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IMAGING SYSTEM EMPLOYING FIXED, MODULAR MOBILE, AND PORTABLE
INFRARED CAMERAS WITH ABILITY TO RECEIVE, COMMUNICATE, AND

DISPLAY DATA AND IMAGES WITH PROXIMITY DETECTION

CROSS-REFERENCES

[0001] This application claims the benefit of U.S. Provisional Application No. 62/068,392, filed

October 24, 2014, and entitled "IMAGING SYSTEM EMPLOYING FIXED, MODULAR

MOBILE, AND PORTABLE INFRARED CAMERAS WITH ABILITY TO RECEIVE,

COMMUNICATE, AND DISPLAY DATA AND IMAGES WITH PROXIMITY

DETECTION," which is assigned to the assignee of the instant application, and which is hereby

incorporated by reference in its entirety.

BACKGROUND

[0002] Monitoring and analysis of equipment can be crucial for performing preventative

maintenance, troubleshooting problems, or providing service to equipment. However, routine

monitoring and analysis can be difficult due to a large number of pieces of equipment, remote

locations of equipment, inaccessibility if equipment, and the like. In some instances, equipment

may be located in a hard-to-reach area in which direct equipment observation may be

inconvenient or dangerous. For example, electrical or mechanical equipment may be operating

within an enclosure that is unsafe for a technician to open without shutting down the equipment,

which can be inefficient and costly. In other examples, equipment may be too dangerous for a

technician to approach and analyze during operation. In still further examples, equipment may

be located in a hazardous environment, which can limit access to the equipment by a technician.

Accordingly, in such systems, it can be inefficient, costly, and/or dangerous to perform analysis

or maintenance on equipment.

SUMMARY

[0003] Aspects of the disclosure are directed toward systems and methods for monitoring

equipment, such as equipment in a hard-to-reach or inaccessible area. In some embodiments,

systems include a tool positioned proximate an object under test. The tool can be configured to



generate data representative of one or more characteristics of the object under test. In various

embodiments, the tool can be configured to generate image data, measurement data, or a

combination thereof.

[0004] Exemplary systems can include a mobile device configured to receive a first set of data

associated with data generated by the tool. The first set of data can include location data

representative of the location of the tool and/or the object under test. In some examples, the first

set of data can also include a signal representative of one or more characteristics of the object

under test. The mobile device and tool can be configured such that, when the mobile device is

brought to within a predetermined proximity of the tool, the mobile device receives a second set

of data from the tool. The second set of data can include image data and/or measurement data

generated by the tool, or other data. Communication between the mobile device and the tool

permits a technician operating the mobile device to interface with the tool to analyze the object

under test without requiring the technician to access the object directly.

[0005] Some systems can include a control center configured to facilitate communication of data

to the mobile device. For example, in some embodiments, the tool is in communication with a

control station at a control center. The tool can communicate data to the control center such as

image data, measurement data, alarm data corresponding to a detected condition, and the like.

The control station can communicate with the mobile device to inform the technician of a status

of the object under test, such as a satisfied alarm condition. The data communicated from the

control station to the mobile device can be the same or different from the data communicated

from the tool to the control station.

[0006] In some examples, a control station can be in communication with a plurality of tools

located at a plurality of locations. The control station can receive location data from the tool in

addition to data representative of a characteristic of the associated object under test. In the event

that an object requires further analysis by a technician, the control station can communicate

information including the location information associated with that object. Thus, even in a

system including a plurality of objects at different locations, a technician can travel to the

location of the object requiring attention. Once at the location, the technician can communicate

with the tool associated with the object without requiring direct access to the object.



BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is an exemplary schematic diagram of a test and measurement tool comprising a

variety of components.

[0008] FIG. 2 shows an example block diagram of an imaging tool configured for receiving

electromagnetic radiation according to some exemplary systems.

[0009] FIG. 3 illustrates an exemplary arrangement of an imaging tool and a test and

measurement tool in accordance with some system embodiments.

[0010] FIG. 4 is a schematic diagram illustrating exemplary operation of a system.

[0011] FIG. 5 is another test and measurement tool configured to receive an imaging component.

[0012] FIG. 6 shows an exemplary system including a plurality of tools for monitoring a system.

[0013] FIG. 7 is a diagram illustrating operation of an exemplary system.

[0014] FIG. 8 is a schematic representation illustrating the use of an exemplary system according

to some embodiments.

[0015] FIG. 9 is an exemplary display showing combined image and measurement data.

[0016] FIGS. 10-12 illustrate exemplary systems used in different environments according to

some embodiments.

DETAILED DESCRIPTION

[0001] Embodiments of the invention generally relate to a test and measurement system

including at least one test and measurement tool and at least one imaging tool. The at least one

test and measurement tool can include the ability to measure or otherwise determine a

characteristic of an object under test. Exemplary test and measurement tools can include, but are

not limited to, digital multimeters, current measurement tools, power quality tools, vibration

tools, portable oscilloscope tools, laser alignment tools, ultrasonic test tools, insulation resistance

testers, multi-function electrical test tools, single-function electrical test tools, contact

temperature measurement tools, humidity measurement tools, air-flow measurement tools, air

temperature measurement tools, air quality and particulate measurement tools.



[0002] Various test and measurement tools can be configured to perform one or more primary

functions. In some examples, the primary function of a test and measurement tool can include

performing a primary measurement. For instance, a primary function of some current

measurement tools can include measuring an electrical current. It will be appreciated that a test

and measurement tool may have more than one primary function. For example, a digital

multimeter (DMM) may include several primary functions, such as measuring current, voltage,

and resistance, for example.

[0003] FIG. 1 is an exemplary schematic diagram of a test and measurement tool comprising a

variety of components. In the illustrated example, the test and measurement tool 100 may

include one or power supplies 130 for providing electrical power to any of a variety of system

components for performing a variety of tasks, such a performing one or more primary functions.

In some embodiments, the one or more power supplies 130 may include one or more batteries.

Additionally or alternatively, the test and measurement tool 100 may be capable of running on

AC power, e.g., from a standard wall receptacle. In some such embodiments, one or more

batteries of the test and measurement tool 100 may be charged while the tool 100 is operating on

or otherwise plugged into an AC power source. In some examples, the test and measurement

tool may additionally or alternatively be powered via a parasitic power supply, such as inductive

or direct in-line supplies proximate other powered devices.

[0004] The test and measurement tool may include one or more inputs 120 configured to

interface with an object under test for performing a measurement of a parameter thereof. In

various examples, the one or more inputs 120 may include any appropriate input for performing

a measurement of a parameter of a device under test. The one or more inputs 120 may provide a

signal indicative the parameter of the object under test to any combination of electronics 122 and

a processor 124 for further processing of the signal. In some examples, the test and measurement

tool 100 includes a memory 126 for storing information indicative of one or more parameters of

a device under test. In some embodiments, one or both of processor 124 and memory 126 may

be integrated into electronics 122.

[0005] In some embodiments, test and measurement tool 100 may include an interface 128 for

interacting with a user. In some examples, interface 128 may include one or more controls for

receiving user inputs. Controls may include, for example, buttons, switches, knobs, touch

screens, etc. In some embodiments, a user may initiate a measurement or other test and



measurement tool 100 function using controls. Additionally or alternatively, the interface may

include a display for communicating information to a user. For example, the display may

present a user with selectable options, such as various functions selectable by the user via

controls. Additionally or alternatively, the display may be configured to present the results of

one or more measurements performed by the test and measurement tool for observation by a

user. In some examples, a display is capable of presenting textual measurement information

(e.g., letters, numbers, etc.), but is not capable of displaying image information, such as

described elsewhere herein. Additionally or alternatively, in some embodiments, power supply

130 is not capable of supporting a continuous image display without severely depleting the

available power supply. Thus, in some examples, presentation of image data via interface 128

may be impossible or impractical.

[0006] In some examples, interface 128 may provide an interface with additional equipment.

For example, in some embodiments, interface 128 can provide a communication interface

between the test and measurement tool 100 and an imaging tool (e.g., 110) or an external device

(e.g., smartphone, tablet, etc.). In various embodiments, interface 128 can be used to export

received measurement data, such as from inputs 120, or a processed result, for example, from

processor 124.

[0007] In various embodiments, the imaging tool can be integrated into the test and measurement

tool, can be removably attached to the test and measurement tool, or can be separate from the test

and measurement tool. Imaging tools that are separate or separable from a test and measurement

tool can be in communication with the test and measurement tool, for example, as described in

U.S. Patent Application No. 14/855,884, filed September 16, 2015, and entitled "TEST AND

MEASUREMENT SYSTEM WITH REMOVABLE IMAGING TOOL," which is assigned to

the assignee of the instant application, and which is hereby incorporated by reference in its

entirety. An imaging tool can include one or more cameras, sensors, or other optical component

capable of receiving electromagnetic radiation and generating electrical signals representative of

the received radiation. Portions of the imaging tool may be sensitive to one or more wavelengths

or wavelength bands. For example, in some embodiments, the portions of the imaging tool can

be capable of detecting any combination of visible light (VL), near infrared (NIR), short-

wavelength infrared (SWIR), long-wavelength infrared (LWIR), terahertz (THz), ultraviolet

(UV), X-ray, or other wavelengths.



[0008] In various examples, the imaging tool can include one or more imaging devices capable

of generating image data of a particular range of wavelengths. In some examples, the one or

more imaging devices are configured to generate image data representative of at least partially

overlapping target scenes. The imaging tool can include one or more cameras (e.g., an infrared

(IR) camera and a VL camera) for capturing a plurality of images of substantially the same or

overlapping scenes.

[0009] Imaging tools can be used to acquire image data representative of a target scene. For

example, in some configurations, one or more imaging tools can be positioned to acquire image

data representative of the device under test by the test and measurement tool. FIG. 2 shows an

example block diagram of an imaging tool configured for receiving electromagnetic radiation

according to some exemplary systems. In the illustrated embodiment, imaging tool 210 includes

optics 240, a sensor array 242, electronics 244, one or more processors 246, memory units 248,

input/output devices 250, and a power supply 252.

