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IN-PLACE DISPLAY ON SENSORY DATA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation of U.S.
application Ser. No. 12/550,199, filed Aug. 28, 2009, which
claims priority under 35 U.S.C. §119(d) to a corresponding
patent application filed in India and having application num-
ber 766/CHE/2009, filed on Apr. 2, 2009, the entire contents
of which are herein incorporated by reference.

BACKGROUND

[0002] Many medical procedures intend to achieve a result
in the care of a patient by determining, measuring or diagnos-
ing a patient condition or parameter. Other common kinds of
procedures may be therapeutic, with an intention of treating,
curing or restoring function or structure to a patient.

[0003] An example therapeutic procedure includes acu-
puncture, which attempts to control flow of toxins/blood in
the body of a patient. Prior to or during treatment, it may be
helpful for a medical practitioner to image the body to study
and identify regions that require treatment (e.g., based on low
blood flow). However, obtaining real-time feedback regard-
ing effect of the treatment can be difficult.

[0004] Many types of medical sensors are available for
measuring various health parameters, such as pulse or glu-
cose levels, where a measurement is a scalar value or for
measuring distribution of quantities, such as temperature dis-
tribution or blood density levels, where a measurement is a
scalar field. These measurements are typically stored and
analyzed on a desktop computer, and thus, real-time feedback
to a medical practitioner may not be available.

[0005] Further, visualizing the measurements received
from the sensors in real-time can aid the medical practitioner.
Similarly, in other fields, such as materials sciences, practi-
tioners could find it to be useful to visualize outputs of sensors
that measure physical occurrences in real-time to assist the
practitioners in their fields.

SUMMARY

[0006] The present application describes a method of in-
place visualization of sensed data using a formable member.
The formable member includes a flexible display and sensors
positioned underneath the flexible display. The method com-
prises receiving data from the sensors relating to measure-
ments of an object being tested, and displaying information
relating to the measurements on portions of the flexible dis-
play corresponding to locations of the sensors positioned
underneath the display that output the measurements.

[0007] In another aspect, a system for in-place visualiza-
tion of sensed data is provided that includes sensors for mak-
ing measurements of an object being tested, and a display
coupled to the sensors to display information relating to the
measurements. The display is coupled to the sensors so that
the sensors are positioned underneath the display and so that
the sensors are positioned between the object being tested and
the display. The display displays information relating to the
measurements on portions of the display corresponding to
locations of the sensors underneath the display that output the
measurements.

[0008] In still another aspect, a system for in-place visual-
ization of sensed data is provided that includes a formable
member, sensors embedded within the formable member so
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that the formable member encloses at least a portion of the
sensors, and a flexible display positioned within the formable
member so that an exposed surface of the formable member
includes the flexible display and so that the sensors are posi-
tioned underneath the flexible display. The sensors make
measurements of an object being tested, and the flexible dis-
play is coupled to the sensors to display information relating
to the measurements on portions of the flexible display cor-
responding to locations of the sensors underneath the flexible
display that output the measurements.

[0009] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an example system for in-place
visualization of sensor data.

[0011] FIG. 2A is side view of an example illustration of a
formable display for in-place visualization of sensor data.
[0012] FIG. 2B illustrates a top view of one example of the
formable device as an arm band.

[0013] FIGS. 3A-3B are block diagrams illustrating
example layouts of sensors in a formable device.

[0014] FIGS. 4A-4C are block diagrams illustrating
example arrangements of sensors, processors and display ina
formable device.

[0015] FIG. 5 is a block diagram illustrating an example
computing device that is arranged as a formable device.
[0016] FIGS. 6A-6B are conceptual diagrams illustrating
example layouts of a display.

[0017] FIG. 7 is a flowchart depicting example steps of a
method for in-place visualization and display of sensed data.
[0018] FIG. 8A illustrates an example side view of the
formable display of FIG. 2A.

[0019] FIG. 8B is an example illustration of a top view of
the formable display of FIG. 2A.

DETAILED DESCRIPTION

[0020] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substi-
tuted, combined, separated, and designed in a wide variety of
different configurations, all of which are explicitly contem-
plated herein.

