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METHOD AND SENSOR NODE NETWORK INTERFACE
SYSTEM FOR WIRELESS CONTROL OF AN
INDUSTRIAL PROCESS

TECHNICAL FIELD

The present disclosure generally relates to wireless control of an industrial
process and in particular to a method and sensor node network interface
system for sending samples in a time slotted protocol utilised in wireless

industrial control.

BACKGROUND

As in many other areas of technology, wireless communication is becoming
increasingly popular also in industrial process control. Some of the main
standards for wireless communication in wireless control of an industrial
process utilise protocols that are time-slotted. In time-slotted protocols each
superframe comprises a plurality of time slots, wherein each sensor is allotted
a specific time slot for wirelessly sending measured process variable data for
example to a gateway. Time-slotted wireless protocols used in industrial
control, such as WirelessHART and ISA 100, have a predefined number of
time slots per superframe. In WirelessHART each superframe may for
example be 1000 ms, of which 500 ms may be dedicated to sensor time slots
while the remaining 500 ms is dedicated to administration, e.g. for
broadcasting information to the sensors. Each time slot dedicated to the
sensors may for example be 10 ms. Thus, according to this example only 50
time slots per superframe are dedicated to sensor measurements, giving a
maximum of 50 sensors to communicate with a gateway in one superframe.
However, since it is generally desirable that most sensors send measurement
data several times in a superframe for robustness the number of sensors than
can be used in an industrial control sensor node network interface system
with each gateway is further limited. Typically several gateways have to be

provided for large sensor node networks, with each gateway having a
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plurality of sensors associated with it. If several gateways are used the
gateways should be synchronized, especially if one controller is associated

with several gateways.
SUMMARY

In view of the above, a general object of the present disclosure is to provide a
method and a sensor node network interface system which allows for

adaptive selection of time slots for sensor samples in a superframe.

Hence, according to a first aspect of the present disclosure there is provided a
method of allocating time slots for sensor node sample transmission from
sensor nodes in a wireless sensor node network, which wireless sensor node
network forms part of a control system for controlling an industrial process,
wherein the method comprises: receiving a sample from a first sensor node in
a first time slot of a superframe, which first sample has a value outside an
accepted range of values; obtaining an identification of a second time slot of
the superframe in which second time slot the first sensor node is to send a
further sample in a subsequent superframe; and providing instructions to the
first sensor node to send the further sample in the second time slot of a

subsequent superframe.

It may hence be possible to utilise more sensor nodes in a sensor node
network per gateway, as the sensor node(s) which measures a process
variable that deviates considerable from a setpoint value will be able to send
more samples in time slots allocated for this purpose. Beneficially, a less

complicated wireless control system may be provided at a lower cost.

One embodiment comprises receiving a sample from a second sensor node in
the second time slot of the superframe, which sample has a value within a
range of accepted sample values, and providing instructions to the second
sensor node not to send any sample in the second time slot of a subsequent

superframe.
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One embodiment comprises, prior to providing instructions to the first
sensor node, receiving a confirmation from the second sensor node that it

will not send any sample in the second time slot.

According to one embodiment the step of providing instructions to the first
sensor node to send the further sample in the second time slot is provided in
a portion of a superframe dedicated to send instructions to all of the sensor

nodes in the sensor node network.

According to one embodiment, the step of providing instructions to the
second sensor node not to send any sample in the second time slot of a
subsequent superframe is provided in the portion of a superframe dedicated
to send instructions to all of the sensor nodes in the sensor node network of
the same superframe in which instructions are provided to the first sensor

node to send the further sample in the second time slot.

One embodiment comprises, after the step of providing instructions to the
first sensor node, instructing the first sensor node to send the sample value of
the second time slot in a third time slot of a subsequent superframe instead of

the second time slot.
According to one embodiment the second time slot is an empty time slot.

According to a second aspect of the present disclosure there is provided a
computer program product comprising computer-executable components for
causing a device to perform the steps recited in the first aspect when the
computer-executable components are run on a processor included in the

device.

