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(57) Abstract: The disclosed endoscope shape detection
device (1) includes: a posture detecting section (30) that
detects the posture of each of a plurality of sensor units
(Si) on the basis of measurement data obtained with the
sensor units (S;); and a linear-shape detecting section (40)
that detects the linear shape (61) of an inserted part (11)
of an endoscope (10) on the basis of the posture of each
sensor unit (S;) detected by the posture detecting section
(30) and on the assumption that the shape between the
sensor units (S;) is a straight-line link (T;) having a dimen-
sion equal to the dimension (1) between the sensors. The
endoscope shape detection device (1) also includes a
curved-shape detecting section (50, 70) that detects a
curved shape (65, 81) by performing curve interpolation
on said linear shape (61) detected by the linear-shape de-
tecting section (40) on the assumption that the shape be-
tween the sensor units (S;) is an arc (L;) having an arc
length equal to the dimension (1) between the sensors.
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B, THbbIO—NILEZRCOZEMAME—KT D, CITlE, Fyo—
NIVERRRCOXEARAMNEIEAME T 56, X~ EARAMS, FO—
NIVERRZRCOXEARMN L ZBEIY ([C3—fFy  LIHEELI-AREL D,
MRt Y B, TEHAShAMBRANY MLOO—HILERRC, DX B
FHEES, Y BAARS. Z BARARS %,
[449]

Mobsi=Mxj My; MgjlT 9

EF B, HEERRC ™ (&, O—HILEERC, DY O—/NILEZERCHDS
D XEE Y OEEERVY EHEY OREEZME L-ERERTHE, Ls->T
X (9) RUK (1) OR,,, R, ZHWVT, Kt YB, Titlldh
SUMEEANY MLOWEEZRC DX EHARES. Y EARKS.
Z ' EAARSIE.

[410]

’ 1 0 0 cosp; 0 sinPy || Myi
Mohsi “RxiRyiMgpei=|0 coswy -sinaj ¢ 1 0 My 4

0 sinoj cosaj |—sinBi 0 cosPj || My
cosfy 0 sinfy Mx 3
=[ sino;isinf; coswjy -—-sinojcosPy |[Myj (10.1)
—cosajsinf; sinoy cosoicosPi || Mys
. r r r 'T
Mobsi =[Mx1 Myi MZi] (10.2)

ElbH, X (10 1), & (10. 2) i,



WO 2011/152141 12 PCT/JP2011/059637

[0041]

[0042]

[0043]

[0044]

[#11]

MxiszxicosBj_+MZisin|3j_ {11.1)

!

Myi =Myjcosai +sina{{My{sinf{ -Mzicosf;) (11.2)

Ei5b, MEAMICEEGKFEE (FEEEZERC  OX ,—Y [ F@ D
MRS &, BlAmEmnTnd, Liza->T, K (11, 1), K (
11, 2) &Y, X~ EHHMLHELEAFRAETOHED  [THBEIAT MLOH
EERRZC ™ OX ™ HES. Y BHESZAVNTRDOLIIENTEZD, T
Hhb,
[#412]

9i=tan_l(MYi'/Mxir) (12)

Ehd, AKO IXZ 7 8 (Z8) ZEOFANLRTHIHEVEEELT D
o WMIEBEZRRC XV O—NILERRZRCEZZEBEIY(CI—HAy FLIFEEL
EERTHD, LEA->T, & (12) TREIAEOI M, FO—/\LE
BRCZEZEELLE-O—NDILERRC OI—AY L1415,

BHE. FA—NILEZRCOXBAAMISHILEARE—BLENMEEE . B
TERELLTI—FAy ZROBIELTES, HPEIRY LOTO—N
IVERRCHOXMARBS. YEARBRS. Z8BARRS %.

[#413]

mep =[Ex By Egl! (13)

ET 5, BRI MLOTO—/NILVERRCO XEARMKS . YA REAK
. ZEAMBES . EREUYB LR—D2 (4 TR o ERAL
T, J8—/\)LEBRRCO XEAAMR, YEAAR, ZEAMEBHDOABA—H
TOREBTHAZTICLITKY, RObND, LT, R (13) &Y.

