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enbodi ment Lafibdtibe”. present invention an automatically operative medical
insertion device including an insertable element which is adapted to be
inserted within a living organismin vivo, a surface follow ng el enent,

physi cal | y associ at ed w t BAGKGROSED @bTEEGNemENTIOANd being arranged to
foll ow a physical surface within the |ivjng or%:rni smin vivo, a drjving

subsyst em oper at i ve 1% BEoVBLS. Fafanis A pelizyecoivaepiesant (e e staferrf
i nsertabl eygl grrent al ong the physical surface and a navigation subsystem
operative to control the drivi n%gssubsyst em based at |east partially on a

percei ved | ocati on dF243Hd2si¥438e%6°5F G136 RBhg 6. B6SAEnt6HILREG &.208f%8ence
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present invention an automatically operative nedical insertion nethod,

whi ch includes inserting an insertable element within a living organismin
vi vo, phywbDaalohy7associ ating a surface foll ow ng el enment pairtihoX/dess7

i nsertabl e el enent and causing the surface following elenent to follow a
physical surface within the living organismin vivo, directing the

i nsertabl e el enent al ong the physical surface using a driving subsystem and
controlling direction of tkeMMAaRVIGHTEEENYEBITIONased at | east partially

on a perceived |location of the surface follow ng elenent al a.reference
pathway stored in a ha% PR Hﬁeg?ﬂﬁs%?alfse%pr%&t ’r’i‘&go‘f‘aﬂ SXUEBt Gﬁcﬁ@gﬂlﬁﬁ h a
preferred egbadbiBRtnQHidneaRE @&@ﬁl‘tmto 'a'I‘N@xEtok ERisthe velol Vi ng subsyst emis
operative to fully automatically direct the insertable glmant a]%egng t he

physi cal surface. Al Fbﬁrrhestﬁlmrywd%dh@ aa?quﬁ%gwg@Bsgfé%%e@O Bt

aut ot i ca ug seﬂmvé@l ﬁcslﬁghtxmqﬁaaﬁytolguaﬁve neeihiablsisl asred ilang ihe

physi cal ace. A |t| onal I'n"accordance with a preferred enbodi nent of
t he presentinsdriableretemsnt ch@hnmdag@ﬂﬁ@he dnsbsAsvidhin ad véle /gand R fHKiEo, 2
characteris e .hd sdmd he
surface fol #%f\%i\féng e(/m?féalle%d ?hzstléapg asgoaﬁ{gﬁgﬁghgggﬁakaﬁ%ﬂ%@%” SC{I o ¢

i nf or mat i onartanggaetoc billve 4 Ipbyshaabamrfam vothirt e lswing argenifol ihowihdg &idRrgnt

along the re nce p fera r r
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surface hardness |Hforma |on S,ferabl%, tHe1 %%rfaiﬁ cont.our 1ﬁonf Oé mat i on
is three- diuiefRErbRaEd ahast RuFFlePy 2 REFEIH 1PEREEn OF ibs AR B VRS on i s
t wo- di ”ens'&élﬁént aloflg @@&%Mlﬁﬂdw&?’%ﬁre@ i ﬂfetnbﬁgatibh@ﬁlﬁlyftad embodi nent of the
present invention, the insert

bl e el enent n endotracheal fu and t he
physi cal surface |ngpﬁéé%a%PrPé‘é%%m&Fcctrﬁ@c?&’F P ﬁaedﬁni’@ ok 817

Al ternati Ve+r¥sen¥ Hl@erlti%ﬁ%taﬁmn?atl@il@rﬂf)@f‘atd/egmédlczﬁ%%Eftféﬁ(‘r@éﬂ%daﬁﬂlch hlﬂ:llﬂféym cal
surface includes surfaces of the intestine. In accordance, wth another

preferred empatisuninserible elemsat vighn a lishe eegenismdn Ave el Si0gRS? physi cal
surface i nclyg £ofo FolIBY 'e?ermegl\r’{v%gﬁ‘%sins@taﬁlg' Qle&lsr{t%HJl 8hidiny (RISHEM fofibrihper in

accordance Wwth a preferre inent of the present invention t
inserti on deleines talfelyw aebydet seface athinibe hpmgmxaa,m&gémewa@ 04“36%@% ve to

i mge at %g%naslepe?%ﬁg&glog% iy Mg&ame{%% AL St e BRI ol

reference pa on an I mage gener at ed ?hereby
Preferably, dnreh:aom of e enele(lbybmlhvxay bmdlaukdw partislhaerdapercaivadt loeationrabthef a

portion of th Add| ion fq Jrap is
preci sely %ﬁ? ggﬁa RS e?egbem P are ai-ti TX‘X? ch(r%rel(gtﬁ tl&ﬁgﬁi)%,g{fndar d
cont our map i S aut on#utthal lny acqorckancesadnga adagtee tembadxgpatcpf ithe pegsérént .

Further i d ' t
he ref er eneeepariiey e operirr Sadir SR B SFhbeR i AR 4 il oo ' o

element along the physical surface. Alternatively, the driving subsystem is operative to

automatically and selectably direct the insertable element along the physical surface.
Additionally in accordance with a preferred embodiment of the present
invention the navigation subsystem receives surface characteristic information relating
to the physical surface from the surface following element and employs the surface
characteristic information to perceive the location of the surface following element
along the reference pathway.
Preferably, the surface characteristic information includes surface

contour information. Additionally, the surface characteristic information includes



i npedi nent. Additionally in accordance wwth a preferred enbodi nent of the
present invention the insertable elenent includes a housing in which is

di sposed wba3@uicrs ng subsystem a nout hpi ece, a tube i nsecrdadordsaugh the
nout hpi ece and a flexible guide inserted through the tube, the surface
foll owi ng el ement being nounted at a front end of the guide. Preferably,

t he nout hpi ece includes a curved pipe through which the tube is inserted.
Addi ti onal |s¥1rfaéeh§ar§lﬁés§/ '1ﬂf9rr§éﬁgﬁy§;e?é?ﬁﬂlys AR &hAdeY Sontdr %ﬁn%&% gui,flg. i n and-
out of the hou5|ng, t hrough the curved pipe and t hrou e tube.

Pr ef er abl y, dippesicgal Yitagatiwlh ipstdpreabsioucpirantios it bvcs@h@cﬁnfabl y bend a front
end of the guide. Adgjtiqnall Yy stemis
operative to nove the inserta I“g{he g%nugﬁ% ?rtr?ke\éﬁg er%%opgn%ﬁt%eﬁl? @rEPeﬁV

organi sm Adgintipride |igsertetie ethnient ny as ebdytsciesn msaeadtrsiotmmryarkzalvmrﬁaoe

sel ectably ;he fe r W 03/ 047673
SCTT 1 Loy ol s Bulteafor Blafhs LT duliRE lt\ﬁgj“&"g Thserdnl SR S e
present i rapeinmstape anfehes pinsaelesuirfatd omiudep azlrﬁ'imsmf then_mltastlﬁas Ia at@edantee sensi ng

el ement -nng%}eJn%&ey?re%m%ﬁi Fmgfaace [RF 1Rl SLEIPRL, e C{eggrﬁcg@sﬁ%p%gegsm

magnet on isulﬁa@txxlmémdeennienotrlmfacem texdeodsrd fseugh the center of a spring

disk and is firmy cgnnected thereto,. the pring di sk bei ng nounted on one
end of a cylinder vvhlg ebt‘ﬁe‘"’r"“%ﬁﬂ“‘? ‘ﬁ}btﬁnt”@ger@ﬁ nbodrgent Oéng‘eol?refteﬁ’é

i nsertabl e iglpfBithe ifvdftiol Aeyicd ald6 GRIMANE Roribed pﬁthWa?fg@x'ierrﬁgr &Ebgdi pent of
t he present, |nvent| on the tip sensor also includes two Hall" effect

sensors, WHIa#e #rleashdwartion qfﬁlzq leng prganigy|angd de gensrria theupistanee patvasn cl ose

proxinity tuasadmeleaaga@@uy smm@& géfefa%ttﬁe%ﬁ@ﬁors being spaced in the plane
of the curvature of the curved pi effect sensor includes

el ectrical term nal spféfﬁéﬂrbé)t; |thf‘eref@®€q§¢ ovtheey ichdes & standard eomttouremapesfent i ng t he
di stance ofyfihg E'%H&H%%ﬁx?mml Flﬁnatlli/pm%e{fa%%doc%%%} Tapp eJ?em gt when a

force is exert on t et r nder, t he
tip is pusridepiedysi mstemﬁphmlgmmhgnmvslly, the atemilard cbﬂlteurrmgmetam@naaquﬂboach t he

Hal | effect is exerted on the tip sideways in the
pl ane of tﬁe&ﬁgﬁ%dg}%t?d] gyn%o%’aueﬁthe tip rotates around a |ocation where

the rod engages the Expt’mengnohcsdfdamaummg plateried gemetiodingent affathe prassay from

one of the. ect. sensors and c os r to the other of the Hall effect
sensors. St W% Pll?nurﬂf%e?fereﬂc Bﬁ%‘fv%r}%é’p\?\ﬁ ?@Fetf’rg?fl%‘ﬁﬁoﬁtl t OWF t he

present i nwmeatiment t he driving subsystem operat es, follow ng parti al
insertion of the ins§%&1abl el ement into the oral % ity, to cause the

guide to extend in tREUEIRNEE geFoptenewith o pesierzed ephpasRAd of e RyEReHe
cl ockwi se umentior the ifderihisle @lehhl R0iuae £heneipt ineREad 8sdidpditd IHRCRIvRg

subsystem, a mouthpiece, a tube inserted through the mouthpiece and a flexible guide
inserted through the tube, the surface following element being mounted at a front end of
the guide.

Preferably, the mouthpiece includes a curved pipe through which the tube
is inserted. Additionally, the driving subsystem is operative to move the guide in and-
out of the housing, through the curved pipe and through the tube. Preferably, the driving
subsystem also operates to selectably bend a front end of the guide. Additionally or
alternatively, the driving subsystem is operative to move the insertable element in and
out of the living organism. Additionally, the driving subsystem is also operative to

selectably bend a front end of the insertable element.



t he tongue, whereby this engagenent applies a force to the surface
followng elenent. Additionally in accordance wwth a preferred enbodi nent
of the prweani4767hiventi on the navi gati on subsystem i s operPamilue/64easur e
the changes in the electrical outputs produced by the Hall effect sensors
indicating the direction in which the tip is bent. Mreover in accordance
with a preferred enbodi nent of the present invention the navigation
subsyst em oper at es t Suslensie iderdpnsi itor @fefdrh@ &hbbdansht tdremBaskseni St ory

of tip posiitnivons g{eld t.0 ?ﬁer.m’ge t he Luocation of the tip in the living
organi sm and Vel HEisydacedolqidng elpment melndgsg ey sensinglemsito 47673
PCT/1L02/ 00347 |n aeegraifare Wirfabe 3@bwaBRlRRht RERIGIS GfsatRodigant . the

navi gati on subsyst erates to navigate the tip according to the
ref erence paa?%\ﬁg 7.r§f£d£§\p’?? Heare ynd of ;ghorod farnsh mage patiswiispenditles t o

sense that rolextehdd fhedighaRe thifereTth Grink MKtHAUIRmBeaRatded REreRPIHY Ot LI S.
Addi ti onal I%H.ggr fliglb%e.r nati vel % t he navigati on subsystemis operative to

sense t hat Fagarpated ipa onp snd el ¢ Reindpy whase oihst endnis aeoiedance wi t h

anot her pr efdit eRihrendasiriBRtlendche Navi gati on subsystem operates to sense
that the tip reached the first cartilage of the trachea. Additionally, the

navi gati on subsyst enfu8iseriat assordence ewigle at hrsfertet eerpodimena cifetie tjresestecond
cartil age : it r |ternatjively, the . navjgation
Qhvenlgh thE 3G RERor ﬁgéjfn'f:lh@%g%vlo%fﬁg e{fe& shRbE wlclilc]? ﬁ%é r?c?ﬂnfea

subsystemis operative to sense f I'p Feache MLErtil age
of the tradhgeeylinferefnes supipyrt anchin dlesei pyetimin tsthb syaghemhe prall afffed st@otsoad t he

ref erence I r.y. Further. in accordanc ith _a preferred
enbodi nent H}%{n@[’éﬁ%ce{i)rngg] eeﬁqlg%l%ﬁvteenﬁ%ﬂurﬁ 9& t}&rﬁ“ﬂeﬁg’l@ugﬁs%hﬁf@f g?i’é?rat ive to
push t he t ub@udesraheirital Strididals opdrivese foNp@EEST HRREL citvkdnld raprideiigy fiRd

enbodi nent of the.present _.invention the driving subsystemincludes a first
dtanse S @%e PasteL Itllf{:%‘é‘%?m‘ ﬁe TBVEoR é)pprﬁtgeg ls’t‘cglb%ét whetne fAres §rwar d or

not or whi ch "oper a

backwar d, axeedntthetp alonahinGRisQIeYRineSy bOthe $9lufieh A Hp RERELdiNG dgser tabl e
el ement and el ectronic circuitry operative to control l%he first notor, the

second not o7 KBS ik cayyresbe meghet apREpaeh Gablall offestsensersisnd whertrefosdeect r oni ¢

circuitry liNexdie@dnahdipl/RLAGCHSAE pPRE LAV Ral Crre @ XEEYEC 1R dtR)r ﬁ)garte%m the
program operative to control the first and second notors’ and“the surface

f_oI I oW ng ér%’ﬁéﬁtlo%ﬁan fhefeniBe Fad engaeed dredspting dish,scemi@g)ﬂg nedgpeteintrotiatesi d_e t he
living or aday SHhEbRNgF %ﬂ%%ﬁl?taﬁéc?@%oﬁ%ﬁ%er E)u%xtg% er' df R a geggcte wth a

preferred enbodi nent of the present Invention't reving s femis
operative t9SfEasure the electric current drawn by at |east one of the

f17st and second moteierkfeekaluale, e PPaliLan Ohollic sy ace.Lgl | o no

element. Still further iIn accordance w erre f the
present mvention the driving subsystem operates, following partial insertion of the insertable

element into the oral cavity, to cause the guide to extend in the direction of the trachea
and bend the guide clockwise until the surface following element engages a surface of
the tongue, whereby this engagement applies a force to the surface following element.

Additionally in accordance with a preferred embodiment of the present
invention the navigation subsystem is operative to measure the changes in the electrical
outputs produced by the Hall effect sensors indicating the direction in which the tip is
bent. '

Moreover in accordance with a preferred embodiment of the present
invention the navigation subsystem operates to sense the position of the tip and the past
history of tip positions and to determine the location of the tip in the living organism

and relative to the reference pathway.



invention the reference pathway is operative to be at |east partially
prepared before the insertion process is activated. Preferably, the

medi cal iweashi®n devi ce includes a nedical inaging syst ecrane/oaer ei n t he
medi cal inmaging systemis operative to at |east partially prepare the
reference pathway. Preferably, the nedical imaging subsystem 5 WO

03/ 047673 PCT/1L02/ 00347 includes at |east one of an ultrasound scanner,
an X-ray inmager, a GARcsedncs ystheyst anotheraprefdried sspsttodimenk uthe hevigaton

accor dance vvlth a preferred enhodi nent .of t resent vent.i. on,.t he

Tod cal | nEFHF yRTeR BperaTe det Hrudar & PhetrERe e ARHiE iy

mar ki ng at yeaasioaRiResbORtcd bpitedio deBSthatofe t@ﬁ@@dhe@fhetdme dfithd tQughr ganl sm
In accordance with another preferred enbodi n%(rva t he, nedi c i magin

syst em opeP@iead the pirigplise Atdﬁ’éloP%b’ePeﬁg%mﬁ%‘t e HYAVIEREAR iSH yétﬁml ﬁsertl on

i nstructiofne§sBRl 6 denG! di MG B rdaBRIUNORE JTNEEThigliid. N8 lacttGldnes with

Pref erably, the insertion instruction includes instruction to at |east one
of extend, apcsher ap@qferaqqidenﬂjmdgnqnhéhq paegatian sebsTtemwRerater it t9es thahthgd®or dance
with a pr efreec'trcﬁeﬂdth@n@ﬂg'c%% @etrz&'h@as eRiditidAUE ntﬂeoﬂa%éﬁoﬂ%ﬂb@%mon
subsystemis operative to control the driving subsystem based "at | east
partial |y opersteplorsewsevied Hedipariched bf seced suilrarel the rpdwp rylddiaabner and
accor di ng £heltl) EhGedAYGAL i on
subsystem &\%ﬁﬁpglg ?Fig&l%églggglg%&%%gtééeo%@rarnﬁé)%esgr?%%r r gc}{berrbogll ment of the
present i mmehnge@rﬁ thdneradpaer atefarablyrethe ombvigatiee stlispyierd expersées ofoeload éke t 0 at

| east partl ’iY ? agr8 of a process of insertion of the insertable
el enent . 't Cﬁr’i’& I“S?‘y PRE %rg?rgtl ve medical insertion device transnts
the | og of a processupther fis acdorduncofwitthe prafeered adnbbe dehemirenft the Fuesehier i n

accordance with a referred enmbodi nent of ent . invention the
conput er opeeRiiudhe dr “ﬁ%t@@yéfeg“ﬁﬁger%vﬁéo B‘Fsthgﬁ &éﬁg%gagf insertion of the

insertable el ement. Addfitthenal dcYorddRe vEBD PieBdrrddr @it BSert RE tHeerir&reﬁﬂce
pat hway based at |east partially on the aggregate. Still further

accor dance eatpraths rdsivingr Blsstab dicksat adist W@toﬁ Ve a G PPeTRiES, #h FSlEsR tyhe
conputer transmd ﬁ‘xsérﬂ%ler &%}tﬁén@ @&%aﬂﬁ&%ﬁw&:@ b ReconB Hhdi& whits %b&rh@@ tglevi ce.

Further in accordance wt preferred embodi nent of the present jnvention
the i nsert apeeady dershihe |nrs@tt4hﬂesle@e@mndlrekrgtr@tle GEPHIT ARETAYgUP SaRTd [tdvent

Addi ti onal | ect the guiding el errent
and the gut?{c} I@%%doﬂgm%ttg%gafﬁtgg@rﬁgg (%tég?ngééﬂr% Additionally or

alternatively, the deiefeiahly, tf@wmysnlemqustr}olpelrl gsi WICIQPT%GSSPEQ}?@F&%&FQ ially
t t | h
automat i cal Ly, di f ﬁgéraﬁdﬁfgfcggﬁ? 'oﬁ%?lv%?gp rft'r%pthe'm% aRH‘séE;BH&) o hdahe

| ongi t udi nal ot 1'on n accordance wt et anot her
preferred entfodifobnting ¢lheentood trpheectend beml thelesersab @m@émse?éﬁhﬁﬁt\hltﬁ ece. In
accordance vr\éatmr%msztklmlgl ol etrQn%Ez p&ﬁ%&}?,r red enbodi nent of the present
Further in accordance with a preferred embodiment of the present
invention the driving subsystem is operative to measure the electric current drawn by at
least one of the first and second motors to evaluate the position of the surface following
element.
Still further in accordance with a preferred embodiment of the present
invention the reference pathway is operative to be at least partially prepared before the
insertion process is activated. Preferably, the medical insertion device includes a
medical imaging system and wherein the medical imaging system is operative fo at least

partially prepare the reference pathway. Preferably, the medical imaging subsystem



6 WO 03/047673 PCT/1L02/00347 invention, the insertable elenent is

ext endabl e. I n accordance with yet another preferred enbodinent, the

i nsertablwoaBewmwn: i ncl udes a nounting el enent which is aPcangedoss be
removably engaged with an intubator assenbly and an extendabl e tube
operatively associated wth the nmounting el enent. Preferably, the
extendabl e tube is arranged to be pulled by a flexible guide operated by

t he i nt ubatindludes aeledk yne dfmnadieRoddrncamned, bl Xyay indapet, AETA Pcad eysteadandnbodi ment
of the present_ _invention, the extendable tube includes a coil spring.

Addi ti onal 13} MR %T?E%natlvely, the extendable tube also includes a forward

end menber, on a di Statheenfl dcbREARE . wikll &f Bfefdttel, erhib@iniedk WAT #He QiakeeMbeET
i ncludes a diagonally cut pointed forward facing tube end surface.

Addi t i onal IigvesHomR ficepdied VBRgING SHEETORETaES 19 REBPEI th referente 0@thaeE i ncl udes
a forward engiNEaDEs BRULEM: b |eatiahl ergaﬂgfﬂh@ﬁmg %aﬂ%war dly expandabl e
circunferential balloon. Preferably, the forward menber nount ed

i nfl atabl e and radi aln 3gcordgropayidy %ﬂoﬁlﬁbarﬁ&@l@ﬁ emgpdisgni Beeradical npgingoon
receives i of ity B af or war d
end nenbengﬁggcgﬁﬁgﬁa?ﬁg t 9g%§ﬁ%%ﬂg%{ggggﬁgmgg%%gaﬁdgghég Jgh I'n

accor dance tgii¢ inchiotchelr legst @ﬁemrsenﬂloenmmmml’ref@rﬁéy nibelisaition nesgivetiann  devi ce
al so inclu i ereof a tip
sensor . proqufafitdn AibdFoRY O R Bl bR e el Sl e ane
radi al | y outwardly E\xrp&ndabdceorgancelewmtownpetbrbdl etrmlmdlme@ndchftﬁhe)rmbdeyt t he

i nfl atabl e .and. .r adi a ndabl e i,de. mount ed bal

recei ves i nP1AEPD ed’élglé?tfﬂnosﬁ WStﬁ% ‘578 %?tfveatBrc%tghltl}? g Sf"ﬁéfx‘ie%ﬁbéﬁ%‘m de and
ext endi ng tdehegnnly oPhekeeabd Mcatioh@fﬁ@rkdtfade folovang slemtednd accardirgour ce of
pressurized inflation S dﬁltlo y or, aJternatlver, t he source of
pressurizeéOHWﬂW§FFHﬁn§%§nW% 688@ “FP‘W%”?HémFﬁﬁﬂBator assenbl y.
Preferably, the infhatitiemigas «cQMMhts G5hRIBeRHEd &aBbdahént of thel frePr eci at ed
that the distances and angles referenced in the specification and clains
are typi caI inveRipR the PRErad FouPdca) Stsertian dene GngErsith atalﬁayﬂ pabjallysstore 8% i ng

val ues. 7 V030047673 R5H bA2LA03ATe BRUEFARESERIP ThON T HERRAW NGS
AND APPENDICE The present invention w be under st’'ood and appr eci at ed

mor e ful |y infertinm derise frapsnuiaitirgogiel aprpeads efdswertioporf éis, ms@ﬁ&témelﬁfnel&onj uncti on
WrLh Lhe Oraw n0S. AnguRPRRNgGace Nl £ rerdld eminth e 86 et | 0o of
sinplified pictorial Il trations of a process o e npl oying a preferred
enbodi ment infentibe ther @swmter ioperatet fcorggtagntet the lagnofibatdcess adfinsgrtion of the

insertable element. Additionally, the computer prepares the reference pathway based at

least partially on the aggregate.

Still further in accordance with a preferred embodiment of the present
invention the computer transmits the reference pathway to the medical insertion device.

Further in accordance with a preferred embodiment of the present
invention the insertable element includes a guiding element and a guided element.
Additionally, the driving subsystem operates to direct the guiding element and the
guided element at least partially together. Additionally or alternatively, the driving
subsystem is operative to at least partially automatically direct the guide in a combined
motion comprising a longitudinal motion and lateral motion.

In accordance with yet another preferred embodiment, the mouthpiece
includes a disposable mouthpiece.

In accordance with still another preferred embodiment of the present



human; Figs. 2A to 2F taken together are a flowchart illustrating a
preferred inplenentation of the present invention, operative for an

i nt ubat i owopBoe®wss as shown in Figs. | Ato 1 L; Fig. 3 ipsTaLe/owpdi fied
illustration of the internal structure of a preferred enbodiment of the
present invention for intubation of a human; Fig. 4 is a sinplified block
di agram of a preferred embodi ment of the present invention; Figs. 5A to 5H
are el ect rijgahtist BRMeHEe 8bmanthy 8i&1ERE 18 ARIH BN i1l et bitRher PrESRAL
invention for intubation of a human; Figs. 6A to 6K are a series of

si npl i fi ed epitediBentathe) insegiakle glepenisinglfides 2 pewtias slesfeniewhichyd atangedoioef er r ed
enbodi Ment oo hBGLRY SSEM vl Sl bl MsehhSGhk nto the
i ntestine of rz hungn; g%;&g.v 1_7 |£1rs11 a proe g?reg%g%baggfﬁé%ﬁbﬁg?ﬁggﬁ%{vgh

conpri si ng #nsipied atlihdhe mowpine gtemeat. Prefasidpritiaesendable ube ipamdnged e

embodi ment ofied X - i ' rt;pon of an elenment into the
i ntestine ? % %n@%@%géﬁéo%% 113{}563&18@%0% %§§w§ly'Fi g. 8 is a flowhart
illustrating a prefdnradoriapk emintyeit arotheofpréfbreedpembeinhenti ofvibatpresant

operative f ce f_lnsertion aof. an. el nt into the intestine of a
human as sﬁlgf\/?n%@?nglﬁ%i eg‘ge%d%k tu?’)e gﬁﬁudﬁ gseol ép,&mtgog‘g%tlg?a«lgya?rég?rin%téveg'f i mplified
pi ctorial iektendsbledtbens indluden a f@xhaidd bembendatdaches thetrgbe assenbl y

constructed and operative i cordance with a preferred enbodi nent of the
present invention i nﬁ?ﬁﬁ?gléu&%%@?’%{ ie%?é Wbéﬁfr&{ngﬁé;dlqgf’ Iy @pROVEA10G are a

series of gorvald faced EbLEQN hidfacd | AdtBidnally OPsi&@hatteR, 1RXheNEARRtion
endotrachegl tube assenbl%( of Figs. 9A - 9F empl oyéd with the nedical
i nsertion deVFcasOmcigsa forward egd mgmben mopnied nietabls 20 radiallyrautvardlywo

03/ 047673 RGhbhhAfidiR8dfentil ©8lood 1A to 11F are a series of sinplified
pictorial illustrations of an extendabl e endotracheal tube assenbly

constructed and opertaefespblyj fheafrwpdasndemgmber mawaed rflagablef end eafliadlybodi nent

of 'Lhe presgifardiP¥eihs Mk LitaAlbRE bARCH HdelEs Rt B B! BRRey B 05 12A

to 12G are a series of sinplified pictoria u I ons

ext endabl e ferAgd i acvdaf tlnar]%eW@é sedrivieyberf anki cgstinuél throdgh grephibe/ech etiet h t he
medi cal i%ﬁlgg%%n device of Figs. IA - 8 for the intubation of a hunman.

