1 FLEXI BLE GUI DANCE AND PRECI SE POSI TI ONI NG MECHANI SM AND APPLI CATI ONS
THEREOF Field of the Invention [0001] The present invention generally

rel ates to devices and nmethods for guidance and positioning, and nore
particularly to a flexible guidance and, precise positioning mechanism and
its applications including mnimally inJasive surgical instrunments such as

endoscopi c stem and | aparoscopi c system and ot her engi neering inspection
syst ens. Ba%ﬁd—?W&fU Cﬁv‘éﬁﬂ %ﬁm@@ﬂoﬁﬁdgﬁwﬁ M&HWﬁé’?é@%pi c

surgeries are common sanpl es %\?TL’T@XT‘@I\WT 1t 'Fve surgi cal techni ques
that have received wi de acceptance anong patll ents and doctors. The

mnimally invasive surgical techniques cause reduced incision trauns,
resulting in quicker recovery, |less patient npnitoring, and shorter
hospital stays and consequent rBlbes dsdryentimedi cal costs. Furthernore,
the mnimally invasive surgical techniques have significantly | ower

i nci dence of post-operative conplications. Despite all these advantages,
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the rigid el ongated bo is extended, it ha uce e to poor
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| ost due to inherently high friction of the operating nechanism Therefore,
tactile and haptic feedbacks are needed in order to achi eve good eye-hand
coordi nation. [0003] During endoscopic and | aparoscopi c surgeries, the
surgeons observe and operate a patient indirectly through mninally
i nvasi ve surgical instrunentsB F—&Méfl,‘)fﬂ!‘hllyenh@nrect nature may inpair
the depth perception and eye-hand coordi nati on of a surgeon. |nportant
factors that inpair depth perception include the absence of shadows in
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mvasive surgical techniques that have received wide acceptance among patients and

doctors. The minimally invasive surgical techniques cause reduced incision trauma,

resulting in quicker recovery, less patient monitoring, and shorter hospital stays and

consequent reductions in medical costs. Furthermore, the minimally invasive surgical

techniques have significantly lower incidence of post-operative complications. Despite all

these advantages, minimally invasive surgical techniques still present a surgeon with

several formidable challenges due to the limitations of available instruments. For example,

the rigid elongated body of an endoscope has reduced dexterity due to its length and

limited freedom of movement. When the rigid elongated body is extended, it has reduced

feel due to poor force feedback. Furthermore, about 70% of the applied manipulator force

is lost due to inherently high friction of the operating mechanism. Therefore, tactile and

haptic feedbacks are needed in order to achieve good eye-hand coordination.

[0003] During endoscopic and laparoscopic surgeries, the surgeons observe and

operate a patient indirectly through minimally invasive surgical instruments. However,

this indirect nature may impair the depth perception and eye-hand coordination of a

surgeon. Important factors that impair depth perception include the absence of shadows in

endoscopic camera pictures and the restricted ability to observe organs from different

sides.  Important factors that impair eye-hand coordination include the unnatural



sides. Inportant factors that inpair eye-hand coordination include the
unnatural 2 endoscopic line-of-sight, which results in ms-orientation
bet ween the surgeon's hand novenents and the instrunment novenents on the
screen. [0004] Attenpts have been nade t©o address the issues of the
novenent and operation of mnimally invasive surgical instrunents in the
prior arts. For exanple, a flexible quide could be rigidized through the
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sur geon ahduitigeplanoet @ssasheisnapbedyohapt omediusiéon. This mismatch in orientation
is further complicated by attempts to coordinate these motions against an image being
displayed on a display monitor, which itself may change in orientation as the camera is
rotated. This difficulty represents a major obstacle to widespread use of this surgical
method.
[0006] In all endoscopic systems, the distal end of an endoscope during surgical
procedure can only be manipulated with 1 or 2 degree of freedom (DOF). It creates serious
problems in situations where the distal end of the endoscope has to be precisely positioned
in certain locations for better views. Usually, to ensure precise positioning of the distal end
of an endoscope requires a surgeon to move the distal end around a designated region of
interest. It is evident that this creates difficulty for the surgeon and complicates the

operation procedure,
Summary of the Invention

[0007) In one embodiment of the present invention, there is provided a flexible
guidance and precise positioning mechanism. The flexible guidance and precise
positioning mechanism comprises a spring having one distal end and one proximal end, a

distal means integrally coupled with the distal end of the spring; a proximal means



