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1
SYSTEM FOR DETECTION AND
TREATMENT OF INFECTION OR
INFLAMMATION

This Patent Application is a US National Phase Patent
Application from PCT Application No. PCT/EP2010/
059377, filed Jul. 1, 2010 and claiming priority from Euro-
pean Patent Application Nos. 09164535.8, filed Jul. 3, 2009
and 09172914.5, filed Oct. 13, 2009.

The invention relates to a system and method for visualiz-
ing temperature distributions of a human or animal body part.
Further, the system and method compare data sets obtained
before and after a thermal treatment of the body part and allow
the determination of a diagnosis.

FIELD OF THE INVENTION

The present invention is in the technical field of therapeutic
diagnosis and treatment of human or animal body.

More particularly, the present invention is in the technical
field of therapeutic diagnosis and treatment of human or
animal body by means of and after measuring the surface
temperature of the skin before and after extracting thermal
energy, in order to determine where an infection or inflam-
mation is localized.

BACKGROUND OF THE INVENTION

Known symptoms of infections are pain, redness, swelling
and temperature increase of the infected or inflamed part of
the body. Despite the local nature of the infection, the symp-
toms regularly do not occur sufficiently localized to provide
localized treatment. Especially when the infection is internal
and not on or close to the skin, the symptoms may not reveal
the precise location of the core of the infection. Known treat-
ments may have to treat too large an area to be effective, or
otherwise cause negative side-effects due to the larger treat-
ment area.

Infrared visualization techniques reveal the temperature
increase resulting from the infection but under the circum-
stances described, the temperature visualization will yield a
larger area and not reveal the actual core of the infection.

In order to determine the correct diagnosis of an infection
or inflammation, local thermal treatment is preferred over
treatments that impact a larger part of the body than only the
affected part. The optimal treatment entails the fastest and
most effective result to the infected body part, with the least
side-effects to the patient.

There is a need for an invention which can determine where
an infection or inflammation can be localized with greater
certainty in a human or animal body.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide a means
for localizing an infection or inflammation with increased
certainty in a human or animal body.

It is a further object of the present invention to minimize
side-effects caused by the application of thermal treatment to
un-affected areas of a patient.

It is a further object of the present invention to create a
better visualization of an infection or inflammation in a
human or animal body.

It is a further object of the present invention to allow the
diagnosis between infection and inflammation in a human or
animal body.
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Further objects and advantages of the present invention
will be disclosed and become apparent from the following
description.

SUMMARY OF THE INVENTION

The present invention relates to a system for visualizing a
medical treatment of a human or animal body part and a
method for visualizing temperature distribution data sets are
provided. More specific features for preferred embodiments
are set out in the dependent claims.

The present invention uses, for example, data sets obtained
before and data sets obtained after a thermal treatment, e.g. a
cooling, of an affected area (or any other body part), for
example, in order to locate an area of infection or inflamma-
tion in a patient.

According to the present invention, a system for visualiz-
ing a medical treatment of a human or animal body part is
provided. The system comprises means for thermal treatment
of the body part, means for determining the temperature
distribution on the body part, and means for identifying the
location of a particular temperature determined on the body
part.

A particular temperature may be a temperature value pre-
determined by a threshold set before the thermal treatment.
Further, a particular temperature may be a temperature value
being an extremum of the temperature distribution (data set)
determined. For example. the temperature distribution deter-
mined may be calibrated by comparing it to the pre-deter-
mined temperature values or by recognizing that the tempera-
ture determined is an extremum of the temperature
distribution (data set). For example, in these cases the deter-
mined temperature is a particular temperature determined on
the body part.

In a particular embodiment, the system further comprises
means for visualizing the temperature distribution dependent
on the location on the body part.

Inaparticularembodiment, the display means is adapted to
provide a temperature map signature over the time of thermal
treatment.

In a particular embodiment, the system further comprises
means for generating a treatment protocol.

In a particular embodiment, the means for generating a
treatmert protocol is adapted to generate the protocol on the
basis of the temperature distribution determined.

In a particular embodiment, the means for thermal treat-
ment of the body part is a patch having fluid communication
channels providing the thermal treatment.

