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SYSTEM AND METHOD FOR AUGMENTED REALITY DISPLAY
OF ELECTRICAL SYSTEM INFORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001 j This application claims priority to U.S. Provisional Application Nos. 61/997,793,

filed June 9, 2014; 62/025,041, filed July 16, 2014; and 62/036,762, filed August 13, 2014,

the complete disclosures of which are incorporated herein by reference in their entirety. The

disclosure of the present application is also related to the disclosures of U.S. App. No.

14/686,427, filed April 4, 2015 and U.S. App. No. 14/695,636, filed April 24, 20 5, both of

which are incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[ΘΘ02] This application relates generally to the use of augmented reality to provide

information and direction to users operating in or manipulating dynamic environments and,

more particularly, to the use of augmented reality to present electrical system status

information to a user in real time.

[0003] Augmented reality (AR) provides view of a physicaL real-world environment whose

elements are augmented (or supplemented) by computer-generated sensory input such as

sound, text, graphics, or video. In a typical AR application, a data processor reviews a

camera-captured image for cues that trigger the display of additional information and images

along with a display of the captured image.

[0004] While AR is useful for conveying information via a static display, it is particularly

useful in dynamic situations and environments where images are captured and displayed in

real-time and the information to be displayed using AR (hereinafter, "AR information")

changes. The ability to provide constant update to the AR information in response to changes

in the environment and location and relative positioning of the user's display provides great

utility in various applications including construction, repair, maintenance, and safety.

[800 A particularly significant example of a dynamic spatial environment is the space on

board a large ship. Not only does the ship itself move, its structure is flexible so that the

position of a particular compartment or supporting structure in one part of the ship may



change relative to other parts of the ship. Similar dynamic behavior can occur in ta l

buildings, construction sites, outdoor processing plants, roadways, bridges, etc.

[0006j When operating in any of these dynamic environments, safety is a primary focus,

particularly when it comes to operating, testing, and maintaining medium voltage switchgear.

This has become especially significant in naval vessels because, as such vessels transition

away from steam driven equipment to more electrically driven auxiliaries, the demand for

power continues to increase. As a result, electric plant technology has also progressed,

making it possible to operate shipboard electrical distribution systems at higher voltages. The

availability of higher voltage power has made it feasible to utilize equipment th a operates at

higher voltages, while keeping cable systems relatively small in diameter due to lower

currents. However, because the level of experience in handling medium voltage ( 5 kV) on

naval vessels is fairly low, incorporating extensive training and safety features has become

especially important due to the perception that there is greater lethality at higher operating

voltages. For the worker responsible for operating the switchgear and performing tests to

assure that it is operating within prescribed operating parameters, the greatest threat to safety

occurs during testing when the worker may be exposed to energized areas of the switchgear

without being able to visualize vacuum circuit breaker (VCB) and electrical bus energization

state.

{0007} o provide the necessary assurance that each operator is highly proficient at operating

and maintaining medium (or higher) voltage switchgear, is able to recognize potential

hazards, and to operate switchgear safely through all of the required system alignments, each

operator is required to undergo hours of training both on energized and de-energized

equipment. In its normal functioning state, each bank of switchgear cubicles typically has at

least one human machine interface (HMI). This may consist of a flat panel display where the

operator can call up the status of various portions of the switchgear and visualize that status

on the flat panel display screen. The HMI provides a graphical user interface to allow

operators to easily determine system parameters (voltage, current, etc.), VCB status

(open/ciosed/connected/test/ withdrawn), and relay status (OK, alarm, warning, etc.). This



user interface allows the operator to open and close any of the VCBs in the

switchboard'' switchboard group.

OOOS Normally, when an operator enters the switchgear room on a vessel, an HM1 is

located on the front face of one of the switchgear cubicles, although it may also be remotely

located. The cubicle that the operator has to service may be several cubicles down line of

switchgear cubicles, putting the operator in a position that is not within the line-of-sight of

the HM display. Information that the operator would normally have access to through the

HM is therefore no longer available to him visually.

[Θ009] While in the switchgear room and particularly while operating the gear during normal

or training operations, an operator may be required to wear personal protective equipment

(PPE). He may be required to wear a hooded covering with a front facing visor which limits

his peripheral vision. The visor may be a passive lens which is XJV- and IR-coated, and

tinted to protect the operator's eyes from arc flash, further obscuring the ability to read the

energization status of portions of the equipment. Additionally, switchgear tends to give off a

significant amount of sensible heat when operating and is generally in a space or environment

that is conditioned for the equipment and not necessarily for human comfort. The lighting in

the switchgear room may also be optimized around the minimum acceptable lumens to keep

wattage low, thereby minimizing heat load into the switchgear space.