[0021] In the present application, sensors can be used to
detect changes in a flow of fluids, for example, and may be
embedded within a formable sheet that can be wrapped
around a corresponding part of the body. The formable sheet
may include embedded processors that process sensed data
and an exposed surface of the formable sheet may function as
a display device. The formable sheet may then display infor-
mation relating to sensed data at an area on the sheet corre-
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sponding to where the data was sensed by the sensors. Thus,
sensor data can be visualized at a location where the data is
gathered. Such in-place visualization may be used to trace
effects of radiation on cancerous and healthy cells during an
ongoing chemotherapy session, for example. In-place visual-
ization can also be used in domains other than the medical
field, such as during non-destructive testing of materials, for
example. The formable sheet can be wrapped over or around
a material being tested and appropriate sensors embedded in
the formable sheet will detect changes to the material being
tested that will be illustrated to a user at a location where the
changes were detected, for example.

[0022] Referring now to the figures, FIG. 1 illustrates a
system for in-place visualization of sensor data. The system
includes sensors 102, 104, 106 and 108 each coupled to a
processor 110, which outputs to a display 112. The sensors
102, 104, 106 and 108 may be placed in an armband, for
example, and positioned around a forearm of a person as
shown in FIG. 1. In this manner, the sensors 102,104,106 and
108 can detect changes in the forearm, such as temperature
changes, changes in blood flow, etc.

[0023] The sensors 102, 104, 106 and 108 may be any type
of sensor appropriate for detecting a change in a material or
object that is being tested. In the medical field, for example,
the sensors 102, 104, 106 and 108 may be temperature sen-
sors, blood flow sensors, or other sensors that are non-inva-
sive using technology such as near-infrared, ultrasound, etc.
In the materials sciences field, for example, the sensors 102,
104,106 and 108 may be heat sensors, stress sensors, or other
types of sensors as applicable.

[0024] The sensors 102, 104, 106 and 108 detect a change
in the material or object being tested and output measure-
ments or sensed data to the processor 110. The processor 110
may process data and control functionality of the sensors 102,
104, 106 and 108. The processor 110 may be embodied as a
processor that accesses internal (or external) memory to
execute software functions stored therein. One skilled in the
art of computer systems design will understand that the
example embodiments are not limited to any particular class
or model of processor. The processor may operate according
to an operating system, which may be any suitable commet-
cially available embedded or disk-based operating system, or
any proprietary operating system. Further, the processor may
comprise one or more smaller central processing units,
including, for example, a programmable digital signal pro-
cessing engine or may also be implemented as a single appli-
cation specific integrated circuit (ASIC) to improve speed and
to economize space. In general, it should be understood that
the processor 110 could include hardware objects developed
using integrated circuit development technologies, or yet via
some other methods, or the combination of hardware and
software objects that could be ordered, parameterized, and
connected in a software environment to implement different
functions described herein. Also, the hardware objects could
communicate using electrical signals, with states of the sig-
nals representing different data.

[0025] Furthermore, as mentioned, the processor 110 may
include or have access to memory that stores information
such as previously transmitted or received signal strengths,
for example. The memory may include random access
memory (RAM), flash memory or long term storage, such as
read only memory (ROM) or magnetic disks, for example.
[0026] The processor 110 will receive the outputs from
each individual sensor 102, 104, 106 and 108, and will
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instruct the display 112 to display information at a location
corresponding to the sensor that output information. The pro-
cessor 110 may include a database mapping each sensor to a
specific location within the armband, or the output from the
sensor may include information indicating a location of the
sensor within the armband, so that the processor 110 can
instruct the display 112 to display information only for sen-
sors that have output information and only at an area on the
display 112 that corresponds to a location of the sensor.

[0027] In this manner, the display 112 will display infor-
mation directly over an area of the material or object being
tested at which the change is detected by the sensor, for
example. In-place visualization of outputs from the sensors
can provide many benefits depending on the specific applica-
tion. In the medical field, a doctor may be able to monitor
blood flow of a patient, and could thus see areas where blood
flow may be restricted, for example, based on outputs from
the sensors.