XBIMOHIEARMETHAED 2, HHBEIAY MLOT O—/NILERRCOD
XEARLSY, YRS ZAWTRDO D, T4bh5,
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[0045]

[0046]

[0047]

[0048]

[#14]

f=tan 1(Ey /Fx) (14)

E5b, CIT, AEOEZBMZADARAMNL R THETEIYZESLT S,
EEBRC FIO—NILEBRRCEZZEMEIYICI—Hy  EZITEER L=
BRTHL, L=AoT,. KX (12) ( K (14) &Y,

[#415]

¥i =0-0; (15)

ERY, JO—NILVEBRCEEEL L-O—AIILERRC OIA—HAy M
RED,
DEDESITLT, ThEhOiER oY B, TOEBIT—2ITEDSNT
FRFNROO—DILERRC OIA—FfAy HNEHIIhD, EHIIhLE
fla,, B, v DEICESNT, £BHREMIOFZTAETLADEUFIZY
S DEBERHET D,
E3ITTRT&SIC, BBEREI I 0IZE., BEBRREET 4 0 EHESH
TWb, H6(F, BEBRRHE40ICEYVBRHEINIARE 1 0 DIHEALR
11 DRBBHBIKE 1525 0—/NILEZCH ZHMDENHFRAMN S R-KT
Hbd, @6ITTRT LT, BEBREHE4 0, £EHREIMI 0O THRES
NEERENDEHIZY FS DEBITEDOVT, EhEhDtE Y2
v S DEOBIKETENEL O HETE I ICELOERKOU LY T, (
=1, 2, --N) EEELT, AL 1 1 DRERBIIRG 1 ZRET S,
CIT, HigRAMASKBEDOI VO T (X, EEANAS KBEO YA Y
FSwo EEmAINS (k+1) FEOE Y=y FS EDRDY VO T
Hd, BEBKBREIBL 0K, ZNEFADYLI T ZBET D) 0 BAEED
41&, VDOV EBEA41ICEKYBRENEZZERERD) V9 T, ZFTHH
LT, U9 T ONMBEEHET D VI MBRERR4 2L KR D, VY
MEMESA 212KV EFRTAOY O T 1E. BETDULI Ty, T4
EDY VO ERNERT HIREBIC, FITRBEIN S,
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[0049]

[0050]

[0051]
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SRR HER 4 O (1%, WERRA SAEKEIA TS, HES4 52
. RRERA THMER SN T LD, BERREHE4 0L YREShT-S O
—/NVERRC TOREAR 1 1 DBREHRIHIING 1, MEER4 5IZXVE
BIhd, fii&ld, MERRASSICKYBEIN-RERBHIKE6 1 R
4 7 THERARREGE > TS,

CIT. BEBRBREE4 O THEALN 1 1 ORBEREIKE 1 28ET 5
FEICDWTHRAT S, BAITFRT LS, A1 1 DBRERFBRIKE 1
FRHTIE, 9. ATvTFS102, S103TEHLEESFAa,, B
Y DIEICEDWT, YDOBRER4 158, ERBROEAEAD ) VY
T, Z2RTd (RTvTS104) , ZIZTlE. EiRfIns kBEOEUY
aAzZy kS, EEmANL (k+1) FEEOEVHYIZY S EORDE
WAL KBEEBDY VO T DREIZDOWTERT S,

KX (7). KX (8) X (12) (RFK (15) ) [TRT&LSIT, X7
v7S102, S103TO—AIERRC.; (DFEYYLY) DEBAa
ko1 Bro1, Y DEHEND, COEBFa, ., Bi_1. Y 1 RUF
NEADEUHIZY S OEDORFARICOVTOMRTH St T
EIEANT, vy bSO —NILEZRCOREIZHET S
BED, oAy bS DEEP " (1o Ty, 1,0) DRES, Z
CT. BEEP 7 (&,

[4416]
—sinYk_l-cosak_l}
(16.1)

ik=[lxk lyk lzk]T=ngk_1eyk—l=l CO8Yk—] "COS0|_]
sinop_1

eyk-1=00 1 0T (16.2)

EB, R (16, 1), R (16. 2) De, &, O—HILEEZERC,
DEEATORFARTHDY (— BHARDEMRY MLTHS, BERY
e, 1R (1) TEHEINSEERTINEZEEIT A LITKY . BEEAY
Fle, DY O—/NLERZRCOXEARBS. YHARBS., Z8#AM
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JO—NIVEBRRCORERMNSEWVMD OEoYa1=y S DEEP ™ (
IH,IH,Iu)%*wéo%bfsbn—nw@%%cwﬁﬁ&@%P
TG Ly L) EEFERRICESRZEICEY, VDO T AERS
nbd, bbb, YDOBEER4 1(&, Y20 T HEimEl (J0—/\LER
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1=y bS o ORDTORFAMICEZSINDERELT, UDH T %
MY 5.