[O Oj Under these circumstances, it is extremely important for the safety of the operator that

a mechanism is provided to assure that he is able to determine electrical system parameters

that will allow him to avoid the potential dangers that exist inside the switchgear cubicles.

Mechanically operating a VCB bypasses protection, and exposes the operator and equipment

to potential hazards that could lead to electric shock to personnel and /or equipment damage.

[0(511] Clear, rapid communication of changes in electrical system operating parameters to

individuals operating such environments is essential.



SUMMARY OF THE INVENTION

[ 2] An illustrative aspect of the invention provides a method for providing electrical

system status information to a mobile interface device user in a dynamic structural

environment. The method comprises receiving on a central data processor from the mobile

interface device over a communication network a request for target area electrical system

status information. The request includes information usable by the central data processor to

determine the pose of the mobile in terface device relative to a target area in the dynamic

structural environment. The method further comprises determining the pose of the mobile

interface device relative to the target area. The method still further comprises obtaining

target area electrical system status information for a target electrical system at least partially

disposed within the target area and assembling AR electrical system status information for

transmission to and display on the mobile interface device. The AR electrical system status

information is assembled using the target area electrical system status information and is

configured for viewing in conjunction with a real-time view of the target area captured by the

mobile interface device. The AR electrical system status information is then transmitted to

the mobile interface device.

013 Another illustrati ve aspect of the invention provides an automated system for

providing electrical system status information to a mobile interface device in a dynamic

structural environment. The system comprises at least one mobile interface device

configured for variable disposition within the dynamic structural environment, capturing

information about a target environment within the structural environment, and transmitting

the target area information over a network. The system also comprises a local positioning

system in communication with the at least one mobile interface device via the network and

configured to provide information usable to determine a mobile interface device pose. The

mobile interface device pose comprises a position and orientation of the mobile interface

device relative to the dynamic structural environment. The system further comprises a

central processor comprising at least one data processing machine in communication with the

at least one mobile interface device and the local positioning system via the network. The

central processor is configured for receiving from a requesting one of the at least one mobile



interface device a request for target area environment electrical system information. The

reques t includes information usable to determine the pose of the reques ting mobile interface

device relative to the target area. The central processor is further configured for determining

the pose of the requesting mobile interface device relative to the target area it is also

configured for obtaining target area electrical status information for one or more components

of an electrical system at least partially disposed within the target area and assembling A

electrical system status information for transmission to and display on the requesting mobile

interface device. The AR electrical system status information is assembled using the target

area electrical status information and is configured for viewing in conjunction with a real

time vie of the target are captured by the requesting mobile interface device. The central

processor is also configured for transmitting the AR electrical system status information to

the requesting mobile interface device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention can be more fully understood by reading the following detailed

description together with the accompanying drawings, in which like reference indicators are

used to designate like elements, and in which:

[ Figure 1 is a schematic representation of a system for providing environment

information to a mobile interface device according to an embodiment of the invention;

Figure 2 is a flow diagram of a method of providing environment information to a

mobile interface device in a dynamic structural environment according to an embodiment of

the invention;

[0017] Figure 3 is a schematic representation of a system for providing electrical system

status information to a mobile interface device according to an embodiment of the invention;

ΘΘ ] Figure 4 is a flow diagram of a method of providing electrical system status

information to a mobile interface device in a dynamic structural environment according to an

embodiment of the invention;



[00 ] Figure 5 is an illustration of a mobile interface device user in an area having electrical

system equipment disposed therein;

002© Figure 6 is an illustration of an exemplary display of an image of an electrical

equipment cubicle on a mobile interface device in accordance with an embodiment of the

invention;

[0(521] Figure 7 is an illustration of an exemplary display of AR electrical system status

information superimposed on an image of an electrical equipment cubicle on a mobile

interface device in accordance with an embodiment of the invention; and

[0022] Figure 8 is an illustration of an exemplary display of AR electrical system status

information superimposed on an image of an electrical equipment cubicle on a mobile

interface device in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention provides methods and systems for real-time display of AR

information on a mobile device immersed in and movable within a dynamic environment.

The challenges presented by this scenario include determination of the location of and

orientation of the mobile device within the environment, recognition of variations in the

spatial geometry of the environment, and detection/identification of changes in other

measurable parameters associated with the environment or objects within the environment

[0024] While the invention will be described in connection with particular embodiments, it

will be understood that the invention is not limited to these embodiments. On the contrary, it

is contemplated that various alternatives, modifications and equivalents are included within

the spirit and scope of the invention as described.