According to a third aspect of the present disclosure there is provided a
sensor node network interface system for allocating time slots for sensor
node sample transmission from sensor nodes in a wireless sensor node
network forming part of a control system for controlling an industrial
process, wherein the sensor node network interface system is arranged to:

receive a sample from a first sensor node in a first time slot of a superframe,
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which first sample has a value outside an accepted range of values, obtain an
identification of a second time slot of the superframe in which second time
slot the first sensor node is to send a further sample, and provide instructions
to the first sensor node to send the further sample in the second time slot of a

subsequent superframe.

According to one embodiment the sensor node network interface system is
arranged to receive a sample from a second sensor node in the second time
slot, which sample has a value within a range of accepted sample values,
wherein the sensor node network interface system is arranged to provide
instructions to the second sensor node not to send any sample in the second

time slot of a subsequent superframe.

According to one embodiment the sensor node network interface system is
arranged to receiving a confirmation from the second sensor node that it will
not send any sample in the second time slot of a subsequent superframe prior

to providing instructions to the first sensor node.

According to one embodiment the sensor node network interface system is
arranged to provide the instructions to the first sensor node to send the
further sample in the second time slot in a portion of a superframe dedicated

to send instructions to all of the sensor nodes in the sensor node network.

According to one embodiment the sensor node network interface system is
arranged to instruct the first sensor node to send the further sample of the
second time slot in a third time slot of the super frame instead of the second

time slot.
According to one embodiment the second time slot is an empty time slot.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise
herein. All references to a/an/the element, apparatus, component, means,
etc. are to be interpreted openly as referring to at least one instance of the

element, apparatus, component, means, etc., unless explicitly stated
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otherwise. Moreover, any step in a method need not necessarily have to be

carried out in the presented order, unless explicitly stated otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

The specific embodiments of the inventive concept will now be described, by

way of example, with reference to the accompanying drawings, in which:

Fig. 1is a schematic diagram of a control system comprising a sensor node

network interface system;

Fig. 2 depicts a schematic example of a superframe of a wireless

communications protocol used in the control system in Fig. 1;
Figs. 3a-c are examples of time slot allocation in superframes; and

Fig. 4 is a flowchart of a method of allocating time slots for sensor node

sample transmission from sensor nodes in a wireless sensor node network.

DETAILED DESCRIPTION

The inventive concept will now be described more fully hereinafter with
reference to the accompanying drawings, in which exemplifying
embodiments are shown. The inventive concept may, however, be embodied
in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided by
way of example so that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to those skilled in the art.

Like numbers refer to like elements throughout the description.

The present disclosure relates to a sensor node network interface system and
methods for a control system of an industrial process. An industrial process is
to be understood to mean a procedure that involves chemical, electrical or
mechanical steps to aid in manufacturing, production, power generation,
fabrication, or refining. Examples of such industrial processes are processes
relating to the refining of oil and gas, the petrochemical industry, power

generation, power transmission, power distribution, metals and mining,
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chemical industry, pulp and paper, or automation in e.g. the manufacturing
industry or food industry. It is to be noted that the present inventive concept
can be utilised for maintenance of many different types of industrial

processes, with only a few examples having been given above.

Fig. 1is an example of control system 1 for controlling an industrial process.
The control system 1 comprises a controller network 4 comprising a
controller 3, a sensor node network 5 comprising sensor nodes N1, N2,
N3,...Nn, a sensor node network interface system 7 which is an interface
between the controller network 4 and the sensor node network 5, and an
access point 8 which enables wireless communication between the sensor

nodes N1, N2, N3,...Nn and the sensor node network interface system 7.

The sensor node network interface system 7 comprises a gateway 7-1 and a

network manager 7-2.

The gateway 7-1 is arranged to communicate with the sensor nodes N1, N2,
N3,...,Nn of the sensor node network 5. The communication between the
gateway 7-1 and the sensor nodes N1, N2, N3,...,Nn is provided by means of a
time-slotted protocol. As already mentioned, examples of such time-slotted

protocols are WirelessHART, and ISA 100.

