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A, . CLASSIFICATION OF SUBJECT MATTER )
Int. Ci.
(AGLB 19/00 (2006.01) AGIB 1/00 (2006.01) AG61B 17/60 (2006.01)
B2SJ 3/64 (2006.01) B25J 11/00 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbals)

Documentalion scarched other than minimum documentation to the extent that such documents are included in the ficlds scarched

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

WPI and EPODOC and keywords and phrases such as: robot, mampulator flexible, arm, control, robotlc manipulator, measure,
determine, sense, define, force, predict, forecast, estimate, elongate, stretch, extend, and the like.

‘Google patent” search engine with search phrases: ‘robotic manipulator force equation®, ‘robotic manipulator flexible member’
*Google Scholar’ search engine with search phrases: ‘robotic manipulator elongation force equation pull cable’ and the like.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevani to
’ : ’ claim No.

. WO 2007/11 1571 At (NANYANG TECHNOLOGICAL UNIVERSITY) 04 October

X 2007 01,2, 4-7,9-
"{ Abstract, Figures 4, 5 and 9 and para[ 025, [044]-{063], elements (442), (452), (414}, 13, 15, 20-33
(134), (613a,b), (713a,b);

Us 2008/0065105 Al (LARKIN ET AL.) 13 March 2008
X Abstract, Figure 3, para[0137]-[0140]; para[0047], para0148]-[para[0149], Figures 16, 1,2, 4-6,9-
’ 16A-16F, para[0188]-(0199], Figures 17, 18F, para[0267]]; -, 1,20

Further documents are listed iri the continuation of Box C See patent family annex

* . Special categorics of cited documents: ‘
"A"  document defining the general state of the art which is ' later do { published sfter the i ianal f'llng date or priority date and not in

not considered to be of panticular relevance con flict with lhe application but cited {0 understand the principle or theory
" underlying the invention
"E"  carlicr application or.patent but published on or after the "X"  document of patticular relevance; the claimed invention cannet be considered novel
imemational filing date . . or cannol be considered to involve an inventive step when the document is taken
’ ’ - alone
*L*  document which may throw doubts on priority claim{s} "Y¥"  document of particular relevance; the ctaimed invention cannot be considered to
or which is cited (o establish the publication date of involve an inventive step when the document is combined with one or more other
another citation ot other special reason (as specified) - such d ents, such combi being chvigus to a person skilled in the art

'0"  document referring to an oral disclosure, use, exhibition
ar other means

*P*  daecument published prior to the intemational filing date
but later than the priority date claimed

*&"  document member of the same patent family

Date of the actual completion of the intemational search Date of mailing of the intcrnational search report

05 Octéber 2010 - ' . 08 GCT Pl

Name and mailing address of the ISNAUI Authorized officer

AUSTRALIAN PATENT OFFICE - ‘ VIARA VANRAAD

PO BOX 200, WODEN ACT 2606, AUSTRALIA ' ‘AUSTRALIAN PATENT OFFICE

E-ms-lil .a.ddrcs5: pet@ipaustralia.gov.au (180 9001 Quality Certified Service)

Facsimile No. +61 2 6283 7999 Telephone No : +61 2 6222 3643
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Category*

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

Relevant to
claim No.

US 5624398 A (SMITH ET AL.) 29 April 1997
Abstract, Figure 1 A, B; Figures 2-5 and 12, col, 13, In.-1-col. 14, In. 67; col. 16, In. 4-
col. 20, In. 63; parts ‘C. The Control circuit, "E. The Robot arms, ' B. The Encoder, *D.

The Servo System,’

Abstract, Figure 1 A, B; Figures 2-5

US 7090683 B2 (BROCK ET AL.) 15 August 2006
Abstract, Figure 1, Figures 14-16, col. 16, In. 14-29, ccl. 15, In. 30-41, elements (700),
(7100, (11), col. 14, In. 67-col. 15, 1n. 8, FlgureG

Figures 42, 42 A, 45, 46;

1S 2007/0287992 Al (DIOLAITI ET AL.) 13 December 2007 :
Abstract, Figures 5, 7 and 8, controller (500}, endoscope para[(029], [0030], [0012-
[0029], joints {129) , robotic manipulator(200), Flgurc 1;

US 2006/0178556 A1 (H.ASSER ET AL) 10 August 2006
Abstract Figure 38, para[0135]; -

US 5546508 A (JAIN ET AL.) 13 August 1996
Abstract, figures la, Figure 6 and col 14, In. 49-col. 20, !n 11, col. 52, In. 504:0! 54,
In. 2

US 6692485 Bl (BROCK ET AL.) 17 February 2004 :
Abstract, Eigure 34 and related text on col. 8, In. 5-42; col. 8, In. 5-28;

