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SYSTEM FOR DETERMINING WEIGHT-ON-WHEELS USING LIDAR

BACKGROUND

[0001] The subject matter disclosed herein relates generally to the field of load
detection in rotary-wing aircraft, and more particularly, to a system and method for
automatically detecting weight-on-wheels on a landing gear of a rotary-wing aircraft using a

remote sensing system.

DESCRIPTION OF RELATED ART

[0002] Conventional aircraft may have weight-on-wheel (WOW) sensors and
switches to detect if the landing gear strut is compressed and the aircraft is on ground since
touch down. Measurement of WOW for fly-by-wire and autonomous rotorcraft can be critical
to a correct transition of the rotorcraft control system from airborne state to a ground state
and, if not executed properly, can result in dynamic rollover. Current systems with
mechanical switches and sensors can be unreliable and do not always actuate at the same
amount of force on the landing gear. A system for determining WOW for a rotorcraft using a

remote sensing technology that is reliable in the field would be well received in the art.

BRIEF SUMMARY

[0003] According to an aspect of the invention, a method for determining weight on
wheels for an aircraft includes receiving, with a processor, signals indicative of Light
Detection And Ranging (LIDAR) image information for a landing gear; evaluating, with the
processor, the LIDAR image information against a landing gear model; determining, with the
processor, information indicative that the landing gear is locked in response to the evaluating
of the LIDAR image information; and determining, with the processor, information indicative
that the landing gear is compressed in response to the evaluating of the LIDAR image
information against the landing gear model.

[0004] In addition to one or more of the features described above, or as an alternative,
further embodiments could include receiving LIDAR image information while the aircraft is
airborne.

[0005] In addition to one or more of the features described above, or as an alternative,
further embodiments could include evaluating the LIDAR image information against a

landing gear extension model.
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[0006] In addition to one or more of the features described above, or as an alternative,
further embodiments could include applying weight of the aircraft on the landing gear in
response to determining that the landing gear is locked.

[0007] In addition to one or more of the features described above, or as an alternative,
further embodiments could include determining a load of the aircraft on the landing gear in
response to the determining that the landing gear is compressed.

[0008] In addition to one or more of the features described above, or as an alternative,
further embodiments could include transitioning the aircraft to a ground aircraft state in
response to determining that the landing gear is compressed.

[0009] In addition to one or more of the features described above, or as an alternative,
further embodiments could include receiving the LIDAR image information from a body
landing gear and a nose landing gear.

[0010] According to another aspect of the invention, a system for determining weight
on wheels for an aircraft with at least one landing gear; a sensor associated with machinery
Light Detection And Ranging scanner; a processor; and memory having instructions stored
thereon that, when executed by the processor, cause the system to: receive signals indicative
of LIDAR image information for a landing gear; evaluate the LIDAR image information
against a landing gear model; determine information indicative that the landing gear is locked
in response to the evaluating of the LIDAR image information; and determine information
indicative that the landing gear is compressed in response to the evaluating of the LIDAR
image information against the landing gear model.

[0011] In addition to one or more of the features described above, or as an alternative,
further embodiments could include a processor that is configured to receive the LIDAR
image data while aircraft is airborne.

[0012] In addition to one or more of the features described above, or as an alternative,
further embodiments could include a processor that is configured to evaluate the LIDAR
image information against a landing gear extension model.

[0013] In addition to one or more of the features described above, or as an alternative,
further embodiments could include a processor that is configured to apply weight of the
aircraft on the landing gear in response to determining that the landing gear is locked.

[0014] In addition to one or more of the features described above, or as an alternative,
further embodiments could include a processor that is configured to determine a load of the
aircraft on the landing gear in response to the determining that the landing gear is

compressed.
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[0015] In addition to one or more of the features described above, or as an alternative,
further embodiments could include a processor that is configured to transition the aircraft to a
ground aircraft state in response to determining that the landing gear is compressed.

