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NONINVASIVE REFRACTOMETER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. 119(e) of both U.S.
Provisional Application No. 62/186,301 filed June 29" 2015 and U.S. Provisional
Application No. 62/246,032 filed October 24" 2015 which are both hereby incorporated

by reference.

STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

[0002] This invention has been created without the sponsorship or funding of any

federally sponsored research or development program.

FIELD OF THE INVENTION

[0003] The present invention pertains to the measurement of the refractive index

of a medium, such as a fluid, through the wall of its container
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BACKGROUND OF THE INVENTION

[0004] There are many situations where the refractive index of a fluid needs to
be measured, for instance in commercial, industrial or medical applications. A
conventional refractometer requires a sample of the fluid to be taken out of its
container. This patent application describes a method that does not require a sample to
be taken: the fluid may remain in its container, which may remain closed. The
exemplary application in the description is to measure the sugar content of wine in an

unopened bottle.

[0005] It is of interest to know the sugar content of wines, however, the degree
of sweetness often is not indicated on the bottle label, and, if it is indicated, it is usually
in most general terms, such as “semi-dry” or “extra dry”. Some wine-producing regions,
such as Germany and Austria as well as the Alsace region in France, bottle many
different degrees of sweetness of wines otherwise similar in packaging, which causes

confusion with consumers, and at worst, poor food-wine pairings and uneasy dinners.

[0006] In another instance, a bottle of counterfeit wine can be discerned by

measuring the sugar content of the wine.
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[0007] In yet another instance, a wine merchant needs to be able to recommend

wines for her customers with precision with regards to the sugar content.

[0008] Also, in yet another instance, diabetic persons need to know the sugar

content of a beverage that they are considering.

[0009] These and other difficulties experienced with the prior art products and

methods have been obviated in a novel manner by the present invention.

[0010] Itis therefore, an outstanding object of some embodiments of the present
invention to provide a means for ascertaining the true sugar content of a bottled wine

without opening the bottle.

[0011] Another object of some embodiments of the present invention is to
decrease the resulting confusion caused by vague sugar content labeling on some

wine bottles.

[0012] A further object of some embodiments of the present invention is to
improve the ability of a consumer to match up the sugar content of a particular wine

with compatible foods.
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[0013] A still further object of some embodiments of the present invention is to
decrease the possibility of a host serving a wine which has an inappropriate sugar level

at a particular dinner event where such a characteristic of the wine is important.

[0014] A still further object of some embodiments of the present invention is to
uncover an unexpected sugar content of a bottled wine which may suggest that the

bottled wine is a counterfeit.

[0015] A still further object of some embodiments of the present invention is to
supplement the ability of a wine merchant to recommend wines for her customers with

precision with regards to the sugar content.

[0016] A still further object of some embodiments of the present invention is to
assist a diabetic in recognizing if a particular bottle of wine has an appropriate sugar

content level for their particular health needs.

[0017] With these and other objects in view, as will be apparent to those skilled
in the art, the invention resides in the combination of parts set forth in the specification
and covered by the claims appended hereto, it being understood that changes in the
precise embodiment of the invention herein disclosed may be made within the scope of

what is claimed without departing from the spirit of the invention.
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BRIEF SUMMARY OF THE INVENTION

[0018] The present invention pertains to the measurement of the refractive index
of a medium, such as a fluid, through the wall of its container. The essential
characteristic of the invention is that, by using at least two separate light paths that are
of unequal length and that reflect from the wall/medium interface, it is possible to
perform the measurement of the refractive index of the medium so that the result is

insensitive to the color and thickness of the wall, and insensitive to the color of the fluid.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0019] Figure 1 is a schematic representation of the device.

[0020] Figure 2 is a schematic representation of several alternative optical
configurations.

[0021] Figure 3 is a graph depicting the light intensity as a function of travel in
the glass.

[0022] Figure 4 is a schematic representation of an alternative embodiment.

DETAILED DESCRIPTION OF THE INVENTION
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[0023] It has been found that the refractive index of a liquid can be measured by
taking a sample of it and placing the sample in a refractometer. Several versions of
refractometers have existed for a long time. As a rule, they measure the refractive index
by showing the critical angle of total internal reflection between the sample and a glass

(or sapphire etc.) prism. The angle is read visually on a scale, or by photodetectors.