T, EUHETE I E50mmBETHE ZEMNFELL, YT
FIERCTHILITKY, ooy S OEMARD L, 2R FFHIR
Shd, g, EOYRETE I N5 0mmBBELYPSVWEETHNE. Z
NENDE Y=Y S OEETENS USRI ICELVERKD Y
DOT ERELEBETE, EALR1 1 OBRBREOBOBREENELT S
CENTRETH D,

ZLT, VUUMBEMER42H, YOO BEE4 1 IR UBEESNT-Z
NERDYUOT ZBESTDZIOOT, 1, T, D) VI ERNERT
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mAlh e kKFEOEOHIAZY S, EEmAINS (k+1) FEEHOEUY
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THONDROKETIE, VoI T ORERAICHEET SV T FTHE
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BREFTOSRE. RENS YDV EMBEHRESTTHG6 SOEHETORE=
i, VOO MBRERA4 2109 T #FT8BBTS, Thbb,. (70
RECTRIMUENOR 7 DEFETRIMEIC) VY T ZFTEHT L. Ch
[C&kY, 2O T &V OT EDUYERNERT HIREEEGY ., Y
O T DEENEESND,

BE. U9 T UHADY T I220TH, YUY HBERERA4 2(2&
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RS YO MBMIESTEG6 3D (FO—/NILEZERCOREANSHIE
WElDMR) FTOBEBELT. YUV MBRERA 200 T, 2 FT8E
T5H, CnITKY, Voo T, &0 T O&ERE (JO—NILEZERCDH
BEMSIEWNMED [CHETRUUI T, DU VI BERNERT HKRELR
Y, Vo0 T, ODEENBEESNS, 2L, V2O T TDOWWTIE, Y2P
T OEHENTO—NILEFRCORRATH S0, MEOHEFTHILEN

R3IZRT &I, MEBRBREE 4 0., EHRBIRKREES O (TR S
hTW3, M8k, HEMRREES OICKYRHINI-ARE 1 0DIEA
1 1 OBREERIK6 5/ O—/N\ILEZECH ZEHOEDAAM b R-K
THbd, B8ITRT LI, HHEBIRREIS 0F, EhEhDtE ¥z
v bS  DEOBRZMENSAE HETE I ITFLOAEML,; (j=1, 2,
- N) ERELT, RHEEHRTIK6 1 #hifERIT 5., HEMHMZEITS &
[Tk Y., BHBRMIK6 SR EINE, 2T, EWHALNS kBBOAN
L. &, EmANS kBB Iy S, EERAMNS (k+1) F
Bt Ha1=y S EDRBDOAMTH S,
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MM EMERNS 3L 2EA D, MIEMERS 3I2&Y ERENDOMAIM
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genbd,

R 3ITFRT &SI, HRMERIEES 11, ZRTBES 5 &, RRESRS
7¢&. AIEEIS 9L 2BA D, AIEMAES 5, HILVRESS 7 RUH
M RRER S 9 DEEMIZDLNTIX, ®%ikd B,

BRERTIRAREER 5 O (21X, HES 4 SAEKIN TS, HERIRRHER
50Tk YMEEINI-IO—/\LERRC TOHALR 1 1 DRHBIRTIK 6
5%, MERA4SICEYBEIND, &L, WEM4SICLYEEINT
RUEBIRFIK 6 5 #RTE4 7 THAIARLE->TW 5,

