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SYSTEM AND METHOD FOR IMPROVING THE FUEL ECONOMY
OF A VEHICLE COMBUSTION ENGINE
FIELD OF THE INVENTION
[0001] The present invention relates to a system and method of optimizing

fuel consumption of a vehicle equipped with a combustion engine.

BACKGROUND OF THE INVENTION

[0002] A combustion engine consumes fuel whenever it is running. When the
engine applies torque to a transmission, the engine burns fuel faster than when it
runs at idle. It has been suggested to automatically turn off such a combustion
engine when an associated vehicle stops in front of a red light or in stop-and-go
traffic. This automatic function is referred to as "stop-start” operation and is
commonly provided in so-called hybrid motor vehicles.

[0003] To this end, an on-board electronic processing unit evaluates the
signals of wheel speed sensors and possibly a brake pedal stroke sensor to
determine that the vehicle is standing still and that the driver does not intend to
accelerate the vehicle at that time. Once the electronic processing unit has made
the determination, it waits for a few seconds and then turns off the combustion
engine, for example by shuiting off a fuel supply to the engine.

[0004] It has also been suggested to observe a vehicle speed and to turn off
the combustion engine when the vehicle is traveling at a slow speed, for example

below 4 mph, even before the vehicle comes to a complete stop.
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SUMMARY OF THE INVENTION

[0005] It is an objective of the present invention to further improve a fuel
efficiency of a vehicle.

[0006] It is a further objective of the invention to make combustion engine
torque available when needed.

[0007] Another objective of the invention is to make a prediction when the
vehicle will come to a stop.

[0008] According to the invention, these objectives are achieved by a system
and method using at least one frontal distance sensor for detecting an obstacle in
front of the vehicle, determining the distance between the front of the vehicle and the
obstacle in front of the vehicle, determining the relative speed between the vehicle
and the obstacle, determining that the relative speed is below a value indicating that
the vehicle will rather steer around the object than stay behind the object,
determining that the vehicle is slowing down, determining that the vehicle will likely
continue to decelerate, and turning off the combustion engine.

[0009] An electronic controller on board of the vehicle is programmed to
perform the method by processing information supplied by one or more frontal
distance sensors and by turning off the combustion engine when certain criteria are
met.

[0010] One or more frontal distance sensors used as part of this invention can
be an infrared, ulirasound, or radar sensor or any other kind of detector, even a
camera, suitable to generate an output representative of the distance between the
front of the respective vehicle and the obstacle ahead. A radar sensor has the
benefit of being capable of detecting multiple objects, even if they are obscured by

other objects.
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[0011] Vision information recognizing the activation of a preceding vehicle's
brake lights or the preceding vehicle's behavior can be used to detect if the
preceding vehicle will turn and get out of the path of the vehicle. This information
may be used in accordance with this invention to control stop-start engine operation.
[0012] Likewise, vision information of a traffic light or a traffic sign ahead of
the vehicle may be used to assess the likelihood of a stop. Speed limit signs either
recognized by the forward-looking sensor or from data stored in a global positioning
system (GPS) digital map can be used to determine if the traffic ahead is slowing
down due to a reduced speed zone or a traffic-backup. An increase of the posted
speed limit can be an indicator of an expected acceleration demand. The engine
management system can use the speed limit sign information from the forward-
looking sensor or from the GPS to enter or abort a specific control scenario.

[0013] The term obstacle as used throughout this description can be a resting
obstacle, such as a wall or barrier, but it may also be a moving obstacle, such as
another vehicle moving in traffic.

[0014] To increase precision, the system and method of this invention can
also take into account whether there are feasible paths for the vehicle to steer
around the obstacle. This can be accomplished by evaluating the incoming signals
of the one or more distance sensors that monitor an entire angular range in the
frontal region of the vehicle. Additionally, the driver's steering behavior can be
observed. If the driver makes no attempt to steer around the obstacle, it is more
likely that the vehicle will come to a stop.