[0024] The method of the present invention does not measure the critical angle.
Instead, it measures the so-called Fresnel reflection that occurs at the interface on the
container wall and its contents. The Fresnel reflection depends on the difference of the
refractive indices on the two sides of the interface. This allows the measurement of the
index of liquids enclosed in unopened containers, such as wine in wine bottles.
Although most wine is fermented dry, there is an important market segment of sweet
and semi-sweet wines and liqueurs. The relation between the refractive index and the
soluble solids (sugar) content is known; therefore, from the Fresnel reflection, first the

index and then the sugar content can be calculated.

[0025] Although the following embodiment describes the measurement of sugar
content in wine, it is obvious that the method can be applied to many solutions in

containers or pipes, such as gelatin, etc.
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[0026] One characteristic of the invention is that, by using at least two separate
light paths that are of unequal length and that reflect from the wall/medium interface, it
is possible to perform the measurement of the refractive index of the medium so that

the result is insensitive to the color and thickness of the wall.

[0027] There are many ways to define the light paths. For example, lenses and
apertures can be used. Alternatively, an overfilled detector may serve to define the light
path, wherein, only the light that reaches the detector is detected. It is noted that, in
every case, in order to properly measure the Fresnel reflection, it is necessary that the
reflection from the first (outer) wall surface of the glass container be prevented from

reaching the detector.

[0028] Different incident angles are used to provide a plurality of different
pathlengths in the glass. This allows the algorithm to compensate for absorption of light
in different-colored glasses. It is to be noted that the plurality of beams can be achieved
either by using more than one light source or more than one detector, or an array
detector. Figure 2 shows several alternative configurations that achieve two paths of
different lengths. Figure 2a shows a configuration with two narrow-beam light sources
and one large-area detector. The light sources can be on opposite sides or on the same
side from the detector. Figure 2b shows a configuration with one fan-beam light source

and a linear array detector. Figure 2c shows a configuration with two fan-beam light
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sources and one small detector. The light sources can be on opposite sides or on the
same side from the detector. Figure 2d shows a configuration with two independent
combinations of a fan-beam light source and a small detector. In all configurations, the
light sources and detectors are in one plane, to avoid the effects of the curvature of the

cylindrical bottle wall.

[0029] Now, as shown in Figures 1a and 1b, as an example for the purposes of
this description, the medium whose refractive index is to be measured is assumed to be
in a glass bottle 100. It will be obvious for a person skilled in the art how the method
can be applied for other kinds of samples and containers. The measurement result
using this method is insensitive to the color and thickness of the bottle wall, within

certain reasonable limits.

[0030] The device according to the method is a hand-held box 200, with an
optical sensor surface 201 which is pressed against the side of the bottle, and a user
interface surface 202 on the opposing side. Surface 202 contains input means, such as

pushbuttons 211 or dial 212. It also contains a display 213.

[0031] The optical sensor surface 201 has light conduits that guide the light from
a plurality of (in this example, two) light sources 301, 302 into the bottle wall with

different incident angles. Both Fresnel reflections from the glass/liquid interface 402
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reach a large-area photodetector 310. Total internal reflection never occurs at interface
402. The reflection from the glass/air interface 401 is prevented from reaching the
detector. When the device is in contact with the bottle, all light paths are in one plane
that contains the axis of the bottle, and the device is in a vertical orientation against the

side of the bottle.

[0032] Control unit 210 causes the light sources to alternate between the OFF
and ON states so that only one of them is ON at any time. The frequency of alternation

is, for instance, 100 Hz.

[0033] The incident angles are designed to ensure that both beams fall on the
detector active area when the wall thickness varies within a predetermined range that

encompasses all standard glass beverage bottles.

[0034] Due to the two above properties of the system, the measurement result is

independent of bottle color and wall thickness.

[0035] PREFERRED EMBODIMENT. In a preferred variation, where the
reference plate is part of the device, the optical system is mounted on a rotatable

module 300 inside the box 200.
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[0036] Figure 1a shows the device in contact with the bottle, looking along the

axis of rotation of the optical module. Figure 1b shows the device from the side.

[0037] The rotation is typically 90 degrees around an axis parallel to the bottle
axis. As a result of the rotation, the optical system makes contact with a clear glass
reference plate 320 located inside box 200, in the same way as it does with the bottle.
When performing a measurement, the signals are recorded from the distal surface of
the reference plate and the bottle separately. The readings from the reference plate are
used to normalize the bottle readings. The transition between reference-plate
measurement and bottle measurement can be arranged in other ways besides rotation,

such as translation (sliding) in a way easily established by those skilled in the art.