CCT. HIEMRBREE S5 0 T, BB RKREEH4 0l YBRESIhI-R
HIRF K 6 1 ZElfRMMRE L, RHBIRMIK 6 6 £ T S AEICOLTEHR
BAd 6, RAITRT &1, HEBIRREIS 0F, EhEhDt ¥z
v S OROBRKREMEN L HETE I IZELOANL, ERELT, &
HIRF K 6 1 OEfREEETL, BRHRPIK6 5E2HETSH (XRTv T
S106) , RN KT, EUHMETE I N5 0mmIiBEL Y /S OEEE
THNE, ThEFhDOE oY1=y +S OREZTENE U HRETE I IZHFL
WERKDOU LY T, ERELEIGETY, HEARH1 1 OBRBREDOEDRE
FhE< b, LML, RERICBASNEEORAMBRERE 1 ODFBAL1 10
RARTHERIKTH S, LI=N-oT, RERBHING 1 OHEMHHAZITS
EMEEELD, ST, ARE 1 0ODBAR 1 11&, HRAICKYEEHD
M, BEOHEEEET S, OO, BAR1 1 OBBRBIKOMENKEL
EkFBHILE, MTHD, LEA>T, EoHa1=y +S ORORIKERE
ZER; (HE1./R;) OMIMIL,; &RELTHRBRAIZITI CLICKY., FR



WO 2011/152141 18 PCT/JP2011/059637

[0063]

[0064]

[0065]
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BRHEET K 6 1 OBREE TV, RHEMRETIK 6 6 28T KX, B
S5 1, FRFhDY s T, CEIChigmiET0., AL, %2/
Y4, T, @RS 1(CkY. YO T, OBRERZITS A
DWTEHAT S, CCTIE, Emflldho kFHDOE HI=Zy S L&A
s (k+1) FEEOE Y=Y S EOMDEmBIMNS kFED v
T DBRERBICDWNTERRT 5,

BO &, H#ERRREARS O 1T & URHEIRI N6 1 M SRR 6
5ERHTEAEERT IA—Fv— +rTHDH, B10I(&, BIRMEHHES 1
THOUNEZEHAT IR THD, M1 0ITTT LT, HEERHES 112k
HERETHD Y0y @H@HERER)Y) T OBREREZETIMOKETE
EVUHAZ Y RS ERQ T WITHEL TS, BORURTOITERT &5
(. HREEES 11L&V )2y (@EXH) VD) T OHBEEHET IR
(X, £9., EBBEEBS 5N, Yoo T OEE (B10HS) £8Y., Yo
DT WCEELGE 1 OHWEEREN &, VI T 0% (B20MR) 28
Y, V0T OFEmAICEET S V0 (WREMRERE) VD) T.4.1CE
BEE 2 DWBERN L E2BAT S (RTyTS111) , Thbbs, #E1
DFBEREN _E, VO T OFRARY FLIZEEEWVSEH, RU, &
HaAZy b (B1DWR) S ZBBTIEVIFUENSRHEHZENT
b, AR, E20MEEREN (&, YO T o DARANY MLICEEE
WSEH, RU, Eo¥az=y k (F20iHM) S Z@BATHLE0SEHEL
BRHBIEMNTES,

ZL T, RIDREERS 7H, 51 DMEIERN _ £E2DMEEREN &
NDXHOZFEHL, XAO ZAML DHLELTRETS (RTFY TS 1
12) . £10OWEERN . EFE2DHREREN  EHXDH SR WMEEIL.
F 1 DMBIEREN B2 DMEIEREN (EDERENR/NEL D 2 DR
ROZEHEHT S, PEIHO ZHET AR, £7. F 1 0MEEREN R
UFE 2 DHBEERN (OEAICEELER (BRLEL) OAEXERD D,
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(F1DHR) ZHEETIMORINEUHRESTE I IZELOANL . TH
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Thb, Yoo T OEBEEICLY., o812y S OEEARQ ™ D
SEQIIBEHT S, LEDKSIZLT, U2y T OBEBHEEITHN S,
BE, UV TRADY S T 1220TH, HEgMEERS 112& Y R
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DFEERN | _ EFE 2 OBEERN , EDOXREO . X, F 1 OHEBIERN
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human body by surgery”, (continued to extra sheet)

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with 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(a).

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

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

L I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

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

3. I:l 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.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

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

payment of a protest fee.

I:l 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:l No protest accompanied the payment of additional search fees.
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and thus relate to a subject matter on which this International Searching
Authority is not required to carry out an international search under
the provision of PCT Rule 39.1 (iv).
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