In a particular embodiment, a sensor may be provided and
may be adapted to determine the body part related
parameter(s), such as the skin conductivity, the skin color, the
skin temperature, the skin texture, the heart rate, the blood
pressure, the blood saturation.

Additionally the system may comprise means for a con-
trolled supply of medication, e.g., a certain pharmaceutical
supplied by a drug pump, to the patient, wherein the system
determines—via suitable sensors, for example, the sensor
discussed above—the patient’s response on the medication,
namely the change of the body part related parameter(s). The
system may provide a certain diagnosis based on the patient’s
response and/or modify the thermal treatment in a controlled
manner in order to optimize the patient’s treatment by means
of a closed loop (feedback) control.

For example, the combination of treatment by the thermal
treatment device in conjunction with other medical treat-
ments, such as, but not limited to antibiotics, anti-inflamma-
tory drugs, and chemotherapy drugs, can cause a positive



US 9,237,853 B2

3

synergistic treatment effect. In one embodiment, the thermal
treatment device may by used to apply cryo-treatment to an
area of the body (e.g. the arm) which is infected with a
bacteria which is, for example, normally resistant to antibi-
otics (e.g. methicillin-resistant Staphylococcus aureus). The
application of cryo-treatment in this way may cause a reduc-
tionin bacterial division and/or spread in the tissue, providing
more time for the antibiotics to work effectively in the
affected area. This may result in a favorable treatment out-
come where amputation may have been the only other viable
option.

Further, the invention disclosed herein could operate to
monitor the patient’s progress with regards to cryo-treatment
in combination with other medical treatments and update the
treatment protocol accordingly, for example, the choice of
medicine and optimal dose rate to maximize pharmaceutical
efficacy.

For example, the temperature distribution data may be
obtained by an IR (infrared) camera and may be displayed to
the physician and/or used for feedback control of the thermal
treatment. Furthermore, the time lapsed during the thermal
treatment may also be taken into account when controlling the
thermal treatment based on the determination of the various
body part related parameter(s).

While the present invention discusses the use of biofeed-
back to adapt a treatment protocol, it is advantageous to
disclose the optimal means of obtaining a biofeedback read-
ing, which are preferably non-invasive. For example, the
amount of thermal exchange between the thermal pad or
Peltier thermal exchange element and skin can be determined
by using a temperature sensitive surface between such ther-
mal pad or Peltier thermal exchange element and skin. Alter-
natively, a measurement of power output to the fluid in the
thermal pad or the Peltier thermal exchange element itselfcan
provide an indirect determination of thermal exchange with a
body. Alternatively, the amount of thermal exchange between
a Peltier thermal exchange element and the skin (such Peltier
thermal exchange element preferably being constructed in the
manned disclosed in U.S. Pat. No. 6,017,337 by Pira) can be
determined indirectly by measuring temperature difference
between the cold side and hot side of the Peltier element, and
the rate of flow of liquid cooling the heat sink on the hot side.
Alternatively, a direct measurement of biofeedback (e.g. tem-
perature) from a patient can be obtained by using sensor
means to obtain a reading from a drainage catheter, which, for
example, has been inserted into the body following knee
reconstructive surgery. Although various preferred means of
obtaining biofeedback readings have been disclosed herein,
other means of obtaining such readings are not excluded.

In a particular embodiment, the means for thermal treat-
ment of the body part is a patch having a Peltier element
providing the thermal treatment.

The Peltier effect uses a thermoelectric cooling to create a
heat flux between the junction of two different types of mate-
rials. A Peltier cooler, heater, or thermoelectric heat pump is
a solid-state active heat-pump which transfers heat from one
side of the device to the other side against the temperature
gradient (from cold to hot), with consumption of electrical
energy.

According to the present invention, a method for visualiz-
ing the temperature characteristics of a human or animal body
part is provided. The method comprises the steps of compar-
ing a first temperature distribution data set of the surface of
the body part with a second temperature distribution data set
of the surface of the body part, wherein the first temperature
distribution data set is determined before and the second
temperature distribution data set is determined after a thermal
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treatment of the body part, and visualizing the temperature
distribution data sets of the body part.

In a particular embodiment, the visualizing step comprises
a visual identification of the location of a particular tempera-
ture of the first and/or second temperature distribution data
set.

