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FIG. 1
(57) Abstract: The invention relates to a method for data acquisition of a signal representing a current or voltage of a power carrying
conductor in a medium or high voltage power network, said signal comprising a waveform of continuously repeating elements, the
method comprising the following steps: a) sampling the signal for a defined {first time period to capture a first signal comprising a
single period of the waveform with a sensing unit, wherein the sampling is stopped after the defined first time period for a defined
second time period; b) transmitting the first signal with a communication unit from the sensing unit to a central unit; ¢) sampling the
signal for the defined first time period after the end of the defined second time period with the sensing unit to capture a second signal
comprising another single period of the waveform; d) transmitting the second signal with the communication unit from the sensing
unit to the central unit; wherein the central unit copies the first signal until it receives the second signal form the sensing unit.
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METHOD FOR DATA ACQUISITION OF A CURRENT OR
VOLTAGE SIGNAL

The invention relates to a method for data acquisition of a signal representing a current or
voltage of a power carrying conductor in a medium or high voltage power network. The
invention also relates to the use of the claimed method in connection with a sensing unit

of a medium or high voltage power network.

In the technical field of high or medium voltage power networks there is for example the
need of measuring certain parameters, such as for example voltage and/or current at
certain locations within the network, such as for example in cable terminations, medium
voltage switchgears and/or transformers. There may further be the need for other
electronic equipment such as for example an electronic interface or a communication

device.

WO 2012/130816 A1 discloses an apparatus for measuring the potential on a cable such
as those used in medium voltage distribution networks. The measurement apparatus for
measuring the voltage of an insulated electrical cable includes at least one central
conductor, a first dielectric layer surrounding the at least one central conductor, a
semiconducting layer surrounding the first dielectric layer and a cable shield surrounding
the semi-conductive layer. The apparatus comprises a sensing electrode assembly
arranged around the cable, comprising a sensing electrode element connected to the
semiconductor layer such that the sensing capacitor is formed by the semiconductor layer
together with at least one central conductor and at least the first dielectric layer of the
insulated electrical cable. An electrical circuit is connected to the sensing electrode

element.

These sensing devices and/or according electronics that may for example be needed to
transmit data (communication device) or to adapt data to following processes (interface
device) require energy. Although the cable, which is sensed, carries energy, it is not so
easy to access this energy. Direct galvanic access requires a high amount of technical
equipment, because of the high or medium voltage environment. Therefore one solution
is the use of a battery providing energy to the above mentioned devices. Another

possibility is disclosed in the not yet published patent application filed by the same
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applicant as the applicant of this application on May 22", 2014 with the application
number EP 14169529. This application discloses an energy harvesting solution providing

energy for the above described devices.

For both solutions — battery powered solution and energy harvesting solution — it may be
beneficial, if the processes using the provided energy can be performed in an energy

efficient manner.

WO 2004/038891 A2 discloses a device for monitoring an electric overhead line with a
sensor unit for collecting data, a transformer for collecting operating power from the line
and a communication unit to transmit data to a remote central. In this document it is not
mentioned how the above described components are powered. It is further not described

how the data collection is performed and if it is done in an energy efficient manner.

WO 2006/128394 A1 discloses a measurement or protective device having an interface
for establishing a connection to at least one measurement transducer and having a
further interface for connection to a data bus. Data reduction mechanisms are disclosed
that only use a percentage of the measured data. Energy efficiency is not mentioned in

this document.

In view of the prior art, there is still a need for providing an energy efficient method for
data acquisition of a signal representing a current or voltage of a medium or high voltage

power carrying conductor.

The current invention provides a method for data acquisition of a signal representing a
current or voltage of a power carrying conductor in a medium or high voltage power
network, said signal comprising a waveform of continuously repeating elements, the
method comprising the following steps:

a) sampling the signal for a defined first time period to capture a first signal comprising a
single period of the waveform with a sensing unit, wherein the sampling is stopped
after the defined first time period for a defined second time period;

b) transmitting the first signal with a communication unit from the sensing unit to a central

unit;
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¢) sampling the signal for the defined first time period after the end of the defined second
time period with the sensing unit to capture a second signal comprising another single
period of the waveform;

d) transmitting the second signal with the communication unit from the sensing unit to the
central unit;

wherein the central unit copies the first signal until it receives the second signal form the

sensing unit.