LI ST OF APPENDI CES Appendices | to 3 are conputer listings which, taken
together, forma priefacsordedcswith waother ndferdddnentiodofient, iee medisdnitseitiovent i on. 9

device also includes a flexible guide having mounted at a distal end thereof a tip sensor.

Preferably, the flexible guide is formed with an inflatable and radially outwardly
expandable guide mounted balloon. Additionally, the inflatable and radially outwardly
expandable guide mounted balloon receives inflation gas through a conduit formed in
the flexible guide and extending therealong. Preferably, the conduit is connected to a
source of pressurized inflation gas. Additionally or alternatively, the source of
pressurized inflation gas is located within the intubator assembly. Preferably, the
inflation gas comprises pressurized air.

It is appreciated that the distances and angles referenced in the
specification and claims are typical values and should not be construed in any way as

limiting values.



WD 03/047673 PCT/1L02/ 00347 DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENTS
Reference is now nmade to Figs. A to 1L, which are a series of sinplified
pi ct ori alwploBosterat i ons of a system and net hodol ogy for tReTIIRO2MDAL7 on of a
human in accordance with a preferred enbodi nent of the present invention.
It is appreciated that the general configuration of the nouth and trachea
is generally the sane for all humans except for differences in scale, such
as between an i mrapt pEECRIPTIONOE THE PRINWINGSTARDFPERIDIERS | NPl ement at i on
of the present invention, a standard contour map 10 of the hu nout h and
trachea i s enpl oyed. Theressaiinyersiont Wil beyapdertiogdagndyaprresiaislemors Bty sel y
adapt ed 1 Oﬁxol:heﬁg Hﬁl@ada\tl?% d@ﬂhécg Héscri%l{oﬁf ehabhy corfticabmbiGahé Mrawthdsempat i vely,

the scale of t Is adapted to the speCific patient

seni - aut omapiesdicésyin wihicht hi s al t ernative the operator can select the scale
of the map 10, for I lLectd ar .ahi ult.
Thereafter the scal eﬁ%?rﬂtpﬁgl%rga%fﬁ&idgggﬁg%@?{ggﬁ lgmggg%lt%gga?gbcgiﬂze of the
speci fi c paf eeployiag asprpfared efmbedimentrof ulkraptessnt inyewwaser thagntabatign o ér
alternati ve dn addition the operator is enabled to designate one or
nore typi caf I'pedi nents such as. a tunor, a swelling, an infection and an
injury. Selecting dngd ipedi ABndkepriefetealry a dlosahas illussdingabbefarsedi at i on of
t he genera

. nma 0. Fi.g. 1A shows .the and e | ocatli erei n where
Lt Do senadpPertgons e s 1N 3a8 B Ak ng iR R e
patient. |fridssiAtErticular feature of the present invention that
intubation is at |east partiall. tomatically effected b utilizing the
contour map 10 to nongtol %ﬁ@plﬂgﬁgﬁl@%@%\“o i ‘Q@H?gﬁmf’j}“%\ﬁﬁaﬂﬁj? 0
navi gat e t RepbdiiidRAr e RECAT iEH AEbY for Adutageiof ahumag: 1 A an intubator
assenbly 12, suitable for the intubatjon a hunman, is parti alglfbé i nserted

r

s [ ] n of h
into an oral cavity B8 4ipasimphfied vlogk dingimnpbr radEsipibodigent o abl y
conpri ses QHSIRGick# I n which is disposed a guide driver 15, a ,
mout hpi ece%rl%, a tulloe_’18 inserted through the nouthpiece 16, a flexible
guide 20 inserted tHigoddHoSHeare elensricedschamatiosiopa piefsist empodipantaddheat t he

di stal end - 3 : : ut.hpi ece 16 preferably conprises a rigid
curved pi pé:'pelf?lrht1 Fg%gﬁh%m%ﬁu%a{%%ﬂ 18 is inserted. Preferably the
curved pi pe 24 conprligess/a tel6k aOa seriesathsimpli@ed pistorier Alstratiohy of tshe cur ved
pipe 24 is elimnpated. .1t i reeci t - end s
conpri si ng P> og?eu g%yénrg a 8‘??5%%@ Ieﬁl%ig&%gtydggé %‘i%%gg‘s“%‘?@%?‘g@g%ﬁg‘nﬁ e, the

t ube 18 andnthemennutohin mestidetaf abiméd) 03/ 047673 PCT/ 1 L02/ 00347 The gui de
driver 15 is operatiyve to _nove.th ide 20 i.n an f 1t housi ng 14,
through the curved pipe’ 2% HRETH o‘gul’éuw%frﬁ%'?totgbae?@gﬁ. Q#rh%r%bnt% glgtr Sl;d;ﬁ/’er 15 is
al so oper atopwatite0irs edcecdaadd withan grefdied dintodimeandf die plegeng unvaetid) fal ockwi se

and | count et cLOCkM 2808 oA 2he L REnSUL YA § 9l SRS, Sk ved pipe 24

Fig. 8 is a flowchart illustrating a preferred implementation of the present

invention, operative for a process of insertion of an element into the intestine of a
human as shown in Figs. 6A to 6K;

Figs. 9A to OF are a series of simplified pictorial illustrations of an
extendable endotracheal tube assembly constructed and operative in accordance with a
preferred embodiment of the present invention in various operative orientations;

Figs. 10A to 10G are a series of simplified pictorial illustrations of the
extendable endotracheal tube assembly of Figs. 9A - 9F employed with the medical

insertion device of Figs. 1A - 8 for the intubation of a human;



| A Referring now to an enlargenent of the tip sensor 11, it is seen that
tip sensor 11 preferably conprises a tip 28 preferably integrally forned
at one emdooB/oar673hort rod 30 having a magnet 32 on its otPkanLe®347The rod
30 preferably extends through the center of a spring disk 34 and is firmy
connected thereto. The spring disk 34 is preferably nounted on one end of
a cylinder 36 whose other end is nounted on the distal end of the guide
20. Preferably, the P 138080 Flgte alseQesCONPhbBR fivridialthswafi§Rcdf ansensors,
38 and 40, which are nounted inside the cylinder 36 on a support 41 and in
cl ose pr oxietietqebleoendpizachen) rielte apembiy congIbted ApG OPeraBRsBrascydgAIHy are
preferably m&ﬁ%‘i}?&' el «%{%d%&?@f ¢ ple { EEHRL @arf?)fus biRatiAoMEsatRinpe 24.

Typi cal ly, eac FBFI effect sensor has electrical termnals operative to
provide ela@sdric current representing the distance of the magnet 32
therefrom When a fog. I { : MY g L symetry
42 of oyl inder 36, LRo Ao80 £ padiad abnRih ORd ol Rtk 3

causi ng t hexwadphiet er@Rtraabeal dplpr saehbly o€ Figsl PAef feempbeed onith B8 meddald0. Since
t he di stance _between the net . and.each .of the Hall effect sensors 38
and 40 decﬁ%ﬁsggﬁgﬂgi%ﬂﬁgpﬁgég#g%%e1gﬁ%%Qg&h “3Ra 40 produce an i ncrease
in their output electric current. Wien a force is exerted on the tip 28
sideways in the plane of the Hall effect sensors 38 and 40, the tip 28
rotates around the |ocation where the rod 30 engages the spring disk 34,
as i1s shown in Fig. 1A This qgasseF AleENDI@WESt 32 to rotate away fromthe
Hal | effect sensor 40 and closer to the ef fect sensor, 38, The out put

Hal | 3
electric current of APRENMISES | & P &8¢ CUBMLS IsHoes: P dPEp OFReeIBL and t he
out put el eGhdtbedsuftheRten®bdiiRet didhd préfehafensigmsor 38 typically
correspondingly increases. Thus, it nmay be appreciated that the tip sensor
11 enables electronic circuitry (not shown) to neasure the anplitude and
the direction of force exerted on the tip 28 in the plane of the Hal
effect sensors 38 and 40 and to conpute the orientation of a surface of .a
ti ssue against which the sensor tip 28 is depressed, relative to the axis
of symmetry 42. WD 03/047673 PCT/1L02/00347 It is appreciated that sensors
other than Hall effect sensors can be used to neasure the direction and the
anplitude of the force exerted on the tip 28, or otherwise to neasure the
proximty and the orientation of the adjacent surface. During automatic
operation of the system following partial insertion of the intubator
assenbly 12 into the oral cavity, as shown in Fig. IA the guide driver 15
typically causes the guide 20 to extend in the direction of the trachea 44
and bends the guide 20 clockwi se until the tip 28 engages a surface of the
tongue 46. This engagenent applies a force to tip 28, which causes the tip
to rotate countercl ockwi se wherein the magnet 32 approaches the Hal
effect sensor 38. Electronic circuitry (not shown) inside the housing 14,
whi ch neasures the changes in the electrical outputs produced by the



Hal | effect sensors 38 and 40, indicates that the tip 28 is bent cl ockw se.
By sensing the position of the tip and enploying the past history of tip
posi ti onswotle4syst em of the present invention determ nesPChaLO®a47 on of
the tip sensor 11 in the oral cavity and relative to the map 10. This

| ocation is enployed in order to navigate the intubator correctly, as
descri bed herei nbel ow. Reference is now nade to Fig. 1B, which illustrates
a further step i nDERAILED DBSCRIPTION CFCRRERERRED BMBODIMENTSSsent i nvention.
Fig. 1B shows the guj 20 . extended further and reaching ap . area between
the base of the tong%%grfécea‘ﬁé‘o‘t"ﬁ‘@ e&’p’%‘éﬁ'gﬁtti’éﬁdgh@? “Fﬁéergaéf’?wl}g‘ﬂs seen in
Fig. 1C, thecrerdl deusBetidtEndsystedt indemethedoredydfod Mid mtubBgont dPa B@mart RUChes t he
end of the trough beneath the epiglottis 48. As seen in Fig. 1D, the guide
20 bends cAGFTeRET BER diPsdersderbedEtratotthepressst v f ace of the epiglottis
48. Then the guide 2Q iJ GrachS Mot the bhRral WohABrapbR SEME MShth SRAINIROUS
tactile contact between the tip 28 wth the bottom surface of the

epi gl ot ti s is g®eraly theesapeifpr 4t lpmang exqepiefoy difigeence in eqateasuch ap betvhayanunt i | t he
tip 28 of t L R F ' i 1is 48 and
t hen the tilgﬁré%hl%gggggf%gta | EéIggﬁj?ggrtré$§mlp§%r%nkg§%8§fhtaeggesgg 1%%%{31},% 165 of

t he epi gl otstandard 8ontpy sageld ¢fithehwynaniiFouth el ashehels 2@plogetd Ihé enaterndthe

counterclo | S8, e nd_then_ herds cky til the
(i p 26 toudiis Phateole, FhA dhec b WA, EToRERSoRbSC WABY (7
PCT/ | LO2/ 00B%natifeglys ddamiiiveli, ghe do@e dfhize gap de i28laptet ends sherifiapalient
preserving continuous, tactile, contact with the epiglottis 4 until the tip
D senses char pPERNGR, b AuFRa! Bihe Ridlon g Bl o R e 1 and 11,
t he gui de 20r extptds feisctiebetivesnacididunt iah atitile Thedepfie? Shessenls @8 tHehgapsecond
trough of the trachea 44. As.seen in Figs. _1J and 1K, th uj de 20 extends
furt her T or el UG I rdabled 0 S S0fiecReiie PHRBlIEha ST oh 4™ WP Ear 11 | age
of the tragheasd4s alfieRertat@matiNedf iR Qddifis thbRper@ist RNAsbled ¥RicGighdty ofe0r adul t's
by 5 centimeters, to ensure that the tube 16 reaches to thethird

cartil age. 9AINYewiqahinmegimants suchas:guiuger.dr swalling] an infeqign padianiiusii t h t he
gui de 20 | GatifOad e MRIhIRLERESIy (PR Y shidiid RS HbFilSIcHGa 1 Rg ALl ent’ s
mout h and tracﬁﬂé%a 412{?6 Refgfr%enceyi seanowsnalfhg)e %@gtﬁkgosf.tﬁ%é&gts A%E whi ch,

t aken toget her, are Bisf ldakdverthe ofptl Aenghedesstiontherelmewhane abnsénser 3f a human

shown in Figg, irlt@attcﬂ egrézgef g m %{g\%ﬁ%.&ﬁ o&?lge%fl%ﬁgl% Eshdeﬁa’rtic%% F&RRE &d to the

step of the intubation” “process s
the present invention that intubation is at least partially automatically effected by

utilizing the contour map 10 to monitor the progress of tip sensor 11 and thus to
navigate the intubator accordingly.

As seen in Fig. 1A, an intubator assembly 12, suitable for the intubation
of a human, is partially inserted into an oral cavity of a patient. The intubator assembly
12 preferably comprises a housing 14 in which is disposed a guide driver 15, a
mouthpiece 16, a tube 18 inserted through the mouthpiece 16, a flexible guide 20
inserted through the tube 18, and tip sensor 11 mounted at the distal end of the guide 20.
The mouthpiece 16 preferably comprises a rigid curved pipe 24 through which the tube
18 1s inserted. Preferably the curved pipe 24 comprises a slit 49 on each side.
Alternatively, the curved pipe 24 is eliminated.

It is appreciated that some of the components comprising the intubator

assembly 12 may be disposable, for example, the tube 18 and the mouthpiece 16.

10



In step 100 of Fig. 2A the intubator assenbly 12 is set to perform
intubation. In step 102 the intubator |oads an intubation pattern map 10
fromits woesosywi3 |l n steps 104, 106 and 108 the intubat or pemabée®3ihe
operator to set the scale of the intubation pattern map to the
correspondi ng size of the patient by selecting between an infant, a child
and an adult. In steps 110, 112 and 114 the intubator enables the operator

to adapt the intubafon;Radef is Bettvd & Bote/Re Eﬁifdeiztwbﬁ&wrbfitﬁmedi ment,
preferably by selecting froma nmenu. As seen in Fig. 2A the nenu typically

provi des t heusdyger4atiopughi thicurves pipot ishibtouglnihedwbreld $he gHds deEds n, a
swel | i ng, As u%{:aﬁQfggo Iécfyle)w ¥%ndaﬁg Bistal Tchd PPEHEOC icllengg d&l&k%eeﬁﬂd any

i npedi nent . Tt I's "appreci a at varrous types o Iments can be
defi ned as cbsattrylpciodbe thahe plaspedhd durvargahthe Agrvedpine 24 irrthg seng®of Bgeps 120,
122, 124, %é&, 128 and 130 cause the guide 20 to extend in the direction
of the thro and sinul taneously bend cl ockwi se until the tip sensor is

depressed agai nst t hrefsiing ace tofan tehiardeomgiue the tipimerisbr Elx titein séamrthatrip  bendi ng
limts are reached. . seen i.n ste 28, the.hending |lim¢t is preferably 50
1570 03/ 045 | PEETTYB o08IT B PRy PP akt Bro DR plererl i

pr ef er abl y sRor€ ®At30MaYIEE & .maghetBh@ntits ptheestloThd ©d d6 prefiasigd extendsehrsog e of the
intubation pattern _map 10 is preferably updated, (step,132) t ch the
parti cul ar 8T & aﬁ?’i‘ég SfS?‘t%ea“firif BEY_e‘ii’%ﬁ%i‘fel%etH%r.etot ?rh%fp‘%réga‘g‘fkng%\és of the
ext ensi on |ﬁréfbﬁabl?'?ﬁounftéaeorp@&d¢ﬂagoﬂ d BlindérS36 fBsRafdha@ ey Houwes $agee i S

di spl ayed (step 134) and the intubation process is stopped. Reference is

now made t clistalgnd pithe\gnider?Oc Brefeaahhn Herstin senmqrgd . alsprromppgises o Bl sffechst r at ed

in Fig. 2Cgetha gMLAEEN\NMEE akinRBEdiOhIE SEAYBIe 3k ohtLRSpdAdl addZ 144
and 146 in a |l oop, extending (step 140) guidé 20 further 1nto the patient's

t hroat and clask oneximite tq theomegnstip?.abke, Halbeffentisarporsnd pat dbata orsiesbi ern map

10 and keep he tin i c ' 44266, Bscnkddr offdP) . Wen
the-out put B st e i & EOPHAEH bl bhiaf AL L PBREM 4P,

i ncrease, tsamsor htublattdral atssninads oparttap L4@pvitih atectricecuriept ®@resdndivg rikached t he
end of the trough.beneath e iglottis 48. The point of engagenent '
bet ween thec}l?"i”}ggﬁ%tggﬁl&g?%g&%‘oeff;%l%frg designated in Fig. 1C by reference
nuneral 147. The sc#lhen affoichés éxattetbad the nippt dlergntheapis O syrsmetned2 pf ef er abl y

updated to tch_the patjent' organ struct ur step. 1 . Re nce is
now nade tocr;g?‘g?r 35&?‘3&%5&#5 @85\"3@5%%@% BURR égﬁ 3%D° lﬁgzh%) East {gégoen in
Fig. 2D t hexp@tbaclethd Haviesfedbseprd 38 il 41 Spe He(distddd barvked B magnat Dop,
bendi ng the distal end of the

touches t hed&piffshg HalPagiect sk, %eﬁnzdg‘mg%ﬁ%%ﬂqw g‘ﬁ?%?%‘?%ﬁ 8384 s
degrees is 4R6MNRE al HcRBseliR Meirdfhut electric current. When a force is exerted on the tip
28 sideways in the plane of the Hall effect sensors 38 and 40, the tip 28 rotates around
the location where the rod 30 engages the spring disk 34, as is shown in Fig. 1A. This
causes the magnet 32 to rotate away from the Hall effect sensor 40 and closer to the
Hall effect sensor 38. The output electric current of the Hall effect sensor 40 typically
decreases and the output electric current of the Hall effect sensor 38 typically
correspondingly increases. Thus, it may be appreciated that the tip sensor 11 enables
electronic circuitry (not shown) to measure the amplitude and the direction of force
exerted on the tip 28 in the plane of the Hall effect sensors 38 and 40 and to compute

the orientation of a surface of a tissue against which the sensor tip 28 is depressed,

relative to the axis of symmetry 42.
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the intubation stops (step 156). The preferred point of engagenent between
the tip 28 and the surface of the epiglottis is designated in Fig. 1D by
ref erencewpuwa®smhi3 155. After sensing an engagenent bet we@QTihe/ i34y 28 and
the surface of the epiglottis, the guide driver 15 performnms steps 158,
160, 162, and 164 in a loop, retracting the guide 20 further (step 158),
and increasing the bending of the guide 20 (step 164), until the tip of

the guide reaches thg id ippreefarddhiat @gserk Othet thart Blall SE6dt 9166 ad B kDo 1E by
reference nuneral, 165. Wen the tI(P 28 reaches the tip of the epiglottis
€

48, the ti gneaur dhedireghioneand fhyjarmppign cﬂﬁﬁlmfercaee@”ﬁdm@%wp #htos oheysehot h Hal |

ef fect sensghR . ARCHEPRRirhi ﬁqd%%ri@dﬁhoféﬁﬁ@&oﬁ&%ﬁ[tsu&% i ntubation pattern
map 10 is updated (step 166) to match the ent's organ structure.

Ref erence i s now nadButitg mjtematEmpeighpe @ersv%%ofnli@wmg pﬁniﬁ@lsmsex@na@fd |F. As

seen in Fi bove and
ar ound thgelh?t ll%gu bggoptg Ssgﬂgngqgﬂﬂ{ﬁo%gcag c?gﬁhsolt@gnt e gﬁlalgéh %Sq?g&blgnd

count er cl od)(w?%lé capeg ther suirley20 19 4xi10l B3hO4T7E1gn PO [tiacimh 30 34 beridy thes
degr ees, t i-Het then to
bend cI ock R{géz@ Cg}raé éggﬁﬁ{ﬁﬁ%ﬂ%’%@é Sgtég{f t°£g*\éi‘?l§)mhérr?§§s %%%eglgﬁtde driver

15 perfor n@pgh@pﬁor@?@ tip12784 vénah ERGsitie @p tooa{ua,te brannmhrcrig:kamb \ehetmmaheng (step
174) until ti-p t Ou t.he. uppe

epiglottis 'ﬂ%ﬁ%trjzuar?g ?ﬂaa{aeﬁtt%% %ﬁéﬁ%ﬁsef‘sor %F eéemog?ce‘%%gﬁlhi%cft ; rﬁs’l1 ter or
a bendi ng Ithmhmusingrleri azrhaihlryea@ﬁreésmeckegfgeem the slet@iaginrehutsagrdduckd By ithat ubat i on

is stopped 1 ferred t of_en nt. between the tip 28
and the epll'éﬁ?loﬁﬁéf’tsS rsd@ﬁ%aﬁgt@@c?t 3“3 t}sz&o‘flg?‘gf’ge}éﬁé% nurrer al 177
Reference is now madBy kenstrigGhe Bositioniiahe GPEEESREBAR R fabGSstor} Bt As
seen in Fig cartilage crest counter N' is first zeroed (step 180)

Then t he dlﬁ’?‘ﬂ%“sd %]E\Féf“te‘TS’f U epERS R AKEItiR QE)@THTB% the, lopaygpn; of the Pﬁ)éﬁé‘sorc auses

the guide 2Q hehdBYEAVNE and RIRIE 14 1R e ToOTHRNGLALiSE RRnkRAed 2 61Gr fo
surface of the trachea 44, preservi ng, contact between'the tip 28 and t he

surface of Qah‘éatﬁﬁlﬁdﬁ@hat(’rs‘toéfﬁétw1%deéﬁ ed Bgpinpglowncr easi ng the bend (step
188) as needed. EachpihfRcdis %B@%ad@l:@?lg F'%F\’VIQ% ilthbtratds ' fuiltﬂ%r s@e@ iftgfartilage

of the trachea 44 is located the "cartilage crest counter I ncr enent ed
(step 190) ,intubasiopiip acpgrdpreenyiile dheaprasnt tiveentiore SKig.( $B epewd 9l gtidd 20196 and

198) and t n t g | cat ed.
Then t he glr}lqge .O%rtﬁﬁréﬁ}gﬁéﬁ & y%%“%:’%klr@efbg%er g%%\%téohé‘% E%midem%l neters,
to ensure tephmlothidrs qubepallsntr eaches to the third cartilage. The guide
driver 15 then signa at or i.nserti C et ed
successfully (step ‘5‘86389 nhefge ht?:]%giﬂge%ﬁ@ﬁft‘?ﬁﬁgg'wﬁr% %S*m“\f\}lﬁ gﬁg
sinplified toucherssthe etd aithofoughdendathttte ¢padiotss #3ict ure of a preferred

enbodi nent of the pr sent i,on useful for in ation, of a human. The
i ntubat or assembly 1 fﬁ%i’%?@b tg%f%%l ioutéenfl%%ouﬁt?{fi‘?cg‘dlsi&nd ToppfEs 481 de

dri vgr 15, Hohemrowidepif éeeepldottis h® Thahthe bBidetdoaeddctxd Btie viileqReseQirignser t ed
i nsi de

continuous tactile contact between the tip 28 with the bottom surface of the epiglottis
48,

As seen in Fig. 1E, the guide 20 retracts further until the tip 28 of the tip
sensor 11 reaches the tip 165 of the epiglottis 48 and then the tip 28 loses tactile contact
with the surface of the tip 165 of the epiglottis 48.

As seen in Fig. 1F, the guide 20 bends further counterclockwise, then
extends forward and then bends clockwise until the tip 28 touches the upper surface of
the epiglottis 48.
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the tube 18 and the tip sensor 11 nmounted at the distal end of the guide
20. Preferably the nouthpiece conprises a curved pipe 24. Preferably, the
gui de driwero3a%reconpri ses a first notor 210 that drives aPCganedw347212 t hat
rotates a threaded rod 214. A floating nut 216 is nounted on the threaded
rod 214. As the notor 210 rotates the threaded rod 214, the floating nut
216 is noved forward or backward according to the direction of the
rotation. The floati ng setin F2d 8, SheOpaleadd skenti@foFRUR, freSbihd 8@RnakE al ong a
bar 220 and tgus to glurgﬁéeor, ull the qguide 20. When the carriage 218
touches a sPOPPEFIasSIT DiHypers. 2obl the e 8 snses thevirst Eeushichihe T2e®aal ong
the bar 2204@and pushes the tube 18 forward. 15 WO 03/047673 PCT/1L02/ 00347
A second motor 224 is connected to a disk 226 to which two guide angul ation
wires 228 are attachedsean i Figst IFopef tHhie @oide 2 lestendsi faehe foyulawlt untihthei r es 228
are threadegh ¢ ghee t i hfy other ends are connected to the
di st al ende%‘:c th%gglfjeillg% ﬁﬁ?g%ﬁfg?{‘ﬁ%%@%%% tip sensor 11. \Wen the notor
224 rotates the di skApaen ieFiskidiasé 1Bnte ghide 6 evendsSui®B forsapluintietheand t he
second W regj sgl | that.. 1S |I.ed, pu and, bends .t he
di st al ende%q‘ §§ ﬁgﬁgfiﬂ%gm’z%ng"c%‘% glrnf:dl %%tlg\a}\%escép#lﬁ tfaﬁ}égasyns Bt he &‘1“5? zé_
Accor di ngl yiurthgresrtendse typotally f@2dultsoiyal esntiomtnd, er erclipchatitsembhes saciesd wire
of the t Y .S pulled and the first wire is |oosened. The wire
that is p\t/J\?tP\g’l tgl?ﬁi gﬁglag%d bends the distal end of the guide 20 clockw se in
the sense of Fig. 3. AElsesmtindhg.cliGithecgtiitly ¥rivd2951is pillddviud dthwhé Biige bhe
housi ng 14 ,and | prefera electrically connected to operating sw tches
230, a di spl?‘gﬁ/ngztgi?q Oflﬁaleﬁ%?éo%l@ tﬂ“'Z?t‘%e L%‘(E‘Slééﬁ‘eﬁae“tté noyEh ud|ackepidct sensors
38 and 40 (Fig. |A) Refetdnee fsi pvs@agoOto Higs. 24Pteire kY taleh 8o RHRELHORI C
operative to execute a

circuitry 9 also.conprises a.m Croprocessor

progr am Tﬁio‘ %@)@P%ﬁ?i" wagts@?@reé‘m‘@ﬁ“aﬂa&}é‘ﬂn%f’(ﬁheﬁﬁ'éﬁ@gs-tlﬁetoéﬁi-tches 230, the
di spl ay 232, motors 2ib02Andd 284 1:880dpb8er-abkesphdda ins 885 OF fie JRuRMAd, 40 and
to insert and bend the guide inside a |living organism” according to a

pr edef i ned HEHS Py it Rig l4p of the guide reaches a destination point

inside the |iving orgagks oo RIrefier abl ¥e t; [ raLive to cause
the tip 28 of the guide %0 to folgl ow %eﬁir?tggg@e%?fg%%lxt%r ﬁﬁ?etgéﬁe%SWof an
or gan of tH@tuP?T\PIHng organism Preferably programis operative enpl oy
tactile sensing to pe F e. L the tip of the i.de relative
to the surface organ O%&#%gz ﬁ&v}nﬁlggﬂoérl%gsn%ﬁ%‘mﬁatuopspag‘%rﬁrrg%q g(#&im{ Hat the
term"m cr dp¥e¥essor” also includes inter alia a "mcrocontroller”.