[0025] While the dynamic structural environments used in many of the examples and

illustrative embodiments used herein to describe the invention relate to ships and other

vessels, it will be understood that the invention is not limited to such environments. The



invention arsbe used in, without limitation, land vehicles, buildings and any other static or

dynamically variable structure.

[0026] 'T'he systems of the invention use AR as the primary medium for presenting

environment-related information to a user. AR allows presentation of such information on

the mobile interface device in graphical or textual form overlaid or adjacent an environmental

area or object as it appears in the camera-generated view on the device screen.

0027 A generalized system 100 for generating and displaying real-time AR information

according to an embodiment of the invention is illustrated in Figure 1. The system 100 is

configured for obtaining and storing information on a dynamic structural environment such as

a ship or building and objects disposed within that environment. The system 100 comprises a

central processor 1 in communication with one or more mobile interface devices 101 via

communication network 02. The central processor may include or be in communication

with a relational database structure (not shown) as is described in U.S. Pat. App. No.

14/210,650 (the '"650 Application), filed on March 14, 2014, the complete disclosure of

which is incorporated herein by reference in its entirety. In general, the central processor 0

is configured to receive captured object information from the mobile interface devices 0 1

and to extract information relating to the environment or an object in the environment,

generate AR information for display on a requestmg mobile interface device, and transmit the

AR information to the requesting mobile interface device 101.

[0028 'T'he central processor 1 0 may include or be configured to receive information from a

local positioning system 09 via the communications network 102 or a different network.

The central processor may be configured to use the information from the local positioning

system 109 in conjunction with information from a requesting mobile interface device 0

and known/stored structural information (e.g., a three dimensional model) to determine the

pose of the mobile interface device 0 1 within the environment. As used herein, "pose"

means the position (χ,ν ,ζ) and orientation ( ,φ ,ζ) of an object in a particular physical space

The system is configured to resolve spatial differences between the coordinate system



established based o the known structural information and the data received from the local

positioning system 109 that result from changes in the dynamic structure.

[0029] The central processor 1 is also configured to receive information from one or more

environment data systems 103 via the network 102 or another network. The environment

data system 103 is configured for measurement or determination of parameters associated

with the structural environment or an object or objects within the stracturai environment. As

will be discussed in more detail, such parameters may include, but are not limited to spatially

mapped or mappable data obtained from sensors (e.g., radiation or temperature sensors) with

known locations in the stracturai environment, spatially mapped or mappable data (e.g.,

weight distribution or surface topography) associated with a particular object in the

environment, and system or device status information (e.g.. electrical circuit energization

status). The central processor 1 0 is configured to process this information and use it with

the pose information for the requesting mobile interface device 10 to generate A R

information that can be transmitted to the mobile interface device 101 for display.

003© In various embodiments of the invention, information processed by the central

processor 1 may include asset location information from a global or local positioning

system, visual or graphical information received from the mobile interface devices,

observational information from users, and operational or other data from instrumentation

systems associated with the environment or particular assets. Any or all of such information

can be used by the central processor 110 to update object-related information and/or generate

information for display via AR images that can be superimposed on the mobile device user's

view of the environment or an object in the environment. The mobile interface devices used

in the systems of the invention can make use of AR in a variety of ways that allow the user to

conduct inspection, maintenance, repair, and replacement tasks in relation to particular assets.

AR can also be used to assist a user in identifying safety hazards, locating objects, or simply

navigating within the dynamic environment.

[003 The mobile interface device 0 1 may be any mobile computing solution that is used

by a user to facilitate communication with and display information from the central processor



. The mobile interface device 101 may be, for example, a tablet computer, a smartpbone,

or a wearable heads-up display. The mobile interface device may have features

including, bu not limited to a processor, displa (such as screen), a vision sensor (such as

a camera), a microphone, one or more speakers, and wireless communications capabilities.

The mobile interface device 0 1 may be, in a particular embodiment, a wearable head-

mounted device (HMD) such as that described in U.S. App. No. 14/210,730, filed March 14,

2014, the complete disclosure of which is incorporated herein by reference in its entirety. n

preferred embodiments, the mobile interface device 10 is equipped or configured to display

AR images/information to a user. The mobile interface device 0 1 may include one or more

accelero meters or other motion detection sensors. Each mobile interface device 101 may

include one or more unique identifiers. In some embodiments, some or all of the mobile

interface devices 101 may include one or more local positioning receivers, image and object

recognition, audio queues, or electromagnetic field (EMF) receivers or detectors (for GPS,

WiFi, or RF1D reception or light detection).