Data acquisition according to the method of the invention is directed to the measuring or
sampling of a parameter or condition - such as for example voltage or current etc. - and
collecting or capturing the measured signal as well as reconstructing of the measured or
sampled signal. For the measuring or sampling a sensing unit may be used that is able to
measure or sample the desired parameter or condition and to collect or capture it for
further processing, like analyzing, storing, using for managing a system etc.. One
example for a sensing unit that may be used for applying the claimed invention is
disclosed in the European Patent EP 2 608 338 B1. Here the embodiment shown for
example in Fig. 5 comprises a capacitive voltage sensor. All the features of this sensor

are herewith incorporated into the disclosure of the application.

According to the method of the invention, the data that is acquired is a signal comprising
a waveform of continuously repeating elements. Thus the signal comprises a multitude of
elements and the elements are repeating elements, which means that they resemble
each other or that they are identical with each other and they repeat over time one after
another. If one element of the signal comprising repeating elements is know, conclusions
can be drawn on the entire signal. It is possible, that the signal only comprises repeating
elements, thus consists of repeating elements. It is also possible that the signal also
comprises other elements besides the repeating elements, e.g. errors, disruptions or
noise. The signal according to the method of the invention does — under normal
conditions — not change surprisingly. The repeating elements may not differ significantly

during a defined time period, e.g. the defined second time period.

A repeating element according to the invention is an element of the signal that has a
shape that repeats in an identical or substantially identical way after a certain time span
or time interval. One example of a signal with a waveform of continuously repeating

elements is a periodic signal.
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The method steps of the method according to the invention are

a)sampling the signal with a sensing unit for a defined first time period (first signal),
wherein the sampling is stopped after the defined first time period for a defined
second time period;

b)transmitting the captured first signal with a communication unit from the sensing unit
to a central unit

c)sampling the signal again with the sensing unit for the defined first time period
(second signal)

d)transmitting the captured second signal with a communication unit from the sensing
unit to the central unit and

copying the first signal until the second signal is received.

As mentioned above the measuring or sampling of the signal may be done with a sensing
unit that measures and samples the signal of a certain parameter. One sensing unit that
may be used in the context of the invention is disclosed in the above already mentioned
European Patent EP 2 608 338 B1, embodiment shown in Fig. 5. The transmitting of the
captured signal may be done with all known devices like any transceivers running a
protocol like for example UART, SPI, 12C or proprietary. The data transmission may use
optical ways of data transfer, wireless ways of data transfer, the above mentioned
transformers or acoustic ways of data transfer. The central unit, may be located remotely

from the sensing unit. Or it may be located close to the sensing unit.

According to the invention, step a) which is the sampling of the signal is only done for a
defined first time period, wherein the first time period is selected such that it covers at
least a first repeating element — the first signal. In other words the first time period is
equal to the time span or time interval that a first repeating element lasts. It is also

possible to capture more than one repeating element within the first time period.

The first time period t1 can for example be determined by using a zero level detector or a
zero crossing detector. This is an element that does not need much energy and can be
integrated into the sensing unit 2. It detects the instances, where the signal is equal to
zero. If the signal comprises a waveform, these instances can be used to identify the
starting point and the end point of the repeating element. A sine signal has for example a

zero crossing at the beginning, one at the middle and another one at the end. The zero
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level detector can also be used to exactly define the time where the next measuring or

sampling interval starts, which is at the end of the defined second time period.

After the first time period is over, sampling of the signal is stopped. By stopping the
sampling process after a defined first time period, which is a process that needs energy,
energy can be saved. In addition, energy is also saved during step b), which is the
transmitting step. Since only a limited amount of information about the signal is sampled
during step a), only this limited amount of information needs to be transmitted from the

sensing unit to the central unit, which also saves energy.

The sampling is stopped for a defined second time period. The defined second time
period needs to be selected such that it covers a time span in which the signal - under
normal conditions — has a shape that repeats in an identical or substantially identical way.
The defined second time period may depend on the application and the conditions of the
medium or high voltage power network, the method according to the invention is applied.

It may also depend on the amount of energy that is available at the sensing unit.

Finally, the central unit copies the received first signal until it receives the second signal.
By copying the first signal, the signal to be monitored gets reconstructed. During the
sampling and the transmitting step, energy can be saved. The copying step is performed

at the central unit, where energy is usually available.