El ectrical batteriesy( o] re . preferabl rovided within the
housi ng 14 to suppl yIneﬁ%%tI?)?tY\%%a\A@r ﬁ)tsotlilf" ﬁlﬁu%?oé’getngl&lﬁ? S PP 0 ot tFT”Ie tip
sensor 11, stdeof totignkatiad Qatemd 3R 4q thieherrelipsidiny si28af e gatant bpidtingl enent s

of the pre i pon.that, consume electricity. It is appreciated that
ext er nal sg)g{r%%eeegg%?‘?}g{t’eaccth%lflgﬂ A %15]3' al so be

In steps 110, 112 and 114 the intubator enables the operator to adapt the

intubation pattern map 10 to a type of intubation impediment, preferably by selecting

from a menu. As seen in Fig. 2A the menu typically provides the operator with four
optional impediments: an infection, a swelling, a tumor and an injury, and a fifth option
not to select any impediment. It is appreciated that various types of impediments can be
defined as is typical for a specific organ.

As seen in Fig. 2B, steps 120, 122, 124, 126, 128 and 130 cause the
guide 20 to extend in the direction of the throat and simultaneously bend clockwise until
the tip sensor is depressed against the surface of the tongue or until extension and

bending limits are reached. As seen in step 128, the bending limit is preferably 50
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enpl oyed to provide power to the intubator assenbly 12. Conmuni cati on
interface (not shown), preferably enploying infra-red comunication

t echnol ogyp B3®4Provi ded to enabl e conmuni cati on with exterPaaliLebAioas?
processi ng equi pnent. 16 WO 03/047673 PCT/1L02/ 00347 Preferably, a balloon
234 is provided at the distal end of the tube 18 and a thin pipe (not
shown) is inserted through the pipe 18 and is connected, through the side
of the pi palegees anﬁéhetfateln@iomlimﬂfhsapmﬁ'rablypa protimptats| ¥ shedin sepper widepressed,i nf | at e

t he bal |l oo I S priate
place in tﬁ%e %’XQ tt}Qemt‘ta %éoa p%ﬁ%rl ﬁ lbqﬁgggapﬁ%y pda%@%@eﬁ 1t3*22% rﬁ&@i{ ﬁ‘o t he

t rachea. Rqﬁatcehar;ﬂa]esar mawofr‘éxdentulmdal et If\aﬂeashomesofahswmbuoﬁ ihent dndnct i onal

bl ock di f d nbodi t d d i bed
L0k, 8 0GBy 5140, TSR 015 O, 020 adylioe” P

| ongi t udi nqiroddfsnyabpp?ééo preferably conprises a notor 210 t he gear 212,
the threaded rod 214, the floatin nut 146, and the c 8 of Fig. 3.
A bendi ng gui de dri VRfersnos lﬁlng'f"ép%ﬁl@ iy Pl %OFFGSPHB‘{ 858554% ae di sk

226 and wi ries A23Bustted in Flg. 2EN el 'ﬂ:&' drived [‘53 erébirin¥ Q6quédtial agk 14ve 1192ndl ng
guide driver 242 are controlled two software driver nodul es.

| ongi t udi nat* e t4faip @ loag P\?@}d“’r&f@fﬁﬂ’ &40) guide gp furtpsiniorie W%S‘ﬂ’@’stth'ﬂﬁtrﬁ&ﬂ driver

240 and CONPInbSESthtoAPsUrtABE trh1RRAng A8 mtﬁB&tn@ﬁ' atfelDGlp ‘P@a&ﬂi@eﬁﬂgﬂﬁ fphr act
function 248. "A bendi ng software driver controls the bendi ng gui de

driver 242 canctovipthe sedacewsersulidt i%brsWh@n the euitpabelpaiies edreraieviase bothunct i on
252 and a “ldefféktos%i%/és’ré% Saingt 1h8@as%5:ii’i %wfr @‘?‘egzﬁg)Gthaflﬁe uﬁ% and 254

are operate propagation contro tware nodul At the other end
of the gui des ze@chetiﬁbe tsmqooﬁstéﬁﬁ@ugmnewmm emglottie 4Br Thei printyof eagedementent at i on

of an adj a%%ﬁ‘)\tIeei Weg@%&ph{s @hetann H{, ?sf &Egﬁﬂ?aﬁm‘i’n‘g 1@%’}tre e{l&éq&nperﬁsigﬁtThe' nvention

the tip sensor pr ox rrentation nmeasurenents by
measuri ng tshade bbthe entalppibn edtehorrm ﬂaastuhéreprhfembbyumlaﬁdmdmmh dfe patiera’d] acent
tissue. A tlgﬂ ﬁB%*lsor so{ re driver nodul e 260, operative to receive
i nput si gndl e SFBHIEHHERR Z% 'sensor 11, provides two input functions: a

count ercl ockwi se ti pRéfereadd 1@mo-$vuﬁ£delt@rﬁg2@b a¥hgthecoriedpasdevoSogsl 1D an@t at i on
function 26 The rteasure nts of the tip positions as provided by the tip

sensor sof t e Se B die Fbx F@‘Ilé%érl&?résdj&TfP@@tsée@s At 19t 8REL DI Hoensor | og

nmodul e 266.peddigy BRPidE! drid 6f0cﬁ@|@d1db 70 Qo RBRIoKkAEE uSf N p 28 Bithedghat abl e map
268. A conparator 270 conpares the accunul ated neasurenents fromthe tip

sensor 11 WPigrttiz4e OU%'éﬂéaﬂcV@‘ lapibreederbly of 4B degrere iyeachpd @iepfl SPrmd

conpar i Sonsth@fnﬁ;bﬁﬁ’érpﬁbﬁt(ﬁﬂ Jaﬁfhe yﬂ%@e%te@ pofnebee it %eén%@hg\glsde a
scal ing fact or that is date the updated nap 268 nsequently

a navi gat i ¢fd ﬁ%w@cwﬁﬂ@nw&&%s ﬂ%éﬂslﬁ}ﬂa‘i &t FigapDi bif E?f%tcpélﬁme{ablﬁﬁst ruct
the propaga{dRezRtdOlngnbhehCo&NEOUHE 1ih B] @M. SEER & il BEiglRReHE! On

program
guide driver 15 performs steps 158, 160, 162, and 164 in a loop, retracting the guide 20
further (step 158), and increasing the bending of the guide 20 (step 164), until the tip of
the guide reaches the tip of the epiglottis 48, designated in Fig. 1E by reference numeral
165. When the tip 28 reaches the tip of the epiglottis 48, the tip 28 is released and the
output electric currents from both Hall effect sensors decrease to a minimum. Preferably
the intubation pattern map 10 is updated (step 166) to match the patient’s organ
structure.
Reference is now made to Fig. 2E, which corresponds to Figs. 1E and 1F.
As seen in Fig. 2E, the guide driver 15 causes the guide 20 to move above and around

the tip of the epiglottis 48 by causing the guide 20 to bend counterclockwise, preferably
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17 WO 03/047673 PCT/1L02/00347 It is appreciated that a neasurenent of the
electric current drawn by at | east one of the |ongitudinal guide drive and
t he bendiwg@ogimes dri ve can al so serve as an input to thecranwawatior 270
to evaluate the position of the tip sensor. Reference is now nade to Figs.
5A to 5H, which are, taken together, an electrical schematic of a
preferred enbodi nent of the present invention useful for intubation of a
human. Ref By ehderdes, teapeah@k fyrwmetdovtrothaiteoas py dcmiﬁsmterzm theen focrendl s

preferably erativ tea ro to cont of the

i nt ubat or Clﬁ@%‘@%?ﬂ??‘;‘i@é’% g’ﬁﬁdr; FEE e%g{@?a hieﬂ&leﬁﬁ h]%ﬁrfgﬁ%%%l spl ay

232 t?ﬁ rr;mzprls:; aﬁ@l%{??i@& Biﬁlg?lg ay, ex&lﬁ&n‘gi@ﬁ?ﬂ-laﬂ)ttﬁhf éretupsa?sbths 38 and
in e tip sen [ erformthe in ati.on, process,

such as t h&4gs 6%3%5 gﬁoWPe‘égElrf %@ﬁ"ﬁe??‘ﬁ%?lg 2 Bb Bt Wtaﬁ%epg?térlé[ﬁce to

Figs. 2A t?re?e'?ablﬁ@ff EERRAR el Dr @%‘éhdlﬁ@ﬁmltogrgfeﬁﬁ)ly AR RKs, isvehdhdd ameé a series

of sinplified pictorial i Ilustrations of ten typical steps in.a g)rocess of

enpl oyi ng #e ipriation isestPrepbEEPHER: AoTrefered W@soéﬁ’ﬁgaigﬁ’(}“éﬁpf’%’ﬁe’h@épﬁlz for
insertion Qlid tﬂﬁeﬁ%l@ﬁ@rgdésx tnﬁed Hﬁ '1@tb9§éfbﬁﬁcé]{unﬁrﬂ@wn I't is appreciated
that sone o rgan sy ' iving organl smare generally simlar
up to a scale factorRefeswhlsaspV\tméde(mlftl& 28nwhich getresponsly 4 Big- 1§ el or gans,
such as th ASH: N=Y, f t \0 n body
to the z\ersgén.r% g]?%lfea c?H‘l § %sglggﬁge?l\k 1sdﬁr te&%%gs(g%}% qlglql vgﬁ%{lgﬁat o
insert a ngdlde:aﬂxvedeﬁ; meefooming afppd 3820 d‘é&lmca lnep tC@uws theeuidei2 b oose then wi t hi n

| | R h t
o nt and ST °8 Helpaa e DaRee o ey ahralia, i Bhhev RIS T o
process i s bagkévit eg.28 bne teagttheeedt ﬂnmmadhsa @te@i &3cinidyl 38) bp ancesdsihy thenpl oyi ng

an appr op t e g ste h as ner, an
x-ray i mgef % (tep aédjﬁﬁgg féatcgrﬂ% %?ébc%l'ta %smef Eietlz)a?sjfocanﬂ%%a&

di mensi Ona|theffﬁdahéar44aasH&Ua@@*chedlcﬁﬁr[h‘*gb(afbai coMBRras impRndapd (ske 160 the hip speCI fic
organ. Typically for the intestine system a thre nsi onal E
required. 281§ movadmbeetthy gastiHers 193, [Hsbtq @ ]a?&:'ﬁ‘}}do‘ﬂ‘ﬁ&%t’(?r%wﬁrré?eé‘ re

enmbodi ment Qf; nd msdear%@@ts lbdl‘ﬁ/e%n"l“hé?ﬂhé iddSERURerQkBANS tphally T QWA | abl ein
three dinensions is simlar he i ntubator assenbly 12, prefer ny W th

the foll ow.bmé pRotinpieEsatd esyre tbqt)therﬁ@ethébr@acbss teatje Hlard eaarﬂé&%dmﬁn&u €3

di fferent ri géynq,
enpl oyi ng e PZ%elr?qgérg?l gﬁ%e &E&at@gtrh thtgézhfsé}rlgihmzm gﬁ%ﬁgmg?éggu%gl s added

and nount edOfer pendi cul arI y to the first is WO 03/047673 PCT/|1L02/00347
system of ot or 222 i 5k.c324 PRAWATES 2nichs L Blpiiiba HAsRASAIGRR Lo bend

the end of the gui rn three I's appreciated that
t hr ee- di mensemaabtruvane pul atpraerrdds embodiment of the present invention useful for

intubation of a human. The intubator assembly 12 preferably comprises the housing 14,

the guide driver 15, the mouthpiece 16, the tube 18, the flexible guide 20 inserted inside
the tube 18 and the tip sensor 11 mounted at the distal end of the guide 20. Preferably
the mouthpiece comprises a curved pipe 24.

Preferably, the guide driver 15 comprises a first motor 210 that drives a
gearbox 212 that rotates a threaded rod 214. A floating nut 216 is mounted on the
threaded rod 214. As the motor 210 rotates the threaded rod 214, the floating nut 216 is
moved forward or backward according to the direction of the rotation. The floating nut
216 is operative to move a carriage 218 along a bar 220 and thus to push or pull the
guide 20. When the carriage 218 touches a stopper 222 the stopper 222 moves with the
carriage 218 along the bar 220 and pushes the tube 18 forward.
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possi bl e al so by enploying three or nore notors; and (3) The tip sensor 11
preferably conprises four Hall effect sensors to sense the notion of the
tip 28 i n'wolhBeereds mensions. It is appreciated that it is peygiadm3i7o
operate the tip sensor in a three-dinensional space also by enploying three
Hal | effect sensors. It is also appreciated that other types of sensors
can be enployed to neasure the proximty and orientation of an adjacent
surface in three di meRgoadnotd2H tsr@tqﬁédt@ldtoemaedimmb wiich Beo rgtuasent

i nvention, Gufn t he gui de 20 perf rnms | é,lgl nal notion, suc

i nsertion BHEUAEPR YEte 44T a’tetf’émﬂt?ﬁ&é ?@e%ﬂ B EHide aggtgﬁﬁ)MWIlaeﬁ&Zga atively
fast |atergle (ARide@NnsidtNBe cOAPLOGM {r@mmeuextdaaate Shdedidt B dibRldang are

useful for sensing the surface of the organ in three di nensi ons and hence

to better thdeduidenivpieshoreof] Be dipi wasosfllt Neepithe gois f24rotaies thediskr’gén and -
relative toolh@sd R o’the \Hﬂé‘s 22@ i btmeh%dl %%e&hdm‘% lgfo@%bd?aﬂhe Wrtﬁa?ent ation,

a two-di nensi onal i ma I's shown in Fi gs K. As seen in

Fig. 6A aistyHehrdlsgas] ertdﬁéhq cmt@l@tlﬁ réthieguidai2g C@;@éﬁfﬁpwm@n th@rﬁﬁgﬁ@cpf
typi cal | t rpal
yp! y ‘é%f §t %&Ercﬁﬁ | R tﬁgg% gz@?ﬁatgﬁl“%d_u'ﬁ%%‘ao lg%sé)ihets@%n Wil df

structure e or IS produ . elmagez of the organ
i s used tothertwatveread2d mspiled ond thegirst 2@z, is T%sér@él The wine thahsgaellaBpulls s

i spl aved o nGORPUEES o3CHARN 0D TR 1PAY o BORDL N9 devi ce. such as

a conput er nouse or a i5 Used to draw a férred path 286 that
the tip of the gui deEtecsrotu@ émiuitqwzzg' He patified wthmplt}mahbgsm@r adwanbyismar ki ng a

S shown afth S0k BT BEd b B Graoalng o ngs o A b R ARl Vet v a

preferred pai bnd 24cuvafoade Hal Uthctasnddad 58 26640 (. NEcashatp lsyhseont. i nuousl y
foll owi ng the contours of the organ. As a further alternative, the map 10
or the pat RredaePly.sthe slsgeeniegir ‘F%tsz%P 85} COMPYSES &RIFHRTSESSPs OPHRIYeSOshown and

descri bed Belgien Qﬁb%%wmét ﬂngfaﬁfﬁrﬁ?&erﬁﬁly auaq)tecﬁto ca%t&rﬂe@%chés fyowpgade to
Fig. 7 together wt }&)3 W t i gs shown in Fig. 7, a

tabl e 290 fiplgy 833, dreriors g}O értdo:*’rzég?@d ﬂW P&l%f?ﬁftﬁe@-‘ror o tﬂoalﬁélto it Focessi ng
by a conpuipglq RE gﬁﬁé $Rlde alB8nd GRhRsR HckiAE A Qﬁreﬁ%dgﬁ% w8k &iphreach  row

292, preferably rises an instruction to performone step in the process
of insert tlt@rgueﬂe raa deatingtias @pint mpidel heiliyeng angamisa. IPraferaly dregaedrein such as

shown and & tffe
Figs. 6C tolo%K}éQiEJ étcgré%gﬁz%{%# thé)é/"/‘ g%%ﬂ%g%@%éﬂeﬁﬁﬁewéit%g@? é@gva ues or
t he maxi makn vmameéthre(bwnngtvega@)streﬁmfmblmproamm msv@emhmtergmlbxl@ctslu@dsnsmg gui de

20, the bend' Byl thé Qgsgiorr]lso tl}f:o ?—ﬁH g\]\ %Sarrc]e?alttxe % tﬁe ace %Jan gg{hglﬁtvﬁlﬁf romthe

Hal | effec Sensors apre erre t of the
present ineeatisman the row 292 cont ains five set s of values: (a) Initial
bend 294 contains tVY?lsva%pr%g%teE%at %e’ld' 4 }crr})%r essor aEso NeiStes inter alia 2
“microcontroller”.
Electrical batteries (not shown) are preferably provided within the
housing 14 to supply electric power to the electronic circuitry, the tip sensor 11, the
motors 210 and 224, the display 232 and all other elements of the present invention that
consume electricity. It is appreciated that external sources of electricity can also be
employed to provide power to the intubator assembly 12.
Communication interface (not shown), preferably employing infra-red
communication technology, is provided to enable communication with external data

processing equipment.
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straight position, in tw perpendicular planes. (b) Initial insertion 295
contains a longitudinal value for extending or retracting the guide in
centi net ewe.03(0¢)%73 niti al sensor neasurenents 296 cont ai ns PeTREY@®A470UL put
val ues of four sensors such as four Hall effect sensors, for exanple, Hal
effect sensors 38 and 40 of Fig. 1A The initial sensors neasurenents 296
are expected to be neasured by the tine the guide reaches the value of the

initial insertion 2%BefertaBly, 4 PARGA 284 BlpRdlEEed%9 thectiitlani of theltahrdistandi nal
value for further extendin

. ng or retracting the guide in cigﬁi rm}{)glrs.
Typi cal |y ef@ininne (el shownk srinsergd Supeareht 1998 s ExpEEiPed B HE®
preserved, gabiok %etpg;%, ﬂ)‘(’th?g?:lloén.e?ﬂeecﬂﬂ%eoénabléﬁéﬂ S5k Ask to PIALBP baIM@nt he
e. (e

bendi ng of the gui I nal sensor neasurenents 298 contain expected
out put val when dfe distleernfrthe gips dBsreeshess themppropriatyipace i thealrachesn By ,
measur enen . : ured by the tinme the guide reaches
the val ue %%mﬁﬁgm?ﬁgggggﬁﬁgggﬁggogg$?£??§is.appreqiated that the path drawn
in Fig. 6B can be emsfoywd it now prdpiy Bsat.tvdtithels of simplified forgtigpd blagkch as
table 290 ' reing: PO B ' [ - Hove IThust rati ng
a preferr egfag%:a %Pt‘e%‘s}ﬁe?%{eﬁo‘{nﬁ%g méeﬁte E{)?lgsggl }ldteV\quy\%g rll% i%g)%,n%%lé\%g?% vg for a
process of Fimsetitignurdeo?0 andrieneehtro drivers.t Adoigitudingl divenf248 miefpmblyas shown
in Figs. 6A to.6K. The f}owchar f, Fig, . .8 | kent of a
progr am oﬁ%?ﬁ?*@%an“géb€£%§ﬁ¥2526?3%g%%géggzgéfﬁiﬁ%ﬁﬁéggj%?%&gg%gcessor
278 of Fi g.cafbifge TIBMPIFiS SO Ai bending i@ drhed 2éefbrabintongfriseditbe proes 824,

i nvention, for .insertiaon of ele t into a livj rgani sm_ preferably
by enpl oyi i ‘%Sk 12551nd wise 2%% 3&“@%38%%?@3&10&%6{ h‘%?ﬁéﬁ%ﬁ?@m@ °9. 7. The
preferred fiiowchar fre shaubliddmyFivg s@nedrardtiserbinotigiadi N dorshadihdbbéwast ep  300)
such as the map shown in Fig. 7. Thg progran]thgn reads a first row 292
fromthe MERCT(EIW Zigrpnirels the AvneaudipHlryprst*y)ang AMpEses RY JUFHES 2 to bend
accordi ng teQwehfRinkbitint 148l and 2Qe¥et RBCADE3 ARl diht SAHRESdrlver bsmedniglsval ues

294. Then the program causes the guide 20 to extend or retract according
to the ini ttheaberdipgeguideotrier §¢haek caomises tyhaurtionst arstd poHn{sEoGIpe The
Program Capidigss, et PEOU AR Elliod B8y Gtk dencROnd il hes0ubPa 25 ues of
the sensors match the expected initial sensor nmeasurenent 296 of the row
(steps 304,ar8g@ramddy3q8ypageitonsanidl seftwirg Motlule §56ur passed, an error nessage
s displ ayed and t he, pyogf. a5, 3L AREd0 (RS EP- A1 drShE @Dhkxialie [ nitial
val ues of the sensors af& Heasured -and then t he program continues to
extend or rat raehtatidre ofjuhdeljRent( sirfape. 3023 praferndd ehbodmersorfsthprmselgse t he

final sensars asurenents 298 val ues (st.ep 314).. whi.l e i i), cont act
with the §{5‘Fflg§%ﬁ“€§{1’eﬁe§m§1é %Fﬁ%ér%ig)e 1% Xlﬁﬁ?iﬁ“éﬁ”e%{é‘lﬁ mlé%g&g%gtﬁrﬂg’defi ned
limts is stpasgete feteppplid2®) avhaiietip g pswicant as adincgpdsku¢.shgp 310) . | f

the final sensor neasurenmen 8 : o . .
sensor software dtiver mo{iuﬁe %‘:’o, operative to receive input signals from the tip sensor

11, provides two input functions: a counterclockwise tip rotation function 262 and a
clockwise tip rotation function 264. The measurements of the tip positions as provided
by the tip sensor software driver module 260 are collected and stored by a sensor log
module 266.