Summary of the Invention [0007] In one enbodi nent of the present invention,
there is provided a flexible guidance and precise positioning nmechani sm
The fl exi bl e gui dance and precise positioning mechani sm conprises a spring
havi ng one distal end and one proxi nal d, a distal neans integrally
coupled with the distal end of the sprigg; a proximal neans 3 integrally
coupled wi.th the proximal end of the spring; and a plurality of
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~environnment. In yet another enbodi nent of the ani s e spring has a
cyl i ndri cRfeCE8PPFYORAEI on. [0009] I n anhot her enbodi ment of the present

i nvention re isgprovide n... endoscopic syste The endoscopi ¢ system
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end for providigg,flexibje gui dance and precise positioning to the
endoscopi 8¢ BFehaiym g ds sprewnsiingrsavirenragnipoledetanathes gmbndimant ef theof

endoscopi o oyt am 't OO ShokAg bATEER, °0F The endoscopi c system
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luren of terrllcﬁ)sgcl)pqg g)?sttgrg. bl%deye’nd\c,)@c%f)ﬁi srj],fstte&ecomprises an elongated body having a distal
end and a proximal end; a flexible guidance and precise positioning mechanism disposed at
the distal end for providing flexible guidance and precise positioning to the endoscopic
system; and a control module disposed at the proximal end of the elongated body for
controlling the directions and movements of the endoscopic system.
[0010] In another embodiment of the endoscopic system, it further comprises a
plurality of functional fibers disposed within the lumen of the elongated body, wherein the
movements of the plurality of functional fibers are controlled by the control module.
[0011] In another embodiment of the endoscopic system, the elongated body
comprises segments of small polymerized spring elements in series.
[oo12] - In another embodiment of the endoscopic system, the flexible guidance and
precise positioning mechanism comprises a spring having one distal end and one proximal
end; a distal means integrally coupled with the distal end of the spring; a proximal means
integrally coupled with the proximal end of the spring; and a plurality of longitudinal
control means having one distal end and one proximal end, wherein the plurality of
longitudinal means are evenly positioned around the spring, and wherein each of the

plurality of longitudinal control means is controllably coupled with the pitches of the

spring; thereby when any of the plurality of longitudinal control means causes the spring to



novenents of the plurality of functional fibers are controlled by the
control nodule. [0011] In another enbodi nent of the endoscopic system the
el ongat ed body conprises segnents of small polynerized spring elenents in
series. [0012] In another enbodi nent of }he endoscopic system the flexible
gui dance and precise positioning nechanlsm conprises a spring having one
distal end and one proxinmal end; a distal neans integrally coupled with
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covering the spring, reducing the friction at th n the
mechani sneylamitical gondiguradiondi ng envi ronnent. [0014] In anot her enbodi nent of
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control | eEm?naeg!ign tocl)aerably coupled with an electronic motion controller via a controller cable to
control the manipulating forces for the movement of the elongated body. In another
further embodiment of the endoscopic system, the control module further comprises an
illumination source via an illumination cable to provide illumination for imaging the
pathway and checking site. In yet another further embodiment of the endoscopic system,
the electronic motion controller is a remote wireless control system.
[0016] In another embodiment of the present invention, there is provided a process
for flexible guidance and precise positioning. The process comprises providing a spring
disposed at a distal end of a movable object; providing a plurality of controlling cables,
wherein one end of the plurality of controlling cables is operably coupled with the spring
and the other end is operably coupled with a remote controller; ‘causing the spring to
deflect in one direction by pulling one or two of the controlling cables so as to provide
flexible guidance for the moving object; and precise positioning the movable object by
releasing the spring from a preloaded state.
[0017] The objectives and advantages of the invention will become apparent from

the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.