[0038] Light is attenuated as it propagates in glass according to the Beer-
Lambert law:

| =1, exp(-kx)
where | = attenuated intensity

|, = original intensity

k = absorption coefficient

X = distance traveled.

[0038] The product kx can be called optical thickness. Since k and x appear only

10
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together as a product and never separately, it does not matter which one changes when

kx changes. The compensations for thickness and absorption are tied together.

[0040] The optional reference plate is made of clear glass and has negligible
absorption at the wavelength of the light sources. Therefore, the Fresnel signals
measured from the reference plate represent the losses due to the geometry which are
the same for reference plate and bottle. If the bottle is colorless, the same signals
should be obtained from an empty bottle. If the bottle is not empty, the Fresnel
reflection signal is weaker, but it should retain the same ratio between the two light
sources. If there is absorption, the ratio is changed. From the two bottle Fresnel
reflection signals, the absorption-compensated signal can be obtained by extrapolation
to zero absorption. That signal can then be compared to the reference-plate signal to
obtain the bottle Fresnel reflection. A look-up table can be used to find the sugar

content.

[0041] A detailed description of the thickness/absorption compensation follows,
using the embodiment with two light sources and one detector as an example for
simplicity. The same principle applies to other configurations, such as the array
detector configuration described later. Figure 3. shows a graph having x as the
horizontal axis and log(l) as the vertical axis (a semi-log graph), the intensity is

represented by a straight line pointing to the lower right (Fig. 3). The stronger the

11
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absorption in the glass, the steeper the angle. Light travelling on the two paths of
different lengths [401, 402] follows the same line, but the shorter path ends at a smaller
value of x, before the longer path. The step down at the midpoint [403] represents the
Fresnel reflection at the glass/liquid interface, where most of the light continues into the
bottle, but the line continues to follow the reflected beam. Note that the line does not
represent the direction of the light, but only the log of its intensity as a function of
distance travelled in the glass. The ratio of the distances travelled in glass in the two
pathlengths remains constant independent of the thickness of the bottle wall, and the
angle of the line remains constant.

R = (L,/(L,-L,)) = constant independent of thickness
where L, = shorter length in glass

L, = longer length in glass

In Fig. 3, Bi = Li for bottle, and Ri = Li for reference plate or calibrator, and i =1 or 2.

[0042] The straight line in the semilog graph representing the intensity in the
glass can therefore be reconstructed by fitting a straight line through the two points that
represent detected intensities, without knowledge of the wall thickness. By following the
reconstructed line to zero x-coordinate, where the light enters the glass, the virtual
original intensity, with the loss by the Fresnel reflection included, without absorbance
will be recovered. If there are more than two detectors, a fitting procedure such as

least-squares fit can be used.

12
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log(Corrected intensity) = log(l,) + R * (log(l,)- log(l,,))
where |, = measured intensity of the shorter path

|, = measured intensity of the longer path

[0043] Because of the long leverage arm of the extrapolation, the absorption
correction may add noise and can be omitted when the absorption is low. When the
absorption correction is performed, it is advisable to integrate several readings of each

signal to average out the noise.

[0044] With the absorption-corrected intensities, the change in the Fresnel
reflection F from reference plate to bottle can be deduced. From the Fresnel reflection,

the refractive index can be deduced.

[0045] From the refractive index of the medium, some aspects of its composition
can be deduced. For instance, if the medium is wine, its sugar content can be
calculated, if its alcohol content is known. By law, the alcohol content is displayed on
the label. Its percentage value can then be entered to the device before the
measurement, using the pushbuttons 211 on the interface surface 202. A dial 212 can
also be used in place of the pushbuttons. The algorithm can then use a formula or a

look-up table to correct the result for the alcohol content.

13
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[0046] The result of the calculation is displayed on display 213 (as shown in
Figure 1b). The unit of the sugar content can be either Brix (for practical purposes,
percentage by mass) or g/l. The method can be used for clear media. If the medium is
cloudy, or scatters light, the scattered light will be inseparable from the Fresnel

reflection and will cause severe inaccuracy of the result.

[0047] Ambient light may reach the detector. Its effect is compensated for by

measuring it while the light sources are shut off.