The map 10 is loaded into memory and serves as an updatable map 268.
A comparator 270 compares the accumulated measurements from the tip sensor 11 with
the updated reference map 268. The results of the comparisons are calculated by an
update scale module 272 to provide a scaling factor that is applied to update the updated
map 268. Consequently a navigation module 274 employs the updated map information

to instruct the propagation control 256 to execute the next step of the insertion program.
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val ues are neasured the program proceeds to step 320 and | oops through
steps 302 and 320 until all the rows 292 of the table are processed. Then
t he progremodiograys an insertion success nessage on thePdirgapbznp3£32 and
halts (step 322). As indicated by row No. 1 of Fig. 7 and Fig. 6C the guide
is bent, preferably by up to 45 degrees, to the left in the plane of Fig.
6C and, while preserving contact with the |eft side of the intestine, is

extended up to 5 centiEBppedatod tHabkineadd@ners 8NFRIeldclR QRRGAABEwE BE of Nt €r nal
surface of the int t| ne qﬁﬂfg on at. a point in the mp 284 designated by

ref erence nlﬁ?FePE\? ° 6 longitudipgy; euide <ive g g brpsing @qujiifg"e can alse sV as 6D t he

gui de i s begtinpi tdHhelcOmpARoHLLN 18 @Fallidle ﬁl@ﬁoﬁﬁ&mftﬂerhp $Bfopl ane of Fig. 6D
and, while preservi n%ﬁcontact with the left side of the intestine, is

ext ended up to 2.5 c&sterense @r@WaWIﬂlgSt%t@éﬂsﬁhlchm tiberstogesher, gense t he
nternal sWidAcal alhdiific ot £hlcked YmiRRRKA b k) g@&ﬁmeﬁ el ggat ed by

ref erence nuneral As indicated by row Ig. 6E the
gui de i s beRtubEenGS & Bumam Refremce ésesperialliemidsftp mlcroprtt»eespdra’h’é wthusg 6E

and, while 1951%1%%{3/;/ %gatltﬁzg%a&tera% Ethrgé} tﬁféontr&l %ngz? gll g% ﬁ‘ltg Oﬁ’ e:‘ Zr ence

extended by 1 ce er to‘a pol
numer al  334asseimpl ﬁébmuq}am:élewpeﬂanmg)wwwbheﬁ 27 g1e d?spaalydBEJ e nfoffork hBO gnd de is

bent by up e ri |.ane of dis

ext ended byiog g )dggc{ i% 1eﬁte&osel?'nsf)%h">t8 flﬁé g“@é?f“%‘elsﬁ @?ﬁallggaﬁ % ef erence
nuner al 336perfAsm Ithm:imuﬁ)hm:h hrxbcefsQWuNDaﬁthefprchg shdwaBfld FésgribedGetdibgwt de i s
bent by up vEri% 0 de rlﬁes to %?e right in the plane of Fig. 5G and, while
preser vi ng 'CONEREFCRT HEY & © 21 Wo 03/ 047673 PCT/1L02/ 00347 right side of

the intestine, | s exReﬁ’afmde bynéwcmadld BE FedsS 610t 6ROIWHicH Bret DQe@Po284
desi gnat ed fere Qure 338. As indicated by row No.6 of Fig. 7 and
Fig. 6H thesué}ﬂ[ ¥4 P‘g lnf “BEWE’&S 19 ten APie GiPe dn t % Piasess| ©f emplaYing e pl ane of

Fi g. 6H andréferrext@bétsehyofURe %I@se%t EOBItHOMBRESUB P insetBh iof ok REnRENSRT i P
engages the internal surface of the intestine head on at a point 1n the

map 284 desighésdee ¥yt emer ence numeral 340. As indicated by row No.7 of
Fig. 7 and Fig. 61 tfes rgz@atédsthg)c?'aﬁ QYtHéQ)r%a?ls sf]fénsd@ﬁﬁr? Bl%aﬁl a{' ght in
eenti net er un

the plane of Fig. 61 and is exten t he
sensor tip @BAYaFesinilae uprie ar srale f@@tmf an@ @fthe eouithn o trachea wysitdm i @therr i ght

ndicated B)orow ke s o Er s ogedi e B A g Refuni, o (o
1 centi met eoﬂ@r OThe[ﬁfOIIGJ lntdnéer%nmplloyﬁhemrmegtagmubmm ingekted medlceﬁ ldé\flém@r of t he
ohestine AP P R o b TR TR O e
guide is be:mganbglt legst from the entry point and unt11 the required location, is prepared before the
insertion process is activated. The required map is preferably prepared by employing an
appropriate medical imaging system, such as an ulirasound scanner, an X-ray imager, a
CAT scan system or a MRI system. The map can be a two dimensional map or a three-
dimensional map as appropriate for the specific organ. Typically for the intestine system
a three dimensional map is required.
It is appreciated that an inserter according to a preferred embodiment of
the present invention for use in organs that are variable in three dimensions is similar to
the intubator assembly 12, preferably with the following modifications:
(1)  The tube 18 may be replaced with a different insertable device;
(2)  An additional guide bending system employing elements similar to

motor 222, disk 224 and wires 226 is added and mounted perpendicularly to the first
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45 degrees to the right in the plane of Fig. 6K and is extended by up to 1
centineter or wuntil the sensor tip engages the internal surface of the

i ntesti newba@agd4wms at a point in the map 284 desi gnated bycrdafevmace
nuneral 346. In a preferred enbodi nent of the present invention the system
and the nethod are operative for automatic operation. Alternatively the
present invention can be operated manually, by providing to the operator

t he i nf or netsieorofondtrelo edisthy24tdnd vaeeng6rso ﬂh«’ﬁ(}f 126@95fbdﬂ1mbﬁ th@lepdgéﬁhgor 11 and

enabling the,op i r[}%% 0%11}111539151 contr ol eﬁ&&‘x’eﬁéd %’ho ﬁsmx‘?&? mﬁg\ﬁigﬁ S not her

alternative par ocedur OITB.tI ca
part is pepdsmbhmdiorbamualdymgﬂﬁeeomaﬁmmrstalné gw de 20 may be inserted

automatically and medi cal devi e u as the serted
manual ly. It is app%@ciﬁ?e@p f‘aﬁli‘fr rS%raﬁp CRESY %?ﬁf?&ﬁéee@ |Sot§ of an

i nsert abl esengd @ERMtion Bf e &p L8 W fmgaeaﬁ@amoﬁam I8 BCB]ppI&SIa‘&d thamins podiple ts
preferably stored Jn an | nt rna 0 sent .inv n.and that
this | og c3FHeerRFeRot eyt mﬁ%‘ina{:%lﬂ% ?léprgy QIPP oyiLs dypt gneliﬁﬁ &4 that the
host conmpuieaEor€ apisaHar @?@Eﬂt&ﬂ RBR okHeP Byplé BEQHSort eASHABHPILHAY B hifeasure
continuously inprove relevant insertion gattern maps such as the standard

cont our mafie PIIMiThEKdesepation afap adiserbsuriges mirep finkafighe starting an

insertion process, the PJf&%e%r&nbo'dﬂlYe“n%f% ﬁréeﬁtﬁﬁ@&x’tx@n%hén%ggﬂﬁe% updat ed
map such as standard cgnt our map is al so appreciated that the

accunul at eperforgs lopgityshing Boes segh as m@eﬂlton @ﬁsetragwnme 68e 49 a8 PeformE L02/ 00347
can be emhgﬁﬁﬂaﬁ%a 6 Agt@l%l &E@ﬁ{ *rhé‘ edqsﬁgqeaau%dtlﬁeamemsuch as

the al gorithns shown escri erence to Fi - 2F and
Fi g. 8. There usefipl lovesnsing glagr urthen efahe bgan nraﬁlsaﬁ dimeiens ank exp;:}eég@ﬁttten nventi on

asnecessafy... [ 6L £GE 1P N SRIP T § 1 S5an 30 LM ThEN AT € a seri es

of S|rrpI|f|e p|c0|a at'1 on tracheal tube
assenbly construct eduand hrmpmlom of ¢hei praplucad ridgaesetaripg, he dvpdafessiond

enbodi nent . of .t he reser}llt in lﬁ [ %[% 6%1{] vari ous operative orientations.
Turni ng t o"H&Je GA a?tlsﬁ VLIS ) e ext endabl e endotracheal tube
assenbly, designat ed\sg@aeﬁralFlgy 6By a Rirgmesgen, therattedtind G thxpreeimpla,bisy

conprises a unt.i el e t 402 whi arran be r bl y engaged
ST TE R L B ol s AR R R A ST S A g
(Fi gs. 1A thj;b,))rgaﬂswuhgu or integrally formed with nmounting el enent 402

is a mouthpiece 404, which is preferably integrally formed with a rigid
curved pi pe 406. Fi }%E}gﬁﬁﬁ’ﬁm{r@g oht Bf%m‘ﬁaphsguséflé%%rﬁ?te g gBETOR AP or [y of

rigid curvegh pipRatOhe i @z@pwaﬂsmyé&a&ﬁa ‘&Qx%p@c@xt Ebré/@!ﬂ' @bt sownd And Wr N,
nmount ed, an extendable tuge 410, preferably includ |n8§a coil spring 411

typical |y PoiBHpEdPvisE. shsh 45 2 CRORWEN YOS iRt ARt 1aUer 49 é!a%ﬁﬂreé?“eéxt endabl e
tube 410 th ﬁﬁgse ﬁmtmé%{;%faialgm@npeélfgﬁauarhf%w@g pRady FRYRSy rf}érgmglar eferably

presenting a di agonal cut ~ pointed forwa cing tube end sur ace 414,
contour of the organ, and optionally marking the guide bending points, as is shown and

described with reference to Figs. 1A to 1 K. Alternatively, a preferred path is created,
such as path 286, not necessarily continuously following the contours of the organ. As a
further alternative, the map 10 or the path 286 is converted into a set of insertion steps
as 1s shown and described hereinbelow with reference to Fig. 7.

Reference is now made to Fig. 7 together with Fig. 8 and with Figs. 6C to
6K. As shown in Fig. 7, a table 290 is provided for storage in a computer memory and
for processing by a computer processor. The table 290 contains rows 292, wherein each
row 292, preferably comprises an instruction to perform one step in the process of

insertion of a medical insertion device into a living organism such as shown and
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Upstream of end surface 414, forward end nenber 412 is preferably provided
with an inflatable and radially outwardly expandabl e circunferenti al

bal | oon WwWO83/0wis7xh receives inflation gas, preferably pr@®@€IaLozmaizair,
preferably through a conduit 418 enbedded in a wall of forward end nmenber
412 and conti nui ng through tube 410 to a one may valve 419 It is noted
that the ex(% ﬂﬁggl otracheal tube assenbly nprise an
integral ly fHprRCeloda8e i ¥ &kd Péfiferﬁlﬂfé‘@?lhm"y ZP%rol%TémF A&%rt abl e

ext endabl e &ipb@edSH8RIr Sthe ABGmANT LG 3 He EQENRG Mtlﬂﬁhﬁﬁ?ﬁﬁ%ﬁ Ly may
conprise the nouthpiece 404 and the rigid curved The 1 ntegrally

formed ext eftidht® the helingsefchn inseriay suighpnd ke lel@kpéﬁmfatﬂo@ thetidalli10, the
mounti ng el ﬁf@%f‘§en§&338 L4 (15'?% rf%gn% aqﬁa@?é'cpgmb f&ﬁerﬁ: gf tlh%pés!eﬂ%vﬂéjlﬂ‘ p the

forward end nenber 412 with surface 4 clircunterenti al
bal | oon 416the rave2¥osedipins g sstapfvalies one way val ve 419. Extending slidably

L1 ough forvard end e MOe s 4G 810, S0, 00 RIS BTy Pl 00347

nount i ng base 408 an mount I ng el'enen exi

preferably steght psponds twopérpechidqunpiandser alia to guide 20 in the

enbodi nrent of Figs. LA - u di.stal end
thereof a tip 421, wkubl)chmg)l%fné?‘gﬁl%gc%ﬁaé%pao Bglmr}i?%p aﬁ}‘eug’trﬁ?‘t@n P& %% unct i on
i nter alia teoadtihg tHel gnid28n temtitdrsenbodi ment of Figs. IA - 1L. Tip 421 fornmns
part of a tip sensor prlefe ably encl osed in guide 420, which pref erably
corresponds in struct¥r eMERHSPHN CRSEBRCNFT0A0n 810 exRepied PripUsEien et 11 in

t he enbodi nBat sedors §cBSs foHall Qﬂﬁect Asisslt gbd é‘:ﬁﬁqﬁferHE'H LiRat séﬂ?o???iﬁ Betho

her ei nabove vvlth reference to Figs. |A - | exi bl e guide is

pref er abl y ¥diisedhwiheHnisal %GH%OFSaF%P@n%@ ZPé@reawpyct%tomrma;ureé%péhmab| e

bal | oon 422t1mé’%h§bldé?é&@ﬁe¥@r§: \)alﬁfelo?-¥ﬂe%t1£%ert1859§§r ably pressurized air,
preferably through a conduit 424 formed in flexible guide 420 and extendlng

thereal ong, preferabld) thset sétance 257 mﬂé@@uml osgitidirfal atalusn fgadirther ef er abl y
l'ocat ed wi tdidhginthg, i x@{rwﬁf}é O{heagﬁggblhy céﬂ%ete?poxf?el%aé@ %e i h(gvt\%al nflation

of balloon 422 by nmeans of presSurized air vira conduit
causi ng bal hepswedppts 1296t rghexpsciaintpage nréverviedit whlleortheogulﬂenmxtdndanot menber

412. Fig. u f be 410, which is preferably
achi eved by %Jtéd %E‘iﬂh @%B%@\%g ﬁ}f%gu¥&éfleX| bl e guide 420 in tight

engagenent wth forwd %nrd semserTbeasurehRntst 498 sopiainl axpg:tédoasumﬁ daleedofirenber
|4I1I2u2'? (rja': ggth‘?l (ﬁ’ltr%% rllsg% of VFE{)}%}I%%F %e&%g‘?%u%?qg e&i A %gﬂt%ﬁ B 5% hr ough
one way valmesdrt@bard tmmhlmgmde%&heme villid ottiBe descdidthad 2ber ei nbel ow, this
It is appreciated that the path drawn in Fig. 6B can be employed to
prepare a table of instructions, such as table 290 of Fig. 7.
Referring to Fig. 8, which is a flowchart illustrating a preferred
implementation of the present invention, operative for a process of insertion of an
element into the intestine of a human as shown in Figs. 6A to 6K. The flowchart of Fig.
8 1s a preferred embodiment of a program, operative to be executed by a processor, such
as microprocessor 278 of Fig. SA, comprised in a preferred embodiment of the present
invention, for insertion of an element into a living organism, preferably by employing a
table 290 shown and described with reference to Fig. 7.
The preferred flowchart shown in Fig. 8 starts by loading the table (step
300) such as the map shown in Fig. 7. The program then reads a first row 292 from the
map (step 302) and causes the distal end of the guide 20 to bend according to the initial
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inflation is enployed for sealing the tube 410 within a patient's trachea.
Fig. 9E illustrates deflation of balloon 422 following inflation of ball oon
416, corrwopdfdionyy t o desired placenment and sealing of tulP€TAL@/0M47hi n t he
patient's trachea. Fig. 9F illustrates renpoval of the flexible guide 420
fromthe tube 410. Reference is now nmade to Figs. 10Ato 10G which are a
series of sinplified pictorial illustrations of the extendable

endot r acheaentinevatises 3l yf hefi the @mgrar@kausegl%herguidayﬂﬁ toviektand e rewght cal

i nsertion ation of a hyman. Turning to
Fig. 10A, :jafc}!él)rg g‘éﬁrﬁtlgﬁ%ﬂ TH é“%%mﬁna“ab%&g Oéﬁbf’of? PHORRIthe BER The exgran y |

desi gnat ed tyatimrealtd yeridyanldehﬂrtethegmduaemahl Qfht velef 6F @bkdhsGomidnSes a 24
WO 03/ 047673 gi'l;{ml 02/ 00347 nount i [[gg g enent (not shom%\ﬁwhl ch is arranged
to be renovabl§ engay %&S%W%S‘ﬁﬁmerﬁr’r B %FOV&&@%@% 39634 AYRrorivgtibg ef er abl y

simlar to limt lsbaltpafsecaiﬁeﬂ’ﬁf I)ﬁes'kzge(lfﬂlgﬁlayeli/énd thelpko @4m A WoBLhglep sMGUbAL OF
assenbly descri bed h%r %&r}’ al.ternatively be any ot her sui tabl e

i nt ubat or assenbl y. ‘E)lml 1thV élof@q%?ﬁﬁﬁaw mepspiRe apd dheni thy

el enent i s modramtchpireetoS R bnd WhtEhcd e RIiES &7 akby with a
rigid cur Veﬁ%‘aﬁq ﬁe 506. The extend%bleeﬁgnt ot réaghé%mn%gge Sé‘%@%%{ﬁg%oo IS

shown i nsert 5078 MEFSHPTARRS Z980vades (sigp 31y). vdiilaikeeping ip cphiact p\h‘@dheme nt
shown i n FisgrfadeAstefd XQHM 310V BE &l pregsttoggoﬂgﬂgﬁgﬂngcg 1ifhitE h ﬁpasgegfgsﬁ“ orly of

rigid curved pipe 506, is a nounting base onto P C tHr n,
mount ed, ars28kPberadke arogiase is gamed [ﬁﬂeﬁ 31@blfythe dinhlugthsey rmamexherﬁmﬂ)mg 511

(Fig. 100, Ei X unted gnto end
of extendaglaggf%rggﬁéﬁuégfﬁgﬁgo%g&ngﬁ)tc?éed%%ftyn %H%’Idgo Séhro'f‘%’r gogﬁ‘b‘f nenber
512, pref er3aﬁlu§mbalé§@nrtomg29a afuthgmhw iry peatesspdi THedthd roaund dis dﬂ;glﬁjrsnﬂq t ube
end surfac r orward end nenber 512 is

pref er abl yQn g’}g&\r/ﬂs‘é&% rg‘at%ﬁa &% nefqls kjaé/b%a‘sg S?E;éﬁiséﬁ?paﬁé/ out war dl y expandabl e

circunferential ballAs9omdiGid, bw\Aﬁovﬁde acef F%S 71 9dl @ikl 80 HASuidpriebesabl y
pressuri ze condui t 518 enbedded in a wall of

f or war d eng)re ern%l ; efg 225 %’%%; %ug‘? P‘?gt ip fheqhigs ofFig & Cong, W]@ileapréﬁﬁ@ﬂ%y vaI ve

519. It i s cothedvithhihe lémeldemmdaiahtﬁleeﬂ%%a@dﬁﬁ‘@ § UBRInARRE ng&%ﬂ
conpri se a_nout hpi ece at.s?]%enbl and an_ext endabl e tube asse

inserted CHEPEh S é‘(‘f@c%@g@ﬁﬁ}t?ﬁ%hﬁﬁlos@éapmtlmﬂuﬁtlhmé&ﬂe 504
which is Iﬂbﬁgfaﬁdlbyreféﬁﬁf@;dmrﬂh3© he rigid curved pipe 506. The extendable
tube assenbly corrprlhﬁes the extendabl e tube 510, which is integrally
formed together with i AECAEGRY FavgNeLekEin 7 anhEBiz. R thetguidg ibbeebBaBt0 t he coi |

T cunt or ent 1 81 ol | oo e PRt I e i e B R 107
side of the intestine, is extended up to 2.5 centimeters or until the sensor tip does not
sense the internal surface of the intestine at a point in the map 284 designated by
reference numeral 332.

As indicated by row No.3 of Fig. 7 and Fig. 6E the guide is bent by up to
110 degrees to the left in the plane of Fig. 6E and, while preserving contact with the left
side of the intestine, is extended by 1 centimeter to a point in the map 284 designated by
reference numeral 334.

In accordance with row 4 of Fig. 7 and Fig. 6F the guide is bent by up to
45 degrees to the right in the plane of Fig. 6F and is extended by 6 centimeter to a point
in the map 284 designated by reference numeral 336.

As indicated by row No.5 of Fig. 7 and Fig. 6G the guide is bent by up to
20 degrees to the right in the plane of Fig. 5G and, while preserving contact with the
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Extendi ng slidably through forward end nenber 512, tube 510, nounting base
508 and the nounting elenent is a flexible guide 520, which preferably
correspoma® oBf4feancti on inter alia to guide 20 in the enbaedirmentooss’ Fi gs.
1A - 1L and preferably has mounted at a distal end thereof a tip, which
preferably corresponds in structure and function inter alia to the tip 28
in the enbodi ment of Figs. 1A - 1L. The tip forns part of a tip sensor,
pref erabl y vgitistisedf tha igestile, 523fenddtl b 4peeaficatlty a REnWD M3/ A7 B33
PCT/ 1 LO2/ 00347 atg&)g es re(:)nnds i n ls% ucture and function inter alia to the tip
sensor 11 in enbodi TR 0F® Fys. 1A~ 1L. As distinct fromthat
descri bed her ei nabovasmdtnfaterdéfyeb\em% $fFid-17g8d FAGH 1 guideds bé %y Bp @ gui de is
preferably f68rmad é 6 h tab @ @_g rdadl allléc?‘/3 outwardly . expandabl e
bal | oon 522; SFUds FH aPsP B Yaand 5 egr swwp&é%r&m%aoza.r
preferably mrhmi cheg;bnsar fipathabés th2thidneil Rehcé b hé ﬁ%ésﬁh@h&ﬂ'oﬂ%t 20nARmeXt endi ng
0 a source of pressurized inflation gas preferably

th | bl
Ioggu(:agdo\r/]vlgt"I’??lhfgt";a 3 %?‘{Jlﬁ’artefﬁ‘en&%%‘é%ﬂ? 4803. The source of pressurized
inflation gas may beAamm&éarmtrb@NdmﬂﬁgOzra{nqq:flg & e fgg%@ is M@F} h}ﬂﬂf"'y or

alternati velsyd a one way val ve 528 be provid manua ation.
9

The aut omat 1cdg8Ffes H{@Pf@b?mébeoplw@z@ Iﬁ&yﬂ ged fslex@ﬁd% whimto | eentietener assenbl y
503 or alt effRtdeVeehsbr ABY% t er wth
Tlexibl e guris kst Sl Gl ARG Bucsfi ‘g}g@nhg%ﬁﬁ‘g L0 o
pressur i zedPitin the gmp|28¢ designated by daferends 20mer b ng bal | oon 522 to tightly

engage the interior I er, 51 illustr
ext ensi on of tube 51%E "I/dﬁ hgsro‘gﬁgoféenra{% y ac lé éelghe %‘i}% Brfer %Edgl?'l ven
movenent of ulf fogxéeniimegusi Qjemﬁlzfmmsmsbr tihtngapgabe merhal wWuithivefdrikdinekstind menber

512, th Ll i g f di st al f tube 510
forvvardri Bﬁ%‘*ﬁéﬂgﬁfﬁﬂ 2tk °let |“?3825?§?5&‘a%19¥ﬁ?S@Pg??gﬁagﬂ“ “f tube 510, by

forward driven rmvemcemdldafedfbt/mblb@? cg‘urngde ab@Bigl 6K HicGhide@OBRE fow th
f or war d end nber uI lollfﬁpg ﬂ% rd end nenber 512 and the di stal

end of tube™ éT ef’%?p\/\é‘? HEIV SUrdanesd Wotn §rl featineier & abl y

provi ded bamadth@@ertshﬁtlm@iglaga%tth@lﬂteﬂwﬁ@fab@@ﬁhé InYesHheSIGhY B dr DEdiR iRakove with
reference to is appreC| ated that the forward driven

F
novenent of™ ?}hj@g d@i@“%@ Wég@ﬁnb"e‘%imﬁé% éfhabove with reference to Figs. IA -
8, may be provided by Qbie‘f@féd%ﬁfb@@hﬁnﬁ@ﬁlQBreQénttlrn%ntﬁénet)ﬁb Qgﬁerg%(g% 20. Fi g.
10E illustrates inflation of balloon 516 means of pressurized air
t hr ough corfagihed %ﬂ@%ﬁﬁeé‘?feauwﬂvSPQF@IOELQH@WWWIﬂlle yesediggvenitibe chn be
her ei nbel 0V¥Spextatyd§nanh51f3] By bRRidiry G LB Y inRERM AL hliEed tP e B4 thin a

patl ent's trach
log 266 form the tip sensor 11 and enabling the operator to control manually the guide

20. In another alternative part of the procedure is performed automatically and another
part is performed manually. For example, the guide 20 may be inserted automatically
and a medical device, such as the tube 18 may be inserted manually.

It is appreciated that a log of the process of insertion of an insertable
element into a living organism such as a human body is preferably stored in an internal
memory of the present invention and that this log can be transmitted to a host computer.
It is appreciated that the host computer can aggregate insertion process logs and thereby
continuously improve relevant insertion pattern maps such as the standard contour map
10. Thereafter, from time to time or before starting an insertion process, the present
invention is capable of loading an updated map such as standard contour map 10.

It is also appreciated that the accumulated logs of processes of insertions
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Fig. 10F illustrates deflation of balloon 522 follow ng inflation of
bal | oon 516, corresponding to desired placenent and sealing of tube 510

wi thin t hwo 38480 03/ 047673 PCT/ 1 L02/ 00347 patient's trackgaLoXiogs’ | OG
illustrates renoval of the flexible guide 520 fromthe tube 510. Reference
is now made to Figs. 11A to 11F, which are a series of sinplified
pictorial illustrations of an extendabl e endotracheal tube assenbly

const r uct ed,and QRFEREI 1 Cin R ACHET A3RREn Wol BraRQiRehePhgf S hd e MROdi ment

of the present invention in various operative orientations. Turning to
Fig. 11A iagofimseshowpirad deeribest teiihdsaiérencendolienckeal 2F e Figsketsl y,

desi gnat ed ilgﬁrg%oadl &itﬁ%p rﬁlgeetgz%@ﬁﬁteﬁlwqﬁé ?lles ORvelfil FI&QL _orrpri ses a
nount i ng el enrent 2 ich 1s arrange o0 be renpvably engaged with an
i ntubator assenbl y Refegencshomy medect Figs. P AtudBvdrichess epdrley ofl@mplifiays. 1A -

1L). Fi xed gl r.alcl | upt.in | een 2.1.8
nout hpi ece pi,)cgoi%f E%L;?ggtfysﬁrbguér@t éﬁéﬁﬁﬁgwﬁgﬁtﬁ%ﬁ% t% eﬁsgﬁlflglgo%n?%ucge dn%ﬁdnt i ng
base 608 ontratiwshinc hecoslandenwithiran prefivted t eathod Amene xof ethel bdsentt inbentiod, Oin
preferably including a z:o,[i{S spring 611, typically fornmed of netal. Fixedly
nmount ed ont'8"A°GPEFAI° BiTE?B™Sext endabl e tube 610 there is preferably

provided a forward engningnderig 6442, it 1§ aéer abl Yhepseaiable nGhdowacléadgaal | y cut
poi nt ed forvvarg{yf gci.n t ube and surface 614. Upstream of end surface 614,
forward endSHBABeeBH1qds sieEt iy, Bprsferepreonymyal GG noraisrabht comBlee 2and

radial ly oufoiafis Me@¥Randailien &l deaHidien et iedbvidd) !eﬁ%il@ed Q&R an Wl Sdlor” €CEI ves
inflation gas, preferably pressurized air, preferab

P r thro% a conduit
618 enbeddéFerhlyanphriova) sueh waituleil sveamidy 181 1gandAcoht) diadgiot ¢ ough
tube 610 t %t@%rﬁlgfgfo\’ﬁé’d With Hl%u@%r% eldrhent 80QtE o mﬁécet@@, RELE W%ﬁbly

’ .
endot r acheal assenbly 600, conprising at |east one of nounting -

el enent 60Mtegrglin fpnelwitsoagid sevad Ping 48a Fecedygnountedivatosmountisp elemspr i ng 611,
forward endomeplEs o f 266 64 1 Ghi ' ~ l; 616,
condut t 618 Ao ans e Sty A Bt 1A mobh g kA bR ik 08 2

uni fi ed st munhigdean Bxteradabiengbs Kil¢lapykferablyr matyHing or weit dpmngl 4hentbgicall§12, t ube
610, nountg b 08..and o ing el.enment ,602 is flexi ui de 620,
whi ch pref Eefé%%fly&srg%egr gg‘%@ﬁ&%‘)‘ﬁ%ﬂeﬁfoﬁlﬁ% id(I)SFrlr"Eierrl1 eo(rg e’é‘\leln%\a%%eo&lgﬁiélgéé%ge I*n t he
enbodi ment pofferkblgprovidad -a fhdwandend pemberdad) preforbdlynprenehxh atdiagomdilgtal end

thereof a ti 1 Lch preferab grresponds in structure and function
inter ali aprg‘teﬁﬁWf %a%g Urli’efa’ﬁc[asué eb‘gli“ment of Figs. IA- 1L. Tip 621 forns

part of a tip sensorUfsteim siiawd)surtpeefiar advirdes@l Ms@beri M120141 slefe®BY, Whi ch
27 \0 03/ 0%?0?/17 ed FV)\%[]/ zImLi(r)l étgb ‘e?)%uZd radially outwardly expandable circumferential balloon