[ 3 2 The communication network 102 may be a wireless network, a wired network or any

combination of wireless network and wired network. In a preferred embodiment the

communications network 2 is a wireless communications network, allowing the mobile

interface devices 101 to communicate wirelessiy with the central processor 110. The

communication network 2 may, in particular, be or include a wireless LAN, a Global

System for Mobile Communication ("GSM"), a Personal Communication Sendee ("PCS"), a

Personal Area N t rk ("PAN"), D-AMPS, Wi-Fi, Fixed Wireless Data, IEEE 802.1 la,

802. l ib, 802. 5 . , 802. 1in and 802. Ig or any other wired or wireless network for

transmitting and/or receiving a data signal.

[ 33 The central processor 1 0 may be or comprise one or more servers, data processing

machines, or network-enabled computers and may hos an AR operating system 104. The

AR operating system 04 may be configured to control the interaction of the hardware and

software components of a relational database structure (not shown). The relational database

structure is configured to provide a logical framework that allows digital information to be

associated with physical objects. This framework includes addresses for both tangible



objects as we l as individual point addresses within a coordinate system for the stmcturai

environment. In an exemplary embodiment, this coordinate system is based on a three

dimensional (3D) structural model of the environment (e.g., the ship or building). Preferably ,

the 3D model provides a complete detail of the environment including every space, room or

compartment where objects may be disposed.

[©034] The AR operating system 104 is configured to assemble AR information for

transmission to and display by the mobile device 10 . The AR information is constructed

using the processed environment data from the environment data systems 103 and the pose of

the mobile device 101 using any of various techniques known in the art. The AR

information may be presented for display as text or as graphical images that can be

superimposed over real-time images captured by the mobile device 10 . The AR information

may be associated with specific parameters relating to the portion of the environment where

the mobile device 0 is located or relating to an object or system near the mobile device 101

and/or with which the user of the mobile device 1 is interacting

[0035] The central processor 0 may be configured or may comprise a processor or

processing module and computer executable software (e.g., on a tangible computer-readable

medium) configured to perform various processing functions relating to object recognition,

including feature extraction to extract lines, edges, ridges, or other localized interest points

from an image; detection or segmentation to select a specific set of interest points within an

image or segment multiple image regions that contain a specific object of interest; image

recognition to categorize a detected object into a particular category; noise reduction; contrast

enhancement; and/or space scaling, for example.

36| The relational database structure may include domain coordinate management

system that maintains spatial addresses for all spaces within the domain of the stmcturai

environment. The domain coordinate management system may be configured to receive

spatial address information from both the local positioning system 9 and from the three

dimensional structural model. The domain coordinate management system is configured to

resolve spatial differences between the coordinate system established by the 3D model of the



structure and any available telemetry data received from the local positioning system 09 as a

result of changes in the dynamic structure. Such differences may be particularly significant

in, for example, a large vessel underway at sea. Ships (particularly large ships ) are not rigid

bodies.

[0037] The local positioning system 9 is a system (complete or composite) that facilitates

the establishment or estimation of the pose of a mobiie interface device 101 within the

coordinate system described or approximated by the three dimensional model of the structural

environment. As is discussed in more detail in U.S. App. No. 14/210,601, filed March 14,

2014 (the "'601 Application"), the complete disclosure of which is incorporated herein by

reference in its entirety, pose may be accurately established using vision science-based

algorithms. Such algorithms may recognize one or more unique pre-identified visual tracking

cues within physical space.

[0(538] The local positioning system 9 may be or include any system capable of

establishing the position and/or orientation of a mobile interface device relative to a structural

environment coordinate system. This coordinate system may be, or may be based on, for

example, a predetermined reference system for a ship or other structure. In some

embodiments, the local positioning system 9 may comprise a light positioning system that

operates by using light points positioned throughout the physical spaces of the vessel . An

example of a light positioning system is described in U.S. Patent No. 8,248,467, the complete

disclosure of which is incorporated herein by reference in its entirely. In some embodiments,

the local positioning system 9 may use electromagnetic or sound waves emanating from

various points within the physical spaces in the structural environment. Examples of

electromagnetic or sound waves include radio frequency identification ( F D) signals, radio

signals, WiFi signals, audio tones, and/or sound waves. The local positioning system 109

may use unique images or recognizable visual features, quick response (QR) codes, bar

codes, or reference points placed throughout the physical space of the structure.