[0028] FIG. 2A is side view of an example illustration of a
formable display 200 for in-place visualization of sensor data.
The formable display 200 may include two layers 202 and
204. One layer 202 includes a display 206. The other layer
204 includes sensors 208 coupled to processors 210. The
formable display 200 may also include a power source (not
shown), such as a battery to enable the formable display 200
to be portable, for example.

[0029] The display 206 may be the type of display that can
be constructed to be portable, for example. A thin flexible
type of display is one example, however, many other types
can work as well. The display 206 may be an electrophoretic
display, or another kind of “electronic paper”, for example.
Examples of commercial electrophoretic displays or other
flexible displays include displays constructed from an elec-
trophoretic imaging film manufactured by Electrophoretic
ink (E Ink) Corporation, of Cambridge, Mass. Other types of
materials may be used for the display as well. For example,
Organic Light Emitting Diode (OLED), Light Emitting Poly-
mer (LEP), Organic Electro Luminescence (OEL), and Poly-
mer Light Emitting Diode (PLED) displays may be used.
These types of displays may be flexible in nature, and may be
referred to as Flexible OLED (FOLED). Example commer-
cial organic displays include displays produced by Sony Cor-
poration of America, of New York, N.Y.

[0030] Inother examples, the display 206 may include pix-
els made of electrophoretic ink (E-Ink) and light-emitting
polymer technologies resulting in a thin and flexible display
that may resemble paper. Textile displays as well are available
that include large arrays of LEDs weave into fabrics, which
may be used as a form of the display 206, for example.

[0031] Using a flexible type of display allows the formable
display device 200 to be positioned around materials or
objects, and allows for use in more applications. However, the
display 206 may also be a conventional type LCD display or
other display that is not flexible. Further, the display 206 may
include multiple display panels or multiple displays.

[0032] The sensors 208 are positioned at various locations
within the second layer 204. The sensors 208 may be posi-
tioned in arrays, in a grid, or randomly throughout the second
layer 204. The sensors 208 are each connected to a processor
210. As shown, the formable device 200 includes many pro-
cessors 210. Each sensor may only be connected to one pro-
cessor, and each processor may output to the display 206.
Other configurations are possible as well.
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[0033] Each sensor has a specific location in the second
layer 204 of the formable device 200 and has a certain area of
coverage for which the sensor can reliably and accurately
report a particular aspect that the sensor is observing. The
sensor 208 will output to the processor 210, which instructs
the display 206 to display information relating to sensed data
at a location corresponding to the sensor (discussed more
fully below).

[0034] As shown, the formable device 200 may include a
formable sheet or member 212 that encloses the display 206,
the sensors 208, and the processor 210. The display 206 is
positioned within the formable member 212 so that an
exposed surface of the formable member 212 includes a view-
able portion of the display 206. The sensors 206 and the
processor 210 are embedded within the formable member
212. The sensors 206 may be fully embedded within the
formable member 212, or a portion of the sensors 206 may be
exposed as well for contacting a surface of an object being
tested, for example. The sensors 206 are positioned under-
neath the display 206 within the formable member 212 so that
the sensors 206 are positioned between the display 206 and an
object being tested. Thus, the formable member 212 encloses
at least a portion of the display 206 (e.g., a portion of the
display 206 may be exposed for viewing), and at least a
portion of the sensors 208 (e.g., a portion of the sensors 208
may be exposed for contacting a surface of the object being
tested).

[0035] The formable device 200 may be used for many
applications, and as such, may take many shapes or forms.
FIG. 2B illustrates a top view of one example of the formable
device as an arm band. The display 206 is illustrated as
displaying information in the form of shading or line bars. A
location of information displayed on the display 206 indicates
alocation of the sensed data by the sensors on the material or
object being sensed. Thus, if the arm band, as shown in FIG.
2B, were placed around an arm of a person, the information
displayed would indicate locations on the arm of the person of
sensed data. Conceptually, the arm band formable device
would allow a doctor, for example, to have a kind of x-ray
view into the arm of the person to visualize locations of
distress.