control the manipulating forces for the novenent of the elongated body. In
anot her further enbodi nent of the endoscopic system the control nodul e
further conprises an illum nation source via an illum nation cable to
provide illum nation for imaging the pathway and checking site. In yet
anot her further enbodi ment of the endoscopic system the electronic notion
controller is a renote wireless control system [0016] In another

enbodi ment of the present i nbekf Deserintiveref the Dyavwigted a process for

fl exi bl e gui dance and preci se positioning. The process conprises providing
a spring disposed at a distal end of a novable object; providing a
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defl ect i gepRgidi rection by pulling one or two of the controlling cables so
as to provide flexible guidance for the noving object; and precise
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of the Draw ngs [OO%S(L’ Preferred enbodi ments according to the present

i nvent i onlGR# now Yebows bedendinghd rseh@n@inc eieto of hiee Hegibleeguidimewhidch
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schemnt 1 POt BT SBEBHRE Ly aeafiRie Hatha oot odiReif of h HtBe

gui dance aneéntiéieci se positioning in accordance with one enbodi ment of the
present invention. %0020] FIG 2 shows an enl arged schematic view of the
flexi bl e B9ftance ah¥o hrbews anpudiaded richematic et oftha flaxibbr geidesevartch one
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[0022] FI1G 4 is an exemplary configuration of the distal end 21 in accordance with
one embodiment of the present invention.

[0023] FIG 5 illustrates the operation of the flexible guidance and precise
positioning mechanism for changing directions where the distal end is bent by pulling one
or two of the guide cables 6.

[0024] FIGS 6A and 6B show schematic diagrams of the flexible guidance and
precise positioning mechanism illustrating the operation of precise positioming in

accordance with one embodiment of the present invention.
Detailed Description of the Invention

[0025] ~ The present invention may be understood more readily with reference to the
following detailed description of certain embodiments of the invention.

[0026] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0027] In the following detailed description, specific details are set forth in order to

provide a thorough understanding of the invention. However, it will be understood by



[0021] FIG 3 shows an expl oded schematic view of the flexible guidance and
preci se positioning mechanismshown in FIG 2. [0022] FIG 4 is an exenplary
configuration of the distal end 21 in accordance with one enbodi nent of
the present invention. [0023] FIG5 illustrates the operation of the

flexi bl e gui dance and precise positionithg mechani smfor changing
directions where the distal end is bent by pulling one or two of the guide
cabl es 6. teo2Killed i GCHhokiand &1 s honpeshie imichtios inagrtansaniced hethblektd e
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accordance with one embodiment of the present invention. The endoscopic system 1
comprises a flexible guidance and precise positioning mechanism 2, an elongated body 3,
and a controlling module 4. The flexible guidance and precise positioning mechanism 2
will be described in detail hercinafter. The clongated body 3 usually has a cylindrical
configuration with an outer layer and a lumen, where the lumen receives the fibers
including optic fibers and the outer layer isolates and protects the fibers from friction from
the external environment. The elongated body 3 can be made of any suitable material. In
one embodiment, the entire length of the elongated body 3 comprises segments of small
polymerized spring elements in series. It has 3 DOF including forward/retractable
displacement both linear or axially and is programmable curvature of bend radius from
distal end up to an estimated 20 mm or more, thereby provision of accommodation to the
types of surgical operations that it may undertake.

[0030] The controlling module 4 is not restricted to any particular configuration or
design. As shown in FIG 1, the controlling module 4 controls the moving direction of the
elongated body and the movement (back/forth) of the elongated body. The moving
direction of the elongated body is executed by the flexible guidance and precise positioning
mechanism 2 and controlled by a guide controller 5. The guide controller 5 is operably

coupled with the elongated body 3 via a channel 7 embedded with a plurality of guide