In a particular embodiment, the comparing step further
comprises providing a temperature map signature on the basis
of multiple temperature distribution data sets obtained during
the thermal treatment of the body part.

In a particular embodiment, the method further comprises
the step of determining a diagnosis of the disease on the basis
of the comparing of the data sets.

In a particular embodiment, the determination of the diag-
nosis is carried out by calibrating the data sets dependent on
known characteristic data sets.

Known characteristic data sets are data sets which were
obtained before carrying out the thermal treatment and before
obtaining the temperature distribution data sets as discussed
above. For example, the known characteristic data sets may
be data sets from a database of data obtained from former
patients and their thermal treatments. Further, the data sets
may be data obtained from theoretical simulations carried out
by a computer for the particular disease.

In a particular embodiment, the method further comprises
the step of generating a treatment protocol on the basis of the
comparing of the data sets.

In a particular embodiment, the treatment protocol is
amended on the basis of the comparing of the data sets.

According to the present invention, a computer program
product is provided. The computer program product com-
prises one or more computer readable media having computer
executable instructions for actuating and controlling the steps
of the method as discussed above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows the general concept for obtain-
ing temperature distribution data sets;

FIG. 2 is a graphical representation of a localized infection
or inflammation; and

FIGS. 3-7 show thermal pattern of tissue at subsequent
instances in time.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments of the present invention are
described hereinafter with reference to the figures. It should
be noted that the figures are not drawn to scale and elements
of similar structures or functions are represented by like ref-
erence numerals throughout the figures. It should also be
noted that the figures are only intended to facilitate the
description of specific embodiments of the invention. In addi-
tion, an aspect described in conjunction with a particular
embodiment of the present invention is not necessarily lim-
ited to that embodiment and can be practiced in any other
embodiments of the present invention.

In one embodiment, the present invention combines cool-
ing as a pre-treatment with infrared visualization in order to
obtain a more precise location of the core of the infection.

InFIG. 1 athermal treatment device (1) is used to cool part
of the body suspected to contain the affected area of inflam-
mation or infection (2). The heat exchange is carried out-
through an energy exchange device (3). One embodiment of
this energy exchange device is a patch through which a cool-
ing liquid flows, such cooling liquid being supplied by the
thermo-treatment device through a hydraulic conduit (4). In
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another embodiment, the cooling is generated at the energy
exchange device (3) itself, e.g. through Peltier elements
embedded in the energy exchange device. In this example, the
conduit (4) is an electric conduit.

After applying controlled cooling to the larger area where
the infection symptoms manifest, an infrared visualization
device may monitor the body part and generates an image as
depicted, for example, in FIG. 2. This image reveals the core
of the infection and may be effectively as a localized area.
Alternatively, some other means of obtaining a temperature
reading from the skin can be used instead of an infrared
visualization device, for example, but not limited to, a tem-
perature sensitive pad or layer. The pinpointed area can then
be identified and visual markers can be applied (e.g. marking
apoint or a small area on the skin). Subsequently, the follow-
ing treatment can be applied to the pinpointed areas only.

Advantageously, this allows the fastest and most effective
treatment, while minimizing unwanted side effects.

In an alternative embodiment the system can be used to
detect whether the affected body part is subject to inflamma-
tion or infection. This is because the infrared visualization
device will generate an alternative image or heat map ‘signa-
ture’ over the period of cooling, for aninfection as opposed to
inflammation. This ‘signature’ can be generated by mapping
a function of the rate of cooling in the body part image against
time. For example, an infection will cool at a slower rate
versus time than inflammation. Therefore, the system can be
used to obtain diagnostic information, and such information
can be used to generate a treatment protocol for a patient, or
amend an existing treatment protocol.

As the preferred embodiment of generating said heat map
‘signature’ FIGS. 3-7 display on the vertical axis a series a
thermal pattern of tissue taken at subsequent instances in
time. The two images in FIG. 3 are taken before the cooling
treatment, the images of FIG. 7 are taken at the end of the
treatment. The (optional) pictures of FIGS. 4-6 are taken
chronologically during the cooling treatment.

All pictures at the top of FIGS. 3-7 contain a 3D represen-
tation, where the vertical axis represents the temperature and
the horizontal axes represent special coordinates. In the
images at the bottom of FIGS. 3-7, both axes represent special
coordinates and the contours represent equi-temperature
lines.