[0010] The optics 240 can include optics for focusing, deflecting, and/or reflecting

electromagnetic radiation from a target object onto the sensor array 242. In some examples, the

sensor array 242 may include an infrared sensor array sensitive to infrared radiation. An imaging

tool including such an infrared sensor array may be used to make non-contact temperature

measurements.

[0011] In such embodiments, the infrared sensor array 242 can include one or more thermal

detectors such as microbolometers or thermopiles, or could be composed of photon detectors

such as photodiodes or phototransistors, or other thermal or photon detection device. In some

examples, an infrared sensor array may include a single detector, for instance, for determining a

spot temperature within a target scene. Alternatively, an infrared sensor array may comprise a

plurality of such detectors for acquiring at least one of a spot temperature (e.g., via an average

value of sensor array sensors) or a two-dimensional infrared image.

[0012] One of skill in the art will recognize that various sensor arrays (e.g. photon sensor arrays)

can be used, and can be used in combination with one or more infrared sensor arrays. In some

examples, the sensor array is fixed within the imaging tool 210 to provide a more durable device

having fewer moving and moveable parts. In various examples, the size and positioning of the

detector depends on the characteristics of the optical system (e.g., the relationship between optics

240 and sensor array 242). In some embodiments, the detector is generally circular having a



diameter of 0.5 mm to 2 mm. However detectors of any size and shape should be considered

within the scope of the invention. The detector produces a signal as a function of the radiation or

other scene data imaged thereupon. These signals can be processed by known methods to

indicate a temperature or other metric indicated via the received radiation.

[0013] A person of skill in the art will recognize that many materials and materials technologies

may be suitable for use in an infrared sensor array. In some examples, the infrared sensor array

242 responds to infrared radiation ranging from approximately 0.7 microns to approximately 20

microns and can have a peak sensitivity within this range. The electronics 244 receive the output

signals from the sensor array 242 and pass them to the processor 246 for analysis.

[0014] When an infrared sensor assembly is used, the processor 246 can be used to run infrared

thermometer applications including, but not limited to, deciding if the target object sufficiently

fills the field of view, and averaging output signals for a period of time to reduce the impact of

noisy measurements on the accuracy of the measured temperature. In the case of alternative

sensor arrays (e.g., sensitive to one or more of visible light, ultraviolet light, X-rays, etc.), the

processor 246 may be used to run corresponding imaging applications.

[0015] Memory 248 can include but is not limited to, RAM, ROM, and any combination of

volatile and non-volatile memory. A power supply 252 can include, but is not limited to, a

battery, a parasitic energy system (e.g., an inductive system), and components for directly

receiving AC power. The power supply 252 can provide power to the sensor array 242,

electronics 244, processor 246, memory 248, and/or input/output devices 250. An input/output

device 250 can include, but is not limited to, triggers to start and stop the image capture, visual

displays, speakers, and communication devices that operate through wired or wireless

communications .

[0016] For instance, in some examples, the input/output device 250 of the imaging tool 210 can

include a display capable of displaying an image produced from data conveyed or captured by

one or more sensor arrays 242. In some examples, the display can be further configured to show

other data, such as data from the test and measurement tool or other external sources. As

discussed elsewhere herein, in some embodiments, data can be communicated between the test

and measurement tool and the imaging tool such as described in U.S. Patent Application No.

14/855,884, which is incorporated by reference. In some embodiments, input/output device 250

may be capable of one or more of receiving measurement data from a measurement tool and



communicating at least one of image data or received measurement data to an external device,

such as a tablet, smartphone, computer, etc.

[0017] In some systems, communication between the imaging tool and the test and measurement

tool can include external devices or remote locations to facilitate measurement. Additionally or

alternatively, one or both of imaging tools and test and measurement tools can be adapted to

communicate with a user's external device, which may be otherwise not necessarily capable of

performing various imaging or other measurement functions. Accordingly, in some examples,

any combination of imaging tools and test and measurement tools can interface with an external

device as described in U.S. Patent Application No. 14/855,864, filed September 16, 2015, and

entitled "MOBILE DEVICE USED WITH ISOLATED TEST AND MEASUREMENT INPUT

BLOCK," which is assigned to the assignee of the instant application, and which is hereby

incorporated by reference in its entirety. Similarly, an imaging tool can include an input block or

input jack to permit functionality typically found in a test and measurement tool to be performed

by the imaging tool.

[0018] Accordingly, in some embodiments, the imaging tool can acquire image data (e.g., IR

image data) and communicate image data to the test and measurement tool. In some examples,

the image data communicated by the imaging tool to the test and measurement tool can include

raw image data for analysis. In other examples, the imaging tool can perform analysis on the

image data (e.g., perform radiometric calculations regarding IR image data), and transmit such

analyzed data in addition to or alternatively to the raw image data to the test and measurement

tool.

[0019] As described, in various systems, the test and measurement tool and imaging tool can be

coupled or separate from one another. In some examples, the imaging tool can be removably

attached to the test and measurement tool, such as described in U.S. Patent Application No.

14/855,884, which is incorporated by reference. FIG. 3 illustrates an exemplary arrangement of

an imaging tool and a test and measurement tool in accordance with some system embodiments.

The system of FIG. 3 includes a tool 300 in communication with a measurement accessory 348.

In the illustrated embodiment, tool 300 includes an interface 304 for receiving an interfacing

plug 350 of the measurement accessory 348. The tool 300 can receive a signal from the

measurement accessory 348 via the interface 304 and generate measurement data therefrom. For

example, in the illustrated embodiment, the test and measurement accessory 348 can be



configured to measure a current flowing through a conductor and communicate data to the tool

300 representative of the amount of measured current. Accordingly, tool 300 may include and/or

function as a test and measurement tool generating measurement data representative of at least

one parameter of a device under test. In some examples, the tool 300, the test and measurement

accessory 348 or the combination of the test and measurement accessory 348 and the tool 300

may be referred to as a test and measurement tools.

[0020] The tool 300 of FIG. 3 includes an IR imaging device 330 and a VL imaging device 332

for generating IR and VL image data representative of a target scene, respectively. Thus, tool

300 may similarly function as an imaging tool. IR and VL image data can be combined and

displayed in any number of ways, such as those described in U.S. Patent No. 7,535,002, entitled

"CAMERA WITH VISIBLE LIGHT AND INFRARED BLENDING," which is assigned to the

assignee of the instant application, and which is hereby incorporated by reference in its entirety.

Accordingly, the IR 330 and VL 332 imaging devices can acquire IR and VL image data,

respectively, of a target scene. The IR and VL image data can be combined or otherwise

displayed or analyzed by a user or a processing device. In some examples, the tool 300 includes

a processor for performing any combination of processing IR and VL image data, processing

measurement data from the measurement accessory 348, initiating one or more operations by one

or more of the VL imaging device 332, the IR imaging device 330, and the measurement

accessory 348 in response to received information, combining received data from any of such

tools, or any other processing functions.

[0021] The tool 300 of FIG. 3 includes an attachment mechanism 314 for permanently or

removably affixing the tool 300 to a surface. In some instances, a user can affix the tool 300 to a

surface or structure proximate equipment under test so that the equipment under tests is in the

field of view of the tool 300. The attachment mechanism 314 can include any appropriate

material or construction for affixing to a surface or structure, such as a hook and loop material, a

magnet, a snap, a clip, and the like. The attachment mechanism 314 can be secured to the tool

300 via a strap 316. In other embodiments, the attachment mechanism 314 can be attached

directly to the tool 300.

[0022] The illustrated system of FIG. 3 includes an external device 360, which can be in wired

or wireless communication with the tool 300. The external device 360 can include a smartphone,

tablet, or any other external device capable of performing any of receiving, processing, or



displaying data. In some examples, the tool 300 includes a button 340 for activating a wireless

interface of the tool 300. In some such examples, actuating button 340 enables wireless

communication between the tool 300 and an external device such as 340. In some embodiments,

the button 340 can enable wireless communication between the tool 300 and a test and

measurement tool, or a remote location, for example over a network. In some embodiments,

wireless communication between the tool 300 and an external device 360 need not be initiated by

button 340. For instance, in some examples, the tool 300 may be configured to communicate

with any appropriate external device within communication range. In some examples,

communication may be established automatically with an external device. In some such

example, communicating is established automatically with a device running appropriate software

(e.g., a smartphone or tablet application). In still further embodiments, communication may be

established from the external device.

[0023] The tool 300 of FIG. 3 includes a communication link 342 for communicating or

receiving data or other signals to or from other devices. For instance, in some examples, the tool

300 can interface with the external device 360 or other equipment via a wired connection to the

communication link 342. In various embodiments, communication link 342 may provide for

wired communication, wireless communication, or both.

[0024] The tool 300 can include a power input 344 for receiving power from a power source.

For instance, the power input 344 can be coupled to an external power supply, such as a wall

socket or other power supply. Additionally or alternatively, the tool 300 can include one or more

batteries for powering the tool 300 or can parasitically receive power from a powered proximate

device. In some examples, the power input 344 may provide electrical power to the imaging

tool, the test and measurement tool, or both.

[0025] During an exemplary operation of the embodiment of FIG. 3, the tool 300 can generate

measurement data regarding one or more parameters of equipment under test based on a received

signal from the measurement accessory 348 via interface 304. The tool 300 can capture image

data using one or both of the IR imaging device 330 or the VL imaging device 332. The tool 300

can process one or both of the image data and the measurement data to determine if any

thresholds have been met. In response to any number of a variety of met thresholds or other

predetermined conditions, the tool 300 can initiate one or more operations regarding one or both



of the imaging device(s) 330, 332 and the measurement accessory 348 such as those described

above.