[0039] The system 0 may use information from more than one local positioning system.

Alternatively or in addition, the system 00 may receive and use information from a global

positioning system (GPS) (not shown).

It will be understood that various processing components of the system 0 may be

combined into a single processor or further subdivided into multiple processors or servers. It

will be appreciated that in some cases, multiple instances of a particular component of the

system 100 may be used. Moreover, the system 100 may include other devices not depicted

in Figure .

[ 41] The system 100 can be used to provide mobile device users with real-time A

information on changing environmental parameters or object characteristics. With reference

to Figure 2, a generalized method M100 for providing such AR information to a mobile

device user begins at SI05. At S 10, the user uses the mobile interface device 0 to capture

a digital image of a target environment, which may be a portion of the environment in which

the user is disposed and/or a target object in that environment. A SI 0, a request for target

environment information is sent from the mobile interface device to a central processor 110

over a network 102. The request includes information usable by the central processor to

determine the exact location and pose of the mobile interface device 101 relative to the target

environment. This information may include some or all of the digital image. A SI30, the

central processor 110 uses the request information along with information from the local

positioning system 1 9 to establish the exact location and pose of the mobile device 1

relative to the target environment.

[ 42] At S 40, the central processor 0 obtains environment information on one or more

environment or target object-related parameters from one or more environment data systems

103. Such information may be raw data from sensors located in areas near the mobile

interface device 101 or on or associated with the target object. The information may also be

or include information on the status of a system with which the mobile device user may be

required to interact. t will be understood that the information from the environment data

systems 103 may be provided to the central processor 110 on a constant basis or may instead



be provided i response to a request or query submitted by the central processor 0. At

S 50 the central processor 1 0 uses the environment information to assemble AR

information for transmission to the mobile interface device 0 . This action may include

processing of raw data from the environment data systems into a form usable by the AR

operating system 4 to construct the AR information. In some embodiments, the AR

information includes a graphical representation of target environment parameters as a visual

display that can be superimposed over a real-time view of the target environment captured by

the mobile interface device 101. At SI60, the central processor 10 transmits the AR

information to the mobile interface device 0 1 where it is displayed to the mobile device user

at S 70. The method ends at S 5.

[0043] As previously discussed the AR information may be presented as text displayable in

conjunction with the visual display of the environment or target object or as graphical

imagery that can be superimposed over an appropriate portion of the visual display. The

graphical imagery could, for example, be or include one or more graphical representations of

the parameters measured by the environmental data systems or of a condition of the

environment associated with such parameters

[0044] It will be understood that, once requested, some or all of the actions of the method

M l 00 may be repeated to periodically or continuously provide real-time environment

information to the mobile interface device 101. This assures that the user is aware of

variations due to changes in conditions including but not limited to: the user's location, the

overall structural environment, the measured environment parameters, or combinations of the

foregoing.

[0045] The methods of the invention are usable by individuals conducting virtually any

operation within a dynamic environment. Of particular interest are uses in which real-time

display of immediately recognizable cues increase the safety of a user in a potentially

dangerous environment

[0046] . As discussed above, one particularly dangerous operational environment is a

workplace containing electrical hazards. Real-time communication of changes in electrical



system status is critical to safe operations. Toward that end, the present invention provides

systems and methods for presenting electrical system status infonnation to a user in real-time

using AR. A particular aspect of the invention pro vides for the information to be conveyed to

the user using a augmented reality display superimposed over a real-time, camera-captured

image of electrical equipment. This aspect may be referred to as a Augmented Reality

Electrical System Status (ARESS) display and provides an essential safety element for a

switchgear operator or the operator of any electrical equipment: real-time visual awareness

of energization status, voltage level, and other operational parameters.

0047 t will be understood that while the invention is presented herein with reference to its

use in shipboard applications, it may be applied to any electrical system used in any land, sea,

or air environment, whether fixed or mobile.

[0(548] Figure 3 illustrates a system 200 for providing electrical system status according to

an embodiment of the invention. The system 200 is essentially a specific variation of the

generalized AR environment display system 0 of Figure 1. it is noted that system 200

illustrates only a single instance of each component t will be appreciated that multiple

instances of these components may be used and that the system 200 may include other

devices not shown in Figure 3. it will be understood that in many environments, the system

200 will interface with other systems such as, for example, the operating system of a

shipboard operations and maintenance platform as described in the '650 Application.