[0016] In addition to one or more of the features described above, or as an alternative,
further embodiments could include a processor that is configured to receive the LIDAR
image information from a body landing gear and a nose landing gear.

[0017] Technical function of the invention includes using a remote sensing
technology like LIDAR to image an aircraft and its landing gear to provide measurement of
compression of a landing gear and wheels so as to indicate accurate weight-on-wheels for a
rotary wing aircraft.

[0018] Other aspects, features, and techniques of the invention will become more

apparent from the following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0019] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing

and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which like elements are

numbered alike in the several FIGURES:

[0020] FIG. 1A is a view of an exemplary aircraft according to an embodiment of the
invention;
[0021] FIG. 1B is a top view of the exemplary aircraft of FIG. 1A according to an

embodiment of the invention;

[0022] FIG. 1C is a front view the exemplary aircraft of FIG. 1A according to an
embodiment of the invention;

[0023] FIG. 2 is a schematic view of an exemplary computing system according to an
embodiment of the invention; and

[0024] FIG. 3 is a schematic flow diagram of a WOW algorithm for use with

embodiments of the invention.

DETAILED DESCRIPTION
[0025] FIGS. 1A-1C illustrate general views of an exemplary vehicle in the form of a
vertical takeoff and landing (VTOL) rotary-wing aircraft 100 for use with system 200 (FIG.

2) according to an embodiment of the invention. In an embodiment, aircraft 100 can be a fly-
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by-wire aircraft or an optionally piloted vehicle that autonomously determines aircraft states
during flight. As illustrated in FIG. 1A, aircraft 100 includes a main rotor system 102, an
anti-torque system, for example, a tail rotor system 104, and a Light Detection and Ranging
(LIDAR) perception system 106 positioned laterally on either side of aircraft 100. Main rotor
system 102 is attached to an airframe 108 and includes a rotor hub 110 having a plurality of
blades 112 that rotate about rotor hub axis A. Also, the tail rotor system 104 is attached aft of
the main rotor system 102 and includes a plurality of blades 114 that rotate about axis B
(which is orthogonal to axis A). The main rotor system 102 and the tail rotor system 104 are
driven to rotate about their respective axes A, B by one or more turbine engines for providing
lift and thrust to aircraft. Although a particular configuration of an aircraft 100 is illustrated
and described in the disclosed embodiments, it will be appreciated that other configurations
and/or machines include autonomous and semi-autonomous aircraft that may operate in land
or water including fixed-wing aircraft and rotary-wing aircraft may also benefit from
embodiments disclosed.

[0026] As shown in FIGS. 1B-1C, LIDAR perception system 106 includes 3D
LIDAR scanner modalities 106a, 106b for capturing surface data from, in some non-limiting
examples, landing gears and their respective wheels and loads on airframe 108 and for
processing by aircraft computer 202. For example, LIDAR scanner modality 106a may
capture real-time image data for body landing gear 116 and nose landing gear 120 while
LIDAR scanner modality 106b may capture real-time image data for body landing gear 118
and nose landing gear 120 in order to determine compression of struts and wheels associated
with the landing gears 116, 118, and 120. The aircraft computer 202 processes, in one non-
limiting embodiment, raw LIDAR data acquired through sensors that are, for example,
associated with 3D LIDAR scanner modalities 106a, 106b in order to implement the WOW
algorithm while airborne. Additional remote sensing modalities such as Laser Detection and
Ranging (LADAR) or the like may be provided to enhance the positional awareness of, e.g.,
an autonomous unmanned aerial vehicle (UAV) as exemplified by vehicle 100.