Sampling of the signal comprising a waveform of continuously repeating elements for the
defined first time period is repeated periodically immediately after the second time period
is over. In such a process sampling of the signal is always repeated after non sampling of
the signal is over. Depending on the kind of data that is acquired or monitored the second
time period may be selected longer or shorter as the first time period. It may also be
selected as long as the first time period. Depending on the risk and the speed with which
the measured or monitored signal may change, the second time period may be adapted

as well.

According to one embodiment of the invention sampling of the signal comprising a
waveform of continuously repeating elements for the defined first time period is repeated
periodically. Repeating the sampling process after stopping the sampling provides an

energy efficient data acquisition process that acquires data again and again with defined
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pauses in between. Such a method can for example be used to monitor, measure or

sample data over an indefinite period of time.

According to another embodiment of the invention, the signal comprising a waveform of
continuously repeating elements may be a sine signal. It may be a sine signal with or
without harmonics. Another example of a signal comprising continuous repeating
elements is a cosine signal. Generally speaking the signal may be any periodically
repeating waveform, such as for example but not limiting a square waveform, a triangle

waveform or a ramp waveform.

According to another embodiment of the invention, the frequency of the sine signal may
be 50 Hz. 50 Hz is the base frequency of European power networks. All other frequencies
are possible as well, such as for example 60 Hz, which is the base frequency of the US
power networks, or 16 2/3 Hz. The frequencies according to the invention cover all

network frequencies and their harmonic frequencies.

According to another embodiment of the invention, the defined first time period is selected
such that a single period of the waveform is captured or sampled. If the frequency of the
signal is 50 Hz the defined first time period may for example be 1/50 of a second and the
defined second time period may be 49/50 of a second. It should be noted that 49/50 of a
second is just an example. Every other time period is possible as well for the second time
period, e.g. 25/50 of a second or 30/50 of a second or 40/50 of a second, as long as it is
a multiple of the defined first time period. It is also possible to define the first time period
with 2/50 or more and to define the second time period with 48/50 or more or less. As
described above the time periods need to be defined depending on the application the
method according to the invention is applied to and the amount of energy that is available
at the sensing unit. If the frequencies are other than 50 Hz, the defined first time period
needs to be adapted accordingly to still cover one period of the waveform signal, such as
for example 1/60 etc.. The defined second time period needs to be adapted as to fulfill the
requirements of the application and the energy needed to perform the method of data

acquisition.

According to another embodiment of the invention, the transmitting of the sampled signal
comprising a waveform of continuously repeating elements with a communication unit

from a sensing unit to a central unit is performed during the defined second time period.
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Transmitting the data signal after sampling it, provides the advantage that the total
amount of energy needed at one point in time is less. But it is of course also possible to
transmit the data signal parallel to capturing it, which would mean that the transmitting of
the sampled signal comprising a waveform of continuously repeating elements is

performed — at least partially - during the defined first time period.

According to another embodiment of the invention, points of interest of the signal
comprising a waveform of continuously repeating elements may be captured during the
defined second time period. The defined second time period may be much longer than
the defined first time period — as already pointed out above. To minimize the risk that the
measured parameters change drastically within the second time period without being
captured, it is suggested as one option to capture so called points of interest during the
time period where no continuous sampling is performed. Points of interest may be any
points of the signal comprising a waveform of continuously repeating elements that may
give useful information. The points of interest may for example be the maximum and/or
the minimum amplitude of the waveform of continuously repeating elements. If the signal
comprising a waveform of continuously repeating elements is a sine signal, the points of
interest may be for example the first positive peak (maximum) and/or the first negative
peak (minimum). From the sampled first signal, it can be calculated, where the maximum
and the minimum of the waveform lies. If the signal is for example a sine signal, the
maximum is located at 1/4 of the defined first time period and the minimum is located at
3/4 of the defined first period of time. Therefore, if those points of interest need to be
monitored, sampling would only be performed at exact this time. It is also possible to use
a detector of the time, where the signal is equal to zero (zero level detector or zero
crossing detector). If the signal is a sine signal, maximum and minimum are located in the

middle of those two times.

According to another embodiment of the invention, the captured points of interest are
transmitted with the communication unit from the sensing unit to the central unit. The
transmission of the points of interest may be performed during the defined second time
period. The captured points of interest may also be kept within the sensing unit. Further
processing of the captured points of interest may take place in the sensing unit or in the

central unit.
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According to another embodiment of the invention, the points of interest are compared
with previous points of interest of the signal comprising a waveform of continuously
repeating elements. This comparison may be done at the sensing unit itself or at the

central unit.