FIG. 3 shows a large area of elevated temperature. As the
area 1s large, it is not possible to pinpoint the location of the
inflammation. As the tissue is cooled, different parts of the
thermal picture cool down at different speeds. At the end of
the treatment the inflammation is easy to pinpoint.

The rate and profile of temperature decline is called the
“thermal space-time signature”. For example, thresholds may
be applied to the thermal signature to conclude on the specific
location of the inflammation.

The thresholds include (but are not limited to) (1) rates of
temperature decline at a specific point in space, (2) decline of
size of equi-temperature contours during a given amount of
time and (3) temperature differential at a specific point in
space over a given amount of time.

While the invention has been illustrated and described in
detail in the foregoing description, such illustration and
description are to be considered illustrative or exemplary and
non-restrictive; the invention is thus not limited to the dis-
closed embodiments. Features mentioned in connection with
one embodiment described herein may also be advantageous
as features of another embodiment described herein without
explicitly showing these features. Variations to the disclosed
embodiments can be understood and effected by those skilled
in the artand practicing the claimed invention, from a study of
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the disclosure and the appended claims. In the claims, the
word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a
plurality. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures can not be used to advantage.

The invention claimed is:
1. A system for displaying a medical treatment of a human
or animal body part, comprising:
means for thermal treatment of the body part;
means for determining a temperature distribution, the
means for determining a temperature distribution being
configured to obtain a first temperature distribution data
set of the surface of the body part and a second tempera-
ture distribution data set of the surface of the body part,
the first temperature distribution data set representing a
temperature distribution of the body part before a treat-
ment of the body part, and the second temperature dis-
tribution data set representing a temperature distribution
of the body part after a treatment has begun on the body
part;
a computer programmed to:
determine a 3-D representation of a temperature map
signature over a time of thermal treatment where a
vertical axis represents a temperature and a horizontal
axis represents special coordinates or both axes in the
3-D representation represent special coordinates and
the contours represent equi-temperature lines;
compare the first temperature distribution data set to the
second temperature distribution data set to determine
a rate of change of the temperature distribution of the
body part over a period of time;
detect a specific location of the body part that is subject
to acondition based on the temperature map signature
and the rate of change, wherein the condition is
selected from the group consisting of: inflammation
or infection;
compare the rate of change to a database to determine
whether the condition is inflammation of infection,
the database containing data obtained from thermal
treatments of one or more former patients and data
from theoretical simulations previously carried out by
the computer;
determine that the body part is subject to inflammation
when the temperature map signature shows the body
part cooling at a first rate and the rate of change being
a first rate;
determine that the body part is subject to infection when
the temperature map signature shows the body part
cooling at a second rate and the rate of change being a
second rate;
wherein the second rate is slower than the first rate; and
generating or amending a treatment protocol based on
the rate of change; and
means for displaying the temperature distribution, wherein
the means for displaying the temperature distribution is
configured to display the temperature distribution
dependent on the location of the body part and wherein
the means for displaying the temperature distribution is
configured to provide the 3D representation of the tem-
perature map signature over the time of thermal treat-
ment.
2. The system of claim 1, wherein the computer is adapted
to generate the protocol on the basis of the temperature dis-
tribution determined.
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3. The system of claim 1, wherein the means for thermal
treatment of the body part is a patch having fluid communi-
cation channels providing the thermal treatment.

4. The system of claim 1, wherein the means for thermal
treatment of the body part is a device having a Peltier element
providing the thermal treatment.

5. A method, implemented on a system for the detection
and treatment of infection or inflammation, for displaying
temperature characteristics of a human or animal body part,
the method comprising:

using a thermal treatment device having an energy

exchange device to perform a thermal treatment of the
body part; and

obtaining, using a camera, a first temperature distribution

data set of the surface of the body part, the first tempera-
ture distribution data set representing a temperature dis-
tribution of the body part before a treatment of the body
part;

obtaining, using the camera, a second temperature distri-

bution data set of the surface of the body part, the second
temperature distribution data set representing a tempera-
ture distribution of the body part after a treatment has
begun on the body part;

implementing on a computer viaa computer program prod-

uct:

determining a 3-D representation of a temperature map

signature over a time of thermal treatment where a ver-
tical axis represents a temperature and a horizontal axis
represents special coordinates or both axes in the 3-D
representation represent special coordinates and the
contours represent equi-temperature lines;

comparing the first temperature distribution data set to the

second temperature distribution data set to determine a
rate of change of the temperature distribution ofthe body
part over a period of time;
detecting a specific location of the body part that is subject
to a condition based on the temperature map signature
and the rate of change, wherein the condition is selected
from the group consisting of: inflammation or infection;

comparing the rate of change to a database to determine
whether the condition is inflammation or infection, the
database containing data obtained from thermal treat-
ments of one or more former patients and data from
theoretical simulations previously carried out by the
computer;,

determining that the body part is subject to inflammation

when the temperature map signature shows the body part
cooling at a first rate and the rate of change being a first
rate;

determining that the body part is subject to infection when

the temperature map signature the body part cooling at a
second rate and the rate of change being a second rate;
wherein the second rate is slower than the first rate; and
generating or amending a treatment protocol based on the
rate of change; and
displaying on a display, the 3-D representation of the tem-
perature map signature over the time of thermal treat-
ment.

6. The method of claim 5, further comprising the steps of:

comparing the first temperature distribution data set of the

surface of the body part with the second temperature
distribution data set of the surface of the body part,
between the first determining step and the displaying
step; and

visualizing at least one of the first and second temperature

distribution data sets.
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7. The method of claim 6, further comprising the step of:

determining a diagnosis of a disease on the basis of a

comparison of the data sets.

8. The method of ¢claim 7, wherein the determination of the
diagnosis is carried out by calibrating the data sets dependent
on known characteristic data sets.

9. The method of claim 8, wherein the treatment protocol is
amended on the basis of a comparison of the data sets.

10. A non-transitory computer readable information stor-
age media having stored thereon instructions, that when
executed by a processor, cause to be performed a method for
displaying the temperature characteristics of a2 human or ani-
mal body part, the method comprising:

performing a thermal treatment of the body part using a

thermal treatment device having an energy exchange
device;

obtaining, using a camera, a first temperature distribution

data set of the surface of the body part, the first tempera-
ture distribution data set representing a temperature dis-
tribution of the body part before a treatment of the body
part;

obtaining, using the camera, a second temperature distri-

bution data set of the surface of the body part, the second
temperature distribution data set representing a tempera-
ture distribution of the body part after a treatment has
begun on the body part;

determining a 3-D representation of a temperature map

signature over a time of thermal treatment where a ver-
tical axis represents a temperature and a horizontal axis
represents special coordinates or both axes in the 3-D
representation represent special coordinates and the
contours represent equi-temperature lines:

comparing the first temperature distribution data set to the

second temperature distribution data set to determine a
rate of change of the temperature distribution of the body
part over a period of time;
detecting a specific location of the body part that is subject
to a condition based on the temperature map signature
and the rate of change, wherein the condition is selected
from the group consisting of: inflammation or infection;

comparing the rate of change to a database to determine
whether the condition is inflammation or infection, the
database containing data obtained from thermal treat-
ments of one or more former patients and data from
theoretical simulations previously carried out by the
computer;

determining that the body part is subject to inflammation

when the temperature map signature shows the body part
cooling at a first rate and the rate of change being a first
rate;

determining that the body part is subject to infection when

the temperature map signature the body part cooling ata
second rate and the rate of change being a second rate;
wherein the second rate is slower than the first rate; and
generating or amending a treatment protocol based on the
rate of change; and
displaying on a display, the 3-D representation of the tem-
perature map signature over the time of thermal treat-
ment.

11. The media of claim 9, further comprising:

comparing the first temperature distribution data set of the

surface of the body part with the second temperature
distribution data set of the surface of the body part,
between the first determining step and the displaying
step; and

visualizing at least one of the first and second temperature

distribution data sets.
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12. The media of claim 11, further comprising determining
a diagnosis of a disease on the basis of the data sets.

13. The media of claim 12, wherein the determination of
the diagnosis is carried out by calibrating the data sets depen-
dent on known characteristic data sets.