any situations mheré flexible guidance‘for novi ng an elongated obj ect
within tunnels/channels and precise positioning of the distal end of the
el ongated object are required, e.g., inspection of cylinder head
conditions of marine engines in ships and other civil, mechanical and
architectural engineering applications. 7[ 0029] Now referring to FIG 1,
there is provided a schematic view of an endoscopic system having a
mechani smefldes 6. dki lghislegontiabiad apatps e itwellqxdise tzuahbagaridpredscarsdmnig Wit h
one enbodi t .of ,the sent i.nvention. The endoscopic system 1l conprises
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nodul e 4 F’Qng%?‘? L’%@f FiTE %@f@"dé%?/y pirRs eluplsstravh pelypipRdpaesdhat aealigied As
shown in Gk rbspeb® BRMiFRLibi - . hiaghsgh Ll an of
the elon ét erdSPgody and H%gﬁ%@%ﬁ?&%&&@ﬁﬁ%ﬁfﬁth&% tdggv%lﬁ%ﬁg%?ggﬁ%%y.
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cables 6. The guide controller 5 operates on the flexible guidance and
preci se peIEFEHHI WY bereperahiysipupled riduehert domponents fricluding sigual dutpuhivkes 6.
for outputting visual signals from the optic fibers. All the components of the controlling
module 4 are well known to those skilled in the art; thus there is no more detailed
description provided herein,
[0032] Now referring to FIG 2, there is provided an enlarged schematic view of the
flexible guidance and precise positioning mechanism in accordance with one embodiment
of the present invention. The flexible guidance and precise positioning mechanism 2
comprises a distal end 21, a spring 23, and a proximal end 22. The spring 23 is integrally
coupled with the distal end 21 and the proximal end 22. The plurality of guide cables 6 are
operably coupled with the spring 23, where the plurality of guide cables 6 are evenly
disposed alonig the spring 23. In one embodiment, four guide cables are employed so that
the four guide cables are inter-disposed at 90 degrees apart from each other. As shown in
FIG 5, the spring 23 can be deflected in any direction in 3D space by pulling one or two of
the guide cables 6 so that the directions of the moving elongated body can be controllably
manipulated. In some embodiments, it requires a minimum of 2 wires or more for

controlling the directions depending on the 2D or 3D manipulation.



[ 0031] The controlling nodule 4 conprises a connection 8 that is operably
coupled wth an electronic notion controller 11 via a controller cable 12
to control the nechanic forces for the novenent of the el ongated body, and
operably coupled with an illum nation source 13 via an illum nation cable
14 to provide illumnation for imaging tthe pathway and checking site so
that the images of the pathway and checking site can be acquired. In one
enbodi mentqo3a] r enot Fuheetefssing NFIOB, Siystiemdamdedag doeled ectentit Alevt e
el ectroni (Ifh ﬂot.h@n controller 11. In one enbodi nent, the_mani pul ating
forces for'th&! © ghd PHEISC QOFHGANE dngsdaismahona ipFdZdethendistaledis of
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of the endoscope nmotion in the b Di spose umren o

el ongat ed thsoptysdanh divgdgen dpdtsi redllinfii wemy footicudarquonfipngtivi. STR distapaal 31 BAoNg
the pathway and .checking sites. All,L the cables 16 enbedded wthin the

| unen can"b&" ch@(ﬁm_ 6“&&% ur’t“ﬁelh%gméﬁblﬁﬁgglngf%b&ﬁ%lﬁr@aﬁlé?e%.@S. shawien | ock
fietings 185G 4| heatidihdanied \GonfPLGHORTBNoME, GREL BN 1 oM Sthatiifh

ot her conponents including signal output neans or outputting visua

si gnal s f Peerehedignt ef thedwessnt inventidne Tongisinkeetds2 ohast dhemednfor dbidingand
nodul e 4 wel 0 t.9 tho skilled in.the art; thus there is no nore
det ai | ed % Zlgggif!ﬁltlrikgﬁg\%rc ) ?sd%]&js_ﬁoélf gbﬁr.s 1f’db’:§2]‘s 5 rléfaélp}t’ioﬁgthf’dhﬁléng,ut her e
i's provi deoaliventirriieds sahemalacthy sevoidindiand hb@xicbhng cditheansss and |
preci se positioning nmechanjsmin accordance with one enbodi nent of the

present i P&t on.  Tihe prosigradl @dg2? daneecsty eupkidswithobe tauteni lagemet Hzni sm

2 conpri i lx e : i ; roximal end 22. The
pring 2° FRefel bog s, DHfe hoifaPBld B8 oRr v 0t BAEbTRien el Sp il
end 22. Thberslcan &k ipassedfihmguplder withlagaubliar & snopleshabhals sothal €@h Wibkhpishes

spring 23, where the plurality of guide cables 6 are evenly disposed al ong
the spri na"r%'ég% ™y C&‘ﬁ@?%nbodi nent, four guide cables are enployed so that

the Tour @dsse cablegliat@midi @1 PaRES & nATLASHARS ARANLeld n@dﬂgﬁﬁg@l on

other. As shown in FIG5, the spring 23 can ectedin a
in 3D spaB¥chapismyl(fiviberawepoises mplucdlity 0 hleoldingdecana BY dor Ioiding theatuidchmble

R N I e e R R I
foldable so that when the spring is compressed, the sheath will be folded without being
detrimental to the movement of the mechanism.