[0026] In some examples, the tool 300 transmits data either wirelessly or via a wired connection

(e.g., communication link 342) to a separate device, such as the external device 360 or other

remote location. The separate device can analyze one or both of imaging data and measurement

data, and can communicate commands back to the tool 300 in response to one or more satisfied

thresholds or predetermined conditions. Additionally or alternatively, external device 360 can

receive any combination of measurement data, IR image data, and VL image data from the tool

300. Accordingly, in some examples, the external device 360 can display any combination of

such data, including measurement data (e.g., the amount of current flowing through a conductor),

a VL image of the target scene, an IR image of the target scene, a combination VL and IR image

of the target scene, and apparent temperature data of the target scene determined from the IR

image data. In general, any combination of available data can be displayed.

[0027] FIG. 4 is a schematic diagram illustrating exemplary operation of a system. In the

illustrated embodiment, a combination tool 470 includes a test and measurement tool 400 and an

imaging tool 410. In the illustrated configuration, test and measurement tool 400 is arranged to

interface with object 450 via communication 405 to generate measurement data representative of

at least one parameter of the object 450. Interfacing with object 450 via communication 405 can

comprise interfacing with the object 450 via a test and measurement accessory in communication

with the test and measurement tool 400. The imaging tool 410 is arranged such that object 450 is

in the field of view 418 of the imaging tool 410. Imaging tool 410 can be configured to generate

image data representative of the object 450. In an exemplary embodiment, imaging tool 410

includes an infrared sensor array and is configured to generate infrared image data representative

of the heat pattern of object 450.

[0028] The combination tool 470 includes a communication tool 420 in communication with a

display device 430 via communication link 425. Communication link 425 can include a wired

(e.g., fixed or detachable wired connection) or wireless connection. Display device 430 may

include an external device, such as a tablet, smartphone, computer, wearable device, or the like.

During operation, the communication tool 420 may receive at least one of image data from

imaging tool 410 and measurement data from test and measurement tool 400. Communication

tool 420 may communicate at least one of the received image data and measurement data to the



display device 430 for display. As described elsewhere herein, in some examples, data

communicated to display device 430 from communication tool 420 may already be processed

and suitable for display. In other examples, display device 430 may process the received data in

order to generate a display.

[0029] In some examples, imaging tool 410 is fixedly integrated along with the test and

measurement tool 400 to form the combination tool 470. In other examples, the imaging tool

410 may be separable from the test and measurement tool 400. In some such examples, imaging

tool 410 can communicate with at least one of the test and measurement tool 400 and the display

device 430 via its own communication tool (not shown). Similarly, test and measurement tool

400 may communicate information to at least one of a separable imaging tool 410 and display

device 430.

[0030] As described, the display device (e.g., 430) can receive image data (e.g., IR and VL

image data) and measurement data (e.g., a current measurement) and generate and present a

display including any or all of the received measurement and/or image data. For example, IR

and VL image data can be combined for display as in U.S. Patent No. 7,535,002, which is

incorporated by reference. Additionally or alternatively, image data and measurement data can

be combined as in U.S. Patent Publication No. US20140278259, corresponding to U.S. Patent

Application No. 14/214,600, filed March 14, 2014, and entitled "CAPTURE AND

ASSOCIATION OF MEASUREMENT DATA," which is assigned to the assignee of the

instance application, and which is hereby incorporated by reference in its entirety. The

combination of image data and measurement data can be displayed to present both image streams

to the user.

[0031] FIG. 5 shows a schematic diagram of a system including separated imaging tools and test

and measurement tools. In the system of FIG. 5, a test and measurement tool 500 is in

communication with interfacing devices 504, 506, 508 configured to generate measurement data

(e.g., power data) from conductors 524, 526, 528, respectively. In various embodiments,

interfacing devices 504, 506, 508 can be standalone devices (e.g., current clamps) in

communication with the test and measurement tool 500 and configured to provide measurement

data thereto via wired or wireless communication. In other embodiments, interfacing devices

504, 506, 508 can include built-in features of the test and measurement tool 500. For instance,

interfacing devices 504, 506, 508 can include inputs or leads directly coupled to the test and



measurement tool and arranged to perform one or more measurements related to conductors 524,

526, 528. In some examples, test and measurement tool 500 includes a single tool interfacing

with each of interfacing devices 504, 506, 508. Alternatively, while illustrated as a single tool,

test and measurement tool 500 can include a plurality of test and measurement tools each

interfacing with a corresponding interfacing device.

[0032] As shown, the test and measurement tool 500 is in communication with the imaging tool

502. In some embodiments, the imaging tool 502 is structurally separate from the test and

measurement tool 500, and communicates therewith by wired or wireless communication.

During operation, imaging tool 502 can detect image data of the target scene, including parts of

conductors 524, 526, 528. Image data can be analyzed by the imaging tool 502 or sent to the test

and measurement tool 500 for analysis. In some embodiments, in the event analysis of the image

data yields one or more predetermined outcomes, test and measurement tool 500 can initiate one

or more measurements using interfacing devices 504, 506, 508. For instance, the imaging tool

502 can detect IR image data indicative of a first alarm condition, which causes the test and

measurement tool 500 to perform a measurement of one or more parameters of conductors 524,

526, 528. In some examples, one or both of the imaging tool 502 and the test and measurement

tool 500 can be in communication with an external or mobile device (not shown), such as

described, for example, in U.S. Patent Application No. 14/855,989, filed September 16, 2015,

and entitled "DISPLAY OF IMAGES FROM A CAMERA EMBEDDED OR ATTACHED TO

A TEST AND MEASUREMENT TOOL," which is assigned to the assignee of the instant

application, and which is hereby incorporated by reference in its entirety. In such embodiments,

any or all of the analysis of the image data or the triggering of one or more measurements by the

test and measurement tool 500 can be performed by the external device. In some examples, any

of the devices can be in communication with a network for remote data communication or

storage. For instance, image data or measurement data can be stored together in a memory in

any of the imaging tool 502, the test and measurement tool 500, an external device, a remote

location, or the cloud.

[0033] FIG. 6 shows an exemplary system including a plurality of tools for monitoring a system.

In the illustrated example, tools 600, 610, and 620 are affixed to the door 654 of an electrical

cabinet 650 housing electrical equipment 652. The tools can be affixed to the door 654 by a

variety of methods, such as magnetically, via hook and loop fasteners, etc. (e.g., via attachment



mechanism 314 of FIG. 3). Tools 600, 610, and 620 are in communication with test and

measurement accessories 602, 604, and 604, respectively, which are configured to produce

signals representative of currents flowing through various pieces of electrical equipment 652.

Accordingly, each of tools 600, 610, and 620 are capable of generating measurement data

representative of the current flowing through portions of the electrical equipment 652.

Additionally, each of tools 600, 610, and 620 include imaging devices capable of generating

image data representative of a target scene. When the door 654 of the cabinet 650 is closed, the

tools 600, 610, and 620 can be arranged so that the target scene for each of the imaging devices

includes electrical equipment 652.

[0034] During operation, each of tools 600, 610, and 620 can monitor electrical characteristics of

(e.g., the current flowing through) various portions of the electrical equipment 652 and/or image

data (e.g., infrared image data) of the electrical equipment 652. In some embodiments, when one

or both of image data and measurement data meet one or more predetermined conditions, one or

more of tools 600, 610, and 620 can perform one or more corresponding actions, for example,

based on instructions stored in a memory accessible by a processor. Performing one or more

actions in response to one or more predetermined conditions can be performed, for example, as

described in U.S. Patent Application No. 14/856,046, filed September 16, 2015, and entitled

"INFRARED CAMERAS USED AS A METHOD TO TRIGGER OPERATION AND/OR

RECORDING OF TEST AND MEASUREMENT DEVICES," which is assigned to the assignee

of the instant application, and which is hereby incorporated by reference in its entirety.

[0035] In the illustrated embodiment, tools 600, 610, and 620 can be powered via power cables

630. In various examples, power cables 630 may be powered from a power source in or

proximate the cabinet 650, such as an outlet or the like. In other examples, power cables 630

may parasitically draw power from electrical equipment 652 within the cabinet. Tools 600, 610,

and 620 may be configured to communicate one or both of image data and measurement data to

an external device such as a smartphone, tablet, computer, or other device via wireless

communication 632. In some such embodiments, a user such as a system technician can receive

image and or measurement data regarding electrical equipment 652 from the tools 600, 610, and

620 without opening the electrical cabinet 650. Additionally or alternatively, communication

632 can be configured to communicate data over a network (e.g., the internet), for example, to a

remote facility.



[0036] In various examples, any one or more of a test and measurement tool, an imaging tool,

an external device, or equipment at a remote facility can include a display for displaying any

acquired data or other available parameters. One or both of the test and measurement tool and

the imaging tool can be configured to transmit any combination of data to the other device, to a

third device, or to a remote location (e.g., via a wired connection, wireless connection, or over a

network) for viewing and analysis by a user and/or a processor. In some examples, the remote

location can receive data from one or both of the imaging tool and the test and measurement tool

and can communicate command data to one or both of the imaging tool and the test and

measurement tool to initiate one or more operations to be performed. That is, any combination

of image data and measurement data can be communicated to and analyzed at a remote location.

Similarly, the remote location can command one or both of the imaging tool and the test and

measurement tool to perform one or more operations based on the received data (e.g., in response

to a met threshold). While FIG. 6 illustrates an exemplary system for monitoring components in

an electrical cabinet, other systems may be used to monitor equipment in different environments,

such as mechanical enclosures, intrinsically safe enclosures, hazardous areas, and the like.