According to another embodiment of the invention, if a change of the captured points of
interest is detected, an action may be triggered. The action may be that sampling of the
signal is started again. The sampling of the signal may be started immediately after the
change of the captured points of interest is detected. The sampled data may be

transmitted with the communication unit from the sensing unit to the central unit.

A possible method of carrying out the capturing of the points of interest during the defined
second time period may comprise the follow steps:

a)sensing unit captures and saves the points of interest;

b)sensing unit compares the points of interest with each other;

c) if a change is detected, that lies under a defined threshold, nothing happens;

d) if a change is detected, that lies above a defined threshold, sampling of the signal

may be started and the sampled signal may be transmitted to the central unit.

In order to improve the resolution of the reconstructed data oversampling can be used.
For example the sample rate of the sensing unit is relatively low. For example it has been
chosen to capture the 50™" harmonic of the base frequency (50 Hz *50 = 2,5 kHz) which is
200 us (5 kHz). This may be good for power saving of the sensor. This may also bare the
risk that the frequency resolution is lowered as this will stick to the sampling grid. With
this sampling rate, the frequency resolution would be 0,5 Hz. This might not be accurate

enough for some applications.

To improve the frequency resolution, the sensor may measure the time of the sampled
period more precisely and send this value together with the 200 sample-values to the
central unit. This value may be named period time. To benefit from this additional
information the central unit may mathematically enlarge the sample rate by introducing a
second, finer grid over the sampling grid which is called oversampling grid. The central
unit may generate additional samples between each “real” sample by interpolating the
missing values. Now the period length of the sampled waveform can be altered in much

finer steps resulting in a higher frequency resolution.
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Using for example a 4 times oversampling will generate 3 additional values between each
‘real” sample-value. These results in a shorter time-interval between each sample

(before: 200 us, after 50 us). The frequency resolution would rise from 0,5Hz to 0,125 Hz.

Depending on the processor-performance, much higher oversampling (e.g. 64 times,
128times) is also possible. This also has the advantage that, when using digital-to-analog
conversion in an output interface, the design of the output filter is much simpler because
the sampling frequency is more far away from the frequencies of interest through this

process.

The invention also relates to the use of a method for data acquisition according to the
above described method in a sensing unit of a medium or high voltage power network.
The medium or high voltage power network may be a system providing a power carrying
conductor. The power carrying conductor may be provided in arrangements, such as for

example terminations, splices, switches, transformers, fittings and/or sleeves.

The invention will now be described in more detail with reference to the following Figures

exemplifying particular embodiments of the invention:

Fig. 1 flow chart of one embodiment of a method for data acquisition according to the
invention;

Fig. 2 one example of a signal comprising a waveform of continuously repeating
elements over time;

Fig. 3 one example of the captured signal according to Fig. 2; and

Fig. 4 one example of the reconstructed captured signal according to Fig. 2 and Fig.
3.

Herein below various embodiments of the present invention are described and shown in

the drawings wherein like elements are provided with the same reference numbers.

Fig. 1 shows a flow chart of one embodiment of a method for data acquisition according
to the invention. Reference number 1 indicates a signal comprising a waveform of

continuously repeating elements, here a sine signal, to be monitored or measured. The
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signal 1 gets measured with a sensing unit 2. According to the invention, the sensing unit
2 captures only the first repeating element - first signal - indicated with the reference
number 3 of the signal comprising a waveform of continuously repeating elements 1 for a
defined first time period t4. After having captured the first repeating element 3, first signal,
the sensing unit 2 stops measuring for a defied second time period t,. The length of the
second time period may depend on the kind of system that is monitored, on the power
supply of the sensor etc.. After the second time period t, is over, the process starts from

the beginning with sampling of the signal for the defined first time period 1.

The first time period t1 can for example be determined by using a zero level detector or a
zero crossing detector. This is an element that does not need much energy and can be
integrated into the sensing unit 2. It detects the instances, where the signal is equal to
zero. If the signal comprises a waveform, these instances can be used to identify the
starting point and the end point of the signal. The zero level detector can also be used to

exactly define the time where the next measuring or sampling interval starts.