[0049] The system 200 comprises a central processor 2 0 in communication with one or

more mobile interface devices 201 via a communication network 202. The mobile interface

device 2 ma be any mobile computing solution that is integratabie into the system. The

mobile interface device 2 may be, for example, a tablet computer, a smartphone, or a

wearable heads-up display. The central processor 210 may include or be in communication

with a relational database structure (not shown) as described in the "'650 Application. The

central processor 0 may be configured to receive information from a local positioning

system 209 via the communications network 202 or via a different network.



[0050 The central processor 2 10 is a so configured to receive electrical system status

information via the network 202 (or another network) from one or ore electrical status

network 203 The electrical status network 203 may be any one or more electrical status

networks that is part of or in communication with an electrical system and is configured for

transmitting the energization state of some or al of the system's bus work, breakers or other

components discretely or continuously. An electrical status network 203 may be, for

example, a Supervisory Control and Data Acquisition (SCAD A) network that receives

electrical status parameters from analog or digital monitoring devices 220 such as protective

relays. The electrical status network 203 may tse any of a number of transport and network

protocols such as MODBUS or PROFIBUS. The electrical status network 203 may use one

or more translators to convert the status data into digital signals compatible for standard

transmission over the communication network 202. Alternatively, information from the

electrical status network 203 may be transmitted to the central processor 210 for further

processing and/or retransmission to the mobile interface device 20 . The electrical status

network 203 may communicate directly with one or more mobile interface devices 201 by

transmitting status in real time or near real-time over the communication network. 202 Data

assurance may be addressed by utilizing a data validation process to assure that data provided

by the electrical status network 203 is the most current. Data may be checked for accuracy

by comparing values from redundant sources (e.g., automated comparison of data from

redundant sensor devices 220).

00 1] The electrical status network 203 may provide status information automatically

continuously or at regular intervals or manually upon command. The network 203 may-

include a data processing machine (not shown) for processing the sensor data prior to

transmission to the central processor 2 0 or mobile devices 2 or may provide unprocessed

data. In each case, sensor data is associated with the location of the monitoring device 220

within the electrical system environment to allow the system 200 to establish the status in

areas of interest relative to the location of any particular mobile interface device 2 . The

electrical status network 203 may be configured with a transmitter 222 to transmit electrical

system status information to the central processor 2 or the mobile devices 2 over the

communications network 202.



[0052] As will be discussed in more detail hereafter, information captured by the mobile

interface device 2 1 can be used to determine a location of the mobile device user and to

identify the targe! equipment (e.g., a particular switchgear cubicle) of interest to the user.

The system 200 can then provide the user with a static display showing the cubicle location

based, for example, on the cubicle's specific Internet Protocol (TP) address on the network

and/or other specific information for the target equipment including, but not limited to, the

energization state of breakers and breaker busses associated w ith the target equipment. The

user can then follow established protocol to perform test sequences at the equipment location

with the assurance that the equipment is in a safe condition for performing such tests.

[0053] As will also be discussed, a worker using a mobile interface device 2 may be

provided with a 3-dimensional representation of electrical status information superimposed

over a real-time camera view of the equipment using augmented realit display techniques.

This 3-dimensional augmented image is provided to worker in the correct pose, thus

a owing the worker to verify that he is in the correct cubicle and to visualize in real-time or

near real time the current status of breakers and busses without the need to make field

measurements or to rely on an HMI thai may be out of his field of vision.

[ 054] While this disclosure primarily discusses the use of the invention with respect to

switchgear cubicles, it will be understood that the methods of the invention may be extended

to any type of electrical system, subsystem, or component.

©OSS With reference to Figures 4 and 5, a method M200 may be conducted using the

electrical system status display system 200 to provide electrical system status information to

a mobile device user 10. The method begins at S2.05. A t S210, the user uses the mobile

interface device 2 to capture a digital image of a portion 20 of an environment in which

electrical equipment such as switchgear cubicle 30 may be disposed (referred to herein as the

target environment or target area). Figure 6 illustrates an exemplary image 40 displayed on a

mobile device 2 1. The image 40 shows the interior space 32 of the cubicle 30 (with breaker

module removed) and the electrical components disposed therein. At S220, a request for

electrical status information is sent from the mobile interface device 2 1 to a central



processor 210 over a network 202. The request includes information usable by the central

processor 210 to determine the exact location and pose of the mobile interface device 201

with respect to the local environment space and r the target area. The space could be, for

example, a room or other space inside a vessel or building or any other area where electrical

equipment may be disposed. The target area may also be or include the interior of a

particular cubicle, cabinet or housing. The information sent from the mobile interface device

2 may include some or all of the captured digital image. At S230, the central processor

2 0 uses the request information along with information from the local positioning system

209 to establish the exact location and pose of the mobile interface device 201 relative to the

target area 20.