[0048] The great majority of beverage bottles are colorless or green. The laser
light used in this invention should normally be a shade of green in order to minimize
absorption in the glass and maximize the strength of the transmitted light. Therefore, a
suitable wavelength is 525 nm (aqua green), where many bright light emitting diodes
(LED) and diode lasers (LD) are available. Other shades of green may also be
effective. The choice of the laser color/light frequency/wave length depends on a
number of factors. In the case of bottles of a color other than the standard clear or

green, lasers producing light of that other color may be effective.

[0049] The embodiment in the present example has a calibrator or reference

plate built into the device. It is also possible to use an external calibrator, such as a

water-filled bottle, to calibrate the device. This must be done frequently enough to avoid

14
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the effects of batteries losing charge, LED’s aging etc.

[0050] The sugar content of wine is generally measured in one of two units, Brix
(= %) or grams/liter (g/l). 10 g/l = 1 Brix. Adding sugar to liquids makes their refractive
index go up. The device according to this invention is a non-invasive refractometer that
measures the refractive index of a liquid across a glass wall. In wine and juices, it is the
sugar content that affects the index most. Alcohol affects the index as well, but since

the alcohol content is always indicated on the label, its effect can be taken into account.

[0051] The measurement is based on the intensity of the Fresnel reflection.
Cloudy liquids cannot be measured, because the back-scatter from the cloudiness
interferes with the measurement. The color of the bottle does not have an effect on the
result, because the absorption of light in the glass, if any, is compensated for by the
multiple-beam optics according to this invention. The wall thickness of the bottle also

has no effect on the result, due to the design of the optics according to this invention.

[0052] ALTERNATIVE EMBODIMENT USING AN ARRAY DETECTOR. Figure
4 is a depiction of this embodiment. The axis of the bottle is marked as 400. The
device uses a green laser light source 401 with an elliptical beam output. Coming out

of the laser, the beam is deflected by beam splitter 402 and directed on a cylindrical

15
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lens 403 that forms a fan 410 out of the flat beam. As the device sits on the bottle 405
to be measured, the light paths are in a plane that is perpendicular to the bottle surface
and parallel to the bottle axis. This way, the curvature of the bottle wall 406 has a
minimal effect. The light fan enters the glass wall with its narrowest waist
approximately at the air/glass interface 407 and with a central angle of 45 degrees.
After travelling through the glass, the light meets the glass/liquid interface 408. There
most of the light continues into the liquid, but a small fraction experiences a so-called
Fresnel reflection and continues in the glass, now outward according to the law of

reflection.

[0053] The Fresnel reflection happens at every interface where there is a change
in the refractive index. It depends only on the difference of the refractive indices at the
interface; it does not depend on other optical properties of the medium after the

interface. That is why the measurement works for any color of wine or juice.

[0054] When the Fresnel-reflected light meets the glass/air interface 407 again, it
is again split, most of it continuing in the air, refracted into the same angle it had when it
entered the glass. The light fan then meets a cylindrical lens 419 that focuses the light
and ensures that no light is lost due to the curvature of the bottle. Finally, the Fresnel-
reflected ray fan 410 reaches a 16-element silicon linear array detector 420. The linear

array detector 420 may have as many elements as is practical; for example, 256

16
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elements. All of the fan energy is contained within the photosensitive area of the array.
The total energy tells us the refractive index of the liquid in the bottle: the weaker the
signal, the higher the refractive index and the higher the sugar content. The baseline
signal is kept in memory from a calibration measurement on a bottle that contains dry

wine or water.

[0055] Since the measurement is an intensity measurement, the possible
absorption of light in the glass has to be compensated for. Most bottles are colorless or
green and do not need this compensation. But should the glass happen to absorb light,
a compensation mechanism is set up as follows: the light paths of the fan (defined by
the detector element the light finally hits) travel unequal lengths in glass: those with the
steepest entry angle 411 travel the shortest path and those with the shallowest entry
angle 412 travel the longest path. The middle 12 elements of the array detector 420
are used to detect absorption by performing a least-squares fit on their signals: the
slope of the fit, if different from that of the calibration, indicates the presence of
absorption. It is then compensated for using a proprietary algorithm. - In order to
eliminate the effects of ambient light, the measurement light is modulated (switched on

and off at a rapid rate).