[0036] Of course, the formable device 200 may take other
forms as well, such as a chest band, a large sheet, a cylindrical
form, or any shape and form as needed or as allowed due to a
type of display used within the formable device 200. The
device could also be rigid, and not formable, for some appli-
cations.

[0037] FIG. 3A is a block diagram illustrating an example
layout of sensors in a formable device 300. Sensors, such as
sensors A-H, may be positioned in linear arrays or rows and
columns, and arranged in segments or groupings 302, 304,
306 and 308. Each segment may be coupled to a different
processor, for example.

[0038] FIG. 3B is a block diagram illustrating another
example layout of sensors in a formable device 310. Sensors,
such as sensors A-H, may be randomly positioned throughout
a layer of the formable device 310. Each corresponding sen-
sor may be coupled to the same processor, so that all A sensors
are connected to the same processor, all B sensors are con-
nected to the same processor, all C sensors are connected to
the same processor, and so on. Alternatively, sensors in a
given area may be connected to the same processor.

[0039] FIGS. 3A-3B illustrate example layouts of sensors
within one layer of a formable device. The sensors may be
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positioned in any format as desired, and possibly based on
application of the formable device. Further, the formable
device may have any number of layers, and any number of
sensors positioned within each layer, for example. It may be
desirable, for example, to arrange the sensors so that the
sensors are distributed evenly throughout the formable
device.

[0040] FIG. 4A is a block diagram illustrating one example
arrangement of sensors, processors and display in a formable
device. Groups of sensors 402, 404, 406 and 408 may each be
connected to one processor 410, which outputs to a display
412. Each groups of sensors 402, 404, 406 and 408 may
include one or more sensors arranged in any type of layout.
FIG. 4B is a block diagram illustrating another example
arrangement of sensors, processors and display in a formable
device. In this example, Each group of sensors 402, 404, 406
and 408 is connected to a processor, such as processors 414,
416, 418 and 420, respectively. Each processor 414,416, 418
and 420 outputs to the display 412. FIG. 4C is a block diagram
illustrating another example arrangement of sensors, proces-
sors and display in a formable device. In this example, each
sensor, such as sensor 422, may include a sensing unit 424
that outputs to an interior processor 426. The sensor 422 may
then output directly to the display 412.

[0041] FIGS. 4A-4C are example arrangements only, and
other arrangements may be used instead depending on types
of sensors, types of processors and types of displays used in
the formable device. Of course, although not shown, more
than one display may be included as well, or the display may
be provided in segments, and processors or sensors may only
output to a given segment, for example.

[0042] FIG. 5 is a block diagram illustrating an example
computing device 500 that is arranged as a formable device.
In a basic configuration 502, the computing device 500 typi-
cally includes one or more processors 504 and system
memory 506. A memory bus 508 can be used for communi-
cating between the processor 504 and the system memory
506.

[0043] Dependingon a desired configuration, the processor
504 can be of any type including but not limited to a micro-
processor (UP), a microcontroller (uC), a digital signal pro-
cessor (DSP), or any combination thereof. The processor 504
can include one more levels of caching, such as a level one
cache 510 and a level two cache 512, a processor core 514,
and registers 516. The processor core 514 can include an
arithmetic logic unit (ALU), a floating point unit (FPU), a
digital signal processing core (DSP Core), or any combina-
tion thereof. A memory controller 518 can also be used with
the processor 504, or in some implementations the memory
controller 518 can be an internal part of the processor 504, for
example.

[0044] Depending on a desired configuration, the system
memory 506 can be of any type including but not limited to
volatile memory (such as RAM), non-volatile memory (such
as ROM, flash memory, etc.) or any combination thereof. The
system memory 506 typically includes an operating system
520, one or more applications 522, and program data 524. The
application 522 includes, for example, an in-place visualiza-
tion and display of sensed data processing algorithm 526 that
is arranged to receive sensed data and inform a display how
and where to display the data (as more fully described below
with reference to FIG. 7). The program data 524 includes
routing data 528 that is useful for routing sensed data to the
display, as will be further described below. In some example
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embodiments, the application 522 can be arranged to operate
with the program data 524 on the operating system 520 such
that sensed data is display on portions of a display corre-
sponding to location of the sensors positioned underneath the
display that sensed the data, for example. This described basic
configuration 502 is illustrated in FIG. 5 by those components
within dashed line 502.