Fig. 2 schematically shows an example of a superframe SF of a time-slotted
protocol for wireless industrial control. The superframe SF has a first portion
9-1 of time slots Ts dedicated to samples from sensor nodes N1, N2, N3,...,Nn.
In each time slot T; of the first portion 9-1 a sensor node N1, N2, N3,...,.Nn
may transmit one or more samples of a process variable associated with that
sensor node N1, N2, N3,...,Nn. The superframe SF has a second portion 9-2 of
time slots T. dedicated to administrative communication with the sensor
nodes N1, N2, N3,...,Nn, e.g. administrative broadcasts. The gateway 7-1 may
thereby transmit instructions and/or information to the sensor nodes in the

time slots T. of the second portion 9-1 of each superframe SF.

Returning to Fig. 1, the gateway 7-1 is arranged to receive samples of process

variables sent by the sensor nodes N1, N2, N3,...,Nn and to provide the
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samples to the controller 3. The controller 3 is arranged to control process
variables associated with the sensor nodes N1, N2, N3,...,Nn based on control
errors determined by the difference between respective setpoint values and
the samples received by controller 3. Typically each sensor node N1, N2,

N3,...,Nn is associated with a respective control loop.

The gateway 7-1 is according to one example of the sensor node network
interface system 7 arranged to receive data from the controller 3, which data
is to be further sent in the form of information or instructions to the sensor
node network 7. Such data received by the gateway 7-1 may for example relate
to information concerning the need of a higher sample rate from a sensor
node N1, N2, N3,...,Nn. This may for instance be the case when a sensor node
provides samples to the gateway 7-1, and thus to the controller 3, with values
outside an accepted range of values, e.g. values that deviate from a setpoint
value more than a predetermined threshold value. Reasons for sample values
being outside an accepted range of values for a specific process variable are
for example when control loop is in a transient or if an event has occurred
and the associated process variable must be actively controlled. Alternatively,
or additionally, the network manager may be arranged to determine whether
a sample has a value outside an accepted range based on the samples

provided by the sensor nodes N1, N2, N3,...,Nn.

The network manager 7-2 is arranged to allocate time slots of the first portion
9-1 dedicated to sensor node samples to sensor nodes if for example a sample
in a time slot T is determined to be outside an accepted range of values. To
this end, the network manager 7-2 is hence arranged to provide a form of
active scheduling of sensor node transmissions in the time slots Ts of the first
portion 9-1 of the superframe SF. The network manager is according to one
embodiment included in the gateway e.g. as software. Alternatively, the

network manager may be a physically separate device from the gateway.

The gateway 7-1 is arranged to provide instructions and information to the
sensor nodes N1, N2, N3,...,Nn concerning the allocation of one or more time

slots T of the first portion 9-1 of a superframe SF.
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In the example in Fig. 1, the sensor nodes N1, N2, N3,...,Nn in network 5 are
arranged in a star configuration, but it is to be noted that the sensor nodes
could also be arranged in for example a mesh configuration. In the latter
case, typically more time slots are needed within each superframe for each
sensor node, especially those sensor nodes that do not have a direct
communication link with the gateway; at least one time slot for the ordinary
route, one for an alternative route for safety measures, and one for resending
the sample, in case the sample was not relayed correctly by a sensor node

higher up in the mesh hierarchy.

Methods for allocating time slots for sensor node sample transmission from
sensor nodes in a wireless sensor node network will now be described in
more detail with reference to Figs 3a-c and Fig. 4. Since the adaptive
allocation of time slots typically occurs in the case of an event/transient
which thus influences one or more process variables, only situations when a
sample has a value outside an accepted range will be described in what
follows. It is thus assumed that a one of the sensor nodes N1, N2, N3,...Nn,
hereinafter termed a first sensor node, has measured a process variable that

has values outside an accepted range of values for that process variable.

In a step S1-1 the sample is received by the gateway 7-1 from the first sensor
node in a first time slot Ts; of a superframe SF1. The sample is sent by the
gateway 7-1 to the controller 3. According to one embodiment, the sample
may additionally be sent to the network manager 7-2. In the first case, the
controller 3 determines that the sample is outside its accepted range of
values. In the latter case, the network manager 7-1 determines that the
sample is outside its accepted range of values. In the first case, the
information that the sample in the first time slot T, has a value outside its

accepted range is provided to the network manager 7-2 via the gateway 7-1.