[0056] In another embodiment there is a flat portion 404 ground and polished in

the center of the convex surface of the cylinderical lens 403. This flat allows the central

17
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portion of the flat beam to continue unrefracted, forming a central directional intensity
peak. This intensity peak falls on the array detector 420 in a location determined by the
thickness of the bottle wall 406. Thus, the thickness of the bottle wall is directly
measured. The width of the flat portion on the cylinder lens preferably equals the

element pitch of the array detector, in order to provide the best thickness resolution.

[0057] The first array detector element 421 has a special function: it is a
reference detector. The beam splitter 402 transmits a small portion of the laser light 413
that then falls on the above-mentioned detector element. The signal thereby produced
is used by the algorithm to normalize the array signals, thus making them independent
of the actual laser intensity, which may depend on the aging of the laser, charge state
of the battery etc. The last array detector element 422 also has a special function:
baffle 423 causes it to look into the fluid without receiving any reflections from any
interfaces. If the fluid is clear, it will see no light and will generate no signal. If the fluid is
cloudy, some of the scattered light reaches this detector element, and a warning can
then be issued. If there is too much scattered light reaching the middle of the array

detector, the measurement is invalid.

[0058] It is obvious that minor changes may be made in the form and

construction of the invention without departing from the material spirit thereof. It is not,

however, desired to confine the invention to the exact form herein shown and

18
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described, but it is desired to include all such as properly come within the scope

claimed.

[0059] The invention having been thus described, what is claimed as new and

desire to secure by Letters Patent is:

19
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CLAIMS

A method for measuring the refractive index of a medium situated behind a
transparent wall, wherein at least two light beams are arranged to illuminate the
wall/medium interface through the wall at different angles and wherein the
Fresnel reflections of the beams from the wall/medium interface are detected by

at least one detector.

2. A method according to Claim 1, wherein there are at least two light sources and

one detector.

3. A method according to Claim 1, wherein there is one light source and at least

two detectors.

4. A method according to Claim 1, wherein there is at least two light sources and at

least two detectors.

5. A method according to Claim 1, wherein the Fresnel reflection from the

wall/medium interface is compared to the Fresnel reflection from a reference

interface detected by the same detector.

20
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6. A method according to Claim 1, where the medium is a beverage and the wall is

a bottle wall.

7. A method according to Claim 1, where the beverage is wine or liqueur.

8. An Apparatus according to Claim 1, comprising light sources and detectors, the
total number of them combined being at least three, an optical setup that defines
at least two lightpaths of different lengths from said light sources twice through

the wall of a container to said detectors, a control unit and a display.

9. An apparatus according to Claim 8, where the reference interface is separate

from the device.

10. An apparatus according to Claim 8, where the reference interface is

contained within the device

11. A non-invasive method of measuring the sugar content of a wine
contained in a hermetically sealed transparent bottle, the method
consisting of the following steps:

(a) Shining at least two light sources through the bottle wall,

each having a unique incident angle and

21
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(c)

12.

Unigue path length,
Measuring the intensity of the Fresnel reflection from each light source,
using the measured intensities of the fresnel reflections, in conjunction
with the known alcohol content of the wine in order to calculate the sugar

content of the wine contained within the bottle,

An apparatus for non-invasively measuring the sugar content of a wine
contained in a hermetically sealed transparent bottle consisting of
a hand-held box having:
(a) an optical sensor surface on one side, which surface is in
contact with the bottle,
(i) on which light conduits are present, which guide light
along paths in one plane,
Which plane is congruent with the axis of the bottle,
and which light paths enter into the bottle wall
at unique incident angles,
from a plurality of light sources, and
(ii) Which guided light produce Fresnel reflections
at the glass/liquid interface,
which Fresnel reflected light is, in turn,

detected by a large-area photodetector,

22
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13.

14.

15.

(b)  auserinterface surface on the opposing side having an
input means for controlling and calibrating the apparatus,

and a display.

The apparatus from claim 12, wherein a reference plate, made of clear
glass and having a negligible absorption at the wavelength of the light
sources, is part of the device and the optical system is mounted on a
rotatable module inside the box, which rotatable module when rotated 90
degrees comes into contact with the reference plate and a measurement
of the light readings from the reference plate are used to normalize the

bottle readings.

The apparatus from claim 13, wherein the optical system is mounted in a

translation sliding manner.