[0027] FIG. 2 illustrates a schematic block diagram of a system 200 on board aircraft
100 for implementing the embodiments described herein. As illustrated, aircraft 100 includes
the aircraft computer 202 that executes instructions for implementing weight-on-wheels
(WOW) algorithm 204 in order to detect weight of aircraft 100 on each landing gear. The
aircraft computer 202 receives raw sensor data that is related to one or more aircraft landing
gears and wheels that are associated with sensors 206. In an embodiment, aircraft computer

202 receives Light Detection and Ranging (LIDAR) images from a LIDAR scanner
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associated with sensor 206. The computer 202 includes a memory 208 that communicates
with a processor 210. The memory 208 may store the WOW algorithm 204 as executable
instructions that are executed by processor 210. The instructions may be stored or organized
in any manner and at any level of abstraction, such as in connection with the execution of the
WOW algorithm 204. Also, in embodiments, memory 208 may include random access
memory (RAM), read only memory (ROM), or other electronic, optical, magnetic, or any
other computer readable medium onto which is stored the WOW algorithm 204 described
below.

[0028] The processor 210 may be any type of processor (such as a CPU or a GPU),
including a general purpose processor, a digital signal processor, a microcontroller, an
application specific integrated circuit, a field programmable gate array, or the like. In an
embodiment, the processor 210 may include an image processor in order to receive images
and process the associated image data using one or more processing algorithms to produce
one or more processed signals. In an embodiment, the processor 210 may include a LIDAR
processor in order to receive LIDAR images and process the associated image data using one
or more processing algorithms to produce one or more processed signals. Also, in
embodiments, memory 208 may include random access memory (RAM), read only memory
(ROM), or other electronic, optical, magnetic, or any other computer readable medium onto
which is stored the mixing algorithm described below.

[0029] The system 200 may include a database 212. The database 212 may be used to
store landing gear extension models acquired by LIDAR scanner. Also, sensor data acquired
by sensors 206 may be stored in database 212. The data stored in the database 212 may be
based on one or more other algorithms or processes for implementing WOW algorithm 204.
For example, in some embodiments data stored in the database 212 may be a result of the
processor 210 having subjected data received from the sensors 206 to one or more filtration
processes. The database 212 may be used for any number of reasons. For example, the
database 212 may be used to temporarily or permanently store data, to provide a record or log
of the data stored therein for subsequent examination or analysis, etc. In some embodiments,
the database 212 may store a relationship between data, such as one or more links between
data or sets of data acquired on board aircraft 100.

[0030] The system 100 may provide one or more controls, such as vehicle controls
214. The vehicle controls 214 may provide directives to aircraft 100 based on, e.g., inputs
received from an operator of aircraft 100. Directives provided to vehicle controls 214 may

include actuating one or more actuators of a landing gear or transitioning the aircraft 100 to a
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ground state from an airborne state. The directives may be presented on one or more
input/output (I/O) devices 216. The I/O devices 216 may include a display device or screen,
audio speakers, a graphical user interface (GUI), etc. In some embodiments, the I/O devices
216 may be used to enter or adjust a linking between data or sets of data. It is to be
appreciated that the system 200 is illustrative.

[0031] FIG. 3 illustrates an exemplary flow diagram 300 of a process that is
performed by aircraft computer 202 for implementing WOW algorithm 204 (FIG. 2)
according to an embodiment of the invention. As such, FIG. 2 is also referenced in the
description of the flow diagram 300 in FIG. 3. Initially, left LIDAR scanner in block 302 and
right LIDAR scanner in block 304 are activated and initialized to determine operability and
functionality of the LIDAR scanners in blocks 302 and 304. In block 306, LIDAR fault
detection is performed where system 200 may run tests on right LIDAR scanner 106b to
determine its operability for acquiring images of landing gears 118 and 120 (FIG. 1C). In
block 308, LIDAR fault detection is performed where system 200 may run tests on left
LIDAR scanner 106a to determine its operability for acquiring images of landing gears 116
and 120 (FIG. 1C). Information from LIDAR fault detection on LIDAR scanners 106a, 106b
is communicated to system 200 for evaluation. Fault detection is performed on LIDAR
scanners while aircraft 100 is airborne and prior to approaching a landing zone. In an
embodiment, system 200 initiates and detects faults within LIDAR system while aircraft 100
is within predetermined or defined operating parameters of the system 200. For example,
system 200 evaluates LIDAR after transmitting a signal to fully extend landing gears 116-120
and while aircraft 100 is airborne and approaching a landing zone as determined by altitude,
speed, clearance from obstacles on the ground for aircraft 100.