CHANG §-L. et al., *Kinematic and compliance analysis for tendon-driven robotic '

‘| mechanisms with ﬂexlble tendons,’ Mechanism and Machine Theory, 2005, vol. 40,

pages 728-739.
‘Introduction’, pages 729-730parts ‘2. Assumptions’ sub-part *(I[)’ part ‘3.3,
Transmission Ii'nes "and ‘4. 4. Farces and compliance ', equations;

| US 4967 126 A (GRETZ ET AL.} 30 October 1990

Entire document:

L,2, 411,15,
19-21, 23-33

28,29
2325
26-29

23, 28,29
26,27

34

34-36

34-36
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International application No.
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Box No.II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

“This intemationai search 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 marter nat required to be searched by this Authority, namely:

D Claims Nos.:

because they relate 1o parts of the international application that do not comply W|th the prescribed requirements to such
-an extent that no meaningful international search can be carried out, specifically;

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6. 4(&)

Box No. [1I  Observations where unity of invention is lacking (Continuation of item 3 ol‘ first sheet)

This Enternational Searching Authority found multiple inventions in this international application, as follows:

As detailed in‘additional‘sheel-, see Supplemental Box (1) . .

As all required additional search fees were timely paid by the applicant, this mtemanonal search report covers all
scarchable claims. ‘

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

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

UU®

4. D No required additional search t‘ees were umely paid by the applicant. Consequently, this mtematmnal search report is
restrlcted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:l The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee,

D The additional search fees.were accompanied by the applicant's protest but the applicable i
“protest fee was not paid within the time limit specified in the invitation. i

‘ D Ne protest accompanied the payment of additional search fees.

Form PCT/15A/210 {continuation of first sheet (2)} (July 2008}
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INTERNATIONAL SEARCH REPORT Intermational application No.
PCT/SGiOlO/DOO?OO

Supplemental Box (1)

(To be ised when the space in any of Boxes 1 to 1V is not sufficient)

Continuation of Box No. 11

This International A pplication does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept. In assessing whether there is
more than one invention claimed, 1 have given consideration to those features which can be. considered to potentially
distinguish the claimed combination of features from the prior art. Where different claims have different distinguishing
features they define different inventions.

" This International Searching Authority has found that there are different inventions as follows:

«  Claims 1-22 directed to a robotic manipulator for flexible endoscopy comprising a flexible member configured
to be coupled to-endoscope and an arm connected to and moveable by the flexible member, wherein the flexible
member has a first end connected to the arm and a second end connectable to a controller to allow physical
movement of the arm to be controllable by a physical movement of the controller. It is considered that the
robotic manipulator for flexible endoscopy with flexible members configured to be coupled to endoscope; an |
arm connected to and moveable by flexible member wherein the flexible member has a first end connected to
the arm and the second end connectable 1o a controller 1o allow a physical movement of the controller comprises
a first distinguishing feature.

¢ Claims 23-33 directed to a controller for controlling mavements of a robotic manipulater for flexible endoscopy
comprising a hand-held mémber configured for use by a user to effect movements of the robotic manipulator
wherein the hand-held member comprises joints providing degrees of freedom 'corresponding to the degrees of
freedom of the robetic manipulator. It is considered that sald controller compnses a second dlslmgmshmg
fealure

. Claim 34 directed to a method for predicting a force and elongation at the end of robotic manipulator
comprising receiving infermation from the end of the robotic manipulator where the information allows -
measurement determination of specific parameters related to the elongation and force at the end of the robotic
manipulator analysing the parameters to determine the specific equation between the force applied at the
conireller and the elongation and force applied at the end of the robotic manipulator and implementing the
equation at the controller to predict the force applied at the end of the robotic manipulator. It is considered that
the said method of predicting the force and the end of the robetic manipulator via analysis of the measured
parameters for the force applied for the manipulator and the one applied for the controller comprises a third
distinguishing feature.

*  Claims 35-45 directed 1o a method of using a robotic manipulator having end effectors at a distal end, the end
effectors being moveable by tendons, the tendons being attached 1o the end effectors at the distal end and being
attached to an actuator at a proximal end the method comprising measuring constant parameters of the tendons, |
using sensors 1o determine the force being applied to the tendons at the proximal end and using ‘the sensor
signals and the constant parameters lo predict the tendon elongation or force at the distal end. I is considered
that the method of using 2 robetic manipulator by measuring parameters of tendons and force being applied to
tendons to predict the tendon elongation comprises the fourth distinguishing feature.

PCT Rule 13.2, first sentence, staies that unity of invention is'on]y fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features, PCT Rule 13.2, secorid
sentence, defines a special technical feature as a feature which makes a contribution over the prior art.