[0036] Now referring to FIGS 6A and 6B, there are provided schematic diagrams
of the flexible guidance and precise positioning mechanism illustrating the operation of
precise positioning in accordance with one embodiment of the present invention. The
spring 23 can be compressed by the guide cables 6 so that the length of the spring 23 can
be varied by variable compression. As mentioned above, many situations require that the
distal end of the endoscopic device be strategically and uniquely positioned in exact and
particular location in 3D space. For example, when the distal end of the éndoscopic device
has reached a location, the signal acquiring fiber may not be able to obtain clear images. It
would be desirable to fine tune the position of the signal acquiring fiber. As shown in
FIGS 6A and 6B, the spring has its natural free length L when it is fully relaxed, and its
fully compressed length /; thus the maximum distance that can be controlled by
compressing the spring is (L-]).

[0037] While the present invention has been described with reference to particular

embodiments, it is understood that the embodiments are illustrative and that the invention



controlling the directions depending on the 2D or 3D mani pul ation. 8

[ 0033] Further referring to FIG 3, there is provided an expl oded schenatic
view of the flexible guidance and precise positioning mechani smshown in
FIG 2. The distal end 21 has a circular_configuration for snooth novenent
within a body. It is to be noted that the present invention does not limt
to any particular configuration. The distal end 21 has neans for holding
and secur iSpP lﬁenog L&pdemttth:ESUC61 aAdlefoatier smbédinrenps| @cidd préssntsinownionnwilFl G
4, there ol ar onfi ation of the distal end 21 in
accor dance%w&f‘ Db %ﬁ%ﬁ%ﬂﬁg %‘?r gif Qs‘@ﬁ ¢ priethigh thepesegt vaptianhg 21
has channgkgaitir Shel Qlté}gat@%ﬂlboﬁﬁﬁéiﬁé ag doAkibie gy 't(Sjﬁe ‘éﬂéﬂn@p%s&ﬁ% f&ﬁ?‘ rt%cf %ﬁﬁf s in
this instance. In addition, the distal end 21 also allows the

i || umi nat én€ EORsUPT theriesrys iavedtionquiacerdimgly,olit p‘:ques pfyHel mesdn0O84htidihés

pr oxi mal rally .coupled wt . ayer .of the

el ongat ed%%%dlﬁ%/)g%@li}tlegg pg)rg%a%dn% lmér? dﬁ“@&%‘%@b%%? ﬁg‘%P% CSgHPWen center so
that all fibers can be passed through or with a plurality of snall
channel s so that each fiber passes through one channel. [0035] Still
referring to FIGS 2 and 3, the flexible guidance and precise positioning
mechani sm 2 further conprises a plurality of holding means 24 for hol ding
the guide cable onto the spring 23 and a sheath 25 for covering the sprlng
23 entirely. The sheath 25 is foldable so that when the spring is
conpressed, the sheath will be folded without being detrinmental to the
novenment of the nmechanism [0036] Now referring to FIGS 6A and 613, there
are provided schematic diagrans of the flexible guidance and precise

posi tioning mechanismillustrating the operation of precise positioning in
accordance with one enbodi nent of the present invention. The spring 23 can
be conpressed by the guide cables 6 so that the I ength of the spring 23 can
be varied by variable conpression. As nentioned above, nany situations
require that the distal end of the endoscopic device be strategically and
uni quely positioned in exact and particular |ocation in 3D space. For
exanpl e, when the distal end of the endoscopic device