416, which receives inflation gas, preferably pressurized air, preferably through a

conduit 418 embedded in a wall of forward end member 412 and continuing through

tube 410 to a one way valve 419,

It is noted that the extendable endotracheal tube assembly 400 may
comprise an integrally formed mouthpiece assembly and an integrally formed insertable
extendable tube assembly. The integrally formed mouthpiece assembly may comprise
the mouthpiece 404 and the rigid curved pipe 406. The integrally formed extendable
tube assembly may comprise the extendable tube 410, the mounting element 402, the
mouﬁting base 408, the coil spring 411, the forward end member 412 with the end
surface 414 and the circumferential balloon 416, the conduit 418 and the one way valve
419,

Extending slidably through forward end member 412, tube 410,
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preferably corresponds in structure and function inter alia to the tip
sensor 11 in the enbodinent of Figs. | A- | L. As distinct fromthat
descri bedwbasisabove with reference to Figs. 1A - 8, thePCrako2ioa47gui de i s
preferably formed with an inflatable and radially outwardly expandable
bal | oon 622, which receives inflation gas, preferably pressurized air,
preferably through a conduit 624 formed in flexible guide 620 and extendi ng
t hereal ong, preferably to a source of pressurized inflation gas preferably
| ocat ed Wi tyuitind hi€e ko8 aHdahOmtiag sembhiy40f iDL AsHBlaiide H2Q. whidiBrebavly
inflation of balloon 622 by nmeans of press riz%d,air %yg$lied vi a condui t
624, causi K§TEARPIMSIR figEbon Bigrialate guids oA gethe sebpdirert tiey hor Wafd  end

nmenber 612.,:dridbly hdCmbluhtb$ bt ALieE1 &xtiBassONPi2 1 Wﬁchﬁi‘r@ﬁera‘ﬁgi bredpangr ef er abl y
achieved by forward driven novenent of flexible guide 620 in tight

engagement EustroRaitaction feabistie thegip28 in thesemhorineng ok HendAd endiPmenber
612 and th%zg'f?ﬁﬁ’sl £00F ?ft' U 4€or 6 bfer Ry WREIHeY ih NRERWIAON whidhGprefbrably
illustrates in Iat?on 0 Eﬁ | oon 616 by neans of pressurized air “through
condui t 618omegomisén streurtwahndfuaion inter alinltg the dlp denser 1 biadhdrspbodimeat ey, thi s
inflation EﬁseﬂPL?¥3d for sealing the tube 610 within a patient's trachea.
Fig. Il E i'Tustrates deflation of balloon 622 follow ng inflation of

bal | oon 616, cor respandistgt flomdibst deentibpd heremebntve avith séeadncnitp ogs. ldbe 610

within the atent's trache [ I1F i]lustrates r f flexible
Ui de 620" G Preble amide"S el omped e HohITRER 18 TRIEL Sufs 156
Wnijch arﬁ &lxﬁ@ﬁhlﬂs vafloors :4mp,l ?vhicﬁdreﬁéiﬁésofnﬂaﬁoﬂ Igb,s,lS}trEﬁlteibm‘lgrees“uriﬁdﬁb ﬁ'e,xt egdab: e
endotracheal tube asse y of Figs.. | |A-_l1 IF e o) ith the nmedica

i nsertion d%#@’@yognﬁﬁgg? %%@Wtégﬁoﬁn?ﬁ£lpnﬂﬁﬂﬁ?i%ﬁﬁaé%gamﬁbﬁ%ﬁ@“$Urning to
Fig. 12A, itﬁeréaﬂior@e?r@fehfw told@u be pdadatigedeinfion ek eadferablh €oca8 St v,

desi gnat ed ener al y by reference nuneral 700, preferably conprises a
mount i ng elt H@a@hﬁﬁmgﬂbﬁﬁysmﬂW%h is arranged to be renovably engaged wth
an intubator assembfiy 83wk GRIARNn RIrElBoaP 42 PyMink@ds dfOpredtiideat o
assenbly 12 (Figs. IA- | L) or any other intubator assenmbly descrj bed

her ei nabov &upilied vinconfvief2atcpusEigybaleonati? todishiby ergaee His|ateqiofn of Befard
assenbly. Fixed. g Ak integrally formed with the nmounting 28 WO 03/047673
PCT/1L02/ 00347 elenment is a nouthpiece 704. The extendabl e entotracheal
tube assenbly 700 i sFigh¥wilusirasigsesxteasion af wbad Parhiohtis srefyably ehigveddy simil ar
to the pla I I O mdes I [ : i Ng

el ermnt i o AR o pieteht i sk 64, ARMDAER0k Guls ErlRUO

ext endabl e merheer 71D, thps eflding Bbryvaich endudiemyerad Coard thprdistg end of tube 410

forwardly therewith.

Fig. 9D illustrates inflation of balloon 416 by means of pressurized air
through one way valve 419 and conduit 418. As will be described hereinbelow, this
inflation is employed for sealing the tube 410 within a patient's trachea.

Fig. 9E illustrates deflation of balloon 422 following inflation of balloon
416, corresponding to desired placement and sealing of tube 410 within the patient's
trachea. Fig. 9F illustrates removal of the flexible guide 420 from the tube 410.

Reference is now made to Figs. 10A to 10G, which are a series of
simplified pictorial illustrations of the extendable endotracheal tube assembly of Figs.
9A - 9F employed with the medical insertion device of Figs. 1A - 8 for the intubation of
a human.

Turning to Fig. 10A, it is seen that the extendable endotracheal tube

assembly, designated generally by reference numeral 500, preferably comprises a
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711 (Fig. 12C), typically fornmed of netal. Fixedly nounted onto a distal
end of extendable tube 710 there is preferably provided a forward end
menber 71RO opoefoes ably presenting a diagonally cut point @edTfibeav@s4y f aci ng
tube end surface 714. Upstream of end surface 714, forward end nenber 712
is preferably provided wth an inflatable and radially outwardly
expandabl e circunferential balloon 716, which receives inflation gas,
preferably pressurized air, preferably through a conduit 718 enbedded in a

wal | of formentingREMFBIEOE stolvd) aitcC RNrtaAgddNG B Fedleghbly ehifi@ed $0hta a one
way valve 719. It is noted that the extendabl e endotracheal tube assenbly

700, conpriP@Paey tenidnse3 wiNeh srprereahly isiylas fomBietor astRplédle 64 - mounti ng
base 708, tUher arfl@nerGRtibattREdRBIy dedcr(bBl Berethaifole biOhNPIEBRLIEBIRST 712,
end surface 714, "~ circunferential balloon 716, condui't 718 and one way

val ve 719, qigy saitafde Beubainr eagieanbly Fitesr iweer méegeallynformeddwih ribe mopeiingExt endi ng
slidably thy ] : i,ng.: 708 and

t he nDuntiEg e 2ﬁéﬁ%&?éggggﬁégﬁﬁpg&é%%%@b%ggggz |gﬁmgfgﬁeﬁg%ﬁgaﬁggrresponds
in functioripanbes Hiei extandaljelictiotrhedl nubeh essemblydi0Peiat shofn Fnggsed o 2 1L and
preferably | . istal_end. thereot.a.tip, which preferably
correspond§ﬁﬁﬁug§#$%%ﬁﬁ$%n§%goﬁﬁﬁL %%%nﬁﬁﬁgfggﬁ%égto the tip 28 in the
enbodi ment of Figs. Fifedly hounfetiento the nfoonting gamentpinteaiotly pf seiisaryed
preferably enc ed in quide 72Q, which preferabl corresponds i.n

Bt ruct ure” o Tne t Berease oty Wit i Sl ot o ROBRENE 8 rrent of
Figs. 1A - 31b, pAserﬁﬁlﬁti?dmmingl‘ b Qiilt Spaihg @QM{F%ngd(é}l]&m?bd)@bfgﬁﬁed/\ﬁf hetabf ]gelr encgI
to Figs. 1A.- 8, the exible guide Is efera or e ith ap inflatable
and radi al 15~ Rawe Orft%igéwasﬁ%%tsma@[;ﬁubﬂzﬁé,m Péwr?fs@ﬁnw_éogﬂ e at i on
gas, prefer@blayd KEs&Hbd3eS Adftrably Rr@éming Bldiagh b9 WahpdniePRewirl fab84 f or med
in flexible €U|de 720 and extending therealong, preferably to a source of
pressuri zedUphIH&wifss Sd4s preferably located within the intubator assenbly
703. The source of p{BsaYhl Fedd Qfhal 5N 938 dTBY4 0. aut LhGp29 VO

03/ 047673 PCT/ I L02/ 00347 i nflat or#fde?ﬂét o B %ﬁﬁ‘?ti ona F‘?f or

al t er nat i vetrgyided wile apvanflaiphlevand 72dallyagutwerdlypaxpaiddeld cirosmfereniial|ballesl at i on.
The aut omat§,¢ inflatoLlde - Or 1.2 i .t hi L0t r, assenbly
703 or alter nét@végl %Qér}g% [glg%réglu ﬁizség) rﬁé?}i%r%éﬁ%&%@gﬁﬁ %%}Frgklgt@%g%lﬁgr W th

f1 exi bl e guioddui72[R erfbeglded 2B whlbws farwhideanid gnenaifer a2 laad poriFiR@ing yhrowgins  of
pressuri ze i | i onduit 724, causing balloon 722 to tightly
engage theqyﬁﬁ%¥ygggg%h§g¥%ggﬂg'end menber 712. Fig. 12C illustrates
extensi on of tube 71D, iswhitadhthats ther efiedatiid gndutiatheak thbe assembly 500 may

comprise a mouthpiece assembly and an extendable tube assembly, which is inserted

therein. The mouthpiece assembly comprises the mouthpiece 504, which is integrally
formed with the rigid curved pipe 506. The extendable tube assembly comprises the
extendable tube 510, which is integrally formed together with the mounting element, the
mounting base 508, the coil spring 511, the forward end member 512 with the end
surface 514 and the circumferential balloon 516, the conduit 518 and the one way valve
519,

Extending slidably through forward end member 512, tube 510,
mounting base 508 and the mounting element is a flexible guide 520, which preferably
corresponds in function inter alia to guide 20 in the embodiment of Figs. 1A - 1L and
preferably has mounted at a distal end thereof a tip, which preferably corresponds in
structure and function inter alia to the tip 28 in the embodiment of Figs. 1A - 1L. The tip
forms part of a tip sensor, preferably enclosed in guide 520, which preferably
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by forward driven novenent of flexible guide 720 in tight engagenent with
forward end nenber 712, thus pulling forward end nenber 712 and the di stal
end of tuwe 03a@7673 orwardly therewith. Fig. 12D ill ustrat epCrurezies4?
extensi on of tube 710, by .forward driven novenent of flexible guide 720 in
tight engagenent with forward end nmenber 712, thus pulling forward end
menber 712 and the distal end of tube 710 forwardly therewith. This
further notion is preferably provided based on the navigation

f uncti onal icbiesgesie i hedtuneseli faation etevaih ta @ €p eerser tlonBiegmbodiment &, [t is
appr eci at ed.th%I the forward driven novenent of tube 710 as descri bed
her ei nabove'&%i th™fteference to Fi gs. A - 8, may be provided by driven

forward notion of thgs §ik@xt Bb tgatideriBeherbingbovd 2hi lefettate diRigs. iLAfd ati on of
bal | oon 716 by neans of pressurjzed aifr thro,u%?tgﬁond i ne way

. t..718 and
val ve 719. Sadhepfleviblp guylssis prdaabindpensdowi g 1p € @R |f%d633’8n°‘1%§"“§ | oyed

for sealing(hgatidRgIdoH 599 t Bhith refbds ERtlaort GaCNQeferablygpredsafizdd kidstr at es
defl ation of balloon 722 follow n nflation of 'ballaqon 7 cor respondi ng

6,
to desired ppiferelliretiroughade s@&@l‘iihézgf Ifoffi}ﬁfb_ll? 18esle ngwder RO Bt PEUTE ¢t r achea.
Fig. 12G i ltlhe‘ﬂ%f(l)cf Egr'ré%eh? ftaiso%ce}o??re@éuﬁ%é@'nﬁa%‘ éi:lglp%%}aﬁl& W Qithipe  710.

Appendi ces ware | I ngs of the follow ng conmputer files:
Appendi x 1:thcionbaionasegntfly Pe3.i nt umed. asm Appendi x 2: containing file

cgedr. inc.  Appendixpd: GonkabilNGslidd GARILAC s THEyMRENAH hbmROVi di ng
the software functionality of e m croprocess%r 275, In accordance with a
pref erred entmoaidedabr 606t Addifipedigntr altemvaivelyon, oienskydadret fid8 fray| gnwi ng

steps: 30 WD 03/047673 .L02/00347 .1, -Proyi | ible
conput er wiFH! ede%Wﬂ'}‘?r%‘}{a@U%? W PRET fnﬂa%ﬁ?\%?%ls rxgh%?&pffe&% hltr)roni t or
and an avaiihiabiter Sehibil Sq3airtalterdativelyshayl be dvbuntaisthérewilin dowsotidb tagethkt cr osof t

W ndows 98 Cp\}géati ng ., System 3. Install the Testpoint Devel opnent kit
version 40 HULi9de 84453 capi tal  Equi prent Corporation, 900 M ddl esex

Turnpi ke, Buil ding 2pigBidh &h&6R infihod82 balloddH22 ¥l nicaBnNET presurfited Sdir
processor | oadi ng device COP8S8EM Fl ash, COPS8 | q a rcg}i t. Enul ator for Flash
Based Fami |susdliedyia spaduie s caysaetbalieon 12 torfiehily eugrgafiedpieriondd f¥Met . The
COP8EM f | ashypsapessor | oading device is available from National

Sem conductors Corp. 2900 Sem conductor Dr., P.O Box 58090, Santa (Clara, CA
95052- 8090, USA Fig. 10C illustrates extension of tube 510, which is preferably achieved

by forward driven movement of flexible guide 520 in tight engagement with forward
end member 512, thus pulling forward end member 512 and the distal end of tube 510
forwardly therewith.

Fig. 10D illustrates further extension of tube 510, by forward driven
movement of flexible guide 520 in tight engagement with forward end member 512,
thus pulling forward end member 512 and the distal end of tube 510 forwardly
therewith. This further motion is preferably provided based on the navigation
functionality described hereinabove with reference to Figs. 1A - 8. It is appreciated that
the forward driven movement of tube 510 as described hereinabove with reference to
Figs. 1A - 8, may be provided by driven forward motion of the flexible guide 520.

Fig. 10E illustrates inflation of balloon 516 by means of pressurized air
through conduit 518 and one way valve 519. As will be described hereinbelow, this
inflation is employed for sealing the tube 510 within a patient's trachea.

Fig. 10F illustrates deflation of balloon 522 following inflation of

balloon 516, corresponding to desired placement and sealing of tube 510 within the
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5. Place a COP8CDROHVA8 mi crocontroller available from Nationa
Sem conductors Corp., 2900 Sem conductor Dr., P.O Box 58090, Santa C ara,
CA 95052wB090476UBA i n the COP8B8EM Fl ash. 6. Copy the fil epCrnLexwa47asm
c8cdr.inc, and raminc, respectively |abeled Appendix 1, Appendix 2 and
Appendi x 3 to a tenporary directory. 7. Load the file intumed.asm by using
the operating software available with the COP8S8EM Fl ash device from
Nati onal Sem conductors. 8. To run the intumed.asm Install the
COP8 CDROHVA# i e¥it's mackeat Figl | @&F iliustrated emsodt kftthd fleditle galdesko ifoal theititeui t |
whi ch detaijﬁd el ectronic schematics are provided in Figs. 5A to 5H, where
the microcotfroller is desi gnated by reference nuneral 278. It is
gppr ecidat gd t halt t heRs%fehwgglw&?mgaatr?gsoﬁmhﬁz; g)rrfe,s\em&h iai;]e\/@rhbﬂ;ci@nof may, if
esired, be inplenented in A (read-only nmenory orm_The software
conponent s Sﬁﬁv}ﬁedeﬁéﬁt%ﬂai y‘,““’ﬁ%‘_“P?Fplogné%_t“e"éeridﬁblﬁa?rﬁi\ﬂﬁﬁcé‘?ali F‘_ﬂﬁeﬁste@gg’ usi ng
convent i onadonsth@eANindUsBratild il 3cRRRMEC VAR Qdothbabretdi@d RatotimithAbf @Epodi ment
i npl enented by the Appendix is intended only to provide an extrenely
detai | ed digereidntcation nrecysopg@tite ofieAFeMSi on and is not intended to be
imting. It is appreGhaked fibat Aariolsy AU eheRlulNhabRYeghIRg vni ch
are, for «clarity, described I'n the contexts of separate enbodi nents may
al so be pr owseddy. i desigodpbigararallynby mefaregéenghmerahioo@i preferablyComupnises|ay
various fe t N . 0 0 whi ch
are, for bralé(\g}lrnt(?1 §g 9%815 Etre ?%e‘&ﬁ%\ Al %éang%dn%gg(et ‘%é”%%’wg?%% Jekvgtgrb%cﬁ?tﬁrée%?r may al so
be provi dedsesealait eshywor such aarigtubatort abdrablg uldc@idsi nAt + dh). Hitedwiol br be
appreciated b ersons skilled in th rt that the present invention is
not Iinited“%émaﬁgYmﬁigﬁg3@WW%%#@%W?§@P§agWB leﬁﬁﬁﬁdescribed her ei nabove.
Rat her the scope of Fhedlpmesart dnfy eptmtdy datin@es iHathoanrpibast 6a3ns and
subconbi nati ons. of .the various features descrihed herei nabove as well as
vari ations %ﬁtﬂj“’h dff PR glEn ia(’?he%g‘?bge _8’(?:’8 8’t ge.ﬁgﬁbowgﬁgwg@! %pdV\Fi n the
art upon repdhfglt Micalpesidel GameAN Fardly Wb giedtn® £0ktal hdt dFexRhddle art. 32

WO 03/047673 PCT/|L02/ 00347 Appendices 1 through 3 are_as foll ows:
Appendi x 1 P9 @0 thera iUpreraRERIOYIEsH 3 IREVaHh anE memper; i, PrefeabbEIessRng verify

TITLE i nt un@dlagonally cut pointed forward facing tube end surface 614.

Upstream of end surface 614, forward end member 612 is preferably
provided with an inflatable and radially outwardly expandable circumferential balloon
616, which receives inflation gas, preferably pressurized air, preferably through a
conduit 618 embedded in a wall of forward end member 612 and continuing through
tube 610 to a one way valve 619.

It is noted that the extendable endotracheal tube assembly 600,
comprising at least one of mounting element 602, mouthpiece 604, mounting base 608,
tube 610, coil spring 611, forward end member 612, end surface 614, circumferential
balloon 616, conduit 618 and one way valve 619, may also be integrally formed as a
unified structure.

Extending slidably through forward end member 612, tube 610,
mounting base 608 and mounting element 602 is a flexible guide 620, which preferably
corresponds in function inter alia to guide 20 in the embodiment of Figs. 1A - 1L and
preferably has mounted at a distal end thereof a tip 621, which preferably corresponds
in structure and function inter alia to the tip 28 in the embodiment of Figs. 1A - 1L. Tip
621 forms part of a tip sensor (not shown), preferably enclosed in guide 620, which
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.LIST Of ;conplete listing. ; X 040 .CONTRL 3 ; O- disable all code
alteration, 3- re-enable code alteration. .incld c8cdr.inc ;File that

i ncl ude awb oslo¢redef i nitions of cop8cdr. incld raminc ; FipCa/ILépat34mcl ude
all the variables, constants, registers and bits definitions.

---------------- CONFI GURATI ON- - -------------------- sect option,conf A Db
01 ; 5=0 security dis, 2=0 wdog dis, 1=0 halt dis, 0=1 flex. flex=1
-execution following reset will be fromflash nmenory. flex=0 -flash nenory
is erased. mﬁmbty eftrebiindOW Biguctues ed Wircliod Bterf i@ M BROLp KQROM 1t [ fhbe
mctow re pl I [ T

. sect begllr[: ‘%‘f‘ri’g‘g%s'd% tidset : rpnd ------------ C ear menory
------------------ | hs st frdeh GANASOATRMCHLin Bl vith yger@magqo %o Fils a /ﬁg o LD

tO0. 1d [b+ 0 to aif
SPoaG e ol ik Rybe SR if NERGbY fosiied b at infleionts dd ialy POwadipst 1 G

A e, #0ff ; dxpaddabist bOME) ot RyhiddUsdReiRes fi’rﬁﬁtloﬁ) apre é?e%l éskﬁﬁ d aid d Ol
f,#0ff ; The@tack starts from1 eH until Oggls p? §% ?Cfl?fH I d

b, #0 1d a, 407eradlycitagpgh @neonsiio?as @@mﬁéeﬁl flsxible guidel 6[~l@+]md¢@\1;endango aifgt
g b 33 WO Qﬁér@ﬂg@7§r£§1&§/ kD203 préSngZ%B Ur1atifla gafﬁeferaqugcate% Wi IIZ th.Id

the intubator assembly (not shown).

Fig. 11B shows inflation of balloon 622 by means of pressurized air
supplied via conduit 624, causing balloon 622 to tightly engage the interior of forward
end member 612.

Fig. 11C illustrates extension of tube 610, which is preferably achieved
by forward driven movement of flexible guide 620 in tight engagement with forward
end member 612, thus pulling forward end member 612 and the distal end of tube 610
forwardly therewith.

Fig. 11D illustrates inflation of balloon 616 by means of pressurized air
through conduit 618 and one way valve 619. As will be described hereinbelow, this
inflation is employed for sealing the tube 610 within a patient's trachea.

Fig. 11E illustrates deflation of balloon 622 following inflation of
balloon 616, corresponding to desired placement and sealing of tube 610 within the
patient's trachea. Fig. 11F illustrates removal of the flexible guide 620 from the tube
610.

Reference is now made to Figs. 12A to 12G, which are a series of
simplified pictorial illustrations of the extendable endotracheal tibe assembly of Figs.
11A - 11F employed with the medical insertion device of Figs. 1A - 8 for the intubation
of a human.

Tuming to Fig. 12A, it is seen that the extendable endotracheal tube
assembly, designated generally by reference numeral 700, preferably comprises a
mounting element (not shown) which is arranged to be removably engaged with an
intubator assembly 703 which is preferably similar to intubator assembly 12 (Figs. 1A -
IL) or any other intubator assembly described hereinabove but may alternatively be any

other suitable intubator assembly. Fixed to or integrally formed with the mounting
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Id a, #07f ; C eans the nenory between st02: Id [b+],#0 ; b to a at a,b
jnmp st02 Id 05c,.# E when the pc send noving conmand, the cop8 transmt
packets oWolodo@sds # D ; information every 160 nsec. in ePEMJILEADRET W
have 10 bl ockes of 9 bytes in s1 and 10 in s2. At the end of the packet
there is 1 byte of check sumand then the 2 bytes of'E,'"D to signal end
of transmtion. Id s,#0 --- port definitions --- see raminc for bits
definitions. I d pgc, 4033; clkdly enabled ; g2=tl b=cha2, g3=tla=chal - inputs
Id pg, #0 ; e&hnehﬁb@nﬁﬂmﬁﬁe@ 704) Tmb@xﬁé@&aﬁle dntbtiathedGabe hderitie 760 1Ghobl)- 3 =

azd(in), bs-7 = 1imt swltchesm d pb, #X O | ld pa, #03 -----
UART i niti HISFsking patients oral cave S)FEF &%ﬁce%tg}fgmtwglgs $it data |d
enur, #0 I d enui, #02%Fizedly Sb@Reddinto thASIORE idl@ﬁla%tﬁsarrf‘r&ﬁblﬁlg B4se B3 olgpabl e

receive int.,di sabl e trans. int. Id_ baud, ; 38400 baud rate, Id psr, #060
. 10MHz* 2 M{dHig4n fymgmgynted, an extendaple; Hps 7 H) presraliy including a cail spring g

init_lcd Igf QP’GB, #h@)"(t‘ﬁﬁEQmorm&d’B? rhéfal! 'FR%dl xQESurJtéHdonto MMdistal lefd tdae | ef t
side there is e string0 ; space digits of nm and in the

ri ght sideegte @é@be ?pl(@r%fm@ wex&qfﬁr@wy@wwded@/f%wg erglrrgergbeg 7 & rsefesebliovenent .
Id tenp, #l @Y&&%Q&%\'X@B&% chioirdPBrwil ERA tibeend st 7@, 1 nterupt s

initialization -=-------=
Upstream of end surface 714, forward end member 712 is preferably

provided with an inflatable and radially outwardly expandable circumferential balloon
716, which receives inflation gas, preferably pressurized air, preferably through a
conduit 718 embedded in a wall of forward end member 712 and continuing through
tube 710 to a one way valve 719.

It is noted that the extendable endotracheal tube assembly 700,
comprising at least one of mounting element, mouthpiece 704, mounting base 708, tube
710, coil spring 711 (Fig. 12C), forward end member 712, end surface 714,
circumferential balloon 716, conduit 718 and one way valve 719, may also be integrally
formed as a unified structure.

Extending slidably through forward end member 712, tube 710,
mounting base 708 and the mounting element is a flexible guide 720, which preferably
corresponds in function inter alia to guide 20 in the embodiment of Figs. 1A - 1L and
preferably has mounted at a distal end thereof a tip, which preferably corresponds in
structure and function inter alia to the tip 28 in the embodiment of Figs. 1A - 1L. The tip
forms part of a tip sensor, preferably enclosed in guide 720, which preferably
corresponds in structure and function inter alia to the tip sensor 11 in the embodiment of
Figs. 1A - 1L.

As distinct from that described hereinabove with reference to Figs. 1A -
8, the flexible guide is preferably formed with an inflatable and radially outwardly
expandable balloon 722, which receives inflation gas, preferably pressurized air,
preferably through a conduit 724 formed in flexible guide 720 and extending
therealong, preferably to a source of pressurized inflation gas preferably located within
the intubator assembly 703.

