ... show-chevion="tue"> </px-context-browser>

id-field
Type: String - (Opfional) - Default "id"

Mapping for the field name of the conlext data thet represenis a unique id oran ftem. This
propery allows data of any mm/keys to be used as long as it has the nationof a'unique id init.

<px-context-browser ... idfield="identifier"> </px-context-browser>

rG. 11
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labekield
Type: String - (Opfional) - Default "name”

Mapping for the field name inthe context data that represenis the display label foran lem. Thig
propery allows data of any ommkeys to be used as long as it has the notion of a'display label' init

<px-context-browser ... labekield="Custom Name"> </px-context-browser>

opened-item-name

Type: String - (Opliona)) - Default "Seleded Context”

Inttial context name 1o be shown on page which defaults to ‘Selected Context.
<px-contextbrowser .. opendiem-name="Specid open kem name™> <fpx-context-browser>

selected-item
Type: Oblect - (Optional) - Default nul

The itemn currently selected - application can detect which ilem s selecled, for example via ng-
bind-polymer,

<px-context-browser ... selected-tlem-id="1"> </px-context-browser>

show-column-browser

Type: Boolean - (Optional) - Default Fake

Flag to showhide column browser.

<pr-contextbrowser ... show-column-orowser="true"™> <px-context-browser>

FIG. 11 (cont'd)
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