has reached a | ocation, the signal acquiring fiber my not be able to
obtain clear images. It would be desirable to fine tune the position of
the signal acquiring fiber. As shown in FIGS 6A and 613, the spring has
its natural free length L when it is fdly relaxed, and its fully
conpressed length 1; thus the maxi num di stance that can be controlled by
conpressing the spring is (L-1). [0Q37AyMiil e the present invention has
been described with reference to particular enbodinents, it is understood

that the enbodinents are illustrative and that the invention 9 scope is
not so Ii\/‘yﬁatt%dc as eéuc_h. Al ternative enbodi ments of the present invention
wll becomne aﬂ%g} At to those havi ng ordinary skill in the art to which

the present invention pertains. Such alternate enbodi nents are considered
to be enconpassed Within the spirit and scope of the present invention.
Accordingly, ehéexiblpeuiganachand pessisat pdsitivaing oxchanisntds drei badloyyd tihen

appended; él.%rqgspiggt?mila%p%%ﬁﬁgég ed.bl){ .the foregoing description 10 CLAIM

t . . ton L
What is clainme xf%ﬁ’réSlgg;]l dance and precise positioning

nmechani smt o bepémphoygdonadisnl eridNbd prokindl SRE Ghil A1 ARRE! S hesQRIPEI,ST NO:
a spring haq\iig@g Qne distal end, one proximal end, and a'plurality of
pi tches thet i#0d ehe pxanalendnd and proxi mal end: a distal neans integrally

coupled with fheedisbal g | 1G5 ol peans integrally
coupled with the pr ox?érrlgl engj%)ﬁlgﬁﬁzﬂ{sﬂp@?%’;?al gﬁ%ﬁutrﬁgﬁn{;%’of | ongi t udi nal
gui de cabl es hawixhgalonendiiseghlle nchpdaidw o eheproxinabéndestdhe spher ei n t he
plurality of | o&gi tUd%Bﬁ!&' g{gl e c(%gl % %re_ evenly positioned around the
spring; thei?PHFHye LUGPY FHYGSTH %S BYipe eBe distah cagandiprg ppxigrd ced. t he
SPring; afcketh@k HIREY Fabn QRS Bife CAUR £6 Wik iGRCr il er:
and a plurality gf gu?de cagbl e ho ofi (Flg neans ebe%&%“?@&%ﬁ‘ odnt?lg%{%%’
sel ect edthgwelistelf ends are fixedly coupled with the distal end of the spring; and their proximal
ends are coupled with an external controller; and
a plurality of guide cable holding means being disposed onto the selected ones of
the plurality of pitches of the spring so as to allow the guide cables to controllably slide
along the spring;
thereby when one or more of the plurality of longitudinal guide cables are
manipulated by the external controller, the guide cables cause the spring to deflect in any
desired direction, thus guiding the distal means in the desired direction; and when the
spring is compressed a desired length by manipulating symmetrically of the plurality of
longitudinal guide cables, the release of the compressed spring causes a forward movement
of the distal means with the desired length, effecting the precise positioning of the distal

means in the interior inspection apparatus.

2. The mechanism of claim 1, further comprising a flexible and compressible sheath
covering the spring, reducing the friction at the interface between the mechanism and its
surrounding environment,

3. The mechanism of claim 1, wherein the spring has a cylindrical configuration.

4. An endoscopic system, comprising:



the plurality of pitches of the spring so as to allow the guide cables to
controllably slide along the spring; thereby when one or nore of the
plurality of |ongitudinal guide cables are nanipulated by the external
controller, the guide cables cause thelspring to deflect in any desired
direction, thus guiding the distal nmeans in the desired direction; and when

the spring i scmcégmggigéﬁs ﬁa\glfgé Hﬁ%é%%g%f%sp%?@ﬂiegﬁl ating symetrically of

the plurality of ongi tudi n gul e rel’ease of the conpressed
spring causes adldxdioguidamewedpniciseqfositioringirséchhnismatisowdd £ theh@istdeéridL &d

| ength, effecting.the, precise positiaoning Qf the distal neans in the

i nt gri or %?ehse Oé’é{f‘fggng%dé}gg?‘éﬁjﬁé".“%ﬁg ‘E?‘ﬁ‘%glﬁeg‘i‘faﬁ"ﬁ@n?’%ﬁ REfFAfempesitipripg her the
conpri si @gd@(;g}g@g;,gggrﬁ #Qd conpressible sheath covering the spring,
reducing the friction at the interface between the nmechanismand its
surroundi ng emvinenmeedule dispoRae afthe paetimal ofd afltiad eodgateshisrdyifor cderod i nlgI
has a cyljndrical canfiguration. 4. An.endoscopic system conprising:

an el ongglfee(greﬁg%s e}%@\ﬁ‘% rrgngfiog[t]}éq er@ﬁacogﬁdsyéteﬁ‘r oxi mal “end; a flexible

gui dance and piheisgiclRsibld @Nidlde HRE PARIsE Fosllionas abcRinidh Coflptea! end of
the el ongated body for providing flexible guidance and precise positioning
to the endoscopi caspsiehyviagdnadisthendlongptenimatiéshesdd phuralityepitobdsnal

end of t 1gai: -cont r.ol i he directions and novenents of
the endodasmri 1 A8 d pROGEILL L b BiriaHEaigha, Pl SosothRd
posi ti oniih thecdramnil simdalenpri ses: a spring having one distal end, one
proximal end, and a plyrality of pitches between the distal end and
proxi mal end; V\her%idﬁtabjﬁé?a'&?’@fﬁgﬁﬂy“é’rﬁléleéf‘“fhﬁ@egﬁiqlﬁgd pEthespiptsd with the

control nodul . = baliyTep s gl abla B! BN UL IS CLEL 3P °L
and one proximal end, wherein the plurality of longitudinal guide cables are evenly positioned
around the spring; their distal ends are fixedly coupled with the distal end of the spring;
and their proximal ends are coupled with the control module; and
a plurality of guide cable holding means being disposed onto the selected ones
of the plurality of pitches of the spring so as to allow the guide cables to controllably slide
along the spring;
thereby when one or more of the plurality of longitudinal guide cables are
manipulated by the control module, the guide cables cause the spring to deflect in any
desired direction, thus guiding the distal means in the desired direction; and when the
spring is compressed a desired length by manipulating symmetrically of the plurality of
longitudinal guide cables, the release of the compressed spring causes a forward movement

of the distal means with the desired length, effecting the precise positioning of the distal

means of the endoscopic system.

5. The endoscopic system of claim 4, further comprising a plurality of functional
fibers disposed within the lumen of the elongated body, wherein the movements of the

plurality of functional fibers are controlled by the control module,

6. The endoscopic system of claim 4, wherein the elongated body comprises segments

of small polymerized spring elements in series.



proxi mal end, wherein the plurality of |ongitudinal guide cables are evenly
positioned around the spring; their distal ends are fixedly coupled with
the distal end of the spring; and their proximl ends are coupled with the
control nodule; and a plurality of guid2 cabl e hol ding means bei ng di sposed
onto the selected ones of the plurality of pitches of the spring so as to
allow the guide cables to controllably slide along the spring; thereby
when one or nore of the plurality of |ongitudinal guide cables are

mani pul affed byhtkedaontic of stemdibicaimtdh éurgit dempdddhes sleatseveligg SR dpriggt 0
deflect in an ‘de§Lred dirﬁction tq%% gui ding the distal neans in_ the
desi red SIS GBIy, THHHPIWABANE HACrEET | Begveea Egnpneshanism aantbdisr sgrowdiieh by
mani pul athVghsyEmpetrically of the plurality of |ongitudi nal guide cables,
the rel ease of the conpressed spring causes a forward novenent of the

di stal means with the desired I ength, effecting the precise positioning of

the di st gl eans of the endoscopic, system 5.. The endoscopi c system of
claim 4, §T urtmﬁlg? COEFPS r?é’Stgimpl(ﬁJr 8131‘%y40fmf%ﬁtf ndP'g i sr & aylEeisay
wi t hin tbenfigupgidbnof the el ongated body, wherein the novenents of the
plurality of functional fibers are controlled by the control nodule. 6. The
endoscopi ¢ systemof claim4, wherein the el ongated body conprises segnents

of small gpoly I i I s,in series. 12. 7. The endoscopi
system of " cl azﬁ%é ﬁﬁ&gﬁrfﬁéé %‘ﬁr?g;g? Js?%lln% VQ"*%‘?%%&?%“&%%WW@‘% B ﬁé»’,%’d%