[0037] In some examples, imaging tool and/or test and measurement tools can include a fastener

as described elsewhere herein for temporary or permanent affixing to a location. Exemplary

fasteners can include, for example, a magnet or a strap. Accordingly, the imaging tool can be

affixed proximate a piece of equipment under test or to be tested in order to acquire data

regarding the equipment via the imaging tool. The imaging tool can be affixed temporarily or

permanently inside or onto structures or components such as an electrical cabinet, transformer,

mechanical enclosure, or the like for the monitoring of associated or proximate equipment. In

some examples, the imaging tool can be affixed to a test and measurement tool, which may be

affixed proximate equipment under test. As described elsewhere herein, in some embodiments,

the imaging tool can be powered by components, either directly or parasitically, within an

enclosure or cabinet in which it is positioned. The imaging tool can be configured to function

independently, or in conjunction with one or more test and measurement tools or another

mobile/portable device. In general, imaging tools can be similar to those described in U.S.

Patent Application No. 14/855,884, which is incorporated by reference.

[0038] In some examples, the imaging tool can be affixed to a location via a movable attachment

mechanism, such as a gimbal, telescope, gooseneck, or other mechanism so that the imaging tool



can be pivoted, rotated, translated, or moved in any other way. Similarly, in some embodiments,

the imaging tool can be movably attached relative to a test and measurement tool. That is, in

some embodiments, one or more imaging tools may be attached to another object (e.g., a test and

measurement tool) such that the target scene of the imaging tool may be adjustable. Some such

mounting techniques are described in U.S. Patent Application No. 14,855/844, filed September

16, 2015, and entitled "METHOD OF ATTACHING CAMERA OR IMAGING SENSOR TO

TEST AND MEASUREMENT TOOLS," which is assigned to the assignee of the instant

application, and which is hereby incorporated by reference in its entirety.

[0039] In some examples, one or more imaging tools of a system can be in communication with

a control center configured to monitor operation or other parameters of a proximate piece of

equipment under test. Communication between the one or more imaging tools and the control

center can be wired or wireless. In various examples, the one or more imaging tools can provide

a live stream of data or images to the control center. Data can be any available data regarding

the equipment under test. Images can include a live video stream, or a series of images captured

with some fixed or variable time between them. In the event that an imaging tool can detect

infrared (IR) image data, the imaging tool can provide thermal information to the control center.

[0040] Additionally or alternatively, one or more test and measurement tools can be in

communication with the control center. The one or more test and measurement tools can be

separate from the one or more imaging tools or combined with imaging tools to form one or

more combination tools. The one or more test and measurement tools can be configured to

communicate measurement data representative of one or more parameters of an object under test

to the control center via wired or wireless communication. In some examples, image data from

the one or more imaging tools and measurement data from the one or more test and measurement

tools can be communicated to the control center via the same communication link.

[0041] In some embodiments, an imaging tool in communication with the control center can be

configured to provide alarm or other notification data to the control center based on detected

data. For example, in the event that the imaging tool is configured to detect infrared (IR) image

data, the imaging tool can provide an alarm to the control center based on detected thermal data

(e.g., a temperature threshold, temperature gradient threshold, or the like). In some

embodiments, the imaging tool can further provide location information regarding the location of

the imaging tool, the equipment under test that triggered the alarm, or both.



[0042] The control center can include a control station configured to receive image information

from imaging tool. In some examples, the control station can analyze one or both of

measurement data and image data (e.g., IR image data) and generate an alarm based on the

analysis. In some examples, the control center can provide signals or commands to one or both of

the test and measurement tool and the imaging tool. For example, the control station can prompt

one or both of an imaging tool and a test and measurement tool to acquire image data or

measurement data, respectively. In some embodiments, such prompting can be performed in

response to one or more detected predetermined conditions from one or both of an imaging tool

and a test and measurement tool, such as described in U.S. Patent Application No. 14/856,046,

which is incorporated by reference. In some examples, the control center can be capable of

adjusting the position of an imaging tool by actuating a movable attachment mechanism affixing

the imaging tool to a location. Additionally or alternatively, an imaging tool can include

movable optics such that repositioning the movable optics adjusts the target scene in the field of

view of the imaging tool. For instance, in an exemplary operation, the control station can signal

the imaging tool to move a certain number of degrees in a given direction (e.g., 10 degrees left)

in order to adjust the field of view of the imaging tool.

[0043] The control center can communicate any or all of the information received from an

imaging or test and measurement tool (e.g., image data, temperature data, measurement data,

alarm condition, location information etc.) or additional data (e.g., alarm triggered at control

center) over a network. In some examples, such data is communicated to a technician, such as to

a mobile device of the technician. In addition to the test and measurement tools referenced

above, Mobile devices can include smartphones, tablets, mini-tablets, smart watches, heads-up

devices, or capable glasses or personal protective equipment such as face shields, helmets, or

bump caps. Such devices can be capable of displaying information such as described in U.S.

Patent Application No. 14/855,989, which is incorporated by reference. In some embodiments,

the mobile device can itself be a test and measurement tool of the technician. Received data can

include any combination of data from an imaging tool, data from a test and measurement tool, or

additional data from the control center.

[0044] In some instances, data is automatically presented on a display of the mobile device to be

observed by a user. In other embodiments, the user is notified of data that is available for

viewing. The user can receive the data from the control center and take appropriate action based



on the received data. For example, in the event of an alarm condition, the technician can travel

to the site of the equipment under test and address the condition triggering the alarm and

investigate and address the alarm condition. In some embodiments, the imaging tool and/or the

test and measurement tool can be configured to communicate any or all available information

directly to the mobile device or test and measurement tool of the technician without requiring the

data to be first sent to the control center.

[0045] The technician can receive the alarm or other data from one or both of the imaging tool

and the test and measurement tool (or a combination tool capable of generating both image data

and measurement data), either via the control center or directly, and travel to the location of the

equipment under test to perform service. In some examples, one or both of the imaging tool or

the test and measurement tool monitoring the equipment under test and the technician's mobile

device can include a proximity sensor. In some such embodiments, the proximity sensor can

determine when the technician is within a predetermined proximity of the imaging or test and

measurement tool.

[0046] In some examples, proximity sensor can use any number of technologies to determine the

distance between the mobile device and the tool. For example, in some embodiments, equipment

under test (e.g., the equipment monitored by imaging tool and/or test and measurement tool)

includes associated position data. Known position data of the equipment can be combined with

data regarding the current position of the mobile device to determine the relative proximity of the

mobile device and the equipment. In various examples, the position of the mobile device can be

determined using triangulation (e.g., using WiFi or radio signals), GPS positioning, manual

location entry, and the like. In some examples, the position of the equipment can be determined

using similar methods in the event that the location of the equipment is not known from

predefined position data.

[0047] Communication between imaging tool or test and measurement tool monitoring the

equipment under test and a technician's mobile device can be initiated based on the proximity of

the mobile device to the equipment. For instance, in various embodiments, communication can

be initiated by proximity switches, communication and reading of RFID tags, transmitters, and

readers, or by manual means.

[0048] In some embodiments, the system can be configured such that, when the technician (e.g.,

the mobile device of the technician) is within the predetermined proximity of the imaging tool or



the test and measurement tool, the mobile device can receive and display live or recorded data

from the nearby imaging tool and/or test and measurement tool. Accordingly, the technician is

able to view or analyze (e.g., thermal image analysis) the equipment under test or portions

thereof without requiring a direct line of sight to the portion of the equipment being analyzed.

For instance, a user may be able to view or analyze internal parts of a larger piece of equipment,

or equipment within electrical or mechanical enclosures (e.g., electrical panel, mechanical

gearbox) that may be difficult and/or unsafe to view directly.

[0049] FIG. 7 is a schematic diagram showing exemplary communication between a tool, a

control center, and a technician device. In the illustrated embodiment, a tool 700 is configured to

interface with equipment under test 702 in order to generate data associated with equipment

under test 702. Tool 700 can include an imaging tool configured to generate image data

representative of the equipment under test 712, a test and measurement tool configured to

generate measurement data representative of at least one parameter of the equipment under test

702, or both.

[0050] The tool 700 is in communication with a control center 704 via wired and/or wireless

communication. As described elsewhere herein, the tool 700 can communicate data (e.g.,

measurement data, image data, alarm data, etc.) to the control center 704. For example, in some

embodiments, the tool 700 can stream live, real-time image and/or measurement data to the

control center 704 for monitoring. In other embodiments, tool 700 can provide periodic data

updates to the control center 704 based on a communication schedule. In still further

embodiments, the tool 700 can communicate data to the control center 704 based on data

generated by the tool 700 satisfying one or more predetermined conditions. For example, the

tool 700 can be capable of comparing the data to a threshold or otherwise processing the data to

determine whether or not the data satisfies one or more predetermined conditions. Based on the

satisfied conditions, the tool 700 can communicate with the control center 704. As described

elsewhere herein, the tool 700 can communicate the generated data (e.g., image data and/or

measurement data), other information representative of the generated data or of the satisfied

condition (e.g., text data), or a combination thereof.

[0051] As shown in the illustrated embodiment, communication between the tool 700 and the

control center 740 can be two-way communication. In some such embodiments, the control

center 704 can communicate with the tool 700. For example, the control center 704 can initiate



data capture and/or transmission by the tool 700. Additionally or alternatively, the control center

704 can provide instructions to the tool 700 for when to capture data, when to communicate data,

and what data to communicate. In some examples, control center 704 can be used to reposition

the tool 700 (e.g., an imaging tool) in order to adjust the equipment under test 702 and/or the

data generated by tool 700.

[0052] The control center 704 can be in communication with a mobile device 706 of a

technician. As described elsewhere herein, the control center 704 can communicate information

to the mobile device 706 based on data generated by tool 700. Information communicated to the

mobile device 706 from the control center 704 can include image and/or measurement data

generated by the tool 700 or alarm information generated by the tool 700 or by the control center

704 based on the image and/or measurement data satisfying at least one predetermined condition.