[0045] The computing device 500 can have additional fea-
tures or functionality, and additional interfaces to facilitate
communications between the basic configuration 502 and any
required devices and interfaces. For example, a bus/interface
controller 530 can be used to facilitate communications
between the basic configuration 502 and one or more data
storage devices 532 via a storage interface bus 534. The data
storage devices 532 can be removable storage devices 536,
non-removable storage devices 538, or acombination thereof
Examples of removable storage and non-removable storage
devices include magnetic disk devices such as flexible disk
drives and hard-disk drives (HDD), optical disk drives such as
compact disk (CD) drives or digital versatile disk (DVD)
drives, solid state drives (SSD), and tape drives to name a few.
Example computer storage media can include volatile and
nonvolatile, removable and non-removable media imple-
mented in any method or technology for storage of informa-
tion, such as computer readable instructions, data structures,
program modules, or other data.

[0046] The system memory 506, removable storage 536
and non-removable storage 538 are all examples of computer
storage media. Computer storage media includes, but is not
limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other medium which can be used to store the desired
information and which can be accessed by the computing
device 500. Any such computer storage media can be part of
the computing device 500.

[0047] Thecomputing device 500 can also include an inter-
face bus 540 for facilitating communication from various
interface devices (e.g., output interfaces, peripheral inter-
faces, and communication interfaces) to the basic configura-
tion 502 via the bus/interface controller 530. Example output
interfaces 542 include a graphics processing unit 544 and an
audio processing unit 546, which can be configured to com-
municate to various external devices such as a display or
speakers via one or more audio/visual (A/V) ports 548.
Example peripheral interfaces 550 include a serial interface
controller 552 or aparallel interface controller 554, which can
be configured to communicate with external devices such as
input devices (e.g., keyboard, mouse, pen, voice input device,
touch input device, etc.) or other peripheral devices (e.g.,
printer, scanner, etc.) via one or more input/output (I/0) ports
556. An example communication interface 558 includes a
network controller 560, which can be arranged to facilitate
communications with one or more other computing devices
562 over a network communication via one or more commu-
nication ports 562. The Communication connection is one
example of a communication media. Communication media
may typically be embodied by computer readable instruc-
tions, data structures, program modules, or other data in a
modulated data signal, such as a carrier wave or other trans-
port mechanism, and includes any information delivery
media. A “modulated data signal” can be a signal that has one
or more of its characteristics set or changed in such a manner
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as to encode information in the signal. By way of example,
and not limitation, communication media can include wired
media such as a wired network or direct-wired connection,
and wireless media such as acoustic, radio frequency (RF),
infrared (IR) and other wireless media. The term computer
readable media as used herein can include both storage media
and communication media.

[0048] The computing device 500 can be implemented as a
portion of a small-form factor portable (or mobile) electronic
device.

[0049] FIG. 6A isa conceptual diagram illustrating a layout
of a display 600. The display 600 includes pixels arranged in
rows and columns, such as row 602 and column 604. To
address a particular pixel, a proper row is switched on, and
then a charge is sent down a corresponding column. Each row
and column may be an anode and cathode and by sending a
voltage down corresponding rows and columns, a pixel can
receive a charge. For example, a pixel at intersection point
606 may receive a charge through row 602 and column 604. A
capacitor at the intersection point may be able to hold the
charge until a next refresh cycle. An intensity level of the
charge can affect illumination of the pixel, for example. Thus,
the display 600 may be arranged such that intersection of two
electrodes in any type of gridded structure, where one elec-
trode performs as an anode and a crossing electrode performs
as a cathode, illuminates a pixel. The anode layer may overlay
a thin film transistor (TFT) array that forms a matrix, which
determines which pixels are turned on to form an image, for
example. This type of layout may be beneficial if an OLED or
formable display is used.