[0032] In block 310, left LIDAR scanner 106a acquires raw LIDAR image data of
body landing gear 116 while aircraft 100 is airborne and approaching a landing zone; in block
312, left and right LIDAR scanners 106a, 106b acquire raw image data of nose gear 120
(FIG. 1C) while aircraft 100 is airborne and approaching a landing zone, and in block 314,
right LIDAR scanner 106b acquires raw LIDAR image data of body landing gear 118 while
aircraft 100 is airborne and approaching a landing zone. In block 316, raw image data for
body landing gear 116 is transformed into point cloud data and one or more algorithms are
applied to the point cloud data to evaluate whether body landing gear 116 is extended (i.e.,
whether the gear is locked). In an embodiment, the 3D point cloud data is evaluated against a
3D model of a fully extended body landing gear 116 previously imaged through LIDAR

scanner 106a to determine whether the image data conforms to the 3D model of a fully
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extended landing gear. Also, in block 318, raw image data of a nose landing gear 120 is
transformed into point cloud data and evaluated by applying one or more algorithms to
determine whether nose landing gear 120 is fully extended. In an embodiment, the 3D point
cloud data is evaluated against a 3D model of a fully extended nose landing gear 120
previously imaged through LIDAR scanners 106a, 106b to determine whether the image data
conforms to the 3D model of a fully extended landing gear. Similarly, in block 320, raw
image data for right landing gear 118 is transformed into point cloud data and one or more
algorithms are applied to the point cloud data to evaluate whether right landing gear 118 is
fully extended. In an embodiment, the 3D point cloud data is evaluated against a 3D model of
a fully extended body landing gear 118 previously imaged through LIDAR scanner 106b to
determine whether the image data conforms to the 3D model of a fully extended landing gear.
If system 200 determines that landing gears 116-120 are fully extended, the system 200 can
autonomously descend onto the landing zone site until all landing gears are in contact with
the ground and weight of the helicopter at least partially compresses the struts and wheels of
the respective landing gears 116-120.

[0033] In block 322, the 3D point cloud data is evaluated against a 3D model of a
deformed body landing gear 116 and its associated wheel previously imaged through LIDAR
scanner 106a in order to determine whether the image data conforms to the 3D model. The
processed 3D image will conform to the 3D model if the strut and wheel is deformed under
minimum load conditions to indicate that the aircraft landing gear is contacting the ground. In
an embodiment, image data of an airframe can be obtained through LIDAR scanner 106a and
evaluated against a 3D model of the body landing gear 116 to determine side loads on aircraft
100. Also, in block 324 the 3D point cloud data is evaluated against a 3D model of a
deformed nose landing gear 120 and its associated wheel previously imaged through LIDAR
scanners 106a, 106b in order to determine whether the image data conforms to the 3D model.
The processed 3D image will conform to the 3D model if the strut and wheel is deformed
under minimum load conditions to indicate that the aircraft landing gear is contacting the
ground.

[0034] Similarly, in block 326, the 3D point cloud data is evaluated against a 3D
model of a deformed right landing gear 118 and its associated wheel previously imaged
through LIDAR scanner 106b in order to determine whether the image data conforms to the
3D model. The processed 3D image will conform to the 3D model if the strut and wheel is
deformed under minimum load conditions to indicate that the aircraft landing gear is

contacting the ground. In an embodiment, image data of an airframe can be obtained through
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LIDAR scanner 106b and evaluated against a 3D model of the body landing gear 118 to
determine side loads on aircraft 100. Upon determining that aircraft 100 is applying weight
(or load) on each of the three landing gears 116-120 as determined through compression of
landing gears 116-120 and their respective wheels, system 200 can transition the rotorcraft
control system from airborne state to a ground state, either autonomously or through pilot
control.