[0015] In order to ensure that the engine is not shut off when its torque may
be immediately needed, it can also be verified that the vehicle is actually slowing

down and that there has not been a demand for engine torque for a specified time,
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e.0. 5-10 seconds. Such a demand will typically be caused by the vehicle driver
pressing an accelerator pedal. If there has not been a demand for engine torque for
the specified time, this is a good indicator that the driver intends to stop the vehicle.
[0016] Similarly, a large steering angle difference over the course of several
seconds indicates that the driver is steering the vehicle, for example around some
obstacle at slow speed. When a small steering angle change is detected it is likely
that the driver intends to stop the vehicle.

[0017] Furthermore, if the driving mode of the vehicle was just changed from
reverse into a forward driving mode, this action is an indication that engine torque
may be needed to complete a parking maneuver or to exit from a parking space.
Therefore, for a predetermined time, the engine will not be shut off absent a
sustained actual stop. Also, the method can be disabled when the vehicle is
traveling in reverse.

[0018] In any event, the driver can override the fuel saving system and
method of this invention by engaging in one of the behaviors that abort the method.
The vehicle can also include a manual input device to give the driver a choice
whether to apply the method at all.

[0019] Further aspects of the invention will become apparent from the

description of the attached drawing.

BRIEF DESCRIPTION OF THE DRAWING

[0020] In the drawings,

[0021] Fig. 1 shows a schematic view of a motor vehicle equipped with
forward-looking sensors in a traffic situation which incorporates the system and

method in accordance with this invention; and
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[0022] Fig. 2 shows a flow chart illustrating individual steps performed by the

method according to the invention.

DETAILED DESCRIPTION OF THE DRAWING

[0023] In Fig. 1, a vehicle 10 has three forward-looking sensors 12, 14, and
16. The vehicle 10 is driven by a combustion engine 18 in a moving direction
indicated by a vehicle speed v. The the forward-looking sensors 12, 14, and 16
monitor a detection area ahead of vehicle 10 indicated by the sector bound by dotted
lines. The detection area defines a detection angle to both lateral sides of the
moving direction of vehicle 10. As obstacles 22, 24, and 26 move relative to the
vehicle 10 and intrude into the detection area monitored, the forward-looking sensors
12, 14, and 16 will detect each of these obstacles 22, 24, and 26 and provide signals
to an onboard electronic processing unit (ECU) 20 about the location and movement
of the obstacles 22, 24, and 26. In Fig. 1, electrical signal lines 30, 34, and 36
connect sensors 12, 14, and 16 respectively to ECU 20. Signal line 37 designates
an electrical connection for controlling the shutting off of engine 18. The ECU 20
performs instruction steps which implement methods which apply several criteria to
determine whether the vehicle 10 will come to a stop and whether the combustion
engine 18 can be turned off to save fuel. These instruction steps have been stored
in the ECU 20 on a computer-readable device from a computer-readable storage
medium and are read by the ECU 20.

[0024] Fig. 1 is only an exemplary illustration. The vehicle 10 may include a
single sensor (12, 14, or 16) covering a wide angular range or any other number of

sensors instead of three forward-looking sensors 12, 14, and 16.
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[0025] Fig. 2 shows a flow chart of one embodiment of a method to turn off the
vehicle’s combustion engine 18 when the combustion engine torque is not required.
It is understood that the steps indicated in the flow chart do not have to be performed
in the order shown or even consecutively. Any number of conditions mentioned can
be verified concurrently. Also, a system performing the method may only perform a
few of the steps shown in the flow chart. For example, if the vehicle 10 includes a
responsive stop-start system, the combustion engine 18 can be restarted rapidly so
that some of the checks can be eliminated without significantly impairing the
vehicle’s performance.

[0026] After the vehicle’s ignition is started in step 110, the ECU 20 checks in
step 120 if the vehicle 10 is actually moving forward. Because the fuel-saving
method of this embodiment uses the forward-looking sensors 12, 14, and 16, it will
not take any action during reverse travel. Also, when the vehicle 10 is standing still,
but has a gear selector in reverse mode, the method is disabled and restarts from
the beginning.