14. The media of claim 12, wherein the treatment protocol
is amended on the basis of a comparison of the data sets.

15. A system configured to visualize a medical treatment of
a human or animal body part, comprising:

a thermal treatment device and energy exchange device to

thermally treat the body part;

a camera configured to obtain a first temperature distribu-
tion data set of the surface of the body part and a second
temperature distribution data set of the surface of the
body part, the first temperature distribution data set rep-
resenting a temperature distribution of the body part
before a treatment of the body part, and the second
temperature distribution data set representing a tempera-
ture distribution of the body part after a treatment has
begun on the body part;

a computer programmed to
determine a 3-D representation of a temperature map

signature over a time of thermal treatment where a
vertical axis represents a temperature and a horizontal
axis represents special coordinates or both axes in the
3-D representation represent special coordinates and
the contours represent equi-temperature lines;
compare the first temperature distribution data set to the
second temperature distribution data set to determine
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a rate of change of the temperature distribution of the
body part over a period of time;

detect a specific location of the body part that is subject
to acondition based on the temperature map signature
and the rate of change, wherein the condition is
selected from the group consisting of: inflammation
or infection;

compare the rate of change to a database to determine
whether the condition is inflammation of infection,
the database containing data obtained from thermal
treatments of one or more former patients and data
from theoretical simulations previously carried out by
the computer;

determine that the body part is subject to inflammation
when the temperature map signature shows the body
part cooling at a first rate and the rate of change being
a first rate;

determine that the body part is subject to infection when
the temperature map signature shows the body part
cooling at a second rate and the rate of change being a
second rate;

wherein the second rate 1s slower than the first rate; and

generating or amending a treatment protocol based on
the rate of change; and

a display configured to provide the 3-D representation of

the temperature map signature over the time of thermal
treatment.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,237,853 B2 Page 1of1
APPLICATION NO. 131261116

DATED : January 19, 2016

INVENTOR(S) . Levi Emmerik A. Dewacgenaere

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:
Claims
Claim 11, column 8, line 60, replace “claim 9” with --claim 10-- therein.
Claim 12, column 9, line 2, after “basis of”* insert --a comparison-- therein.
Claim 14, column 9, line 6, replace “claim 12” with --claim 11-- therein.

Claim 15, column 9, line 21, after “programmed to™ insert --:-- therein.

Signed and Sealed this
Twenty-eighth Day of June, 2016

Decbatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office



TRAFROE) BATFRNAETT RERKENRS
NIF(2E)E US9237853 K (2E)R
RS US13/261116 iR

[#RIEE (T RN A(E) DEWAEGENAERE LEVI EMMERIK—4
i (E R AGR) DEWAEGENAERE LEVI EMMERIK A.

LETEHIB(ERR)A(E) THERMOMEND INTERNATIONAL LTD.

patsnap

2016-01-19

2010-07-01

[FR]R A A DEWAEGENAERE LEVI EMMERIK A
EBHA DEWAEGENAERE, LEVI, EMMERIK, A.
IPCH %S A61B5/00 A61B5/01 A61F7/10 A61F7/00
CPCHkE A61B5/015 A61F7/10 A61F2007/0056 A61F2007/0075 A61F2007/0095
RENE(F) SHERIDAN ROSS P.C.
£ 5 2009172914 2009-10-13 EP

2009164535 2009-07-03 EP
HAth 20 FF 2Rk US20120101403A1
ShEBEEEE Espacenet  USPTO
HE(R) 1
—MATIRCARSE NS EEUNESZARITNRE. ZREEEH
FEABUNBRLENEE , ATRESABUNLNEES THERE ,
URRATFRIESHSIMN LBENSERENNENESE, il , 21H
T AT AR AERI Y B ESBNEEERSEN ST L. ZHESE
UTFHER  NEABUNRANE BESHBEEASEAIVRENSE Thermo
TEREESTHREAHTHER , EPFE-BESTRBAECTBE , £
CRESHBBAEESRESATHE, BN S EBAHTRLES treatment

FHEHES AR S AT UNEED TRES.

device



https://share-analytics.zhihuiya.com/view/3ffe0bb4-8f6b-4159-9429-7bffde3f4e2c
https://worldwide.espacenet.com/patent/search/family/042712475/publication/US9237853B2?q=US9237853B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9237853.PN.&OS=PN/9237853&RS=PN/9237853