[0053] Upon receiving the information from the control center 704 via the mobile device 706,

the technician can travel to the equipment under test 702 to perform further inspection or

analysis. As described elsewhere herein, when the mobile device 706 satisfies a proximity

condition relative to the tool 700, the mobile device 760 can communicate with the tool 700.

When in communication with the mobile device 706, the tool 700 can transmit generated data

(e.g., image data and/or measurement data) to the mobile device 706 for display and/or analysis.

In some examples, the communication between the tool 700 and the mobile device is two-way

communication in which the mobile device is capable of sending information and/or commands

to the tool 700. For example, mobile device 706 can instruct tool 700 to capture data or, in the

case of an imaging tool, adjust the field of view. Thus, once alerted by the control center 704 via

mobile device 706, a technician can travel to the equipment under test 702 and communicate

with tool 700 in order to perform additional analysis or service.

[0054] In some embodiments, the tool is configured to communicate location or other

identification data to the control center 704 indicative of the tool and/or the equipment under test

communicating with the control center 704. The control center 704 can identify which tool is

communicating data thereto, and relay the identification information to the mobile device 706 so

that the technician knows which tool and/or equipment under test to travel to for further analysis.

For example, in the illustrated embodiment, tool 700 and equipment under test 702 are located at

a first location 720. Data communicated from tool 700 to control center 704 can include



identification information alerting the control center 704 that received data pertains to one or

both of tool 700 and equipment under test 702 at the first location 720.

[0055] The control center 704 can further be in communication with tool 710 located at a second

location 730 and configured to generate data associated with equipment under test 712.

Communication can be similar to that described above regarding tool 700 and equipment under

test 702. Data communicated from tool 710 to control center 704 can include identification

information alerting the control center 704 that received data pertains to one or both of tool 710

and equipment under test 712 at the first location 720.

[0056] The data received by the technician via the mobile device 706 can include identification

information regarding which tool (e.g., of 700 or 710) and/or equipment under test (e.g., of 702

or 712) is associated with received data. Accordingly, the technician knows which of the first

720 and second 730 location to travel to in order to provide additional analysis or service. In

general, a single control center 704 can be in communication with any number of tools

interfacing with any number of pieces of equipment under test at any number of locations.

Technicians may be responsible for serving a subset of locations having such tools, and

accordingly, data may be communicated from the control center 704 to the mobile device 706 of

the technician responsible for the equipment and/or location requiring additional analysis or

service.

[0057] FIG. 8 illustrates the use of an exemplary system according to some embodiments of the

invention. In the system of FIG. 8, a tool 800 is fixed within an electrical cabinet 810 configured

to generate data representative of electrical components 812 within the electrical cabinet 810. In

some examples, tool 800 can include a test and measurement tool configured to generate

measurement data representative of at least one parameter of the electrical components 812.

Additionally or alternatively, tool 800 can include an imaging tool configured to generate image

data representative of a target scene, for example, including the electrical components 812. That

is, in some embodiments, tool 800 can be similar to tool 300 of FIG. 3 or tools 600, 610, and 620

of FIG. 6, including test and measurement and imaging capabilities. Alternatively, tool 800 can

include both an imaging tool and a test and measurement tool that are not integrated into a single

tool. The tool 800 can be battery powered, powered by wired power within the electrical cabinet

810, powered by a parasitic power relationship with electrical components 812, or by any other



appropriate methods. In some examples, tool 800 can include or otherwise be in communication

with memory for storing acquired data.

[0058] In the illustrated embodiment, tool 800 is in communication with a control center 820 via

one or both of wireless communication 850 or wired communication 852. The control center can

include a control station 822, which can be controlled by a control center technician 824, operate

autonomously, or both. In some instances, the control station 822 can be used to receive data

(e.g., image data, measurement data, or both) from tool 800. The control station 822 can perform

any one or more of combining, displaying, and processing data received from the tool 800. As

shown, the control station 822 can include a display for displaying data from tool 800. In some

examples, the control station 822 can stream live or prerecorded data from tool 800. The control

station 822 can receive or generate an alarm condition based on the data generated from tool 800.

In various examples, an alarm condition can correspond to data generated by tool 800 (e.g.,

image data, measurement data, or both) meeting a predetermined requirement. In some

examples, in which the tool 800 can determine temperature information (e.g., an infrared

imaging tool or a contact temperature measurement tool), an alarm condition may include the

temperature of an object under test exceeding a predetermined threshold. Additionally or

alternatively, in some examples, an alarm condition can include electrical characteristics of

equipment under test (e.g., electrical components 812) meet a predetermined condition.

[0059] In some examples, tool 800 is programmed with alarm conditions based on data

generated by the tool. That is, an imaging tool configured to generate image data and/or a test

and measurement tool configured to generate measurement data can be programmed with image

and/or measurement alarm conditions, respectively. Accordingly, tool 800 may detect an alarm

condition without requiring data to be sent to the control center 820 for analysis. In some such

embodiments, tool 800 only communicates information to the control center 820 in the event of

an alarm condition.

[0060] For example, a tool including an infrared imaging tool may process infrared data and, in

the event that the infrared data satisfies predetermined condition (e.g., a temperature alarm), the

tool can communicate image data (e.g., a single image, an image stream, etc.) indicating the

condition to the control center 820. Similarly, a test and measurement tool may detect

measurement data indicative of at least one parameter of a device under test. In the event the

measurement data satisfies a predetermined condition, the test and measurement tool can



communicate measurement data to the control center (e.g., 820) indicative of the predetermined

condition. In such embodiments, the tool (e.g., 800) can communicate image and/or

measurement data as a one-time snapshot and need not continually transmit unnecessary data to

the control center 820.

[0061] In other examples, a tool detecting that data (e.g., measurement data and/or image data)

satisfies a predetermined condition signal the condition to the control center without expressly

communicating the data that satisfies the condition (e.g., the measurement and/or image data).

For instance, in some embodiments, the tool may communicate a text-based message to the

control center indicative of the predetermined condition. The text may describe the satisfied

condition and/or may include a code that corresponds to the satisfied condition. In such

embodiments, the tool can alert the control center of a satisfied predetermined condition while

reducing the amount of data used to send the alert. For example, in some cases, a text-based

alert that indicates overheating in an electrical cabinet based on IR image data requires

transmitting much less data the transmitting the image data itself.

[0062] In some embodiments, the control station 822 can communicate control or command data

to the tool 800. For instance, in various examples, the control station 822 can be used to control

the field of view of an imaging tool, such as via a zoom or repositioning function. For instance,

in some examples, an imaging tool may be attached to a test and measurement tool or other

portion of electrical cabinet 810 by a mechanism to facilitate the repositioning of an imaging

element of the imaging tool. Exemplary mechanisms are described in U.S. Patent Application

No. 14,855/844, which is incorporated by reference, and can include, for example, a gimbal or

other rotatable mount, a flexible gooseneck, a telescoping portion, and the like. In some

embodiments, such mechanisms can be controlled mechanically, e.g., via servomotors or the

like. Control station may communicate signals to cause such a mechanism to reposition an

imaging tool so as to adjust the field of view of the imaging tool. Additionally or alternatively,

the control station 822 may be used to acquire image data using an imaging tool and/or acquire

measurement data from a test and measurement tool.

[0063] The control station 822 can be configured to send data to an external device such as a

mobile device 840 of a technician 830, for example, via communication link 860. Mobile

devices can include any device suitable for receiving and displaying information. In some

examples, mobile device can include a test and measurement tool, a smartphone, a tablet, a



wearable smart device, a computer, or the like. In some embodiments, mobile devices may

function similar to the external devices described in U.S. Patent Application No. 14/855,989,

which is incorporated by reference. Communication link 860 can include wired or wireless

communication. In some examples, control station 822 communicates with mobile device 840

via a network such as the internet.

[0064] The technician 830 can receive data via the mobile device representative of data

generated by tool 800. For example, in some embodiments, tool 800 includes an imaging tool,

and the technician 830 receives image data via the mobile device 840. Additionally or

alternatively, the tool 800 can include a test and measurement tool, and the technician receives

measurement data via mobile device 840. In some embodiments, received data can include

location information indicative of the location of one or both of the tool 800 and the equipment

under test (e.g., electrical components 812). Thus, the technician 830 receiving the location

information can travel to the location of the equipment under test to perform service or further

analysis.

[0065] In some embodiments, one or both of the mobile device 840 and tool 800 can include a

proximity device such that, when the mobile device 840 (and therefore, the technician 830) is

within a predetermined proximity of the tool 800, the tool 800 can transmit data to the

technician's mobile device 840. For instance, in some embodiments, tool 800 includes an

imaging tool which can transmit image data of the electrical components 812 to the mobile

device 840 via wireless communication 870. Transmitted data can include live or previously

captured image data representative of the equipment under test. In various examples, the tool

includes an infrared imaging tool and the transmitted data can include thermal image data

representative of the heat pattern of the electrical components 812.

[0066] As discussed elsewhere herein, additionally or alternatively, the tool 800 can include a

test and measurement tool. In some such embodiments, transmitted data can include

measurement data representative of at least one parameter (e.g., an electrical parameter) of the

electrical components 812. In some embodiments, tool 800 includes both an imaging tool and a

test and measurement tool, and is capable of transmitting one or both of image data and

measurement data to mobile device 840.

[0067] The mobile device 840 can be configured to display the data received from the tool 800.

For instance, in various embodiments, the mobile device can receive one or both of image data



and measurement data from tool 800. Accordingly, in some such embodiments, the technician

830 can observe and analyze properties of the electrical components 812 without opening the

electrical cabinet 810, allowing for safe analysis without requiring a shutdown of the electrical

system. In some examples, the mobile device 840 can receive a notification that data from the

tool 800 is available for live or recorded viewing. In such an embodiment, the technician 830

can enable the live or recorded viewing of data via the mobile device 840.