[0027] In step 130, one of the forward-looking sensors, for example forward-
looking sensor 14, detects an obstacle in the vehicle path, for instance obstacle 22.
This obstacle 22 may be another vehicle in traffic or a resting obstacle, such as a
wall or a parked vehicle.

[0028] If the obstacle 22 is t00 close as determined in step 140, the vehicle
driver may have to resort to a quick maneuver that may require torque from the
combustion engine 18 for acceleration. In order to turn off the engine, the distance d
between the vehicle 10 and the obstacle 22 must be greater than a predetermined
minimum distance dmin. This distance may be speed-dependent because a stopping

distance is greater with an increasing travel speed v:
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[0029] d 2 dmin(V).

[0030] Therefore, if the forward-looking sensor 14 detects a distance d
between the vehicle 10 and the obstacle 22 that makes it unlikely that the vehicle 10
will come to a comfortable stop before colliding with the obstacle 22, the method will
be aborted and starts anew as indicated in step 140.

[0031] Conversely, depending on the distance at which the sensors 12, 14,
and 16 can detect an obstacle, a maximum distance between the vehicle 10 and the
obstacle 22 can be set beyond which no calculations are performed. The maximum
distance can be speed-dependent as well. If an obstacle is far away, no reaction
may required because vehicle 10 may take a different course, or the obstacle may
be removed. In such a situation, the system may wait until the vehicle 10 has
approached the obstacle 22 at a distance that allows for a more reliable prediction
whether the vehicle 10 will come to a stop.

[0032] In step 150, the ECU 20 calculates from the input of the one or more
forward-looking sensors 12, 14, and 16 whether there is enough space to steer
around the obstacle 22 so that the vehicle will likely not stop before reaching the
obstacle 22. In the situation shown in Fig. 1, obstacles 24 and 26 are t00 close to
obstacle 22 for the vehicle to pass obstacle 22 on either side. Therefore, if obstacle
22 is resting, it is likely that the vehicle 10 will not pass the obstacle, but come to a
stop, and the combustion engine 18 can be turned off. There are other
considerations that can be made to determine whether the vehicle will stop behind
the obstacle 22 or pass it. One factor is the magnitude of braking deceleration. If
the vehicle 10 is braking hard, it is more likely that it will stop than when the vehicle

10 is rolling.
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[0033] If the obstacle 22 is a preceding vehicle, the one or more forward-
looking sensors 12, 14, and 16 may also detect the preceding vehicle’s activation of
brake lights or turn signals. The ECU can then calculate from the relative movement
of the two vehicles and from the preceding vehicle’s lights whether the preceding
vehicle is likely to move out of the trajectory of vehicle 10. If the lights of the
preceding vehicle indicate that the preceding vehicle will likely move into a different
lane or to take a turn, vehicle 10 will likely not stop, but pass the preceding vehicle.
Thus, the inquiry of step 150 is answered in the affirmative. Accordingly, the method
will be aborted if the preceding vehicle is likely to move out of the path of vehicle 10.
[0034] At least one of the forward-looking sensors, for instance sensor 12, can
be a camera generating digital images. If one of obstacles 22 or 24 is a traffic light,
the camera sensor 12 sends a digital image of the traffic light to the ECU 20, which
processes the image to determine whether a stop is commanded. If the traffic light is
in a red phase, step 150 determines that vehicle 10 is unlikely to pass the traffic light.
Furthermore, if obstacle 22 is a resting vehicle and obstacle 24 is a red traffic light,
the assessment that vehicle 10 will stop behind obstacle 22 is nearly certain. The
ECU then determines in step 150 that passing is unlikely. Similar considerations
may be applied if the camera generates an image of object 24 that the ECU
interprets to be a stop sign.