The source of pressurized inflation gas may be an automatic
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34 WD 03/047673 PCT/1L02/00347 1Id cntrl,#080 ; tinmer 1 - pwm node -
stopped. Id a,#0Of ; tinmer 1 would be used in capture node, neani ng that
pul se x awDmBlokw73 received fromlinear notor will captur@crheovaBae of
timer | Id a,#0Of ; in timer 1 auto reload A (tlrahi/lo) and pul se from
angular x a,tnrlhi ; motor in B (tlrbhi/lo). Id t2cntrl,#0a0, tinmer 2 - pwm
toggl e node stopped. 1d t3cntrl,#0a0, tiner 3 - pwmntoggle node stopped.
shit t2a,pl ; enable linear nmotor and lock it by putting O in controll, 2.
shit t 3a, plinflateafidter dbguidditiomatlprorasitimatiedy,i & dng wast tvelvg T8i may dent r ol 3, 4.
shit t2hs, hste sbit t3hs, hst ld cntrl -#0 - tiper 1.- capture node.
Thit ¢ b o ee A et PR, i efl Sl paEqestaot 288 frpd v SEPMIBE 5oy
rbit tl pndagtpisierskseinblyl Bar pisasnatively M b mouva R thetsvitiiidfer nicRemnwzdthabi t ]
itselQitnr; 192 inst, cycles - 4,096 in. sec tinmer O interrupts. rbit
il Pl gl g

t Opnd, i cnt ' ntrl ; start timerQ ; ----- Program
initialization ----- Fig- t2B SHivis iAfIAch ¥ balloBh szm?&@@ﬁki of R8Iz airS
d data cntr,_421 sbit

positive angle and under_80 is negative angel.
st op2, af | agéPrliehiia capduitiztorruping dgdoonga fo Helifly engrgeahe intarior of Eswerd| ¢, 1 £1 ags
Id pls x|, #988esbét7ihimts_c_en,limts_flags shit

hone_connand,button%rfla S shit gie,psw ; enable interupts. ﬁnp mai n
1g. 12C 1llustrates extension of tube 710, which is preferably achieved
by forward driven movement of flexible guide 720 in tight engagement with forward
end member 712, thus pulling forward end member 712 and the distal end of tube 710
forwardly therewith.

Fig. 12D illustrates further extension of tube 710, by forward driven
movement of flexible guide 720 in tight engagement with forward end member 712,
thus pulling forward end member 712 and the distal end of tube 710 forwardly
therewith. This further motion is preferably provided based on the navigation
functionality described hereinabove with reference to Figs. 1A - 8. It is appreciated that
the forward driven movement of tube 710 as described hereinabove with reference to
Figs. 1A - 8, may be provided by driven forward motion of the flexible guide 720.

Fig. 12E illustrates inflation of balloon 716 by means of pressurized air
through conduit 718 and one way valve 719. As will be described hereinbelow, this
inflation is employed for sealing the tube 710 within a patient's trachea.

Fig. 12F illustrates deflation of balloon 722 following inflation of
balloon 716, corresponding to desired placement and sealing of tube 710 within the
patient's trachea. Fig. 12G illustrates removal of the flexible guide 720 from the tube
710.

Appendices 1 to 3 are software listings of the following computer files:

Appendix 1: containing file intumed.asm.

Appendix 2: containing file c8cdr.inc. ‘

Appendix 3: containing file ram.inc.

The method for providing the software functionality of the
microprocessor 278, in accordance with a preferred embodiment of the present

invention, includes the following steps:
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.sect pc_nmodule,rommain: if bit limts_c_ en,limts flags jsr limts-check
I fbit startstop, buttons flags 35 WO 03/047673 PCT/1L02/ 00347 | sr

aut or un_swetoem4ichbi t st op_comrand, buttonsfl ags jsr stop_ @o#neez/@s47 f bit
buttons _t_en,buttons _flags |jsr buttons-test ifbit

honme_command, buttons_flags jsr honme_p_states ifbit self

t-command, buttons-flags jnp self t_states mainO jnp |inear-states

| i near-states + angul ar-states. nmainl : jsr updatelcd ifbit a2den,flags2 ;
a2d check. 1. jsr a2d@mvide an Hoeladapatible ereputes trath a Restum, Theg Uswr digheadd

a, autorun_stat el St af. h at _ifeq a,#0 sbhit

enddat a, f Z%@B;}@gﬁ’ %Slr?%trf(\)/tr(}? %?%tosr?%%apngdd?ﬂsgz %}é%d’agta bit to stop
transmttidg to PC. Ihdalh NdstdsoftsWindags 9andr Miét0Qdt Winfloven@s8 ddperdtimgcomuands
flags is s§t ; reset enddata bit. ifgt a,#0 rbit enddata,flagsl ifbit
enddat a, f | 8§8T™ rbit start,flags 1 ifbit fix t_en, flags2 jsr data-send jnp
mai n . sect 3aut or un_slestalt ther DeRipbidp Bgeclopment kit version 40 available from Capital

Equipment Corporation, 900 Middlesex Turnpike, Building 2, Billereca, MA 0821,
USA.

4. Connect a flash processor loading device COPSEM Flash, COP8 In
Circuit Emulator for Flash Based Families to the serial port of the Intel compatible
computer. The COP8EM flash processor loading device is available from National
Semiconductors Corp. 2900 Semiconductor Dr., P.O.Box 58090, Santa Clara, CA
95052-8090, USA

5. Place a COP8CDROHVAS8 microcontroller available from National
Semiconductors Corp., 2900 Semiconductor Dr., P.O.Box 58090, Santa Clara, CA
95052-8090, USA in the COPSEM Flash. |

6. Copy the files intumed.asm, c8cdr.inc, and ram.inc, respectively labeled

Appendix 1, Appendix 2 and Appendix 3 to a temporary directory.

7. Load the file intumed.asm by using the operating software available with
the COP8EM Flash device from National Semiconductors.
8. To run the intumed.asm,; Install the COP8CDROHV A8 microcontroller in

its socket in the electrical circuit, which detailed electronic schematics are provided in
Figs. SA to 5H, where the microcontroller is designated by reference numeral 278.

It is appreciated that the software components of the present invention
may, if desired, be implemented in ROM (read-only memory) form. The software
components may, generally, be implemented in hardware, if desired, using conventional
techniques.

It is appreciated that the particular embodiment implemented by the
Appendix is intended only to provide an extremely detailed disclosure of the present
invention and is not intended to be limiting.

It is appreciated that various features of the invention which are, for
clarity, described in the contexts of separate embodiments may also be provided in

combination in a single embodiment. Conversely, various features of the invention
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autorun_states:ld a,autorun_stat add a,#lowmjnp_a r_stat) jid ; inp
pcu,[a] | np_a r _stat:. addr a rO,a rl,ar2,ar3,ar4,arbar6,a

r7,a_r8, awod3m4m, a rll,a rl2;,a rl3,a rl4 36 WO 03/ 047®C3/1P2N0B4702/ 00347
ar0: jnp ar_statO arl: jnp ar_statl ar2: jnpar_stat2 ar3: jnp

ar _stat3 ar4: jnp a_r_stat4 a_r5 jnp ar_statS a r6: jnp ar_stat6
ar7. jnp ar stat7 ar8: jnp ar_stat8 ar9: jnp ar_stat9 a rl10: jnp
ar statl0 ar 11: jnp a_r_stat 11 a r 12: jnp ar_stat 12 ;a rl1l3: jnp a
r_statl3 which bk, fdrnpeatyt ﬂésatiﬁeﬁ inethel cantextstf at singdé embedimestunay alsg bom

ar statOIdaqtorun tat, # 1 ho s%th#o sbit home conmand, buttons
flags a_rPSY'4¢ SeP?rf’ﬁe %MYCSB B(ﬂ'fﬂfl Y% ags ret Id linear _stat,# 1
, nove linear forwandsill msmapbtémmyttgd pétedhs; skﬂleiﬂ R=0p apeedithy plsdt
direction forwards ; 4=0= not or te2 #136, 1 d rbyte3, #0 ;

| mt 136pul SETHEP et Lpigd Emvvbf&glas bR PR i Seyegoed hek RS

][e”p #1 ow( M&{i&alﬂﬁeor#!ﬂﬁe dfStkhd ViR&est rihn@tion amﬁlu&ésat’dotﬂ . dolribnations and

imts c en, limts

su’bcombma’uons otg the various features described hereinabove as well as variations and
modifications which would occur to persons skilled in the art upon reading the

specification and which are not in the prior art.
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rbit stopl,Iflags rbit stuck,flagsl a r_statl_2:sbit fix_t_en,flags2 jnp

end a r _stat a r _stat2:ifeq linear_stat,#0 ; wait until |inear notor
conpl et e wWDI8/i0g1873 jnp ar_stat2_0 jnp end_a r_stat a_r_sraeTdaL@/w347 d a,
hal | | x a,zero hl 1d a,hall2 37 WD 03/047673 PCT/1L02/ 00347 x a,zero_h2

rbit hone,flagsl Id ang_stat,#1 ; nove angul ar down 2000 pul ses. Id
rbytel,#010 ; 0,1, 2=0= speedl ; 3=0= direction down ; 4=1= angul ar notor.
Id rbyte2, #l owm( 2000) Id rbyte3, #hi gh(2000) rbit stop2,aflags Id
autorun_stat, #3 rbiAppstdicds,] thloagls3 4re a§ fofows:r _statl 2 a r_stat3 :ld
Iinear_stat # 1 ; nove linear forwards 40mm Id rbytel,#08 ; 0,1, 2=0=

speedl ; L r ction forwards ; 4=0= |inear notor. Id rbyte2, # ow 5440)
| d rbyte3 Igﬁ- é 40nnT136 uI er nm= 5440. |d autorun_stat, #4
jnp a_r stat! iped a5 FARgiC a&% ¢ heck i f ‘epiglotis sensed. ifbit
epi, fl ags I g stat4 0 ifeq linear _stat,#0 ; wait until |inear notor
conplete Egkgﬁc Sﬁqp r stat7 0 jnp end_a r stat ar stat4 Old
i near _stat,#1 ; nov e[in ear q?ckmards 6mm |d rbytel,#0 ; 0,1, 2=0= speedl
; 3=0=dir eCt hon baCLIST O% .complete listing. ; X'040
.CONTRL 3 . 0- disable all code alteration, 3- re-enable code
alteration.
.incld c8cdr.inc | File that include all the definitions of cop8cdr.
.ncld ram.inc  ; File that include all the variables, constants, registers
and

; bits definitions.

U CONFIGURATION
.sect option,conf

.db 01 ;5=0 security dis, 2=0 wdog dis, 1=0 halt dis, 0=1 flex.
; flex=1 -execution following reset will be from flash memory.
; flex=0 -flash memory is erased. execution following reset will be
from
boot rom with the mictowire plus isp routines.

sect begin_rst,rom,abs=0
reset: rpnd

jmmmmmm————— Clear memory =-----==========m=x
1d s,#0 ; Clean segment0 0-6fH.

1d b,#0 ;
1d a,#06f ; Cleans the memory between
st00: Id [b+],#0 ;btoa
ifgt a,b ;
jmp st00
LD SP,#0le ; Stack Pointer in Memory 1eH. The stack works in LIFO
(last
1d 01e,#0ff ; in first out) with "push a" and "pop a" instructions.
1d 01 #0ff ; The stack starts from 1eH until OH.
1d s,#1 ; Clean s1 0-7fH.
1d b, #0 ;
1d a #07f ; Cleans the memory between
stO1: Id [b+],#0 ;btoa
ifgt a,b
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4=0= linear notor. Id rbyte2, #l owm( 816) Id rbyte3, #hi gh(816); 6mt 136pul se
per nm= 816. id autorun_stat,#5 jnp a_r_statl 1 a r _statb:ifeq

| i near _stwD,0804767%ai t until |inear notor conplete m ssionPCT/IMR/@347 stat5 0
jmp end_a r _stat a r_stat5 0:1d ang_stat,#1; nove angular up 70 pulses. Id
rbytel ,#018 ; 0, 1,2=0= speedl ; 3=1= direction up ; 4=1= angular notor:
ld rbyte2,#70 |d rbyte3,#0 Id autorun_stat,#6 rbit stop2,aflags jnp

ar _statl 2 38 WD 03/047673 PCT/1L02/00347 a_r _stat6:ifeq ang stat, #0 ;
wait until angul ar n@ipsioiconpl ete mssion. jnp a r_stat6_0 jnp end_a rstat
ar _stat6 _0O:rbit epi,flags 1 1d linear_stat,#1 ; nove |inear forwards 10nm
Id rbytel,#08 ; 0, 1,502 spe€Wanis2 87l direction forwards ; 4=0= |1|inear
motor. Id rbyte2, # omGpE®60) I d rbyte3, #hi gh(1360) ; 10mT 136pul se per mm =
1360. 1d autorun_st@ta#7f _j MPCRans 188 Aoy Ritecit at 7:i feq |inear_stat, #0 ;
wait until stgonear nofgQp+jgeMPhes £ mssion.  jnp a_r_stat7_0 jnp end_a_r_stat
a_r_stat7_Old ang_sj Esafta;b'ttl; -move angul ar down 2000 pul ses. Id rbytel, #010 ;
0,1, 2=0= speedl ; 3=5Qp Goxection down ; 4=1= angular notor. Id

rboytez2, #1 om( 2000) I'd rbyte3, #hi gh(2000) id autorun_stat, #8

1d 05¢#'E' ; when the pc send moving command, the cop8 transmit

packets of
Id 05d,#'D' ; information every 160 msec. in every packet We have 10
blockes of
; 9 bytes in sl and 10 in s2. At the end of the packet there is 1
; byte of check sum and then the 2 bytes of 'E','D' to signal
; end of fransmition.
Id s, #0
;- port definitions ---  see ram.inc for bits definitions.

1d pge,#033; clkdly enabled ; g2=t1b=cha2,g3=tla=chal - inputs
ld pg,#0 ; sk idle phase=0

1d plc,#057

Id pl,#0af

1d pbc,#010; b0-3 = a2d(in), b5-7 = limit switches(in)

1d pb,#010

1d pac,#0ff

ld pa,#03

|- UART initialization -----------=-
1d enu,#0 ; no parity, 8 bit data
1d enur,#0
1d enu1,#022 ; 1 stop bit, Asynch. mode,psr+baud clock
; enable receive int.,disable trans. int.
ld baud#4 ;38400 baud rate.
1d psr,#060  ; 10MHz*2 /(16*(4+1)*6.5)

} mm—— LCD initialization =---=-n==n=--

jsrinit_lcd

1d temp,#low(wordmm); type in line 1 of lcd " mm ", in the left side
there is

Jsr type_string0 ; space for 3 digits of mm, and in the right side 3 spaces
for

; direction (+/~ up/down) and 2 digits of movement.
1d temp,#low(wordpoweron) '
jst type_stringl
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rbit stop2,aflags rbit stuck,flagsl jnp a r_statl 2 ar_stat8:;Ild
| inear _stat,#1 ; nove linear forwards 50mm ;I|d rbytel,#08 ; 0,1, 2=0=
speedl ; wWelbs/dierecti on forwards ; 4=0= |inear notor. ;| @CT/IL02/00347
rbytez2, #1 om( 8160) ;1d rbyte3, #hi gh(8160) ; 50mt 136pul se per m=6800, Id
pl scntrO, #1 ow(6800) 1d pls_cntrl, #hi gh(6800) ; SOmr136pul se per mm = 6800.
shit direction,Iflags ; turn notor forwards rbit t2cO t2cntrl sbit t2a,npl
rbit control2,pa sbit controll,pa 1d linear_stat,#6 rbit en_calc,|flags
|d autorun_stat,#9 Ifeprig0B0 st attimer 1a pvmsmad®- §idppgd| i near _stat, #0 ; wai t
until linear notor ddeplfte njtgsérdmnvould ppusad m @paromeds meaemgithat r st at 39
WO 03/ 047698IsCT/ | LO2/ 00347 a r_stat9 0:1d ang_stat, #1; nove angul ar up
2000 pul ses, |d rbyted m#0b8 ;; B¢elyed+m ypeeabtor wlkdaptud¢ theotluonf up ; 4=1=
angul ar nottater] i d rbyte2, #l om( 2000) 1d rbyte3, #hi gh(2000) 1d
autorun_stat, #10 r bdta#sffop2, aihltiags 1jaop rélodd & (tdiahi/R) andrpudsedtonO: ; 1 d | i near
_stat,#1 ; .ApM& | inear forwards 70mm ;ld rbytel,#08 ; 0,1, 2=0= speedl|
3=1= direction forwaf#&snrhi4=0=motot MeERt1mBYIOY.. ;1d rbyte2, # ow( 9520) ;Id
rbyt e3, #hi gh(9520) ; 70m 136pul se per mm = 9520. Id pls_cntrQO # ow( 9520)

1d t2cntrl #0a0; timer 2 - pwm toggle mode stopped.

1d t3cnirl #0a0; timer 3 - pwm toggle mode stopped.

sbit t2a,pl : enable linear motor and lock it by putting 0 in controll,2.

sbit t3a,pl ; enable angular motor and lock it by putting 0 in

control3 4.

sbit t2hs,hster
sbit t3hs,hstcr
1d cntrl #060 ; timer 1 - capture mode.

rbit t1pndb,icntrl

sbit tlenb,icntrl ; timer 1 - capture mode, t2enB=1

rbit t1pnda,psw

sbit tlena,psw ;timer 1 - capture mode, t2enA=1

sbit itsel0,itmr ; 8,192 inst. cycles - 4,096 m. sec timer O interrupts.
rbit tOpnd,icntrl

sbit tOen,icnirl ; start timerO.

sbit 7,pls_y!l ; pls_y=08000H
; over 80 is positive angle and under 80 is negative angel.
ld data_cntr #21
sbit stop2,aflags
sbit direction,lflags
sbit stopl,iflags
sbit en_calc,Iflags
1d pls_x1,#068
sbit limits_c_en,limits_flags
sbit home command,buttons_flags
sbit gie,psw ; enable interupts.
jmp main

e s s ko o of s e sk s ok e sl st s ok ook e ok s st st ke e st s s s s o o s sk el e ek
2

.sect pc_module,rom
main: ifbit limits_c_en,limits_flags
jst limits_check

ifbit start_stop,buttons_flags
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| d pls_cntrl, #hi gh(9520) ; 70m* 136pul se per mm = 9520. shit
direction,Iflags ; turn notor forwards rbit t2cQ t2cntrl shit t2a,pl rbit
control 2,we 03®licr3 control |l ,pa 1d |inear stat,#6 |d autor@®TdrLexqosdl ,jnp
ar_statl 1 ar statl | :ifeq linear _stat,#0 ; wait until |inear notor
conplete mssion. _jnp ar_stat 11 U jnp end_a r_stat a r_statl | _0O:sbit
stop2,aflags rbit t3cOt3cntrl sbit t3a,pl sbit control3,pa ; turn off
notor 2 shit control4,pa ;ld-linear_stat,#1 ; nove linear forwards 50mm
:1d rbytel,#08 ; 0, IST2#QBNsH@EBY| : 3=1= direction forwards ; 4=0= |inear
motor. ;1d rbyte2, #l owm( 6800) ;Id rbyte3, #hi gh(6800) ; 50mt 136pul se per mm
= 6800. |d pls_cnt rit#oputosgeml.brions) 28 nt r | , #hi gh(6800) ; 50nmmt 136pul se
per nm = 6800. 40 WDsOB/Q¥RE?B PCT/|L02/ 00347 sbhit direction,|flags ;
turn nmotor forwards rbit t2cO,t2cntrl shit t2a,pl rbit control 2,pa sbhit
controll,pa |d |inefatbsttets, #enbetoautflegun stat, #12 jnp a r_statl | a_r
statl 2:ifeq |linear girdufi¢t@ _testwait until linear notor conplete mssion. jnp

ar _stat 12 0 jnp end_a r_stat a_r _statl2 Old autorun_stat, #0
ifbit home_command,buttons_flags

jsr home_p_states
ifbit self t command,buttons_flags
jmp self_t_states

main0: jmp linear_states  ; linear_states + angular_states.
mainl: jsr updatelcd

ifbit a2den,flags2  ; a2d check.
jsr a2d00

1d a,#0

add a,linear_stat

add a,ang_stat

add a,autorun_stat

add aselft_stat

add a,home_stat

ifeq a,#0

sbit enddata,flagsl . if 2 motors are stopped, set enddata bit to stop
transmitting to PC.

1d a,buttons_flags

and a #09%e - if one of the commands flags is set, reset enddata bit.

ifgt a,#0

rbit enddata,flagsl

ifbit enddata,flags1

rbit start,flags

ifbit fix_t_en,flags2

jsr data_send

jmp main
. sk s o st s ke e ke e ke s e ke ke ofe e ofe s o sk o ofe sfe s s fe e o sfe e s e sfe o sk e ofe sk sfeofe ohe ol sk feofesfeshe e
.sect autorun_select,rom,inpage
autorun_states:1d a,autorun_stat

add a#low(jmp_a 1 _stat)

jid ; jmp peu,[a)

jmp_a r stat: .addr
a r0a rl,a r2,a r3,a r4,a 15,a 16,2 17,a 18,a 19,a rl 0,a ril,a r12;a ri3,a ri4
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jsr stop2notors shit en_calc,Iflags rbit start stop,buttons_flags rbit
stuck, flags |I 1d tenp, #l owm(wordi npl ace) jsr type_stringl jnp end_a r_stat
epi _checkwolodioage#3t ;ifgt a,pls xI ;ret sc 1d a,halll if@craLexosshl |np
epi _checkO_ | 1d a,zero_hl subc a,halll jnp epi _checkO_2 epi_checkO_|:subc
a,zero_hl epi_checkO_2:ifgt a,#20 shit epi,flagsl sc Id a,hall2 ifgt
a,zero_h2 jnp epi _checkO 3 |Id a,zero_h2 subc a,hall2 jnp epi_checkO 4

epi _checkO_3:subc a,zero h2 epi_check0 4:ifgt a,#20 sbit epi,flagsl 41 WO
03/ 047673 RCHf.1 LO2/ OQ34/r staff .sect | _s_select,rominpage |inear_states:|d
a, | i near _stat;.add a,iﬁ{pqamsﬁg_l _stat) jid ;inp pcu,[a] jnp_l_stat:addr
1.s0 1_s1, 182, 1_53,] ¢ Liz9b, 1_S6

a r3: jmp a_r_stat3
a r4: jmp a_r_stat4
a_r5: jmp a_r_stat5s
a ré: jmp a_r_stat6
ar7: jmp a_r_stat7
a_18: jmp a r_stat
ar9: jmp a_r_stat9
a_rlo: jmp a_r_statl0
arll: jmp a_r_statl!i
arl2: jmp a_r_statl2
2 rl3: jmp a_r_statl3
;2 ri4: jmp a_r_statl4

end_a r statret
ol el ok R et R R e ek
.sect autorun,rom
a_r_stat0:1d autorun_stat,#1
1d home_stat #0
sbit home_command,buttons_flags

a_r_statl:ifbit home command,buttons_flags
ret

Id linear_stat#1 ; move linear forwards 1mm.

1d rbytel ,#08 ;0,1,2=0=speed]l ;3=1= direction forwards ; 4=0=
linear motor,

Id rbyte2 #136

1d rbyte3 #0 ; Imm*136pulse per mm = 136 pulses.

ld autorun_stat,#2

Id temp,#low(wordautorun)

jst type_stringl

a_r_statl l:rbit limits_c_en,limits_flags
rbit stopl,lflags
rbit stuck,flags!

a r_statl 2:shit fix t en,flags2
jmpend_a r_stat

a_r_stat2:ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmp a_r_stat2 0
jmpend_a r_stat

) a r_stat2_0:1d a halll

x a,zero_hl
1d a,hall2

37



| _sO: jnp 1_statOl_s 1! inp |I_stat 1 1.s2: jnp I_stat2 [_s3: jnp |_stat3
| _s4: jnp I_stat4 1 _s5: inp 1l _statd5 1.s6: jnp |_stat6 end 1 stat:jnp
angul ar swete®4767%5ect |inear states,rom 1l statO ifbit pulPsa/ILéd@gs | np

1 statO 01 ; the notor nmade another pulse after stop order. jnp e | _statO
1 statO Ol:rbit pulse,lflags ifbit direction,lflags ; x update jnp

| statO 03 ; x forwards Id a,pls x|l ; before decreasing pls_x, check if
pls x>1 ifne a,#0 jnp | statO 02 Id a,pls xO ifgt a #0 jnp | _stat0_02
ifeq pls_xO #0 inp exaz&edl0 ; do not decrease pls x if 0. | _stat0_02:sc

Id a,pls xO; x downhéihdweflagic a,# 1 x a,pls_ xO 1d a,pls_xI subc a, #0 x
a,pls xlI j rrp e_| _stldiafg 4240 mavmmaed@mmoummosm | stat0 03:rc ; x
forwards 1d a, pl s_xOdrigdel #0181 x0,82p0=sspe€dl | B=d@=plisctidn down ; 4=1=
angular motor.

Id rbyte2 #low(2000)

1d rbyte3,#high(2000)

rbit stop2,aflags

ld autorun_stat,#3

rbit stuck, flags1

jmpa r statl 2

a_r_stat3:ld linear_stat#1 ; move linear forwards 40mm.

Id rbytel #08 ; 0,1,2=0=speedl ;3=I1= direction forwards ; 4=0=
linear motor.

Id rbyte2 #low(5440)

1d rbyte3,#high(5440) ; 40mm*136pulse per mm = 5440.

Id autorun_stat,#4

jmp a r_statl 1

a_r_stat4:jsr epi_check ; check if epiglotis sensed.
ifbit epi,flagsl
jmp a_r_stat4 0
ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmpa_r_stat7 0
jmpend_a r_stat

a_r_stat4_0:1d linear_stat#1 ; move linear backwards 6mm.

Id rbytel #0 ; 0,1,2=0=speed]l ;3=0= direction backwards
4=0= linear motor.

1d rbyte2, #low(816)

ld rbyte3,#high(816); 6mm™*136pulse per mm = 816.

1d autorun_stat,#5

jmpa r statl 1

2

a_r_stat5:ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmpa r stat5 0
jmpend a r stat

a_r_stat5_0:ld ang_stat,#1; move angular up 70 pulses.

ld rbytel,#018 ;0,1,2=0=speedl ;3=1=directionup ;4=1=
angular motor.