It is also possible to calculate t1 from already sampled data, which does require, before t;
is defined, sampling needs to start. Afterwards t1 can be defined and the sampling for the

defined first period of time can start.

The first repeating element 3 or first signal is transmitted with a communication unit 4
from the sensing unit 2 to a central unit 5. The central unit 5 receives the captured first
repeating element 3. Since following systems would not be able to process this kind of cut
of data, the central unit 5 reconstructs the original signal 1 comprising a waveform of
continuously repeating elements by copying the captured first repeating element 3, and
adding it to or behind the captured first repeating element 3 as often as necessary until a
second signal is received. By doing this a continuous data stream is received, which can

be send to the next level system for further processing.

This process may be repeated as often as necessary to receive a reconstructed
continuous signal. One option, if the repeating element of the to be sampled signal for
example repeats with a frequency of 50 Hz the method according to the invention may be
performed as follows:

The defined first time period takes t1 1/50 of a second and is long enough to catch the first

repeating element or first signal 6 of the sine signal. The defined second time period t,

10
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takes 49/50 of a second. In this time period no continuous capturing or sampling of the
signal is performed. In other words, every second the first repeating element of the signal
is captured or sampled. For the rest of the second no capturing or sampling, at least no
continuous capturing or sampling is performed. The capturing or sampling of the signal is
therewith reduced from 50 periods per second to one period per second. This can be
done, if the assumption can be made that the signal itself will not change continuous and

is therewith stable during the time > 1 second.

In Fig. 2 one example of a signal comprising a waveform of continuously repeating
elements over time is shown. The signal is a sine signal with continuous repeating
elements 6 showing a voltage signal U over the time t. Here the repeating elements 6 are
one period or one harmonic of the sine signal. The repeating element 6 or first signal lasts

the defined time period ts.

Fig. 3 shows the captured signal - first signal 6 - of the voltage U over the time t. It can be
seen that only the first repeating element is sampled. After that the sampling is stopped

for a defined second time period ts.

Fig. 4 shows the reconstructed signal starting with the captured repeating element or first
signal 6. The central unit reconstructs the signal by copying the captured repeating
element thereby receiving a copied repeating element 6’ and adding the copied repeating
element 6’ to or behind the captured repeating element 6. The copied repeating element
6’ is added to the captured repeating element 6 as often as needed until the second
signal 6, is sampled. When the defined second time period t> is 49/50 of a second, the
copied repeating element 6’ is added 49 times to the first captured repeating element 6.
Afterwards the process starts new and a new repeating element indicated as 6. is
sampled by the sensing unit 2 and transmitted to the central unit 5 with a communication
unit 4.

The method according to the invention works as long as no unexpected situation arises. If
for example a short circuit occurs, the reaction time might be too long in order to prevent
greater damage. To avoid this, according to one embodiment of the invention during the
defined second time period t2 points selected of interest can be measured and compared
with each other and/or a defined threshold. The sensor can for example “keep an eye” on

the waveform of the signal, even when sampling is not active. This can be done by taking

11
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single samples on the maximum amplitude of the waveform (at 1/4 of the period length)

or the minimum amplitude of the waveform (at 3/4 of the period length).

12
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CLAIMS

Method for data acquisition of a signal representing a current or voltage of a
power carrying conductor in a medium or high voltage power network, said signal
comprising a waveform of continuously repeating elements, the method
comprising the following steps:

a) sampling the signal for a defined first time period to capture a first signal
comprising a single period of the waveform with a sensing unit, wherein the
sampling is stopped after the defined first time period for a defined second time
period;

b) transmitting the first signal with a communication unit from the sensing unit to a
central unit;

¢) sampling the signal for the defined first time period after the end of the defined
second time period with the sensing unit to capture a second signal comprising
another single period of the waveform;

d) transmitting the second signal with the communication unit from the sensing
unit to the central unit;

wherein the central unit copies the first signal until it receives the second signal

form the sensing unit.

Method for data acquisition according to claim 1, wherein sampling the signal for

the defined first time period is repeated periodically.

Method for data acquisition according to claim 1 or 2, wherein the signal is a sine

signal.

Method for data acquisition according to claim 3, wherein the frequency of the

sine signal is 50 Hz.
Method for data acquisition according to any of the preceding claims, wherein the

defined first time period is selected such that a single period of the waveform is

captured.

13
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6.

10.

11.

12.

13.

14.