[0050] FIG. 6B is a diagram illustrating another layout of a
display 608. The display 608 may include segments 610, 612,
614 and 616. Each segment 610, 612, 614 and 616 may be the
same type of display or different types of displays. Using this
layout, the segments 610, 612, 614 and 616 do not need to be
formable themselves, and the device may still operate as a
formable device is the underlying structure of the device is
formable, for example. Thus, the segments 610, 612, 614 and
616 may be rigid liquid crystal displays (LCDs) or other
types, for example, and material between the displays 610,
612, 614 and 616 may be flexible.

[0051] FIG. 7 is a flowchart depicting example steps of a
700 method for in-place visualization and display of sensed
data. It should be understood that the flowchart shows func-
tionality and operation of one possible implementation of
present embodiments. In this regard, each block may repre-
sent a module, a segment, ora portion of program code, which
includes one or more instructions executable by a processor
for implementing specific logical functions or steps in the
process. The program code may be stored on any type of
computer readable medium, for example, such as a storage
device including a disk or hard drive. In addition, each block
may represent circuitry that is wired to perform the specific
logical functions in the process. Alternative implementations
are included within the scope of the example embodiments of
the present application in which functions may be executed
out of order from that shown or discussed, including substan-
tially concurrent or in reverse order, depending on the func-
tionality involved, as would be understood by those reason-
ably skilled in the art.

[0052] A formable device, such as that described in FIG. 2
or the computing device described in FIG. 5, may be used to
perform the method illustrated in FIG. 7, for example. Ini-
tially, a formable sheet can be wrapped over an object being
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tested, as shown at block 702. Sensors within the formable
sheet will record measurements of an object being tested, and
a processor will receive data from the sensors relating to the
measurements, as shown at block 704. The processor will
determine which sensors have output data, either based on a
port of the processor that received the data (e.g., each sensor
may output data to a specific port of the processor) or based on
information within the data, as shown at block 706.

[0053] The processor will then instruct the display to dis-
play information relating to the measurements on portions of
the display corresponding to locations of the sensors posi-
tioned underneath the display that output the measurements,
as shown at block 708. The information relating to the mea-
surements will be displayed on portions of the display located
above a given sensor that output a given measurement. In this
manner, a user can view an output of the sensor in place, as if
the sensor itself includes a display, for example.

[0054] The processor may instruct the display or send sig-
nals to the display using standard video graphics array (VGA)
or digital video interface (DVT) signaling. A wired connection
between the processor and the display is used to address
individual pixels on the display to instruct specific regions of
the display to switch on/off, for example. The processor may
map portions of the display to correspond to outputs of spe-
cific sensors based on alocation of the sensors underneath the
display. In this manner, for example, the display can display
outputs of sensors above or directly above the sensors that
provided the outputs.

[0055] An exposed surface of the formable sheet includes
the display, and thus, a user will be able to view the display
and read the information relating to the measurements. The
information may include a combination of patterns, glyphs,
textual information, or other as applicable to an application of
the device and the object being tested. Information may be
displayed using multiple colors as well.

[0056] FIG. 8A illustrates a side view of the formable dis-
play 200 of F1G. 2A, and FIG. 8B is an example illustration of
a top view of the display 206. FIGS. 8A-8B illustrate one
example conceptual operation of the formable display 200.
As shown in FIG. 8A, only the five leftmost sensors sense data
in this example. Thus, the display 206 will display informa-
tion relating to the sensed data on a portion of the display
corresponding to locations of the five leftmost sensors located
underneath the display 206. As a result, the display 206 dis-
plays the information above or directly above the five leftmost
sensors, as shown in FIG. 8B. In this manner, a user will
directly know where data was sensed, for example, on the
object being tested.

[0057] Further, as shown in FIG. 8B, the information may
be displayed in various shades of color or various colors, and
various shapes, depending on the type of sensor and the data
being sensed. As one example, the sensors in FIG. 8 A may be
temperature sensors, and the display shown in FIG. 8B indi-
cates temperatures of the object being tested such that a
darker shade represents a higher temperature. Further away
from a center of the sensed location, temperatures of the
object being tested may decrease, as shown by the lighter
shades of color, for example.

[0058] The formable device of the present application may
also output to a computer for additional processing of the
information as well.