[0068] Additionally or alternatively, the data communicated to the technician 830 provides

details useful in performing additional measurements. For example, the received data may

prompt the user to perform one or more tasks, such as measuring one or more electrical

properties of the electrical components 812 or performing an imaging task. In some examples,

the user may perform such a task via mobile device 840. That is, mobile device may include a

test and measurement tool capable of measuring at least one parameter of the electrical

components 812 and/or an imaging tool capable of generating image data representative of the

electrical components. In some embodiments, mobile device 840 can include an imaging tool

such as described in U.S. Patent Publication No. US20100163730, corresponding to U.S. Patent

Application No. 12/647,175, filed March December 24, 2009, and entitled "INFRARED

IMAGING PROBE," which is assigned to the assignee of the instant application, and which is

hereby incorporated by reference in its entirety, for imaging potentially dangerous electrical

components 812. Additionally or alternatively, the mobile device 840 can include a combination

imaging tool and test and measurement tool, such as described in U.S. Patent Application No.

14,855/844, which is incorporated by reference. In some embodiments, the combination tool can

include electrical isolation such as described in U.S. Provisional Patent Application No.

62/219,415, filed September 16, 2015, and entitled "SYSTEMS AND METHODS FOR

PLACING AN IMAGING TOOL IN A TEST AND MEASUREMENT TOOL," which is

assigned to the assignee of the instant application, and which is hereby incorporated by reference

in its entirety. In some embodiments, the mobile device can include a smartphone or tablet

capable of performing one or both of a measurement function and an imaging function, for

example, via an isolated input block such as those described in U.S. Patent Application No.

14/855,864, which is incorporated by reference.

[0069] In some embodiments, communication 870 can be two-way communication. In some

such embodiments, the mobile device 840 can be used by the technician 830 to control aspects of



the tool 800. For example, in the event that tool 800 includes an imaging tool, the technician 830

can use the mobile device 840 to adjust the position of the imaging tool in order to change the

field of view or to acquire image data. Additionally or alternatively, in the event that tool 800

includes a test and measurement tool, the technician 830 can use the mobile device 840 to view

or acquire measurement data from the test and measurement tool. The mobile device 840 can be

used to adjust or control other aspects of the tool 800 or the data received therefrom, such

controlling the capture of data or the way in which the received data is displayed.

[0070] Some systems can include a second tool 802 configured to operate in a way that is the

same as or similar to operation of the tool 800 described above. Similar to tool 800, the second

tool 802 can include an imaging tool, a test and measurement tool, or both. The second tool 802

can be positioned to as to generate similar or different data as tool 800. For example, if tools 800

and 802 each include imaging tools, imaging tool 802 may image data representative of a

different field of view than imaging tool 800. For example, imaging tool 802 can provide image

data representative of parts of the equipment under test not visible to imaging tool 800. If tools

800 and 802 each include a test and measurement tool, in various examples, test and

measurement tool 800 and test and measurement tool 802 may measure substantially the same

parameter or may measure different parameters.

[0071] As with tool 800, the second tool 802 can communicate data to one or both of the control

station 822 and the mobile device 840. In some embodiments, control station 822 and mobile

device 840 can provide a user interface by which a user, such as technicians 824, 830, can select

to view image data from either of tools 800, 802. In some examples, either one or both of the

control station 822 and the mobile device 840 can be configured to display data from both tools

800, 802 simultaneously. In some examples, tools (e.g., 800 and 802) have different

communication properties. For instance, in some embodiments, tool 800 is configured to

communicate data to the control center 820 while tool 802 is configured to communicate data to

a technician's mobile device 840. In general, such systems can include any number of tools such

as 800, 802 in communication with or able to communicate with one or both of the control

station 822 and a mobile device 840. In some examples, mobile device 840 can communicate

with any number of such tools when within a predetermined proximity of any such tools. In

some embodiments, a user (e.g., technician 830) selects which tool or tools from which to view



data. The user may select the appropriate tool based on identification or other information

communicated from a tool to the control center 820.

[0072] Descriptions of the mobile device 840 of FIG. 8 can apply similarly to any appropriate

portable device, such as test and measurement tools, smartphones, tablets, computers, and the

like. Systems such as that illustrated in FIG. 8 allow for improvements in the process of

receiving notification of and addressing issues of equipment under test. For instance, the

communication of data from the tool to the mobile device of the technician allows for simplified

human resources management related to maintenance and inspection. The wireless

communication between the tool and the mobile device when the technician is within a

predetermined proximity of the imaging tool can provide for improved safety and reliability of

performed maintenance and inspection.

[0073] As described, in some examples, a tool (e.g., tool 800 in FIG. 8) or combination of tools

can communicate measurement data and/or image data to a display (e.g., in one or both of a

control station and a mobile device). In some examples, both image data and measurement data

can be processed to generate a display comprising both the image data and the measurement data

for presentation to a user such as is shown in FIG. 9 . FIG. 9 is an exemplary display showing

combined image and measurement data. In the illustrated example, the display 900 includes

measurement data 902 comprising a measurement of current flowing through three conductors

and a measured voltage. In some examples, measurement data 902 may be acquired from a

single test and measurement tool capable of measuring both current and voltage. In other

examples, measurement data 902 comprising both voltage and current data may be acquired from

a plurality of test and measurement tools, such as a volt meter and an ammeter or other current

measuring device.

[0074] In still further embodiments, known information regarding the object under test may be

used to supplement measurement data. For instance, if the resistance values of the conductors of

FIG. 9 are known, voltage or current measurements may be used to calculate the other. In some

such examples, supplementary information such as resistance values may be stored in memory or

input by a user via a user interface, for example in response to a prompt.

[0075] In the illustrated embodiment, image data presented on the display includes infrared

image data representative of the thermal pattern across the scene. In the illustrated example, the

display 900 includes temperature information 912 representative of the temperature of a selected



spot 914 on the display. In some examples, a user may adjust the location of spot 914 for

displaying a temperature of an area of interest. The display 900 includes a temperature scale 916

that associates colors within a palettized IR image to corresponding temperature values. Any

appropriate palettization scheme may be used, such as grayscale, red-blue, ironbow, amber, and

others. The temperature scale 916 may be used to provide an indication to a viewer of the

temperature of various points in the scene without requiring the placing of spot 914 over each

point.

[0076] In some embodiments, other data 918 can be included in the display. Such data can

include supplementary information for the image data (e.g., an emissivity value) or the

measurement data. Other information that can be displayed include battery life information 920

or information data received from one or more other devices (e.g., test and measurement tools,

imaging tools, etc.) or a network such as the internet. In various examples, such data can include

information from specifications, FAQs, operating instructions, and the like.

[0077] In various embodiments, at least one of the location and content of displayed data is

predetermined based on which devices are in communication. For instance, in one example, any

acquired data (e.g., at least one parameter from the test and measurement tool, image data from

the imaging tool, etc.) can be displayed on the test and measurement tool by default. In another

example, any acquired data is automatically displayed on an external device such as the mobile

device of a technician if one is in communication with at least one of the test and measurement

tool or the imaging tool. In some embodiments, a user can define what information is displayed

on which devices. In some such embodiments, the user can make a selection via a user interface

on any of the test and measurement tool, the imaging tool, or an external device regarding the

type and location of displayed data using any of the available devices in communication with the

system (e.g., test and measurement tool, imaging tool, external device, etc.).

[0078] While the illustrated examples of FIGS. 8 and 9 illustrate systems generally comprising

electrical equipment under test, it will be appreciated that systems described in the disclosure can

be applied to a variety of environments. FIGS. 10-12 illustrate exemplary systems used in

different environments according to some embodiments.

[0079] The environment of FIG. 10 includes a mechanical enclosure 1010 (e.g., a gearbox)

enclosing mechanical components 1012 (e.g., gears). Tools 1000 and 1002 are disposed within



the mechanical enclosure 1010 and are configured to generate data associated with mechanical

components 1012. In some examples, the one or more tools comprise an imaging tool

configured to generate image data (e.g., IR image data) representative of the mechanical

components 1012. Additionally or alternatively, one or more tools can comprise a test and

measurement tool configured to generate measurement data. In some embodiments, a test and

measurement tool is capable of generating mechanical measurement data, such as vibration data,

alignment data, torque data, rotational velocity data, and the like. For instance, in some

examples, tool(s) 1000, 1002 can include tools such as described in U.S. Patent Application No.

62/245,351, filed October 23, 2015, and entitled "USE OF INFRARED CAMREA AND

VIBRATION ANALYSIS," which is assigned to the assignee of the instant application and is

hereby incorporated by references in its entirety.

[0080] In some embodiments, multiple tools (e.g., 1000, 1002) are configured to perform

different measurements. For example, in some embodiments, a system can include a first tool

1000 configured to generate measurement data representative of a first parameter of mechanical

components 1012 within the mechanical enclosure 1010. A second tool 1002 can be configured

to generate measurement data representative of a second parameter of mechanical components

1012 within the enclosure 1010. The first and second parameters can include different

parameters (e.g., velocity and vibration), or the same parameter for multiple components (e.g.,

vibration of a first component and a second component). Additionally or alternatively, one or

both of tools 1000 and 1002 can be configured to generate image data representative of one or

more components 1012. For example, in some embodiments, the first tool 1000 can generate

measurement data representative of a component while the second tool 1002 can generate image

data representative of the same component. In another example, each tool (1000, 1002) can be

configured to perform different measurements (e.g., a vibration measurement and a velocity

measurement) of the same or different components 1012. Tools 1000, 1002 can be configured to

acquire image data representative of the component or part of the component associated with the

measurement data.