[0056] At S240, status information associated with one or more electrical systems or

components within the target area 20 is obtained from an associated electrical status network

the status information may include energization, voltage, current or other system parameters

at or across any of various components, busses or circuitr - within the electrical system. The

information may be obtained during or prior to the target area visualization process. At

S250, the electrical system status and spatial information may be used as inputs to a

computational component or simulation engine that will output the status of particular system

parameters. The simulation engine may use simulation-based computational engineering and

visualization software. f computation is not necessary (e.g., when status information can be

displayed directly), S250 is not required.

[0057J It w be understood that the action of determining electrical system parameter status

may be conducted by a processor of the electrical status network 203 or the central processor

210 or may be conducted in part by a processor of the electrical status network 203 and in

part by the central processor 210.

[0058] In preferred embodiments, electrical system status information is available in real

time so that actual live parameter levels can be provided to the mobile device user 0. In

some instances, however, such live readings may be unavailable. n such instances, the

parameter status may be based on previous information.



[0059 At S260 a rendering engine on the central processor 210 uses data received (discretely

or continuously) from the simulation engine or directly from the electrical status network 203

along with mobile device pose information to construct an AR representation of the electricai

environment for the target area 20 n preferred embodiments, this includes graphically

rendering a visual display that can be superimposed over the view of the target area 20

captured by the mobile interface device 20 . This rendering could include, for example,

textual/numerical information or graphical information positioned so as to be readily

associable with a component or node appearing in the captured view of the target area. The

displayed information may include specific parameter values for system components in the

viewed target area. It may a so include component or test identification information, on-off

status information, or task instructions for the user 0 . In some cases the user may be

presented with instructional training scenarios including an augmented representation of test

points and graphical steps to follow when performing cubicle testing. At S270, AR

electricai status information, which is or includes the AR graphical rendering constructed in

S260, is transmitted to the mobile interface device 2 . At S280, some or a l of the AR

electrical status information is displayed on the mobile interface device 2 1 The method

M200 ends at S295.

In preferred embodiments, when the graphical AR rendering of the electrical status

information is displayed on the mobile device 201, it is superimposed over the displayed

image of the target area 20 so that the user 0 is able to see the status information for system

components throughout the target area 20 or in specific portions of the target area 20. Figure

7 illustrates the device 201 of Figure 6 displaying image 40", which is the same view of the

cubicle interior 32. as in Figure 6, bu with the AR status information 50' superimposed over

the real-time camera image. In Figure 7, the AR information 50' indicates that the circuits

including the illustrated busses are energized with each buss at 940 V. Figure 8 illustrates the

device 2 displaying image 40" of the same cubicle interior 32 after the circuits have been

de-energized. Now, the AR information 50" shows a zero voltage for each buss. In some

embodiments (as in the illustrated example) different aspects of the information may be

displayed in different colors or may change color when its status changes. For example,

when the circuit is energized the voltage reading may be surrounded by a shaded box of a



particular color (e.g., red, to indicate danger) which changes or disappears when the reading

is zero.

ίθ©6 t will be understood that, once requested, some or all of the actions of the method

M200 may be repeated to periodically or contmitously provide real-time enviromnent

information to the mobile interface device 20 . This assures that the user 0 is aware of

variations in the environment due to changes in conditions including but not limited to: the

user s location, the overall structural environment, changes occurring in the electrical systems

being monitored, or combinations of the foregoing

[ 62] The present invention may utilize any of the aforementioned or other methods

available for providing electrical status information to a worker performing testing in an

electrical environment including but not limited to a live reading of the current electrical

system status parameters which provides the user with a visualized onsite electrical system

safety rendering and/or gives the worker a prescribed approach to executing an electrical

testing process, safely.

[ 63 There are no known methods which provide workers with a visualized real-time

situational awareness of electrical status parameters where there is no display instrumentation

during the process of testing and operating of switchgear equipment. The present invention is

intended to make the presence of electrical status not only perceivable to hitman operators,

but properly displayed relative to their spatial location. The present invention thus solves the

visualization problem as well as other shortcomings of the prior art.