[0059] Thepresent disclosure is not to be limited interms of
the particular embodiments described in this application,
which are intended as illustrations of various aspects. Many
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modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled in
the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enu-
merated herein, will be apparent to those skilled in the art
from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the
appended claims. The present disclosure is to be limited only
by the terms of the appended claims, along with the full scope
of equivalents to which such claims are entitled. It is to be
understood that this disclosure is not limited to particular
methods, reagents, compounds compositions or biological
systems, which can, of course, vary. Itis also to be understood
that the terminology used herein is for the purpose of describ-
ing particular embodiments only, and is not intended to be
limiting.

[0060] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity.

[0061] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not lim-
ited to,” etc.). It will be further understood by those within the
art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the follow-
ing appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to embodi-
ments containing only one such recitation, even when the
same claim includes the introductory phrases “one or more”

[

or “at least one” and indefinite articles such as “a” or “an”
(e.g., “a” and/or “an” should be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, means at least two recitations, or two
or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc” is
used, in general such a construction is intended in the sense
one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In those instarces
where a convention analogous to “at least one of A, B, or C,
etc.” is used, in general such a construction is intended in the
sense one having skill in the art would understand the con-
vention (e.g., “a system having at least one of A, B, or C”
would include but not be limited to systems that have A alone,
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B alone, C alone, A and B together, A and C together, B and
Ctogether, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunc-
tive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should
be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”
[0062] In addition, where features or aspects of the disclo-
sure are described in terms of Markush groups, those skilled
in the art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of
members of the Markush group.
[0063] As will be understood by one skilled in the art, for
any and all purposes, such as in terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as suffi-
ciently describing and enabling the same range being broken
down into at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein
can be readily broken down into a lower third, middle third
and upper third, etc. As will also be understood by one skilled
in the art all language such as “up to,” “at least,” “greater
than,” “less than,” and the like include the number recited and
refer to ranges which can be subsequently broken down into
sub-ranges as discussed above. Finally, as will be understood
by one skilled in the art, a range includes each individual
member. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5
cells refers to groups having 1, 2,3, 4, or 5 cells, and so forth.
[0064] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and
spirit being indicated by the following claims.
[0065] It should be further understood that this and other
arrangements described herein are for purposes of example
only. As such, those skilled in the art will appreciate that other
arrangements and other elements (e.g. machines, interfaces,
functions, orders, and groupings of functions, etc.) can be
used instead, and some elements may be omitted altogether
according to the desired results. Further, many of the ele-
ments that are described are functional entities that may be
implemented as discrete or distributed components or in con-
Junction with other components, in any suitable combination
and location.
1. A method to present sensor data, comprising:
sensing, by a sensor, a parameter that relates to an object
being tested;
generating, by the sensor, a measurement based on the
sensed parameter; and
in response to generation of the measurement by the sensor,
displaying on a flexible display coupled to the sensor
information that relates to the measurement on a portion
of the flexible display corresponding to a location above
the sensor;
wherein the displaying on the flexible display includes
displaying a real-time pictorial gradient of the measure-
ment that includes a first shade of a color to represent a
first gradient of the measurement and a second shade of
the color, different in shade than the first shade, to rep-
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resent a second gradient of the measurement, wherein
the second gradient includes a different value relative to
a value of the first gradient.

2. The method of claim 1, wherein the second shade is
different in shade than the first shade by being lighter in shade
than the first shade.

3. The method of claim 1, wherein the different value
relative to the value of the first gradient includes a decreased
value relative to the value of the first gradient.

4. The method of claim 1, wherein the sensing the param-
eter includes at least one of sensing a change in temperature or
sensing a change in blood flow of the object being tested.

5. The method of claim 1, wherein the sensor includes a
first sensor, the parameter includes a first parameter, and the
measurement includes a first measurement, the method fur-
ther comprising:

sensing, by a second sensor, a second parameter that relates

to the object being tested; and

generating, by the second sensor, a second measurement

based on the second sensed parameter, the second mea-
surement corresponding to a location, below the second
sensor, that is different from a location below the first
Sensor.