Method for data acquisition according to any of the preceding claims, wherein the

defined first time period is 1/50 of a second.

Method for data acquisition according to any of the preceding claims, wherein the

defined second time period is 49/50 of a second.

Method for data acquisition according to any of the preceding claims, wherein
transmitting of the sampled signal comprising a waveform of continuously

repeating elements is performed during the defined second time period.

Method for data acquisition according to any of the preceding claims, wherein
during the defined second time period points of interest of the signal comprising a

waveform of continuously repeating elements are captured.

Method for data acquisition according to any of the preceding claims, wherein the
points of interest are the maximum and/or the minimum amplitude of the

waveform of continuously repeating elements.

Method for data acquisition according to any of the preceding claims, wherein the
captured points of interest are transmitted with the communication unit from the

sensing unit to the central unit immediately after they have been captured.

Method for data acquisition according to any of the claims 1 to 10, where the

captured points of interest are kept within the sensing unit.

Method for data acquisition according to any of the preceding claims, wherein the
points of interests are compared with previous points of interest of the signal

comprising a waveform of continuously repeating elements.
Method for data acquisition according to any of the preceding claims, wherein, if a

change of the captured points of interest is detected, sampling of the signal is
started.

14
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15. Use of a method for data acquisition according to any of the claims 1 to 14 in

connection with a sensing unit of a medium or high voltage power network.

15



PCT/US2015/033738

WO 2015/199917

I 'Brf

g ¥ é
Hn h Hun m Hn
[eauen UDIEOIUNLLILION Buisusg

1/2

mzmu@@ /.\m |DQ“! i

A A A

g




WO 2015/199917 PCT/US2015/033738




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/033738

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOIR19/25 GO1R13/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GOIR

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/173174 Al (GAARDER PAAL EVEN [NO]) 1-15
5 July 2012 (2012-07-05)
abstract
page 8, paragraph [0106]
figures 1-10
X US 2006/212238 Al (NISENBLAT POL [IL] ET 1-15
AL) 21 September 2006 (2006-09-21)
abstract
page 7, paragraph [0076]
figures 1-4
X EP 1 795 907 Al (RAI RADIOTELEVISIONE 1-15
ITALIANA [IT]) 13 June 2007 (2007-06-13)
abstract
page 3, paragraph [0021] - paragraph
[0024]
figures 1-4
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* 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)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international 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

21 September 2015

Date of mailing of the international search report

28/09/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bergado Colina, J

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/033738

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2012/078555 A1 (BANHEGYESI TIBOR [US]
ET AL) 29 March 2012 (2012-03-29)
abstract

page 5, paragraph [0037]

page 9, paragraph [0130] - paragraph
[0137]; figures 18, 19

US 20137158906 Al (GUO QIAO [CN] ET AL)
20 June 2013 (2013-06-20)

the whole document

US 20097187344 Al (BRANCACCIO DANIEL S
[US] ET AL) 23 July 2009 (2009-07-23)
the whole document

US 5 794 008 A (MEYERS CLIFFORD W [US] ET
AL) 11 August 1998 (1998-08-11)

the whole document

US 6 185 508 B1 (VAN DOORN PETER M [CA] ET
AL) 6 February 2001 (2001-02-06)

the whole document

US 5 233 538 A (WALLIS LEE D [US])

3 August 1993 (1993-08-03)

the whole document

1-15

1-15

1-15

1-15

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/033738
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012173174 Al 05-07-2012  NONE

US 2006212238 Al 21-09-2006  CN 101006348 A 25-07-2007
DK 1738184 T3 27-01-2014
EP 1738184 Al 03-01-2007
ES 2442379 T3 11-02-2014
JP 5416350 B2 12-02-2014
JP 2007532898 A 15-11-2007
US 2006212238 Al 21-09-2006
WO 2005101032 Al 27-10-2005

EP 1795907 Al 13-06-2007  NONE

US 2012078555 Al 29-03-2012 US 2012078555 Al 29-03-2012
US 2014100801 Al 10-04-2014

US 2013158906 Al 20-06-2013  NONE

US 2009187344 Al 23-07-2009  NONE

US 5794008 A 11-08-1998  NONE

US 6185508 Bl 06-02-2001  CA 2148075 Al 01-07-1996
us 5736847 A 07-04-1998
US 6185508 Bl 06-02-2001

US 5233538 A 03-08-1993  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