[0064] As has been discussed, while the systems and methods of the present invention have a

particular value when applied to vessels and other mobile structures, they may also be applied

to stationary buildings and other structures as well. In stationary environments, GPS and G S

information are typically available and may be used by the operating system. The invention

is, however, of particular utility in shipboard or other mobile/dynamic environments in which

GPS information may be unreliable or unavailable. As has also been discussed, the present

invention also addresses the problem of dynamic changes in structure and relative positioning

such as are often encountered in large vessels. It will be understood that in some



embodiments, the invention may be usable in a setting in which the user is not inside a

stmcture and that the term "structural environment" may encompass exterior structural

settings.

It will be readily understood by those persons skilled in the art that the present

invention is susceptible to broad utility and appiication. Many embodiments and adaptations

of the present invention other than those herein described, as wel as many variations,

modifications and equivalent arrangements, will be apparent from or reasonably suggested by

the present invention and foregoing description thereof, without departing from the substance

or scope of the invention.



CLAIMS

What is claimed is:

1. A method for providing electrical system status information to a mobile interface device

user in a dynamic structural environment, the method comprising:

receiving on a central data processor from the mobile interface device over a

communication network a request for target area electrical system status

infonnation, the request including information usable by the central data

processor to determine the pose of the mobile in terface device relative to a

target area in the dynamic structural environment;

determining the pose of the mobile interface device relative to the target area;

obtaining target area electrical system status information for a target electrical system

at least partially disposed within the target area;

assembling augmented reality (AR) electrical system status information for

transmission to and display on the mobile interface device, the AR electrical

system status infonnation being assembled using the target area electrical

system status infonnation and being configured for viewing in conjunction

with a real-time view of the target area captured by the mobile interface

device: and

transmitting the AR electrical system status information to the mobile interface

device.

2. A method according to claim 1, wherein the mobile interface device is one of the set

consisting of a tablet computer, a smartphone, and a wearable heads- p display.

3. A method according to claim 1wherein the request for target environment information

includes a digital image of the target area captured by the mobile interface device.

4. A method according to claim 3 wherein the action of determining includes:

receiving mobile interface device locatio information fro a local positioning

system; and



using the location information and the digital image to determine the pose of the

mobile interface device.

5. A method according to claim 3 wherein the target electrical system includes at least one

system component disposed in the target area and viewable in the digital image and wherein

the action of obtaining target environment data includes:

receiving electrical parameter information for each of the at least one system

component from one or more monitoring devices associated with the target

electrical system.

6. A method according to claim 5 wherein the A electrical system status information

includes the electrical parameter information and is configured so that when viewed in

conjunction with the real-time view of the target area captured by the mobile interface device

the electrical parameter information for each of the at least one system component is

displayed adjacent said system component in the captured real-time view.

7. A method according to claim 5 wherein the electrical parameter information includes at

least one of the set consisting of energization status, a voltage value, and a current value.

8. A method according to claim 5 wherein the at least one system component is or includes a

circuit breaker buss.

9. A method according to claim 1 wherein the actions of determining, obtaining, assembling

and transmitting are periodically repeated.

0. An automated system for providing electrical system status information to mobile

interface device in a dynamic structural environment, the system comprising:

at least one mobile interface device configured for variable disposition within the

dynamic structural environment, capturing information about a target

environment within the structural environment, and transmitting the target area

information over a network;

a local positioning system in communication with the at least one mobile interface

device via the network and configured to provide information usable to



determine a mobile interface device pose, said mobile interface device pose

comprising a position and orientation of the mobile interface device relative to

the dynamic structural environment; and

a central processor comprising at least one data processing machine in communication

with the at least one mobile mterface device and the local positioning system

via the network, the central processor being configured for

receiving from a requesting one of the at least one mobile interface device a

request for target area electrical system information the request

including information usable to determine the pose of the requesting

mobile interface device relative to the target area;

determining the pose of the requesting mobile interface device relative to

the target area;

obtaining target area electrical status information for one or more

components of an electrical system at least partially disposed within

the target area;

assembling augmented reality (AR) electiical system status mformation for

transmission to and display on the requesting mobile interface

device, the AR electrical system status information being assembled

using the target area electrical status mformation and being

configured for viewing in conjunction with a real-time view of the

target area captured by the requesting mobile interface device; and

transmitting the AR electrical system status information to the requesting

mobile interface device.

. A system according to claim further comprising:

at least one electrical status network comprising one or more monitoring devices

associated with the electrical system at least partially disposed within the

target area, the monitoring devices being configured for determining an

electrical parameter status for one or more electrical system components. .



. A system according to claim 2 wherem the one or more monitoring devices include at

least one protective relay.
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