[0035] Benefits and technical effects of the invention include using a remote sensing
technology like LIDAR to image an aircraft and its landing gears in order to provide
measurement of compression of a landing gear and wheels so as to indicate accurate weight-
on-wheels for a rotary wing aircraft. Additional benefits and technical effects can include
fault detection of the state of one or more landing gears to determine whether the landing gear
is extended.

[0036] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. While the description
of the present invention has been presented for purposes of illustration and description, it is
not intended to be exhaustive or limited to the invention in the form disclosed. Many
modifications, variations, alterations, substitutions or equivalent arrangement not hereto
described will be apparent to those of ordinary skill in the art without departing from the
scope and spirit of the invention. Additionally, while the various embodiments of the
invention have been described, it is to be understood that aspects of the invention may
include only some of the described embodiments. Accordingly, the invention is not to be seen
as limited by the foregoing description, but is only limited by the scope of the appended

claims.
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CLAIMS:
What is claimed is:
1. A method for determining weight on wheels for an aircraft, comprising:

receiving, with a processor, signals indicative of Light Detection And Ranging (LIDAR)
image information for a landing gear;

evaluating, with the processor, the LIDAR image information against a landing gear model;
determining, with the processor, information indicative that the landing gear is locked in
response to the evaluating of the LIDAR image information; and

determining, with the processor, information indicative that the landing gear is compressed in
response to the evaluating of the LIDAR image information against the landing gear model.
2. The method of claim 1, further comprising receiving the LIDAR image information
while the aircraft is airborne.

3. The method of any of the preceding claims, further comprising evaluating the LIDAR
image information against a landing gear extension model.

4. The method of any of the preceding claims, further comprising applying weight of the
aircraft on the landing gear in response to determining that the landing gear is locked.

5. The method of any of the preceding claims, further comprising determining a load of
the aircraft on the landing gear in response to the determining that the landing gear is
compressed.

6. The method of any of the preceding claims, further comprising transitioning the
aircraft to a ground aircraft state in response to determining that the landing gear is
compressed.

7. The method of any of the preceding claims, further comprising receiving the LIDAR
image information from a body landing gear and a nose landing gear.

8. A system for determining weight on wheels for an aircraft, comprising:

at least one landing gear;

a sensor associated with a machinery Light Detection And Ranging (LIDAR) scanner;

a processor; and

memory having instructions stored thereon that, when executed by the processor, cause the
system to:

receive signals indicative of LIDAR image information for a landing gear;

evaluate the LIDAR image information against a landing gear model;

determine information indicative that the landing gear is locked in response to the evaluating

of the LIDAR image information; and
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determine information indicative that the landing gear is compressed in response to the
evaluating of the LIDAR image information against the landing gear model.

9. The system of claim 8§, wherein the processor is configured to receive the LIDAR
image data while aircraft is airborne.

10. The system of any of the preceding claims 8 to 9, wherein the processor is configured
to evaluate the LIDAR image information against a landing gear extension model.

11. The system of any of the preceding claims 8§ to 10, wherein the processor is
configured to apply weight of the aircraft on the landing gear in response to determining that
the landing gear is locked.

12. The system of any of the preceding claims 8§ to 11, wherein the processor is
configured to determine a load of the aircraft on the landing gear in response to the
determining that the landing gear is compressed.

13. The system of any of the preceding claims 8§ to 12, wherein the processor is
configured to transition the aircraft to a ground aircraft state in response to determining that
the landing gear is compressed.

14. The system of any of the preceding claims 8§ to 13, wherein the processor is
configured to receive the LIDAR image information from a body landing gear and a nose

landing gear.