The network manager 7-2 is arranged to identify a second time slot Ts. of the
superframe SF1 as being suitable for a further sample to be sent by the first
sensor node such that the rate of samples provided to the controller 3 from

the first sensor node can be increased. The identification of the second time
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slot Ts» can for example be made by identifying an empty time slot if such a
time slot is available in the first portion of superframe SF1 dedicated to
sensor node samples. Alternatively, the second time slot Ts> may be a time
slot in which a second sensor node currently sends samples, but which
sample in the second time slot Ts. has either been determined to be within an
accepted range of values, or if it is determined that the second sensor node
monitors a process variable that has slower dynamics than the process

variable associated with the first sensor node.

In a step S2 an identification of the second time slot Ts. of the superframe is
obtained by the gateway 7-2 from the network manager 7-1. The
identification can for example be obtained in the form of an updated schedule
defining that the second time slot Ts2 is in the following to be used by the
first sensor node, i.e. that the first sensor node is to send a further sample in

a subsequent superframe in the second time slot Ts..

In a step S5 instructions are provided to the first sensor node to send the
further sample in the second time slot Ts» of a subsequent superframe SF2,
SF3.

A first example in Fig. 3a depicts superframe SF1 in which a first sensor node
N1 has provided one or more samples having values outside its accepted
range of values in a first time slot Ts;, as determined by the controller 3
and/or the network manager 7-2. It is also determined that a second time slot
Ts», i.€. time slot three in the superframe SF1 is a suitable time slot in which
the first sensor node can send one or more further samples so as to increase
the rate of samples provided to the controller 3 to thereby enhance the
control of the process variable associated with the first sensor node.
Instructions are provided to the first sensor node that it may send samples
also in the second time slot Ts, i.e. in time slot three. As a result, the first
sensor node sends a further sample in subsequent superframes SF1 and SF2
while continuing to send samples in the first time slot Ty, i.e. time slot one, of

each superframe.
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Returning now to Fig. 4, the superframe may comprise a sample from a
second sensor node in the second time slot of the superframe, which sample
has a value within a range of accepted sample values, i.e. the second time slot
may be occupied by a second sensor node. In this case, a general step S1 of
receiving comprises the step S1-2 of receiving the sample having a value
within an accepted range from the second sensor node. Furthermore, a step
S3 of providing instructions to the second sensor node not to send any
sample in the second time slot of a subsequent superframe is performed.
According to one embodiment, prior to the step S5 of providing instructions
to the first sensor node, a confirmation from the second sensor node that it
will not send any sample in the second time slot is received in a step S4.
Alternatively, when the instructions have been provided in step S3 to the
second sensor node not to send any sample in the second time slot of a
subsequent superframe, step S5 of providing instructions to the first sensor

node may be performed without confirmation from the second sensor node.

The step S3 of providing instructions to the second sensor node not to send
any sample in the second time slot of a subsequent superframe is according
to one embodiment provided in the portion of a superframe dedicated to send
instructions to all of the sensor nodes in the sensor node network of the same
superframe in which instructions are provided to the first sensor node to

send the further sample in the second time slot.

The step S5 of providing instructions to the first sensor node is according to
one embodiment provided in a portion of a superframe dedicated to send
instructions to all of the sensor nodes in the sensor node network, as
indicated by item 9-2, in the terminology of Fig. 2 the second portion of each

superframe, as shown in Figs. 3a-c.

Fig. 3b shows a situation in which sensor nodes N1, N2, N3, N4 send samples
in time slots one, two, three, and four, respectively. When samples having

values outside the accepted range have been sent by a first sensor node N1in
time slot Ts;, and when a second time slot Ts., in which a second sensor node

N2 sends samples, is identified as suitable for a further sample to be sent by
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the first sensor node N1, instructions that the second sensor node N2 is not to
send any further samples in the second time slot Ts. are provided to the
second sensor node N2. Instructions are also provided to the first sensor
node N1 to start sending further samples in the second time slot Ts. while

continuing to send samples in the first time slot Ts..