[0035] Another indicator that the vehicle 10 will not accelerate immediately is
the time that has passed since the last time the combustion engine torque has been
used as indicated in step 160. In congested rush hour traffic, vehicles frequently
move at a very low speed without stopping, and acceleration and deceleration follow
each other in rapid succession. In such a situation, turning off the combustion

engine 18 may not be advisable because a demand for combustion engine torque
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may be imminent. But if an accelerator pedal has not been depressed for at least a
minimum time tmin, which may be in the order of magnitude of five or ten seconds, it
is more likely that the vehicle 10 is coming to a stop.

[0036] The vehicle 10 should actually be slowing down according to step 170
before automatically turning off the combustion engine 18. |If the time derivative
dv/dt of the vehicle speed v is negative, the method according to the invention
continues. Otherwise the method will be aborted and returns to its start. Thus, the
engine is only shut off if:

[0037] dv/dt < 0.

[0038] Also, the present travel speed v of the vehicle 10 should be smaller
than a reference speed vges as indicated in step 180:

[0039] V < VRef.

[0040] The reference speed vger Will likely be a value below 10 mph to exempt
highly dynamic driving situations from a combustion engine shut-off. Only if the
travel speed is below the reference speed vger, the ECU 20 will conclude that the
vehicle will come to a stop. Otherwise the method will be aborted and returns to its
start.

[0041] A driver may slow down the vehicle 10 may because the driver is
engaging in a steering maneuver or is entering a parking spot. Then the vehicle 10
may even come to a stand-still, but the combustion engine torque is still required if
the driver intends to back up the vehicle 10 at a steering angle 8. Thus, step 190
verifies that any recent change of the steering angle Ad is smaller than a maximum
admissible steering angle difference Admax:

[0042] A3 < ABpax
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[0043] This maximum admissible steering angle difference Admax Can amount
to approximately 10 or 20 degrees, depending on a range of steering angles that the
vehicle 10 would adopt to travel along a winding road. Optionally, the time derivative
of the steering angle may also be considered, where rapid changes of the steering
angle prevent an engine shut-off. The condition for shutting off the engine is then:
[0044] dd/dt < (dd/dt)max

[0045] According to step 200, it may also be an indication of an imminent stop
if the vehicle’s travel speed v is not significantly greater than the obstacle’s speed. If
the obstacle 22 rests, the travel speed v should be very small before the combustion
engine 18 is turned off. If the obstacle 22 is moving and slowing down, the vehicle
10 should be slowing down accordingly: This limitation of the relative speed between

the vehicle 10 and the obstacle 22 can be described as follows:

[0046] AV < AVipax
[0047] Otherwise, the vehicle driver may be planning some other move.
[0048] When all criteria are met as identified in the above steps, the

combustion engine 18 of the vehicle 10 of the shown embodiment is turned off in
step 210 to save fuel.

[0049] If the vehicle 10 is a hybrid vehicle with an electric motor as an
alternative source of torque, the decision to turn off the combustion engine 18 is less
critical and may be made dependent on only a few of the criteria listed above. The
electric motor can supply torque for a short time until the combustion engine 18 is
restarted.

[0050] The combustion engine 18 restarts as soon as combustion engine
torque is required again. The restart is typically triggered when the driver presses

the accelerator pedal.

10
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[0051] For added information and plausibility considerations, data from a
global positioning system (GPS) can be evaluated to determine if the vehicle is
approaching a zone with a lower speed limit or a traffic back-up. Of particular help is
a GPS set up to receive and provide real-time information on prevailing traffic. GPS
data can also be used to verify whether the vehicle is entering a garage or driveway
or approaching a stop sign or traffic light.

[0052] The described embodiment represents only one of many examples of
the present invention. The invention is not limited to the types of sensors described
or to the verifications performed in the embodiment. Other verifications may be
performed that have not been included in this embodiment. Their absence does not
indicate that they fall outside the scope of this invention. Such verifications could, for
example, include considering road conditions to estimate a required braking
distance, or exploiting data from a telematics system to evaluate prevailing traffic

conditions, for instance to determine whether a traffic back-up is ahead, and more.