[0081] Tools 1000, 1002 can be in wired or wireless communication with a control station 1022

at a control center 1020. Data communicated from tools 1000, 1002 to the control station 1022

can be similar to that described elsewhere here. For example, data can include image data,

measurement (e.g., mechanical) data, alarm data, location information, and the like. Also as



described elsewhere herein, the control station 1022 can communicate data to the mobile device

1040 of a technician 1030 (e.g., alarm data, image data, measurement data, location information

or combinations thereof). The technician 1030 can travel to the location of the mechanical

enclosure 1010. When the mobile device 1040 is within a certain distance of one or both of tools

1000, 1002, tools can communicate data to the mobile device 1040. The technician 1030 can

utilize the data communicated from the tool(s) 1000, 10002 to the mobile device in order to

analyze the mechanical components 1012 or the operation thereof. In some examples,

communication between the mobile device 1040 and tool(s) 1000, 1002 is bidirectional so that

the technician 1030 can control operation of the tool(s) 1000, 1002 via the mobile device 1040 to

assist in analysis.

[0082] The environment of FIG. 11 includes an open environment comprising potentially unsafe

conditions. The exemplary environment includes a network 1110 of coupled pipes and valves,

possibly carrying a hazardous substance or otherwise located in a potentially hazardous

environment. Tools 1100, 1102 are configured to monitor one or more parameters associated

with the network 1110. For example, test tools can include imaging tools (e.g., IR imaging

tools), test and measurement tools capable of detecting properties of the network 1110 (e.g.,

alignment tools, gas or particulate detection tools, vibration detection tools, etc.). In some

embodiments, one or both of tools 1100, 1102 can include accessories for determining various

parameters of the network 1110. For example, in some embodiments, a tool (e.g., 1100, 1102)

can include a light source for emitting light toward network 1 1 10. In some such embodiments, a

tool can perform a gas detection analysis such as described in U.S. Patent Application No.

14/310,914, filed June 20, 2014, and entitled "LASER ILLUMINATED GAS IMAGING,"

which is assigned to the assignee of the instant application, and which is hereby incorporated by

reference in its entirety.

[0083] In various configurations, tools can acquire and/or analyze data in order to detect various

properties of the network 1110, such as a misaligned connection or a leak of the substance

flowing through the network. As described elsewhere herein, tool(s) 1100, 1102 can

communicate data (e.g., measurement data, image data, alarm data, position information, etc.) to

a control station 1122 at a control center 1120. For example, a tool (e.g., 1100) can be

configured to detect a gas leak from network 1110 and alert the control station of a potential

leak. The control station 1122 can communicate corresponding information to the mobile device



1140 of a technician 1130, who can travel to the site to perform further inspection or analysis or

provide service to address any detected problems.

[0084] In some examples, when the mobile device 1140 is within a predetermined proximity of

the tool (e.g., 1100, 1102), communication between the tool and the mobile device can be

initiated. Communication can include one or more of the tool communicating generated data to

the mobile device and the mobile device being capable of controlling operation of the tool. Thus,

in some examples, the technician 1130 can perform analysis of the network 1110 a safe distance

from any potentially hazardous substance leaks. The technician 1130 can perform necessary

repairs or other service with the assistance of data communicated to the mobile device 1140 from

the tool(s) 1100, 1102.

[0085] In some examples, network 1110 can be within a bounded hazardous volume, such as a

volume determined to be hazardous due to the presence of harmful substances. In some such

examples, the bounded volume does not necessarily include a physical boundary, such as an

enclosure. The volume may be hazardous from a human health perspective (e.g., potentially

toxic substances, lack of breathable air, etc.) and/or may be hazardous for operating electronic

devices lacking proper safety precautions. For example, in some embodiments, the bounded

hazardous volume may include or potentially include (e.g., in the instance of a failure or other

abnormal condition) an explosive atmosphere in which electrical equipment lacking in the proper

safety protocols could trigger an explosion. The volume may be considered an intrinsically safe

environment, in which case electronic equipment within the volume meets required safety

standards. In some such embodiments, tools 1100, 1102 can comprise intrinsically safe tools

configured to operate safely within the environment. For example, tools 1100, 1102 can be

configured to operate without exceeding certain temperatures or emitting electrical arcs that

could trigger ignition in an explosive atmosphere. Additional or alternative measures may be

taken to ensure that tools 1100, 1102 are intrinsically safe within the environment of the

hazardous volume.

[0086] The technician 1130 and mobile device 1140 may communicate with and/or operate

tools 1100, 1102 safely from outside the hazardous volume. Thus, the mobile device 1140 can

provide an interface for the technician 1130 to interact with tools 1100, 1102 without requiring

the mobile device 1140 to necessarily meet intrinsic safety requirements for the hazardous



volume. In some such embodiments, the predetermined proximity within which the mobile

device can communicate with tools 1100, 1102 is based on the size of the hazardous volume

and/or is at such that the mobile device 1140 can communicate with tools 1100, 1102 without

entering the hazardous volume.

[0087] The environment of FIG. 12 includes an enclosure 1210 (e.g., an intrinsically safe

enclosure) including internal components 1212. A tool 1200 (e.g., an imaging tool, a test and

measurement tool, or a combination thereof) can be affixed permanently or temporarily to the

interior of the enclosure 1210 for generating data associated with components 1212. As

described elsewhere herein, tool 1200 can generate data (e.g., measurement data, image data,

alarm data, position information, etc.) associated with the components 1212 in the enclosure

1210. The tool 1200 can communicate information to a control station 1222 at a control center

1220 based on the generated data, including a live stream of the data itself, a snapshot of the

data, or other information indicative of the data (e.g., text-based information or alerts).

[0088] The control station can communicate such information to a technician 1230 via the

technician's mobile device 1240. The technician 1230 can travel to the location of the enclosure

1210 to perform further analysis on the components 1212. In some examples, the mobile device

1240 communicates with the tool 1200 once the mobile device 1240 is within a certain proximity

of the tool 1200. Thus, the technician 1230 can safely perform analysis of the components 1212

without requiring the opening of enclosure 1210, which may be providing a safety measure

between the interior and exterior of the enclosure 1210.

[0089] As described with respect to FIG. 11, in some examples, tool 1200 can be an intrinsically

safe tool capable of safely operating within a hazardous environment. For example, tool 1200

can be configured to not exceed a certain temperature and/or to not emit electrical arcs that could

interact with the environment of the enclosure 1210. Thus, even if the interior of enclosure 1210

comprises a dangerous (e.g., explosive) atmosphere or environment, a technician 1230 can

interface with intrinsically safe tool 1200 via mobile device 1240 without necessarily requiring

the mobile device 1240 meet intrinsic safety requirements.

[0090] During operation of an exemplary system, an imaging tool fixed permanently or

temporarily proximate a piece of equipment under test such that the equipment under test is in

the field of view of the imaging tool. The imaging tool is configured to output data including at



least one of image data, alarm notification data, and temperature data. Image data can include a

live stream of images, a series of images taken at predetermined intervals, of image data captured

in response to a request for image data. In some examples, imaging tool comprises an infrared

imaging tool. In some such embodiments, the imaging tool is configured to compare detected

infrared radiation patterns to predetermined alarm conditions and, in the event the detected

infrared radiation meets one or more predetermined alarm conditions, outputting alarm data. The

infrared imaging tool may additionally or alternatively determine and output temperature data.

[0091] The data from the imaging tool can be communicated to a control center, for example, via

a wired or wireless communication link. The control center can analyze the received data from

the imaging tool. In some examples, the control center can analyze the received data to detect

alarm conditions in the received image data. In the event of an alarm condition (detected and

communicated by the imaging tool or detected by the control center), the control center can alert

a technician of the alarm condition. For example, the control center may communicate alarm

information and/or image data to a mobile device of the technician, such as a smartphone, tablet,

computer, test and measurement tool, or the like. Additionally or alternatively, the imaging tool

may transmit data directly to the mobile device of the technician.

[0092] The information received by the technician can further include location data indicative of

the location of the equipment under test. Such location data can include an address, GPS

coordinates, a location name, a facility name or number from a list of facilities, or any other

identifying information. In some examples, location information additionally or alternatively

identifies the equipment by name, number, location, and the like. Thus, a technician receiving

image data and location data is able to identify and travel to the equipment under test to perform

further analysis.

[0093] Once the mobile device of the technician comes within a certain distance of the imaging

tool, the imaging tool can transmit data directly to the mobile device for observation by the user.

The data transmitted to the proximate user may be the same or different than the data transmitted

to the control center. For example, in some embodiments, a user may receive an alarm signal

from one or both of the imaging tool and the control center, and travel to the location of the

equipment under test for inspection. The imaging tool could subsequently transmit image data to

the technician's mobile device once it is within a predetermined proximity of the imaging tool.



In another example, the technician can receive image data from the imaging tool or control

center and, once within a predetermined proximity of the imaging tool, receive additional

information, such as measurement data from a test and measurement tool.

[0094] While the exemplary embodiment used an imaging tool to initially monitor equipment

under test and transmit data to one or both of a control center and a mobile device based on

received image data, it will be appreciated that similar system operation can be based on other

data. For example, a test and measurement tool may transmit measurement data and/or alarm

conditions based on measurement data to the mobile device of a technician, either directly or via

a control center. In some embodiments, both measurement data and image data may be

transmitted, or may be used to generate an alarm signal. Once within a predetermined range of

one or more tools monitoring the equipment under test, the user may receive any data (e.g.,

measurement data, image data, etc.) from the one or more tools. In some examples, the user may

request or select which data is received by the mobile device. Additionally or alternatively, the

technician may perform one or more additional tasks, such as a measurement task using a test

and measurement tool or an imaging task using an imaging tool. In some examples, the

technician can perform such tasks using the mobile device or a separate device.

[0095] Various embodiments have been described. Such examples are non-limiting, and do not

define or limit the scope of the invention in any way. Rather, these and other examples are within

the scope of the following claims.



CLAIMS

1. A system including:

an tool positioned proximate an object under test and configured to generate data representative

of one or more characteristics of the object under test; and

a mobile device configured to receive a first set of data associated with data generated by the

tool, the first set of data including at least location data representative of the location of

the tool and/or the object under test and one other signal representative of one or more

characteristics of the object under test; wherein

when the mobile device is brought to within a predetermined proximity of the tool, the mobile

device receives a second set of data from the tool.