An apparatus for non-invasively measuring the sugar content of a wine
contained in a hermetically sealed transparent bottle consisting of

a hand-held box having:

a green laser light source with an elliptical beam output,

an aperture through which the elliptical beam is passed, further flattening

and directing the beam on a cylindrical lens which causes a fan out of the

23
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(c)

(d)

16.

flat beam,

the light path in a plane that is perpendicular to the bottle surface and
parallel to the bottle axis,

the light fan entering the glass bottle wall with its narrowest waist
approximately at the air/glass interface and with a central angle of 45
degrees,

a Fresnel reflection being created at the glass/wine interface,

the Fresnel reflection portion of the ray fan reaching a linear array
detector situated outside the bottle,

an algorithm combining the measured intensities of the Fresnel
reflections, in conjunction with the known alcohol content of the wine in
order to calculate the sugar content of the wine contained within the

bottle.

An apparatus as in claim 15, wherein

the cylindrical lens includes a flat portion ground and polished in the
center of the convex surface of the cylindrical lens, allowing the central
portion of the flat beam to continue unrefracted, forming a central
directional intensity peak,

the central directional peak falling on the array detector in a location

determined by the thickness of the bottle wall and therefore provided
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information about the thickness of the bottle wall.

25



WO 2017/004129 PCT/US2016/039972

§\_
320 U 202
10l 200
300/’ >~ 201
100
FIG. 1a

212%\?10/213/202 211

301//’JQ§ \\1:;;3 302

o %/
N4 Ny, 401
\ / \

1/4



PCT/US2016/039972

WO 201




WO 2017/004129 PCT/US2016/039972

LOG (1)

X=DISTANCE B1 B2 R1 R2

FIG. 3 RZ_32

3/4



PCT/US2016/039972

WO 2017/004129

L0V

ﬂci.ioinili

™ 00V

v Ol

4/4



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 16/39972

A. CLASSIFICATION OF SUBJECT MATTER

CpPC

IPC(8) - C12G 3/08, G01B 9/02, GO1N 21/41, GO1N 33/14, G01J 3/14 (2016.01)
- C12G 3/08, GO1B 9/02, GO1N 21/41, GO1N 21/77, GO1N 2021/887, GO1N 33/143, G01J 3/14
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

nimum documentation searched (classification system followed by classification symbols)
IPC(8) C12G 3/08, G018 9/02, GO1N 21/41, GOTN 33/14, G01J 3/14 (2016.01);

CPC- C12G 3/08, GO1B 9/02, GO1N 21/41, GO1N 21/77, GO1N 2021/887, GO1N 33/143, GO1J 3/14

Patents and NPL (classification, keyword; search terms below)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC- 73/61.48, 99/276, 99/277, 99/495, 356/135, 356/139.1, 356/365, 356/477, 356/481, 702/30;

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Pub West (US EP JP WO), Pat Base (AU BE BR CA CH CN DE DK EP ES FI FR GB IN JP KR SE TH TW US WO), Google Patent,
Google Scholar, Google Web, FPO; search terms: Fresnel, refract, birefringence, wine, beer, food, beverage, liquor, liqueur, alcohol,
sugar, sucrose, fructose, sweet, sweetness, dry, dryness, palate, bouquet, beam, laser, glass...

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4,500,203 A (BIERINGER) 19 February 1985 (19.02.1985), Fig. 1; col 2, In 59 to col 3, In 1-12
-- 47.c0l4,In9-18;¢co0l6,In2553 ] e
A 13-16
Y US 2009/0321646 A1 (COZZOLINO) 31 December 2009 (31.12.2009), para [0011], [0012], 1-11
- [00186], [0018], [0021), {0023}, [0025], [0029], [0055), [O56) [ e
A 13-16
Y WO 02/033404 A2 (TRAUNERY) 25 April 2002 (25.04.2002), Fig. 2, pg 1,In 4-8; pg 4, In 27 topg | 12
-- 5,in 23; pg 7,n 23-27; pg 8,In 5-19; pg 9, In 28 to pg 10, In 10 O
A 13-16
X, P US 2015/0243824 A1 (BHAT et al.) 27 August 2015 (27.08.2015), Fig. 1A; para [0001], [0003], 1-12
----- [0004], [0018], [0021], [0025) aeeoee
AP 13-16
A EP 0 449 798 A2 (AVL MEDICAL INSTRUMENTS AG) 26 February 1991 (26.02.1991), English | 1-16
Abstract
A US 4,490,042 A (WYATT) 25 December 1984 (25.12.1984), col 1, In 42-64 1-16

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the |nternat|onal filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

01 September 2016

Date of mailing of the international search report

15 SEP 2016

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report