11
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PATENT CLAIMS

What is claimed is:
1. A method for improving the fuel economy of a vehicle, the vehicle having at
least one frontal sensor and a combustion engine providing a driving torque, the
method comprising the steps of:
detecting an obstacle in front of the vehicle using the sensor,
determining a relative speed between the vehicle and the obstacle,
determining that the relative speed is below a predetermined value,
determining that the vehicle is decelerating,
determining from the relative speed between the vehicle and the obstacle that
the vehicle will likely continue to decelerate, and

turning off the combustion engine.

2. The method of claim 1, wherein the vehicle is moving in a driving direction,
the method including the further step of:

detecting an obstacle in an angular range of at least 45 degrees to each side
of the driving direction, and

determining that it is unlikely that the vehicle will steer around the obstacle.

3. The method of claim 1, wherein the vehicle moves at a travel speed and the

determination that the vehicle will likely continue to decelerate includes the step of:

determining that the travel speed is below a predetermined threshold.

12
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4. The method of claim 1, wherein the determination that the vehicle will likely
continue to decelerate includes the step of:

determining that the combustion engine has run idle for a predetermined time.

5. The method of claim 1 for a vehicle with a steering angle sensor detecting a
steering angle, wherein in the determination that the vehicle will likely continue to
decelerate includes the step of:

determining that for a predetermined time the steering angle has remained

within a predetermined angular range.

6. The method of claim 1, wherein the vehicle is traveling at a travel speed, the
method comprising the additional steps of:

determining a distance between the front of the vehicle and the obstacle in
front of the vehicle,

determining that the distance between the vehicle and the obstacle exceeds a

minimum distance that is positively correlated with the travel speed.

7. The method of claim 1, wherein the vehicle is traveling at a travel speed, the
method comprising the additional steps of:

determining a distance between the front of the vehicle and the obstacle in
front of the vehicle,

determining that the distance between the vehicle and the obstacle is smaller

than a maximum distance beyond which predictions are unreliable.

8. The method of claim 1, comprising the step of:

13
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determining that the vehicle is not traveling in reverse and has not traveled in

reverse for a predetermined time.

9. The method of claim 1, further comprising the steps of:
evaluating telematics data for current traffic conditions, and

determining that a traffic back-up has built up ahead of the vehicle.

10.  The method of claim 1, further comprising the step of:
evaluating data from a global positioning system, and
determining that the vehicle is approaching a traffic signal or traffic sign

commanding a stop.

11.  The method of claim 1, wherein the obstacle is a traffic sign, the method
further including the steps of
analyzing the traffic sign, and

determining that the traffic sign commands a stop.

12. The method of claim 1, wherein the obstacle is a traffic light, the method
further including the steps of
analyzing the traffic light, and

determining that the traffic light commands a stop.

13.  The method of claim 1, wherein the obstacle is a preceding vehicle with at
least one brake light, the method further comprising the steps of:

determining that the obstacle is a preceding vehicle,

14
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detecting an actuation of the at least one brake light,

determining that the obstacle is likely to remain in front of the vehicle.

14.  The method of claim 1, wherein the obstacle is a preceding vehicle with at
least one turn signal light on each side, the method further comprising the steps of:
determining that the obstacle is a preceding vehicle,
detecting an actuation of the at least one turn signal light on one of the sides,
determining that the obstacle is likely to move away from the front of the

vehicle.

15. The method of claim 1, wherein the vehicle moves in a traffic slow-down,
comprising the further step of consulting a digital map to determine a cause for the

traffic slow-down.