WO 2016/011099

1/4

106

PCT/US2015/040477

FIG. 1A



WO 2016/011099 PCT/US2015/040477
2/4

100




PCT/US2015/040477

WO 2016/011099

3/4

¢ OIA

802 olLe

\ \

] A |

h T
Aows|\ |e—g—»| 10SS800Id

A 4
S|0JJu0D A._I wyuobje
SIoIYOA SePasEd MOM
T |
o1z ¥3LNdINOD LAVHOHIY /

1424

'

00¢

90¢

\

-
-

c0¢

~ /

¥0¢c

sI0suas

S80INSP
Ol

r/

91¢



PCT/US2015/040477

WO 2016/011099

4/4

£ OIA

0z¢e LE 20 b0S
MGUO_\/_ C/O_HOGH_@D \CO_H_OQH_@D NM_<D _|_
UOISUB]XT |ea— Jean) -] jjne4
s1aym U0 JUBIoM JUBH BI
P 1299 11y b yvar 1ot
9ze A
[SPOIN uoljoslad
spaym S0 I BEM sson | UOISUSIXT e— 1ESH
\ Jeac) asON OSON
4
g o ZLe’ / Y
P I e
$193UM UO IYSIoM 3431 SUSIX3 = ooy e [ MEA dvar #en
\l\ Jesn) 1497 _ dvdadl
zze X
gle
\ oLE 908 208

00¢




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US15/40477

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B64D 45/08; GO1G 19/07; GO1S 17/88 (2015.01)
CPC - B64D 45/08; GO1G 19/07; GO1S 17/88

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢

CPC: B64D 45/0005, 45/04, 45/08, 47/08; GO1G 9/00, 19/022, 19/028

lassification symbols)

IPC(8): B64D 45/04, 45/08, 47/08; G01G 9/00, 19/03, 19/07; GO1M 17/013, 17/02; GO1S 17/00, 17/06, 17/88, 17/89 (2015.01)

, 19/07; GO1M 17/02, 17/021, 17/027; GO1S 17/06, 17/88, 17/89

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

Electronic data base consulted during the international search (name of

data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); ProQuest (Derwent, INSPEC, NTIS, PASCAL,
Current Contents Search, Dissertation Abstracts Online, Inside Conferences); EBSCO Discovery Service; Google Scholar; KEYWORDS:
weight, wheels, LIDAR, detect, rang, aircraft, rotorcraft, helicopter, landing gear, processor, lock, down, up, sensor

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant io claim No.
A US 2014/0039775 A1 (WILLIAMS INTERNATIONAL CO.) February 6, 2014, abstract; figure 1; |1and 8
paragraphs [0025, 0031, 0033, 0034]
A US 2012/0041639 A1 (FOLLOWELL, D et al.) February 16, 2012; abstract; figures 1-8; 1and8
paragraphs [0009, 0051, 0068, 0069, 0071, 0085-0087]
A US 2013/0127642 A1 (MAGGIORE, J et al.) May 23, 2013; abstract; figures 1-6; paragraphs 1and 8
[0048, 0100-0102]
A US 2003/0033927 A1 (BRYANT, M et al.) February 20, 2003; entire document 1-3, 8-10
A US 5,769,359 A (RUTAN, E et al.) June,423, 1998; entire document 1-3, 8-10

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) )

“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

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 °

e

“X” document of particular refevance; the claimed invention c.annm.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 10 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

15 September 2015 (15.09.2015)

Date of mailing of the international search report

05 0CT 2015

Name and mailing address of the ISA/

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

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: §71-272-4300
PCT OSP: 571-272-7774

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




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US15/40477

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international scarch report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject maiter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requ:remems to such an

extent that no meaningful international search can be carried out, specifically:

3. % Claims Nos.: 4-7 and 11-14

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authorily found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. D As all searchable Ll(ums could be searched without effort justifying additional fees, this Authority did not invite pdymem of

additional fees.

(98]

4. I:] No required additional search fees were timely paid by the applicant.

D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

pavment of a protest fee.

E] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation. .
I:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