In Fig. 3¢ an example is shown in which a second time slot T is a shared
time slot for all sensor nodes. Any sensor node may send samples in the
second time slot Ts. if necessary. Thus, if it is determined that a first sensor
node has provided a sample in a first time slot Ts;, the sample having a value
outside a predetermined range of values, a second time slot Ts. is identified in
the superframe SF1, wherein instructions are sent to the first sensor node in a
portion 9-2 of the superframe SF1 dedicated to broadcast to the sensor nodes
that it should send a further sample in the second time slot Ts.. In a
subsequent superframe SF2, the first sensor node is in a step S6 instructed by
the gateway 7-1 to send the further sample of the second time slot Ts. in a
third time slot Ts; of a subsequent superframe SF3 instead of the second time
slot. Thus, the second time slot Ts2 will again be available for any of the

sensor nodes in the sensor node network.

The inventive concept has mainly been described above with reference to a
few examples. However, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above are equally possible

within the scope of the inventive concept, as defined by the appended claims.
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CLAIMS

1. A method of allocating time slots (Tsi, Ts», Tsg) for sensor node sample
transmission from sensor nodes (N1, N2, N3, Nn) in a wireless sensor node
network (5), which wireless sensor node network (5) forms part of a control
system (1) for controlling an industrial process, wherein the method

comprises:

receiving (S1-1) a sample from a first sensor node in a first time slot (Ts;)
of a superframe (SF1), which first sample has a value outside an accepted

range of values,

obtaining (S2) an identification of a second time slot (Ts.) of the
superframe (SF1) in which second time slot (Ts.) the first sensor node is to

send a further sample in a subsequent superframe (SF3), and

providing instructions (S5) to the first sensor node to send the further

sample in the second time slot (Ts2) of a subsequent superframe.

2. The method as claimed in claim 1, comprising receiving (S1-2) a sample
from a second sensor node in the second time slot (Ts.) of the superframe
(SF1), which sample has a value within a range of accepted sample values,
and providing (S3) instructions to the second sensor node not to send any

sample in the second time slot (Ts2) of a subsequent superframe.

3. The method as claimed in claim 2, comprising, prior to providing (S1-1)
instructions to the first sensor node, receiving (S4) a confirmation from the
second sensor node that it will not send any sample in the second time slot
(Ts2).

4. The method as claimed in any of the preceding claims, wherein the step of
providing instructions (S5) to the first sensor node to send the further sample
in the second time slot is provided in a portion of a superframe dedicated to
send instructions to all of the sensor nodes (N1, N2, N3, Nn) in the sensor

node network (5).

PCT/EP2013/063696
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5. The method as claimed in claim 4, wherein the step of providing (S3)
instructions to the second sensor node not to send any sample in the second
time slot (Ts2) of a subsequent superframe is provided in the portion of a
superframe dedicated to send instructions to all of the sensor nodes (N1, N2,
N3, Nn) in the sensor node network (5) of the same superframe in which
instructions are provided to the first sensor node to send the further sample

in the second time slot.

6. The method as claimed in claimed in any of the preceding claims,
comprising, after the step of providing instructions (S5) to the first sensor
node, instructing (S6) the first sensor node to send the sample value of the
second time slot in a third time slot (Ts3) of a subsequent superframe instead

of the second time slot.

7. The method as claimed in claim 1 or any of claims 4-6, wherein the second

time slot is an empty time slot.

8. A computer program product comprising computer-executable
components for causing a device to perform the steps recited in any one of
claims 1-7 when the computer-executable components are run on a processor

included in the device.