16. A system for improving the fuel economy of a vehicle, the system comprising
at least one frontal sensor, a combustion engine providing a driving torque, and an
electronic control unit receiving input information from the at least one frontal sensor
and controlling the combustion engine,

the at least one frontal sensor being configured to detect an obstacle in front
of the vehicle and to generate input information relating the detection to the
electronic control unit, and

the electronic control unit being configured to determine a relative speed
between the vehicle and the obstacle, to determine that the relative speed is below a

predetermined value, to determine that the vehicle is decelerating, to determine from

15
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the distance and the relative speed between the vehicle and the obstacle that the

vehicle will likely continue to decelerate, and to turn off the combustion engine.

17.  The system of claim 11, wherein the combustion engine is a hybrid engine

with stop-start function.

18.  The system of claim 11, wherein the at least one frontal sensor comprises a
camera generating an electronic image as input information for the electronic control

unit.

19.  The system of claim 11, further comprising a GPS communicating with the

electronic control unit and having stored digital maps.

20. The system of claim 19, wherein the GPS has a receiver for real-time traffic

information.

21. A computer-readable storage medium having stored therein instructions
executable by a programmed processor for improving the fuel economy of a vehicle,
the vehicle having at least one frontal sensor and a combustion engine providing a
driving torque, the storage medium comprising instructions for:

detecting an obstacle in front of the vehicle using the sensor,

determining a relative speed between the vehicle and the obstacle,

determining that the relative speed is below a predetermined value,

determining that the vehicle is decelerating,

16
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determining from the relative speed between the vehicle and the obstacle that
the vehicle will likely continue to decelerate, and

turning off the combustion engine.

17



WO 2012/161815 PCT/US2012/026710

1/2

14

16

ombustion

30 36
20

B

—\

FIG. 1



WO 2012/161815 PCT/US2012/026710

2/2

120

130 180

140 | 190 Yes
AS < ASa?
150 | 200 Yes

No

Passing
unlikely?

160 210 Yes

Turn off engine>

Torque off
fOf’ 2 tmin?

Yes

FIG. 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/026710

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO2N11/08
ADD. FO02D41/04

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

B. FIELDS SEARCHED

FO2N B60OK

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.

17 December 2009 (2009-12-17)
abstract

figures 1,2

paragraphs [0013] - [0015]

A WO 03/001055 Al (CONTI TEMIC

[DE]; FENDT GUENT)
3 January 2003 (2003-01-03)
abstract

claims 1,2
figures 1-3

7 March 2000 (2000-03-07)
abstract

X US 2009/312933 Al (HOETZER DIETER [US])

MICROELECTRONIC [DE]; BAERENWEILER JOSEF

page 4, line 21 - page 5, line 15

A JP 2000 073808 A (DAIHATSU MOTOR CO LTD)

1,16,21

1,16,21

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)

"O" 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

6 June 2012

Date of mailing of the international search report

14/06/2012

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Trotereau, Damien

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/026710

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

SCHULER MARTIN-CLAUDIO [DE]; KALWEIT
DIETER [DE]; WIL) 5 May 2011 (2011-05-05)
abstract

claim 1

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 10 2008 006028 Al (BOSCH GMBH ROBERT 1,16,21
[DE]) 30 July 2009 (2009-07-30)
abstract
paragraph [0023]
figure 2
A,P WO 20117050880 Al (DAIMLER AG [DE]; 1,16,21

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/026710
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009312933 Al 17-12-2009 DE 102006009654 Al 08-11-2007
EP 1994275 Al 26-11-2008
JP 2009528213 A 06-08-2009
US 2009312933 Al 17-12-2009
WO 2007098999 Al 07-09-2007
WO 03001055 Al 03-01-2003 DE 10129878 Al 27-02-2003
WO 03001055 Al 03-01-2003
JP 2000073808 A 07-03-2000 JP 3589572 B2 17-11-2004
JP 2000073808 A 07-03-2000
DE 102008006028 Al 30-07-2009 DE 102008006028 Al 30-07-2009
WO 2009092481 Al 30-07-2009
WO 2011050880 Al 05-05-2011 DE 102009051253 Al 24-03-2011
WO 2011050880 Al 05-05-2011

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 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