2 . The system of claim 1, wherein the tool is positioned within one of: an electrical cabinet,

a mechanical cabinet, or an intrinsically safe environment.

3 . The system of claim 1, wherein the mobile device comprises at least one of a smartphone,

tablet, mini-tablet, PC, or wearable smart device.

4 . The system of claim 1, wherein the mobile device includes a test and measurement tool.

5 . The system of claim 1, wherein the tool comprises an imaging tool having a first field of

view such that the imaging tool generates image data representative of one or more

characteristics of the object under test, and wherein the second set of data comprises at

least one of live or previously captured image data representative of the object under test.

6 . The system of claim 5, further comprising a control station in communication with the

imaging tool and the mobile device, and wherein the control station is configured to

receive alert data from the imaging tool and to communicate the first set of data to the

mobile device based on the alert data received from the imaging tool.

7 . The system of claim 6, wherein the alert data received by the control station is the same

data as the first set of data communicated to the mobile device.



8. The system of claim 6, wherein the imaging tool is configured to communicate alert data

to the control station in the event that the image data satisfies a predetermined condition.

9 . The system of claim 8, wherein the imaging tool includes an infrared (IR) camera, the

alert data comprises at least one of a temperature reading or a temperature alarm, and the

predetermined condition comprises a temperature meeting a threshold.

10. The system of claim 5, wherein

the imaging tool comprises a first imaging tool and the object under test comprises first object

under test, wherein the first imaging tool and the first object under test are located at a

first location; and further comprising

a second imaging tool positioned proximate second object under test located at a second location

and having a field of view such that the second imaging tool generates data representative

of one or more characteristics of the second object under test; and wherein

the mobile device is configured to receive a third set of data associated with data generated by

the second imaging tool, the third set of data including at least location data

representative of the second location and one other signal representative of one or more

characteristics of the second object under test; and

when the mobile device is brought to within a predetermined proximity of the second imaging

tool, the mobile device receives a fourth set of data from the second imaging tool, the

fourth set of data including at least one of live or previously captured image data

representative of the second object under test.

11. The system of claim 1, wherein when the mobile device is brought to within a

predetermined proximity of the imaging tool, the mobile device receives a notification

from the imaging tool that data is available for viewing.

12. The system of claim 11, wherein the mobile device enables viewing of image data from

the imaging tool in response to the received notification.



13. A system for monitoring the operation of at least one object comprising:

a tool configured to generate a first set of data representative of an object, the first set of data

including identification data identifying the object and object data representative of at

least one property of the object;

a control station in communication with the tool and configured to receive the first set of data

from the tool; and

a mobile device in communication with the control station; wherein

in the event that the object data corresponding to the object meets a predetermined condition, the

control station communicates a second set of data to the mobile device, the second set of

data including identification data identifying the objet for which the corresponding object

data satisfies the predetermined condition; and

when the mobile device is within a predetermined proximity of the tool, the tool communicates a

third set of data to the mobile device.

14. The system of claim 13, wherein the tool comprises an imaging tool capable of

generating image data representative of a corresponding object such that the first set of

data comprises image data, and wherein the third set of data communicated from the tool

to the mobile device comprises a live video or a still image of the object.

15. The system of claim 14, wherein the tool comprises an infrared (IR) imaging tool, and

wherein the object data representative of at one property of the object comprises

temperature information associated with the temperature of the object.

16. The system of claim 14, wherein the tool further comprises a test and measurement tool

configured to generate measurement data representative of at least one parameter of the

object such that the first set of data comprises measurement data, and the object data

representative of at least one property of the object is based on measurement data from

the first tool.

17. The system of claim 16, wherein the tool is configured to process the first set of data to

determine if the first set of data satisfies a predetermined condition, and, in the event that



the first set of data satisfies at least one predetermined condition the object data

comprises alarm data communicated from the tool to the control station.

18. The system of claim 16, wherein the second set of data communicated from the control

station to the mobile device comprises image data, measurement data, or alarm data.

19. The system of claim 13, wherein the tool comprises a first tool and the object comprises a

first object, and further comprising:

a second tool configured to generate a fourth set of data representative of a second object, the

fourth set of data including identification data identifying the second object and object

data representative of at least one property of the second object; wherein

the control station is in communication with the second tool;

in the event that the object data corresponding to the second object meets a predetermined

condition, the control station communicates a fifth set of data to the mobile device, the

fifth set of data including identification data identifying the second objet; and

when the mobile device is within a predetermined proximity of the second tool, the second tool

communicates a sixth set of data to the mobile device.

20. The system of claim 13, wherein the tool and the object are located within an enclosure.

2 1. The system of claim 20, wherein the enclosure is an electrical cabinet, and wherein the

tool comprises a test and measurement tool configured to generate measurement data

representative of an electrical property of the object.

22. The system of claim 20, wherein the object comprises mechanical equipment located

within the enclosure, and wherein the tool comprises a test and measurement tool

configured to generate measurement data representative of a mechanical property of the

object.



23. The system of claim 20, wherein the enclosure defines an intrinsically safe volume, and

wherein the tool comprises an intrinsically safe tool configured to operate safely within

the volume.

24. The system of claim 13, wherein when the mobile device is within a predetermined

proximity of the tool, the mobile device is capable of controlling the tool.

25. The system of claim 24, wherein the tool comprises an imaging tool, and wherein, when

the mobile device is within a predetermined proximity of the tool, the mobile device is

capable of adjusting the field of view of the imaging tool.

26. The system of claim 13, wherein the mobile device comprises a test and measurement

tool.

27. The system of claim 13, wherein the tool comprises a visible light (VL) imaging tool.

28. The system of claim 13, wherein the tool and the object are located in a hazardous

volume, and wherein the tool comprises an intrinsically safe tool configured to safely

operate within the hazardous volume.

29. The system of claim 28, wherein the hazardous volume comprises an explosive

atmosphere.

30. A method for monitoring equipment at a remote facility comprising:

generating, with a first tool, a first set of data representative of at least one parameter of an object

under test, the object under test being located at a first location;

communicating the first set of data to a remote facility;

communicating a second set of data from the remote facility to a mobile device, the second set of

data being based on the first set of data; and

in the event that the mobile device comes within a predetermined proximity of the first tool,

communicating a third set of data from the first tool to the mobile device.



31. The method of claim 30, wherein the first tool comprises an infrared (IR) imaging tool

configured to:

generate IR image data of the object under test; and

compare the IR image data to one or more predetermined conditions; wherein

if the IR image data satisfies one or more predetermined condition, the generated first set of data

comprises information representative of the one or more satisfied predetermined

conditions.

32. The method of claim 31, wherein the third set of data comprises IR image data.

33. The method of claim 30, wherein communicating the third set of data from the first tool

to the mobile device comprises receiving, via the mobile device, an indication that the

third set of data is available from the first tool and accessing the available third set of

data.

34. The method of claim 30, wherein the first set of data communicated to the remote facility

comprises text-based data indicative of the at least one parameter of the object under test.



























A . CLASSIFICATION O F SUBJECT MATTER
INV. H04M1/725 H04Q9/00
ADD.

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

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H04M H04Q G05B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO B E RELEVANT

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

US 2009/097502 Al (YAMAM0T0 SHUJI [ P] ) 1-3 , 13 ,
16 Apri l 2009 (2009-04-16) 28-30
c b s c c 4-12 ,
paragraphs [0007] , [0062] - [0069] , 14-27 ,
[0079] , [0082] , [0092] , [0099] , [0103] 31-33
f i gures 1-4

US 2011/112701 Al (JOHNSON DEREK MALL0UGH 1-33
[US] ET AL) 12 May 2011 (2011-05-12)
abstract
paragraphs [0038] - [0044] , [0050] ,
[0051] , [0070] , [0095] , [0096] ,
[0099] , [0109] , [0112]

-/-

X| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

29 January 2016 09/02/2016

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Pohl , Marti n



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 2014/266765 Al (NEELEY JOHN [US] ET AL) 4-12 ,
18 September 2014 (2014-09-18) 14-27 ,

31-33
c b s c c
paragraphs [0018] - [0026] , [0033] ,
[0037] - [0040] , [0043] - [0046] , [0052]
- [0054] , [0056] , [0057] , [0059]
f i gures 1-6

A Fl uke Corporati on : "Measuri ng from a safe 1-33
di stance usi ng the Fl uke Connect(TM) app" ,

12 May 2014 (2014-05-12) , XP054976318,
Retri eved from the Internet:
URL: https : //www. youtube. com/watch? =k 4FHi
pulk8
[retri eved on 2016-01-22]
the whol e document



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009097502 Al 16-04-2009 P 2006318148 A 24·-11 -2006
us 2009097502 Al 16·-04 -2009
o 2006121114 Al 16·-11 -2006

US 2011112701 Al 12-05-2011 NONE

US 2014266765 Al 18-09-2014 EP 2972976 Al 20·-01 -2016
EP 2973071 A2 20·-01 -2016
EP 2973108 Al 20·-01 -2016
EP 2973111 Al 20·-01 -2016
EP 2973486 Al 20·-01 -2016
EP 2974266 Al 20·-01 -2016
US 2014266765 Al 18·-09 -2014
US 2014267296 Al 18·-09 -2014
US 2014267765 Al 18·-09 -2014
US 2014270546 Al 18·-09 -2014
US 2014278259 Al 18·-09 -2014
US 2014279443 Al 18·-09 -2014
O 2014144948 Al 18·-09 -2014

WO 2014145153 A2 18·-09 -2014
WO 2014145163 Al 18·-09 -2014
WO 2014145167 Al 18·-09 -2014
WO 2014145168 Al 18·-09 -2014
wo 2014145172 Al 18·-09 -2014


	abstract
	description
	claims
	drawings
	wo-search-report