9. A sensor node network interface system (7) for allocating time slots for
sensor node sample transmission from sensor nodes (N1, N2, N3, Nn) in a
wireless sensor node network (5) forming part of a control system (1) for
controlling an industrial process, wherein the sensor node network interface

system (7) is arranged to:

receive a sample from a first sensor node in a first time slot (Ts) of a
superframe (SF1), which first sample has a value outside an accepted range of

values,

obtain an identification of a second time slot (Ts.) of the superframe in

which second time slot the first sensor node is to send a further sample, and
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provide instructions to the first sensor node to send the further sample in

the second time slot of a subsequent superframe.

10. The sensor node network interface system (7) as claimed in claim 9,
arranged to receive a sample from a second sensor node in the second time
slot, which sample has a value within a range of accepted sample values,
wherein the sensor node network interface system is arranged to provide
instructions to the second sensor node not to send any sample in the second

time slot of a subsequent superframe.

11. The sensor node network interface system (7) as claimed in claim 10,
arranged to receiving a confirmation from the second sensor node that it will
not send any sample in the second time slot of a subsequent superframe prior

to providing instructions to the first sensor node.

12. The sensor node network interface system (7) as claimed in any of claims
9-11, arranged to provide the instructions to the first sensor node to send the
further sample in the second time slot in a portion of a superframe dedicated

to send instructions to all of the sensor nodes in the sensor node network.

13. The sensor node network interface system (7) as claimed in any of claims
9-12, arranged to instruct the first sensor node to send the further sample of
the second time slot in a third time slot of the super frame instead of the

second time slot.

14. The sensor node network interface system (7) as claimed in claim 13,

wherein the second time slot is an empty time slot.



WO 2014/009178 PCT/EP2013/063696

1/3

;

)
J \
T~ .




WO 2014/009178

PCT/EP2013/063696
2/3
SF1 SF2 SF3
_A _AL _AL
Y Y N\
TS1 T82I ITSI1 I-I-82 [ [ I-I-SI1 -II-S2 [ [ [ I [
1 1 1 1 1 1 I(I I{ 1 1 I{ I(I I( 1 1 I/ I 1
[ [ N1 N1
N1 9-2 N2 9-2 N2 9-2
Fig. 3a
SF1 SF2 SF3
_AL _A _AL
'd Y Y N\
1 I-I-SI1 1 1 :I-SZI I-I-SI1 | | I-I-SZI iI-SI'] | | :I-SZI I | | | | | I |
1 I 1 ( 1 1 ( 1 ( 1 I 1 ( 1 1 ( 1 1 | I( 1 I( I( 1 I 1 1 1 1 1 I 1
N2 N1
N2 | N4 N2 | N4 N2| N4
N1 N3 9-2 N3 9-2N1 N3 9-2
N1
Fig. 3b
SF1 SF2 SF3
AL A A
' Y Y
s Tsslsa (Tg1 | Tsalso |, Tss, |
) ) ) ) ) ) I (I ) ) ) [ | (I ) ) ( ) [l )
/ / N1 N1l N1 N2
N1 9-2 9-2 9-2
Fig. 3¢



WO 2014/009178

3/3

— e —— — — — e — — -y

PCT/EP2013/063696



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/063696

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4Q9/00 HO4AW72/04
ADD.

HO4W84/18

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

B. FIELDS SEARCHED

HO4Q HO4W

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

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.

8 September 2010 (2010-09-08)
page 2, paragraph 12

page
page
page
page
61
page
page
page
page

paragraph 26
paragraph 39

~NOVRERWN
v w

-

-

paragraph 70

= O GO 0
Ow »

, paragraph 86

, paragraph 13 - paragraph 22

paragraph 59 - page 8, paragraph
paragraph 63 - paragraph 66
paragraph 74 - paragraph 75

X EP 2 227 063 ALl (FUJITSU LTD [JP]) 1-14

D 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

14 October 2013

Date of mailing of the international search report

23/10/2013

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

Lamadie, Sylvain

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/063696
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2227063 Al 08-09-2010 CN 102342170 A 01-02-2012
EP 2227063 Al 08-09-2010
JP 2012519994 A 30-08-2012
KR 20110127249 A 24-11-2011
TW 201127175 A 01-08-2011
US 2012082036 Al 05-04-2012
WO 2010100446 Al 10-09-2010

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




	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 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report