1d rbyte2,#70

1d rbyte3 #0

ld autorun_stat,#6

rbit stop2,aflags

jmp a_r_statl 2
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adc a,#0O x a,pls xI e | _statOinmp end | _stat ; ->O 1 _statl : ifbit
direction,lflags ; check the previous direction. 1inp 1 statl 02 the

di rect i orwaas/obmekwar ds. ifbit new direction,rbytel ; cheekTtihe/msw
direction. jnp 1 statl Ol jnmp | _stat3 | _statl _01:id nxt_1 stat,#4 ; change
direction to forwards. jnp |_statl_05 ; the direction was forwards.

| statl _02: |fb|t new direction, rbytel ; check the new direction. jnp

1 stat4 |d a, >f< . befare chan |ng dlretlon to backwards ifne a, #O ;
check if p|%ra§m%§1 SarfApeL St%%év Wﬂ@&n angulagpotpheqmplete migiod, pl s xO i f ne a, #0
jmp 1 _statl 04 1 sta’t“?pmsFaé‘s-llnear _stat,#0 ; if O then just stop notor.
sbit stopl,Tflags : StoPdnbisiat1. rbit stop, flagsl sbit limts c
en,limts flags sc ifbit stop2,aflags rc ifc jnp |_statl_06 rbit start,
flags | sHif_S@HdOFy ?&Iﬂa&%m type_end,lcd flags jnp 1_statl 06 _ 1 statl
04:1d nxt |_stat, #3 ldTseespstari or movdlineanfarivarielfmm3 WO 03/ 047673

PCT/ 1 LO2/ 09347 chanlgébsdi:lr@ﬁtmnom Frasgeodlr ds3=1= &iteation OBvdrds | 4=dear _st at , #2
Inear motor.

Id rbyte2 #low(1360)

Id rbyte3,#high(1360) ; 10mm™*136pulse per mm = 1360.
Id autorun_stat #7

jmpa r_statl 1

a_r_stat7:ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmp a_r stat7 0
jmpend_a r stat

a_r_stat7_0:ld ang_stat,#1; move angular down 2000 pulses.

ld rbytel #010 ;0,1,2=0=speed]l ;3=0= direction down ;4=1=
angular motor.

1d rbyte2 #low(2000)

1d rbyte3,#high(2000)

Id autorun_stat #8

rbit stop2,aflags

rbit stuck,flags1

jmp a_r_statl 2

a_r_stat®:;ld linear_stat#1 ; move linear forwards SOmm.

;1d rbytel #08 . ;0,1,2=0=speedl ;3=1= direction forwards ; 4=0=
linear motor.

;1d rbyte2 #low(8160)

;1d rbyte3 #high(8160) ; 50mm*136pulse per mm = 6800.

ld pls_cntr0,#low(6800)

ld pls_cntr],#high(6800) ; 50mm*136pulse per mm = 6800.

sbit direction,lflags ; turn motor forwards

rbit t2¢0,t2¢ntrl

sbit t2a,pl

rbit control2,pa

sbit controll,pa

1d linear_stat,#6

rbit en_calc,Iflags

ld autorun_stat,#9

jmpa_r statl 1

a_r_stat9:ifeq linear_stat#0 ; wait until linear motor complete mission.

jmpa r stat9 0
jmpend a r stat
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Id cd_dly, #020 1_statl _06:rbit t2cO t2cntrl sbit t2a,pl rbit controll,pa ;
stop motor 1. rbit control 2, pa jmp end_| _stat ; ->0O 1_stat2: ifeq

cd_dly, #0wp odelmy3 bef ore changing direction. jnp 1_stat2PoT/aLegoasrd_| _st at
:->0 | _stat2 Ol:ld a,nxt 1 _stat x a,linear_stat jnp end_| _stat ;->O

; i i i i i #0 ; check
| stat3: Id a,pls_ xI ; the direction is still backmards._ i fne a, (
if pls_x=0 jmp 1_stat3_ 0l ; if not then... 1d a, pls_xOifne a #0 jnp
| stat3 01 jnp | _statl 03 ; if O then just stop nmotor and ; return to
linear stat 0. | _stat3 0l:ifbit hone linmit,pbi jnp | stat3 .02 jnp

t turn notor backwards. rbit
Szzzftgcntr%‘ %I §Hg%h S%&ﬁ |r§% I @Vmﬁégggﬂﬁﬁ control 2, pa rbit t2a,p
jmp 1_stat4,02 1 s at%f vl 01\8 pl> & LA=05 8B | 285U disgstommm-Ze8EH ;i f gt

a, #0fe ; i £ rx H th% stQP nDtorI Jnp 1 statl _03 ifbit bptton1
.. T 0 : t
limt,pbi jnp I St%ﬁbyws#ﬂ %tatl Id |inear _stat,#0 shit stop

_ (2000)
1,1fl ags Id autorun_stat #10

rbit stop2,aflags
jmp a_r_statl 2

a_r_statl0:;ld linear_stat#1 ; move linear forwards 70mm.

;1d rbytel #08  ;0,1,2=0= speedl ; 3=1= direction forwards ; 4=0=
linear motor.

:1d rbyte2 #low(9520)

:1d rbyte3 #high(9520) ; 70mm*136pulse per mm = 9520.

1d pls_cntr0,#low(9520)

1d pls_cntrl,#high(9520) :7 Omm™*136pulse per mm = 9520.
sbit direction,lflags ; turn motor forwards

rbit t2¢0,t2c¢ntrl

sbit t2a,pl

rbit control2,pa

sbit controll,pa

1d linear_stat #6

Id autorun_stat#11
Jjmpa_r statl 1

a_r_statl1:ifeq linear_stat#0 ; wait until linear motor complete mission.
]mpa r statll 0
jmp end_a_r_stat

a_r_statll_0:sbit stop2,aflags
rbit 13¢0,t3cnirl
sbit t3a,pl
sbit control3,pa ; turn off motor 2
sbit control4, pa

;1d linear_stat,#1 ; move linear forwards 50mm.

;ld rbytel #08  ;0,1,2=0=speed]l ; 3=1= direction forwards ; 4=0=
linear motor.

;1d rbyte2 #low(6800)

;1d rbyte3 #high(6800) ; 50mm*136pulse per mm = 6800,

1d pls_cntr0 #low(6800)
1d pls_cntrl #high(6800) : 50mm*136pulse per mm = 6800.
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jmp end_| _stat | _stat4_0l:sbit direction,Iflags ; turn notor forwards rbit
t2cO t2cntrl 44 WD 03/ 047673 PCT/1L02/ 00347 sbit t2a,pl rbit control 2, pa
sbit contwollB/opm73rbit t2a,pl | _stat4 02:1d a,rbyte2 ; di sranse/apdate X
a,pls cntrO0 Id a,rbyte3 x a,pls_cntrl I1d a,rbytel ; velosity update and
a,#7 ifne a,#0 jnmp | _stat4 03 Id t_refO, #l ow(1000) ; 1000 -> 500u per pul se
Id t_refl, #hi gh(1000) jnp end | stat4 | stat4 03:ifne a, #1 jnp | stat4 04
ld t refO, # ow(2000) ; 2000 -> 1000u per pulse |Id t_refl,#hi gh(2000) jnp
end_| _stat4 | stat4sfddidettion,8agh?; fuffmdtosStoak#4dHS5 1d t _r efO #| ow( 3000) ;
3000 -> 1500u per pupss@zcoledilr ef |, #hi gh(3000) inp end_| _stat4

| _stat4_05:ifne a, 43g§iimapnd 1 stat4 ld t refO, #l owm(4000) ; 4000 -> 2000u
per pulse 1dt reflrgﬁryogﬁ(légQO) end | stat4: | stath: ifbit t2cQO t2cntrl ;
if motor 1 is alreadymmmronlpg_rp e | _statb5 rbit first pulse,|flags

1d linear_stat,#6

Id autorun_stat #12
jmpa r statl 1

a_r_statl2:ifeq linear_stat#0 ; wait until linear motor complete mission.
jmp a r_statl2 0
jmpend_a r stat

a_r_stat]2 0:ld autorun_stat #0

Jsr stop2motors

sbit en_calc,lflags

rbit start_stop,buttons_flags
rbit stuck, flags1

1d temp,#low(wordinplace)
Jst type_stringl
jmpend a r stat

e ettt e ettt el ke st e ekt el et e ek et ko
epi_check:;ld a#4

;ifgt apls_x1

ret

sC

Id a halll

ifgt a,zero_hl

jmp epi_checkO 1

Id a,zero_hl

subc a,halll

Jmp epi_checkO 2
epi_check0_1:subc a,zero_hl
epi_checkO_2:ifgt a #20

sbit epi,flagsl

sc

1d a,hall2

ifgt a,zero_h2

jmp epi_check0 3

1d a,zero_h2

subc a,hall2

jmp epi_check0 4
epl_check(0_3:subc a,zero_h2
ep1_check0__4 ifgt a,#20

sbit epi,flagsl
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rbit t2cl,t2cntrl ; turn off the toggle output. rbit t2a,pl Id ptlhi,#020
ld pt2hi ,#080 Id tm2lo,#0ff 1Id tnir2hi,#0f Id t2ralo,#0f 1Id
t 2r ahi , #OWD o3loazev2r bl o, #0ff | d t2rbhi, #Of 45 WO 03/ 0476 P@TRO/d0BL2/ 00347
rbit t2pndb,t2cntrl sbit t2cO t2cntrl ; start tinmer 2 - pwmm | _stath
Ol:ifbit t2pndb,t2cntrl jp 1 _stat5 02 jp 1 stat5 01 |_stat5 02:rbit
t2cO t2cntrl ; stop timer 2 - pwmm |Id tnr2lo, #250 ; 250->t2. 1d tnr2hi, #0
Id t2ral o, #l ow(400) ; 400->r2a. |Id t2rahi, #high(400) 1d t2rbl o, # om 600) ;
600->r2b. 1d t2rbhi&#hi gh%GOO) rbit t2a,pl sbit t2cl,t2cntrl ; turn on the
t oggl e out plit ™ ERF A IET EPEATFI -+ &EHPE 1 P *2* - pwm rbit stopl,|flags
e | stat5:|.gechl prseleginem,ispage subc a, #20 x a, nol pul setnr sbit ,
limts_c_eninepmdteiss fdadgear $tdt | i near _stat,#6 Id nxt_|_stat,#0 jnp
end | _stat ; ->0 | sids#lowfipptl gat) se,|flags jnp 1_stat6_01

jid , Jmp peu,[a]

jmp_1_stat: .addr1_s0,1_s1,l s2,1 3,1 s4,1 s51 s6

1 s0: jmp |_stat0
L sl: jmp 1_statl
I s2: jmp |_stat2
1 s3: jmp 1 stat3
| s4: jmp |_stat4
| s5: Jjmp | stat5
| s6: jmp | stat6

end_|_stat:jmp angular_states
. s st sfe s ke s o of 3 e b e 3¢ e 3k obe s ok o e e s sfe s s o o ke sfe s ke e e sfe ke e
2

.sect linear_states,rom

|_stat0: ifbit pulse, lflags
jmp 1 stat0 01 ; the motor made another pulse after stop order.
jmp e | stat0

I_stat0_Ol:rbit pulse lflags

ifbit direction,Iflags ; x update
jmp 1_stat0 03 ; x forwards

lda,pls_x1 ;before decreasing pls_x, check if pls_x>1
ifne a,#0

jmp | stat0 02

ld a,pls_x0

ifgt a,#0

jmp I_stat0 02

ifeq pls_x0,#0

jmpe_l stat0  ; do not decrease pls_x if 0.

| stat0 02:sc
Id a,pls_x0 ; X downwards
subc a #1
xa,pls_x0
Id a,pls_x1
subc a,#0
x a,pls_x1
jmpe 1 stat0
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Id a, nolpulsetnr ifne a,int_cntr jnp | stat6_05 shit stopl,Iflags shit
stuck,flagsl jnp 1_stat6_05 1 _stat6_O 1 :rbit pulse, lflags Id a, int_cntr
Sc subc wE#304367&8, nol pul setnmr sbit |i mts c_en, limts_fl ®F3/IL@&00347, dec.
pls cntr Id a,pls_cntrO subc a,# 1 x pI _cntrO 1d a,pls_cntrl subc

a, #0 46 WD 03/047673 PCT/1L02/00347 x a,pls_cntrl 1d a,pls_cntrl ; check
if pls cntr=0O ifne a,#O jnp 1 stat6 02 1Id a,pls_ ](c:ntrO :fneh?l#o jn‘E

| _stat6_02; i op 1,1f) stat6_02:;ifbit firstjulse ags sbhit
en_cal c, Iflag? ©3slb%|t tld gto_%g‘?gsrgsllflags i fbit di rection,lflags ; x_update
inp | _ stat604|d gﬁ check if pls_x>1 |fnea#01rrpl stat6_03 Id

a,pls x0 ifgt a, # \a,pls <0
ldapls x1
adc a,#0
xa,pls_x1

e 1 statO;jmp end | stat ; >0

« e s sfe s e o ke fe s e ek o oo sk s e e o ke ok e st s b e o sfe o ke e ok fe e ke o sk ok sk ke ok
2

| statl: ifbit direction,lflags ; check the previous direction.
Jmp1_statt 02

; the direction was backwards.
ifbit new_direction,rbytel ; check the new direction.
jmp _statl 01
Jjmp | stat3

I_statl_01:1d nxt | stat#4 ; change direction to forwards.
jmp |_statl 05

; the direction was forwards.
I_statl_02:ifbit new_direction,rbytel ; check the new direction.

jmp |_stat4

1d a,pls_x1 ; before changing diretion to backwards
ifne a,#0 ; check if pls_x=0.

jmpl_statl 04 ; if not then...

1d a,pls_x0

ifne a,#0

Jjmp 1 _statl 04

I_stat]l_03:1d linear_stat,#0 ; if O then just stop motor.
sbit stop1,Iflags ; Stop motor 1.
rbit stop,flagsl
sbit limits_c_en,limits_flags
sc
ifbit stop2,aflags
rc
ifc
Jmp 1 statl 06
rbit start,flags1
sbit end, flagsl
sbit type_end,lcd_flags
jmp1_statl 06

I_statl_04:1d nxt_1_stat,#3 ; Stop motor, wait and then
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tat6_05 1 stat6 _03:sc ; x dowmmwards 1d a,pls x0 subc a,#1 x a,pls_x0
d a, pls wbo3sutses a, #0 x a,pls_ x|l jnp 1 _stat6_05 | st at 6 PO4/ILE2/G0347
x_forwards 1d a,pls_x0 adc a,#1 x a,pls_ xO 1d a,pls_xlI adc a,#0 x
a,pls xI ifgt a,#086 ; the Icd can show only 256 mm 256*136=34816=08800H).
shit stop 1,1flags 1 stat6 05:ifbit stop 1,Iflags jnp e |l _stat6 47 WO
03/ 047673 PCT/1L02/00347 ifbit enl _calc,lIflags jsr v_calc jnmp end | _stat ;
->0 e | _stat6:rbit t2cO t2cntohangsiiitectioddo packwhids. control |, pa ; turn off
motor 2. dsiatl O6ht hlespB#A d a, nxt _1 stat x a,linear_stat ifbit
stop2, afl ags jnp e lf cétdt, 20

1_statl 06:rbit 12¢0,t2cntrl

jmp | _stat6_03 Id pls_x0,#0O sbit stopl,Iflags Id nxt_1 stat,#0 jnp
| s
I

sbit t2a,pl

rbit controll,pa ; stop motor 1.

rbit control2,pa

jmpend 1 stat ;>0
ek ek o ok e etk sk e el s e o sk R RS R Sk AR s S ok
|_stat2: ifeq cd_dly,#0 ; delay before changing direction.

jmp 1_stat2 01

jmpend_|_stat )
| _stat2 01:1d a,nxt 1 stat

X alinear_stat

jmpend_| stat ;=>0
1_stat3: 1d a,pls_x1 ; the direction is still backwards.
ifne a, #0 ; check if pls_x=0
jmp 1_stat3_01 ; if not then...
Id a,pls_x0
ifne a #0
jmp 1 stat3 01
jmp I statl 03 ; if O then just stop motor and

; return to linear stat 0.

|_stat3_01:ifbit home_limit,pbi
jmp | stat3 02
jmp | statl 03
| _stat3_02:rbit direction,Iflags ; turn motor backwards.
rbit 12¢0, 12cntrl
sbit t2a,pl
rbit controll,pa
sbit control2,pa
rbit t2a,pl
Jjmp 1_statd4 02

1_statd: :1d a,pls_x1 ; 255mm*128pulsepermm=7f80H
.ifgt a,#0fe ; if pls_x>7f00H then stop motorl.
Jmpl statl 03
ifbit bottom_limit,pbi
jmp |_stat4 01
jmp | statl 03
1d linear_stat#0
sbit stopl,Iflags
jmp end_[_stat

| stat4 O1:sbit direction,lflags ; turn motor forwards
rbit t2¢0,t2cnirl
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_st op, butwors/oifeasy s
jmp end_| _stat ; ->0 sbit type_end,|cd_flags
end | stat
add a,#low(jnp a stat) jid ; jnp pcu,|[a]
s3,a s4,a_s5,a_s6,a s7 a sO jnp a_statO a sl

stat2 a -s3: jnp a_stdk8pl a - s4:
a stat6 a_s7: jnp arbgtcattiol2emd a stat:jnp maim
a_statO
jmp e_a_statO0 a_stat BitQAa,plbi t pul se2,aflags ifbit direction2,aflags ; y
j mi_sat$toatld a@Rt¢onp a_stisfalseQPdat@_stat 0_02:sc ; y down

jmp end_| _stat ; ->0 e_1 stat6_O:
ifbit self _t _conmand, buttons flags |jnp end_ 1 stat
.inp end_1 stat ; ->0 ifbit honme_conwamdL&@uaosoms f | ags
shit end, fl agsl

rbit start,flags 1 rbit stop,fl agsl

->0ifbit start

j mp

; ->0 .sect a s_select,rominpage angul ar states:|ld a, ang_stat

inp a stat4 a_sb5:

jnp_a_stat:.addr a sOQa sl,a s2,a
jnmp a_statl a -s2: inp a
jnmp a_stat5 a_s6: jnp
.sect angul ar states,rom

i Tbit pul sedjabhagspajnp a statO OL 48 WD 03/ 047673 PCT/ | L02/ 00347

x a,pls_cntr0
Id a,rbyte3
x a,pls_cntrl

ld a,rbytel ; velosity update

and a#7
ifne a,#0
jmp 1_statd 03
Id t_ref0,#low(1000)
Id t_refl,#high(1000)
Jmp end_1 statd

1 _statd 03:ifne a #1
Jjmp1_statd 04
1d t_ref0,#low(2000)
1d t_refl,#high(2000)
jmpend_l_statd

1 stat4 Od:ifne a #2
jmp 1_statd 05
1d t_ref0,#low(3000)
Id t_refl,#high(3000)
jmpend_ | stat4

| statd_05:ifne a,#3
jmp end_1_statd
1d t_ref0,#low(4000)
Id t_refl,#high(4000)

end_l_stat4:

stttk e et e ko ek fok el ok s sl sl s e el ok fok ok e o

|_stat5: ifbit t2¢0,t2cntrl ; if motor 1 is already on.
Jjmpe_l stat5

rbit first_pulse,Iflags

; 1000 -> 500u per pulse

; 2000 -> 1000u per pulse

; 3000 -> 1500u per pulse

; 4000 -> 2000u per pulse

rbit t2cl,t2entrl  ; turn off the toggle output.

rbit t2a,pl

Id ptlhi,#020
Id pt2hi #080

Id tmr2lo,#0ff
Id tmr2hi, #0£f
1d t2ralo,#0ff
1d t2rahi #0ff
1d t2rblo #0ff
Id t2rbhi, #0ff
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subc a,#1 x a,pls_yO Id a,pls_yl subc a,#0 x a,pls_yl jnp e_a_statO
a stat0 03:rc ; yup Id a,pls y0O adc a,#1 x a,pls_ yO Id a,plsyl adc
a, #O x a,wba3ph76es a statOjnp end _a stat ; ->0 a statl: PCd/1RO2000347y|
check if the the probe is not too high or to low ifgt a,#094 jnp

astatl _00 1d a, #066 ifgt a, pls .yl jnmp a_statl_01 jnp a_statl _03 ;a

statl _00:ifbit new dj. }92 C}botg l?ytel ; if too high enable only down novnent.
jnp a statl 021np é‘ %nra st at | .ifbit new direction, rbytel ; if
too | ow enabl e on Rt ,ﬁgn%?spg’fr} 03 Inp a_statl_02

ra_statl OQSWEL%G%/ f“&f‘d?#@c‘?fﬂst stop motor. Id nxt_a stat,#O shit

stop2 afl ags ; stopJ ‘@FS 92 sbit type_end, flags2 jnp a_ statl 08 49 WO
03/ 047673 PCT/ | LO2/ 0BA?S Bl stat| 03'ifbit direction2, aflags : check the
previ ous diseet PHrpit t?%?ptzé}ﬁ@t atsfoPgBsr i hew direction, rbytel ; the

direction was down- ¢hERRIGHEO new ;250->12.
Id tmr2hi,#0

1d t2ralo,#low(400)  ;400->r2a.

1d t2rahi,#high(400)

1d t2rblo,#low(600)  ; 600->12b.

1d t2rbhi,#high(600)

rbit t2a,pl

sbit t2c1,t2cntrl ; turn on the toggle output.

sbit 12¢0,t2cnitrl ; start timer 2 - pwm.
X rbit stop1,1flags
e 1 stat5:1d a,int_cntr

sC

subc a,#20

X a,nolpulsetmr

sbit limits_c_en,limits_flags

1d linear_stat#6

Id nxt 1 stat#0

jmpend [ stat ;->0

. sk fe s e e s e ok s sk o e s s b e e e e o o ke e e s o of ek e s e oo s o ke e s ol ke e sf ke e of e ke sese s sfe ol s ek o
3

| stat6: ifbit pulse,lflags
jmp 1 _stat6_01
1d a,nolpulsetmr
ifne a,int_cntr
jmp | stat6_05
sbit stopl,lflags
sbit stuck,flags]
jmp 1_stat6_05

1 stat6_Ol:rbit pulse,lflags
Id a,int_cnir
sC
subc a,#20
x a,nolpulsetmr
sbit limits_c_en,limits_flags

sc ; dec. pls_cntr
Id a,pls_cntr0
subc a #1

x a,pls_cntr0
Id a,pls_cntrl
subc a#0
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direction. jnp a_statl _04 jnp a_stat3 astatl04:1d nxt_a stat,#4 ; stop
notor, wait and then change direction to up. jnp a statl 07 a

stat| _O5:wbDBsi4Tsesv di rection, rbytel ; the direction was upccheakosire new
direction. |jnp a stat4 a statl _06:1d nxt a stat,#3 ; stop notor, wait and
then change direction to dowmn. a_statl_O07:1d ang_stat,#2 ; delay for the
notor to nake a conplete stop. Id cd dly,# 17 a_statl 08:rbit t3cO t3cntrl
sbhit t3a,pl shit control3,pa ; stop notor 2. sbit control4,pa jnp
end_a_stat ; ->0 a stapB:cntifleq cd_dly, #0 ; del ay before changi ng direction.
jnmp a_stat2 01 jnp edd.pds_stialt ; ;chexkidipsta@tn2001: 1d a, nxt_a_stat x a, ang_st at
jmp end _a stat ;->Of@eaftat3: rbit direction2,aflags ; turn notor
backwards. rbit t3c@pti3cmtrd2 shit t3a,pl rbit control 3,pa sbit
control4,pa rbit t3dapls pm a stat4 01 a_stat4: sbit direction2, afl ags ;
turn notor forwards ifire#0 t3cO, t3cntrl sbit t3a,pl rbit control 4,pa sbhit
control 3,pa rbit t3ampdlstacsat4_A :1d a,rbyte2 ; distanse update x :

a, pl sy_cntrO 50 WO O34tQép6HRgPCT/ | LO2/ 00347

|_stat6_02:;ifbit first_pulse Iflags
sbit en_calc, Iflags
sbit first_pulse, Iflags

ifbit direction,Iflags ; x_update
jmp [_stat6 04

Id a,pls_xI ; check if pls_x>1
ifne a #0

jmp 1_stat6é_03

Id a,pls_x0

ifgt a,#0

jmp | _stat6_03

1d pls_x0,#0

sbit stopl,lflags

ldnxt | stat#0

jmp [ stat6_05

| _stat6 03:sc ; x_downwards

Id a,pls_x0

subc a,#1

x a,pls_x0

Id a,pls_x1

subc a,#0

xa,pls_x1

jmp 1_staté_05
1_stat6_Od:.rc ; x_forwards

1d a,pls_x0

adc a,#1

xa,pls_x0

ld a,pls_x1

adc a,#0

xapls_xl

ifgt a,#086 ; the lcd can show only 256 mm (=
256*136=34816=08800H).

sbit stopl,Iflags

|_stat6_05:ifbit stopl,iflags
jmpe 1 staté
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Id a,rbyte3 x a,plsy_cntrl Id a,rbytel ; velosity update and a,#7 ifne
a,#0 jnp a stat4 02 | d at_refO, #l om 6000) ; 6000 -> 3000u per pulse 1Id
at_refl, AWogh(6000) jnp end _a stat a _stat4 02:ifne a, #1 jpap/irozdoat’s 03 | d
at _refO, #l om 7000) ; 7000 . -> 3500u per pulse 1d at_refl,#high(7000) jnp
end_a _stat4 a_stat4 03:ifne a,#2 jnp a_stat4_04 1d at_refO, # ow( 8000)
8000 -> 4000u per pulse I1d at _refl,#high(8000) jnp end_a_stat4
a_stat4_04:ifne a, #3bjeplcald.Basstat 4 1d at _ref0, # ow(9000) ; 9000 -> 4500u
per pulse Id at refidrvatalgh(9000) end a stat4:1d nxt a Stat,#6 a_statb:
cifbit t3cO t3cntrl| jmpehd mstadpr ;2Ps already on. xjnp e_a stat Id
aptl hi,#020 1d apt2hi,#080 rbit firsty pulse,aflags rbit t3cl,t3cntrl ;
turn of f the stagriie2d@panl. rbit t3a,pl Id tnmr3lo, #0f Id tnm3hi,#Of 1d
t3ralo. #Of 1d t3rabki{#@f 1d t3rblo,#Of Id t3rbhi,#Of rbit
t 3pndb, t 3cntr rbit controll,pa ; turn off motor 2.