r educi ngcdhmller ioptiably @uplddewithtiie feigateetboaenid Recied adhSendan dvitt fhe

sur roundi ng ironment. 8. The endoscopic systemof claim4, wherein the

_en
spring hﬁlél"aé‘t-‘é?}(EWSF iCRRAFS: VKT thguauids emiroter apiseatesneiphedisxédle guidengeamde| aj m
4, wher e}, n.i : : i A gui troller operably
coupl ed W?‘tﬁ@?ﬁﬁgﬁliﬁé@gﬁ% o (0N e RudiPl e BRI O 1 BT DR plurality

of gui de cables, where the guide controller operates on the flexible
ui dance, and : . .

9 16" The endoscopic system of claim 9, wherein the control module further comprises a

connection operably coupled with an electronic motion controller via a confroller cable to

control the manipulating forces for the movement of the elongated body.

11. The endoscopic system of claim 10, wherein the control module further comprises
an illumination source via an illumination cable to provide illumination for imaging the

pathway and checking site.

12, The endoscopic system of claim 10, wherein the electronic motion controller is a

remote wireless control system.

13. A process for flexible guidance and precise positioning of a movable object, said
process comprising the following of:

providing a spring having one distal end, one proximal end, and a plurality of
pitches between the distal end and proximal end; wherein the proximal end of the spring is
coupled with an external controller; and wherein the movable object is coupled with the
distal end of the spring;

providing a plurality of controlling cables, wherein one end of the plurality of

controlling cables is operably coupled with the distal end of the spring and the other end is



preci se positioning nmechani smthrough the plurality of guide cables. 10.
The endoscopic systemof claim9, wherein the control nodule further
conprises a connection operably coupled with an electronic notion
controller via a controller cable to ¢®dntrol the manipul ating forces for

t he novenent of the elongated body. 11. The endoscopi c system of claim 10,
wher ei n n -dTRGHY | B f ik r .S n..i| ] i source, via an
illum na??grr?g@a%(lglfeﬁh%do pr o@ie déé&(‘llrﬁﬁu?n&ﬂ%p |IE}I(5na(-lFl owﬁé}ﬁfﬁlg%ﬂ:[gm@ﬂé} 8€§P Fivies %E'fnd
checki ng heldirg neans Peieg eligposciopito thy stlenedfonet aif nhel @lursibrerdi plichbeof the
electronic.notion controller is a, renot irel ess control system 13. A
process foOr*§ %8R Oﬁﬁli‘ed%%%caz’ﬁﬁ tBF%‘&tf@Ebyo%‘iﬁ? ?@Wgﬁ]@e $EINg novabl e obj ect,
said process e el gideheof i i i di i Vi one

di stal end, one gg%xingﬁu%ng? %ﬁgﬁgng?ﬁﬁgf?@ﬁQ%%gygﬁ¥c eghig?dg@nb?ﬁg

di stal egentarbingeabkisralas enprovidhdlesibhe giidane dodi thanosnble objethendpring i s
coupled with ag. external. co &;ollé?&yand @Perein t%e movabl.e object is
coupl ed with Che™ "§iRTA RRASIE Hehg BIVABS OBI6Y PUPY §ORPRtipg the sprige a
control | degredabh@h bywhesigilatoneyanduahlly i B Bridiity orontrSPRL@blel Nggcabl es
is operably coupled with the distal end of the spring and the other end is
13  oper 3fapingovfpihe gomprassadnepringt tor shabe a datvand Inervemendofier mpyabde phjactal ity
of qgui de,g ! : ' means bei ng di sposed onto the sel ected ones of the
pIuralit?ﬁgﬁh%??@ﬁgghgthhe spring so as to allow the guide cables to
controllably slide along the spring; causing the spring to deflect in one
direction by pulling one or two of the <controlling cables so as to provide
fl exi bl e guidance for the novabl e object; and effecting precise positioning
of the novabl e object by by conpressing the spring a desired | ength by
mani pul ating symmetrically of the plurality of controlling cables, and

rel easing of the conpressed spring to cause a forward novenent of the
novabl e object wth the desired | ength.