Each of the abovementioned groups of claims has a different distinguishing feature and they do not share any feature which
could satisfy the requiremcnt for being a special technical feature. Because there is no common special technical feature it
follows that there is no technical relationship between the identified inventions. Therefore the claims do not satisfy the

reqmrement of unity of invention & priori. i

Form PCT/ISA/210 {extra sheet)(July 2009}
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International application No.
Information on patent falﬁily members l ‘ PCT[SGZM{]/OUOZI]I]
This Annex lists the known "A" pub]icatioﬁ level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of infermation. :
Patent Document Cited in _ ‘ Patent Family Member
Search Report
WO 2007111571 NONE |
US 2008065105 CN 101325920 CN 101340850 . - CN 101500470
EP 1965711 EP 1965717 EP 2037794
EF 2038712 . EP 2046538 KR 20080089359
-KR 20080089582 KR 20090019908 KR 20090034813
us 2008665108 Us 7725214 us 2007151391
Us 7752920 US. 2007151390 - US 2007156019
. US 2007283970 US ~ 2007287884 US 2007287889
US 2007287992 T US 2008004603 - US 2008058861
us 2008064921 Us 2008064927 us 2008064931
us ' 2008055097 ] us 2008065093 Us 2008065099
uUs 2005065]00 us 2008065101 us 2008065102
US 2008065103 US 2008065104 | US 2008065106
Us 2008065107 us 2008065109 us 2008065110
US 2008065111 US 2008071288 Us 2008071289
us 2008071290 US 2008071291 us 2008287963
Us 2009192523 US 2009192524 US 2009326318
US 2009326553 - US 2009326556 - US 2010087835
us 2010198232 WO 2007111737 WO 2007120329
WO 2007146984 WO 2007146987 WO 2008002830
WO 2009045657 WO 2009158164 WO 2010002544
, WO 2010039394 _
US 5624398 o AU . 18559/97 CA 2244163 EP 0880337 5
: ' EP 1321106 " EP 1516577 US 5833656 i
: US .. 5954692 US 6296635 ' WO 9728734
Us 7090683 US 2002087156 AR 033502 AU - 19693/01
' AU 47081400 AU 2002244016 . AU 2002251958
BR 0015493 CA 2390237 EP 1176921
EP 1224918 " EP 1224919 EP 1303228
FR 2822054 . KR 20010051646 - us 6197017
Uus - 2001018591 ~Us 6432112 - us 2002038116
US 6554844 US 6628729 US 6692485

' Form PCT/ISA210 (patent family annex) (July 2009)
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Us 2002120188 Us 6810281 - US 2002133173
Us | 6843793 US 6860878 us 2003050649
US 6949106 ‘US 2002128633 Us 7169141
Us 2002087169 Us 7214230 Us 2002143319
Us 7297142 US 2002087049 us  77izie
US 2005215983 . US 7604642 B Us 2005216033
Us 7603083 . US 2004193146 Us 7699835
Us 2007239120 us 7713190 Us 2007239105
us ' 7727185 ~US 2008177282 Us 7744608
US 2005228440 Uus 7744622 US 2007233052
ﬂS 7758562 Us 2007060879 US  77668%4
Us 2007239170 Us 7775972 US 2007088340 :
Us 7739875 Us 2001031983 US 2002087048
US 2002087148 Us 2002095 175 UsS 2002120252
US 2002128661 Us 2002128662 US 2002138082
Us . 2003045888 US 2003055409 Us 2003135204 {
US 2007233045 US 2007239106 Us 2007250073 !
US " 2007250074 US 2007255291 US 2007260115
US 2008033453 US 2008119824 US" . 2008119871
US 2008119872 Us 2008125793 Us 2008125794
US . 2008132913 Us 2008177283 US 2008177284
US 2008177285 Us 2003300592 Us 2009105639
US 2009182226 WO 0067640 WO 0135642
WO 02051329 WO 020635933 WO 02074178

US 2006178556 "AU | 2002318461 AU 2003293353 - CA 2451824
CN 1728972 CN 101181167 CN 101340853
DE 102006059379 EP 1408846 EP 1575439
-EP 1585425 EP 1853193 EP  [965718
FR 2895665 JP 2007175502 JP 2009136684
JP 2009148557 JP 201009953¢ KR 20050075451
KR 20080089579 US 2003018323 Us 6699235
Us 2003036748 Us 6817974 Us 2004162547
Us 7066926 US 2004138700 us 7320700 .
US 2007156119 US 7691098 Us 2005090809
us: 7736356 Us 2005182298 US 2006199999
US 2007239203 US 2010228234 WO 03001986
WO 03001987 WO 2004052171 WO 2006094242
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