6. The method of claim 5, wherein the real-time pictorial
gradient includes a first real-time pictorial gradient, and
wherein the displaying on the flexible display furtherincludes
displaying a second real-time pictorial gradient of the first
and second measurements.

7. The method of claim 1, wherein the sensor is in contact
with the object being tested.

8. A non-transitory computer-readable medium that
includes executable instructions stored thereon that, in
response to execution, cause a processor to perform opera-
tions, comprising:

control a sensor to sense a parameter that relates to an

object being tested,

control generation of a measurement based on the param-

eter sensed by the sensor; and

control a flexible display coupled to the sensor to display

information that relates to the measurement on a portion
of the flexible display corresponding to a location above
the sensor;

wherein the displayed information includes a real-time

pictorial gradient of the measurement that includes a
first shade of a color to represent a first gradient of the
measurement and a second shade of the color, different
in shade than the first shade, to represent a second gra-
dient of the measurement, wherein the second shade
includes a different value relative to a value of the first
gradient.

9. The non-transitory computer-readable medium of claim
8, wherein the second shade is different in shade than the first
shade by being lighter in shade than the first shade.

10. The non-transitory computer-readable medium of
claim 8, wherein the different value relative to the value ofthe
first gradient includes a decreased value relative to the value
of the first gradient.

11. The non-transitory computer-readable medium of
claim 8, wherein the operations to control the sensor to sense
the parameter include operations to control the sensor to
sense at least one of a change in temperature or a change in
blood flow of the object being tested.

12. The non-transitory computer-readable medium of
claim 8,
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wherein the sensor includes a first sensor, the parameter
includes a first parameter, and the measurement includes
a first measurement; and
wherein the executable instructions, in response to execu-
tion, cause the processor to perform further operations,
comprising:
control a second sensor to sense a second parameter that
relates to an object being tested, and
control generation of a second measurement based on
the second parameter sensed by the second sensor, the
second measurement corresponding to a location,
below the second sensor, that is different from a loca-
tion below the first sensor.
13. The non-transitory computer-readable medium of
claim 12,
wherein the real-time pictorial gradient includes a first
real-time pictorial gradient; and
wherein the executable instructions, in response to execu-
tion, cause the processor to perform further operations,
comprising:
control the flexible display to display a second real-time
pictorial gradient of the first and second measure-
ment.
14. An apparatus, comprising:
a flexible display that includes a viewable portion; and
at least one sensor positioned underneath the flexible dis-
play and configured to sense at least one parameter of an
object being tested,
wherein a first location of the at least one sensor corre-
sponds to a second location within the viewable por-
tion that lies at least partially directly above the first
location, and
wherein the flexible display is configured to display
information in the second location within the view-
able portion that pertains to the at least one parameter
that is sensed by the at least one sensor.
15. The apparatus of claim 14, wherein the at least one
sensor is further configured to generate a measurement based
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on the sensed at least one parameter, and wherein the dis-
played information represents the measurement.

16. The apparatus of claim 15,

wherein the displayed information includes a real-time

pictorial gradient of the measurement that includes a
first shade of a color to represent a first gradient of the
measurement and a second shade of the color, different
in shade than the first shade, to represent a second gra-
dient of the measurement; and

wherein the second gradient includes a different value rela-

tive to a value of the first gradient.

17. The apparatus of claim 16, wherein the second shade is
different in shade than the first shade by being lighter in shade
than the first shade.

18. The apparatus of claim 16, wherein the different value
relative to the value of the first gradient includes a decreased
value relative to the value of the first gradient.

19. The apparatus of claim 16,

wherein the at least one parameter includes a first param-

eter and a second parameter, the measurement includes

a first measurement, and the real-time pictorial gradient

includes a first real-time pictorial gradient; and

wherein the at least one sensor is further configured to:

sense the second parameter of the object being tested,
and

generate a second measurement based on the second
sensed parameter, the second measurement corre-
sponding to a location different from the first location;
and

wherein the flexible display is configured to further display

a second real-time pictorial gradient of the first and
second measurements.

20. The apparatus of claim 14, wherein the at least one
parameter includes at least one of a change in temperature or
a change in blood flow of the object being tested.
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