1bit control2 pa

Id a,nxt 1 stat

x a,linear_stat

ifbit stop2,aflags

jmpe_l_stat6 0

jmpend_| _stat ;->0

e | stat6_O:rbit start,flagsl

rbit stop,flagsl

ifbit self_t command,buttons_flags

jmpend_ | stat ;->0

ifbit start_stop,buttons_flags

jmpend_| stat ;->0

ifbit home command buttons_flags

jmpend_1 stat ;->0

sbit type_end,led_flags
sbit end,flags1
jmpend_| stat ;->0

s e s e sk e e s s fe s s ook e e s s o fe e s e s e fefe sl s ke e e s e ke ok e st se s s s sk ok fe ke e e
?

sect a_s_select,rom,inpage
angular_states:1d a,ang_stat
add a,#low(jmp_a_stat)
jid ; Jmp peu,[a]

Jjmp_a stat: .addr a_s0,a sl,a s2.,a s3,a s4,a s5,a _s6,a s7

a s0: Jmp a_stat0
a sl: jmp a_statl
a_s2: jmp a_stat2
a_s3: Jmp a_stat3
a_s4: jmp a_statd
a_ss: jmp a_stats
a_s6: jmp a_stat6
a_s7: jmp a_stat?

end_a stat:jmp mainl
. sfe e e st of of e sfe o af ofe s o fe ofe e s e ek ok sk e se e of o e se e e sk o o
.sect angular_states,rom
a_stat0: ifbit pulse2,aflags
jmp a_stat0_01

48



shit t3cO t3cntrl ; start tinmer 3 - pwm a_stat5 01: ifbit O pndb,t3 cntrl
jp a stat5 @2 jp a_stat5 01 51 WO 03/047673 PCT/1L02/ 00347

a_stat 5 _ORoroBios76v8cO, t 3cntrl ; stop tinmer 3 - pwn |d tnr 2ICOMERHD347
250->t3. Id tnr3hi,#0 Id t3ralo, #l ow(500) ; 500->r3a. |Id

t 3r ahi, #hi gh(500) 1d t3rbl o, # owm500) ; 500->r3b. Id t3rbhi, #hi gh(500)
rbit t3a,pl sbit t3cl,t3cntrl ; turn on the toggle output. sbhit

t3cO t3cntrl ; start/MA%BsSBO- pwn e a stat5:;1d a,int cntr ;sc ;subc

a, #50 ;x a,noapulsetnr 1d a,nxt_a stat x a,ang_stat Id nxt_a_stat,#0 jnp
end_a_st at & sl Ritgnlsedaflags bit pul se2, aflags jnmp a_stat6_01 ;ld

a, noapul set nr ;i f nelflit directiondtaflags; j;ypupdatet at 6_06 ; shit stop2, afl ags ;sbit
stuck, flagsl jnp a_jswa 620602 _stat6_01:rbit pulse2,aflags ;ld a,int_cntr
;sc ;subc a, #50 ; x Japrospidl et nr sc ; dec. plsy_cntr

a_stat0_02:sc ; y down

Id a,pls_y0

subc a #1

xa,pls y0

Id a,pls_y1

subc a #0

xapls yl

jmp e_a_stat0

a_stat0_03:rc ,y up
Id a,pls_y0
adc a,#1
x a,pls_y0
Id a,pls_y1
adc a #0
xa,pls_yl

e_a statO;mp end_a _stat ;>0
e otttk ek ek s e sl ek ok e ke et o ks e ol o o

a_statl:

Id a,pls_yl ; check if the the probe is not too high or to low.
ifgt a,#094
jmp a_statl 00
1d a,#066
ifgt a,pls_y1
jmp a_statl 01
jmp a_statl 03
;a_statl_OO:ifb.it new_direction,rbytel ; if too high enable only down movment.
Jmp a_statl 02
jmp a_statl 03
;a_statl_01:ifbit new_direction,rbytel; if too low enable only up movment.
jmp a_statl 03
Jjmp a_statl 02

;a_statl _02:1d ang_stat,#0 ; just stop motor.
ld nxt_a_stat,#0
sbit stop2,aflags ; Stop motor 2.
sbit type_end,flags2
jmp a_statl 08
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Id a,plsy_cntrOsubc a,# 1 x a,plsy_cntrO 1d a,plsy_cntrl subc a.#0 x
a,plsy cntrl Id a,plsy cntrl ; check if plsy cntr=0 ifne a,#0 jnp
a_stat6_ORooBa4mpl sy cntrO ifne a,#0 jnp a_stat6_02 sbiPCTaLapd34rf | ags 52
WO 03/ 047673 PCT/1L02/ 00347 Id nxt a stat,#0 a_stat6 02::ifbit firsty

pul se, aflags sbhit en_calc2,aflags sbhit firsty pulse,aflags ifbit
direction2,aflags ; y_ update jnmp a stat6_04 Id a,plsyl ; check if

pl s y>65OOsztaHfgI1fh1,t#®ec“uolﬁ%ﬁ]algﬂp ahesktllte@re@B)usgbectt1ost op2,aflags |d
nxt _a stat,#0 inp amyséatabl 06 a stat6_(O3:sc ; y down 1Id a, plsy0 subc a, #1
x apls,y0O 1d a,plsyl subc a,#0 x a,plsyl inp a_stat6_06 a_stat6 _04:1d
a, #0ff ; 096 ifgt #abphseyldiretthqnraytst ahédidEstion was down-check the new

direction.
jmp a_statl 04
jmp a_stat3
a_statl_04:1d nxt_a stat,#4 ; stop motor, wait and then change direction to up.

jmp a_statl_07

a_statl 05:ifbit new_direction,rbytel ; the direction was up-check the new direction.
jmp a_stat4

a _statl 06:1d nxt a_stat#3 ; stop motor, wait and then change direction to down.
a statl 07:1d ang_stat#2  ; delay for the motor to make a complete stop.

Id cd_dly,#17
a_statl_08:rbit t3c0,t3cntrl

sbit t3a,pl

sbit control3,pa ; stop motor 2.

sbit control4,pa

jmp end_a_stat ;>0
;*********************************************************************
a_stat2; ifeq cd_dly,#0 ; delay before changing direction.

jmp a_statZ 01

jmp end_a_stat ;>0
a stat?2 01:1d a,nxt_a_stat

X a,ang_stat

jmp end_a_stat ;>0

« s s s o e of f e s ok of s e s e ok fe o f o ke e s sk ke sl o s e fe oo o e s e e e e e oo o o e ke Sk ofe ok ol f e sl st ok e s ek ke fe e ok
F]
ES

a_stat3: rbit direction2,aflags  ; turn motor backwards.
rbit t3¢0,t3cntrl
sbit t3a,pl
rbit control3,pa
sbit control4,pa
rbit t3a,pl
jmp a_stat4 01
*******************************************
a_stat4 sbit direction2,aflags  ; turn motor forwards
rbit t3¢0,t3cntrl
sbit t3a,pl
rbit control4,pa
sbit controi3,pa
rbit t3a,pl
a_stat4 _01:1d a,rbyte2 ; distanse update
X a,plsy_cntr0
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shit stop2,aflags Id nxt_a scat,#0 jnp a_stat6_06 a stat6_05:rc ; y_up

ld a,pls,y0 adc a,#1 x a,plsy0 Id a,plsyl adc a,#0 x a, pl syl .

a_st at 6_0W0ioBloite7s5t op2, aflags jnp e_a stat6 ifbit enl _calpcainédmgs | sr
v2_calc jnp end_a_stat ; ->0 e_a_s tat6: rbit t3cO t3cntrl sbhit t3a,pl 53
WO 03/047673 PCT/1L02/00347 sbit control3,pa ; turn off nmotor 2 sbit
control4,pa 1Id a,nx@Fg tat x a,ang_stat ifbit stop |,Iflags inp e_a
stat6_ O .inp end _a Pyted 50 e astat6 _Orbit start,flagsl rbit o
stop, flagsl ifbit seffPlsy_@ddmand, buttonsflags inp end a stat ; ->0 ifbit

start stop, buttons_fl ags {np end_a_stat ; ->Oifbit _
hone_conmand, but t ons!dfg.2 .i npvelpdtylupdatat ; ->0 sbit end,flags 1 sbhit
type end, |l cd flags Pfﬁ%:ﬁ% stuck,flags 1

ine a,

jmp a_statd 02
ld at_ref0,#low(6000) ; 6000 ->3000u per pulse
Id at_refl #high(6000)
jmp end_a_stat4
a_statd_02:ifne a #1
jmp a_stat4 03
1d at_ref0,#1ow(7000) ; 7000 ->3500u per pulse
Id at_refl #high(7000)
jmpend_a stat4
a_statd 03:ifne a,#2
jmp a_statd 04
Id at_ref0 #low(8000) ;8000 ->4000u per pulse
Id at_refl #high(8000)
jmpend_a stat4
a_statd_04:ifne a #3
jmpend_a_stat4
Id at_ref0,#1ow(9000) ;9000 ->4500u per pulse
Id at_refl #high(9000)

end a_statd:ld nxt a Stat#6

ekt effete e de o kot ool el e ksl e ek ek e e of o sl e kol ok ook

a_statS: ;1fbit t3¢0,t3cntrl ; if motor 2 is already on.
Jjmpe_a stat5

Id apt1hi,#020
Id apt2hi,#080

rbit firsty_pulse, aflags

rbit t3c1,t3¢ntrl  ; turn off the toggle output.

rbit t3a,pl

1d tmr3lo,#0ff

1d tmr3hi #0ff

1d t3ralo #0ff

Id t3rahi, #0ff

Id t3rblo,#0ff

1d t3rbhi, #0ff

rbit t3pndb,t3cntrl

sbit t3c0,t3cntr]l ; start timer 3 - pwm.
a_stat5_01:1fbit t3pndb,t3cnirl

jp a_stat5_02

jp a_stat5_01
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shit type stuck,lcd flags
pul se2,aflags jnp a stat7_O1
i fbit dirwotowsd/aflags ; y update np a stat0_03 a st at PCOAL&x00347y down
Id a,pls yOsubc a,# 1 x a,pls_yO 1d a,pls_yl subc a,#0 x a,pls_yl inp
e a stat7 a stat7. B : rc ; yup Id a,pls_ yO adc a,#1 x a,pls_yO 1Id
a,pls.yl adc a,#0 x a,pls_yl 54 WO 03/047673 PCT/1L02/ 00347 e
a_st at 7: i np_etaidasd et t3c0,13@trl  ; stop timer 3 - pwm.
********************fﬂ*tl‘rﬁ‘}l(ﬁ,#iw*****;%@M?.********** . SECt
st op_subrout i nes, r omdstno}@Adt ors: shit stopl,lflags ; turn off notor 1 rhbit
t2cO t2cntrl sbit t 28, tplalogfow(56@nt r;30D->p%. rbit control2,pa 1d
| i near _stat,#0 |d nkitt3dahigthadh(360) sbit stop2,aflags ; turn off notor 2 rhbit
t3cO t3cntrl sbit t 38, tpdblo#low(500) ; 500->r3b.

1d t3rbhi, #high(500)

rbit t3a,pl

sbit t3c1,t3cntrl ; turn on the toggle output.

sbit t3c0,t3cntrl ; start timer 3 - pwm.

e_a stat5:;ld a,int_cntr

:SC

;subc a,#50

;X a,noapulsetmr

Id a,nxt_a stat

X a,ang_stat

ld nxt_a stat#0

jmp end_a_stat ; >0
- 3k o st fe of sk sk s se sk e ke ke ok o o o ke ke sfe ofe s fe e se o e e sfe e o sk sk ke
3

nmp e

~end_a_stat ; ->0 a_stat7: ifbit
J mp S

e_a_stat7 a_stat7_0l:rbit pul se2, aflags
i

p
I

a_staté: ifbit pulse2,aflags
jmp a_stat6 01

:1d a,noapulsetmr
;ifne a,int_cntr
;jmp a_stat6_06
;sbit stop2,aflags
;sbit stuck,flags1
jmp a_stat6_06

a_stat6_01:rbit pulse2,aflags
;1d a,int_cnir
iS¢
:subc a,#50
;X a,noapulsetmr
sc ; dec. plsy_cntr
Id a,plsy_cntr0
subc a #1
x a,plsy_cntr0
Id a,plsy_cntrl
subc a#0
x a,plsy_cntrl
Id a,plsy_cntrl ; check if plsy_cntr=0
ifne a,#0
jmp a_stat6_02
Id a,plsy_cntr0
ifne a,#0
jmp a_stat6_02
sbit stop2,aflags
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shit control 3,pa shit control4,pa I1d ang_stat,#0 |Id nxt_a_stat,#0 ret
stop_operation:rbit stop_command, buttons flags jsr stop2notors sbit
en_cal c, IWbag®476sbit fll t _en,flags2 rbit enddata, fl agsl pcrhio2/@B4art,
flags | rbit end,flagsl shit stop,flagsl sbit type stop,lcd flags rbit
self t-conunand, buttons-flags 1d selft_stat,#0 rbit start

_Sstop, buttons flags (%)d aut or n stat,#0 rbit home - command_p c,

buttons flags rbit Pr%t—a—é nd, but t ons _flags Id honme_stat,#0 ret
*************************************************** SECt

s_t_select, ?ﬂsﬁait?—%al it s éﬁyf—ﬁ.’“l%?taélﬁé% |d a,selftstat add a,#_| ow(jnp_st_stat)
jid;jnmp pcu,[a] j mpPikenseled.allagsr s t0,s tl,s t2,s t3,5 14,5 15,5 t6

s t0: jnp self testos@tﬁTSty_PWfF@f@gﬁ testl s_t2: jmp self test2 s t3: jnp
self test3 s t4: jnp.self test4 55 WD 03/047673 PCT/1L02/ 00347 s_t5: jinp

self tests s_t6: jnplBEdireqtiens.eflagendy sipdgtat:jnp nmai nO
Jmp a_stat6_04

ld a,pls yl ; check if pls_y>6500H
ifgt a #0 ; 065

jmp a_stat6_03

sbit stop2,aflags

ldnxt_a stat#0

jmp a_stat6_06

a_stat6_03:sc ; y_down

Id a,pls_y0

subc a #1

X a,pls_y0
lda,pls yl

subc a,#0

xa,pls yl

Jmp a_stat6_06

a_stat6_04:1d a #0ff ;096
ifgt a,pls_yl
jmp a_stat6_05
sbit stop2,aflags
ld nxt_a_stat#0
jmp a_stat6_06

a_stat6_05:rc ;y_up
ld a,pls_y0
adc a,#1
xa,pls_y0
Id a,pls_y1
adc a,#0
xa,pls_yl

a_stat6_06:1fbit stop2,aflags
jmp e_a_staté
ifbit enl_calc2,aflags
Jst v2_calc
jmp end_a_stat ;>0

e_a_stat6:

rbit t3¢0,t3cntrl
sbit t3a,pl
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kkhhkkhkkhkkhhkhkhhkhhkhkkhhkhhkhkhhkhkkhhkhkhkkhhkkhkirkikk*k

t enp, #l ow wor dsel ft est)
test 0_0 ;wb-omioeT6@3 swi t ch open -
command, buttons flags Id hone_stat,#0 jnp self testl
in hone position.

cl osed -

Id hone stat,#0 1d

horme_command, buttons
move | i near formards

liné ? Né?é?

forwards ; 4=0=
50mr 136pul se per

.sect self test,romselftestO:1d

jsr type_stringi ifbit honme_ limt,pbi inp self

not in hone position. rbPCI/Tham®347

0 ; O-mcro switch

sel f testO 0: sbit hone_command, buttons_fl ags

S Ift s,a #1 end st _stat self _testl :ifbit
?ﬁ%{% J‘F&) é?f&o MYPLA selftestl 0:1d |inear_stat, #1 ;
%P3 byt el , #08 : 0, 1, 2=0= speedl : 3=1= direction

id rbyte2 #Iow(6850) | d rbyte3, #hi gh(6850) ;

X, Id selft stat,#2 self testl |:rbit

limts c en,limts fP@&émpﬂyﬁgsstop 1, 1f|ags self testl _2:jnmp end_st stat

sel f test2:ifeq |inedfP &taftaqo:

jmp self test2 0]

up 150 puls%§'SWéJ?6Wﬁ8Fﬂ$@iB
Id rbybigopA®sl | d rbyte3, #0
shi t eﬁméaﬁézgaﬁmagébummm1kg$f testl 2 self test3:ifeq

angul ar not or.
stop2, af | ags

ang_stat,#0 ; wait umvpbmhﬁguﬂar met@r conpl ete m ssion.

wait until linear notor conplete nission.

iERanG e satat set9 _test2 O ld ang_stat,#1 ; nove angul ar

0,1, 2=0= speedl ; 3=1= dlrectlon up ; 4=1=
Id selft_stat.#3 rbit :

jmp self test3_0
ifbit start_stop,buttons_flags

jmpend_a stat ; >0

ifbit home_command,buttons_ﬂags

jmpend_| stat ;->0

sbit end,flags1

sbit type_end,lcd_flags
ifbit stuck,flags1

sbit type_stuck,lcd flags
jmp end_a stat ;>0

ke feoe
: ot e e sfe s sfe ke s ke e e o o e st e ofe ko e s fe e e o e e s b ok e s s ofe 3 ke s f e e ok o e ok

a_stat7:

ifbit pulse2,aflags
jmp a_stat7 01
jmpe_a stat7

a_stat7_0l:rbit pulse2,aflags

a_stat7_02:sc

a_stat7_03:rc

ifbit direction2,aflags ;y update
jmp a_stat0_03

;v down
Id a,pls_y0
subc a #1
xa,pls_y0
ld a,pls_y1
subc a,#0

xapls yl

jmpe a stat7

;yup
Id a,pls_y0
adc a,#1
xa,pls_y0
Id a,pls_yl
adc a,#0

xapls_yl
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56 WD 03/047673 PCT/1L02/ 00347

en_cal c2,aflags 1d ang_stat, #1 ;
rbyt el , #0W0 03/0@7613 2=0= speedl| ;
I d rbyte2, #1 om 300)
stop2,aflags jnp self testl
angul ar mot or ete m ssion.

test4_0: 1d gi&f&? **:rtﬂiy e, :an
0, 1, 2=0= speed
I'd rbyte3, et ?’fapé@trrpvﬂrgee é&m #5

I d rbyte3, #hi gh(300)
2 self _test4:ifeq ang_stat, #0 ;

1 2 298!
on up o *ff****ﬁﬁﬁ"l*é? not or .

jmp end_st_stat selftest3 _Orbit

nove angul ar down 400 pul ses. Id
4=12eCTADnE0347 Mot or

3=0= direction down ;
ld selft _stat,#4 rbit

wait until

jmp sel f test4 O jnp end st _stat self

ul ar up 150 Pulses

rbit stop2, afl ags

Id rbytel,
Id rbyte2, #150
shit en_cal c2, afl ags

jm self te%@%?“@%??mﬁ%ﬁﬁéﬂﬁﬁeﬁﬂaﬁ§h§ﬂ@ﬂ-#0 . wait until angul ar notor

conpl ete ni ssi on. 4¢). Lentdst

rbytel ,#0 ; 0,1, 2=0= f@t;f@émIl,,PaS

5 0 jnm end_ st stat

0= direction backwards

selftest5 O:rbit
en_cal c2, afl ags |d | Fiedapkt at, #1 ; nove |inear backwards 50mm Id

4=0= |inear notor.

I d rbyte2 #Iom(6850)ﬂﬂ@wnm¢ﬂ$8 #hi gh(6850) ; 50mT 136pul se per mm = 6800.

Id selft stat,#6 j nplddalefr_steH0

unti |
sbit stop2,aflags
rbit t3¢0,t3cnitrl
sbit t3a,pl
sbit control3,pa
sbit control4,pa
Id ang_stat,#0
ldnxt_a stat#0
ret

li near not or clbipt dtstatfd ssi on.

1 self _test6:ifeq linear_stat, #0
jmp self test6_0 jnp end_st_stat
; turn off motor 2

stop_operation:rbit stop_command,buttons_flags

jsr stop2motors
sbit en_calc,Iflags

sbit fix_t_en,flags2

rbit enddata,flags]
rbit start,flags1
rbit end, flagsl
sbit stop, flags1

sbit type_stop,lcd

flags

rbit self_t_command,buttons_flags

1d selft_stat,#0

rbit start_stop,buttons_flags

ld autorun_stat,#0

rbit home_command_pc,buttons_flags
rbit home_command,buttons_flags

Id home_stat #0
ret

o ekl el ol ke ool e e e el ol e e ke e sl s e ke ke e o e e e

.sect s_t_select,rom,inpage
self_t_states:ld a,selft stat

add a#low(jmp_st

stat)

Jjid ; Jmp peu,a]

jmp_st_stat: addrs_t0,s_tl,s_t2,5_t3,s t4,s 15,5 t6

s_t0: jmp self_test0
s tl: Jmp self_testl
s _t2: jmp self_test2
s_t3: jmp self_test3
s _td: jmp self_testd
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self test6 0:1d selft_stat,#0 rbit self t command, buttons_flags 57 WO
PCT/1L02/ 00347 rbit stuck,flagsl Id tenp, # ow wordready) | sr

03/ 047673

type_striwglosjowp7end st st at

.sect h_p_sel ect, rom i npage PChane/@3st at es: | d

a, honme_stat add a,#l ow(jnp h_stat) jid ; jnp pcu,[a] jnp h stat:.addr

h_pO h_pl h_pO: jnp hone__p0 h_p | : jnp hone_p 1 .sect _
home_positioning, romhonme pO ifbit honme Iimt,pbi ; O-mcro switch cl osed
- in home poSition, jmpseHoweSp0 2 ; 1-micro switch open - not in hone _
position, SHp home pip Glthissile pO 2: jsr stop2motors |d |cdflags, #0 rbi t
direction,lflags ; so the bottomwoul dn't shut down the notor. Id |inear
stat, #1 ; o\ skatremmalsfckwar ds 200nm | d rbytel ,#0 ; 0, 1, 2=0= speed| ;

3=0= di r ect:"E*HHERNEF IS =025 ivear *Hot or .
r byt e3, #hi gbecRsEH0Byt.rom200nmt 136pul se per nm = 27200.

shit fix_t self, ttdt@llsemp floiwt(wetdsalfiesf)l ags 1 rbit stop, fl agsl

rbit enddata, f

ret id tenp, # owm wor dbiohede lifsitpbi ype_st ri ngl

jmp self_test0 0 ; I-micro switch open - not in home position.

rbit home command,butions_flags
ld home_stat#0

Id rbyte2, #l ow(27200) Id
rbit stop 1, 1fl ags

rbit end,fl agsl

agslsrtygde homgl stat , #1 ifbit self t-comrand, buttons-fl ags

Jmp self_testl 0 ; 0-micro switch closed - in home position.

self_test0_0:sbit home_command,buttons_flags
ld home_stat #0
Id selft_stat,#1
jmp end_st stat

self_testl:ifbit home_command,buttons_flags
jmp end_st stat

self_testl_0:1d linear_stat#1 ; move linear forwards S0mm.

1d rbytel #08 ;0,1,2=0=speedl ;3=1=direction forwards ; 4=0=

linear motor.
1d rbyte2 #low(6850)
Id rbyte3 #high(6850) ; 50mm*136pulse per mm = 6800.
Id selft_stat,#2
self_testl_1:rbit limits_c_en,limits_flags
rbit stopl,lflags
self_testl_2:jmp end_st stat

self_test2:ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmp self test2 0
Jjmp end st stat

self_test2 0:ld ang_stat#1 ; move angular up 150 pulses.

Id rbytel #018  ;0,1,2=0=speed] ;3=1=direction up
angular motor.

1d rbyte2, #150

Id rbyte3 #0

Id selft_stat,#3

rbit stop2,aflags

sbit en_calc2,aflags

Jmp self testl 2

self_test3:ifeq ang_stat,#0; wait until angular motor complete mission.
jmp self_test3 0
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honme_pl: ifeq linear_stat;#0 ; wait until |inear notor conplete m ssion.
jmp home_p 1_0 rat 58 WO 03/047673 PCT/1L02/00347 hone_pl_Old

hone_st atwi®3licr3 hone comrand, buttons _flags rbit epi,fl agThLoZdB47
stuck,flagsl jrnp home p|_1 Id pls xO#0 Id pls xl,#0O 1d pls_yO #0 Id

pls_yl, #080 honme_pl _|:ifbit self t-command, buttons-flags rot ifbit
stuck, flagsl rot |d tenp, # ow(wordready) jsr type stringl ret .sect
limts check,romlimnpsndckestkt | d a, pbi ; general limts check (limts =

b5, b6, b7). and a,#060 ; CeO - if the angular limt switch is on. ifne
a, #060 j np kdliriesS_0:.dhismk&ld2 aflags hone, f 1 agsl ; signal to the pc that we are
not in hone position.ldarfgbitit MOtiRBRALAGIbwW 460 Bllgds. t O the pc that we are
not in buttom positidiytel @10 | i;0i1tzs:0ehpeld 03XoAgibeckibPlidwhonedimt, b jnp
l'i mts_checklgulir shidr. home, fl agsl ; signal to the pc that we are in hone
position. rbit bottembideagitv(zooyi gnal to the pc that we are not in buttom
position. ifbit diretdiborskhicrgso) jmp |imts_check0_1

Id selft_stat #4

rbit stop2,aflags

Jmp self testl 2

self_test4:ifeq ang_stat,#0 ; wait until angular motor complete mission.
jmp self test4 0
jmp end_st stat

self_test4_0:1d ang_stat#1 ; move angular again up 150 pulses.

Id rbytel #018 ;0,1,2=0=speed]l ; 3=1= direction up J4=1=
angular motor.

Id rbyte2 #150

1d rbyte3 #0

Id selft_stat,#5

rbit stop2,aflags

sbiten_calc2,aflags

jmp self _testl 2

self_testS:ifeq ang_stat,#0 ; wait until angular motor complete mission.
Jmp self test5 0
jmp end_st stat

self _test5_0:rbit en_calc2,aflags
ld linear_stat,#1 ; move linear backwards 50mm.

1d rbytel ,#0 ;0,1,2=0=speedl ;3=0= direction backwards
4=0= linear motor.
1d rbyte2 #low(6850)

Id rbyte3,#high(6850) ; 50mm*136pulse per mm = 6800.
Id selft_stat,#6 '
jmp self_testl 1

self_test6:ifeq linear_stat,#0 ; wait until linear motor complete mission.

Jmp self_test6_0
jmp end_st_stat

self_test6_0:1d selft_stat,#0
rbit self_t command,buttons_flags
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shit stopl,Iflags ; turn off motor 1 rbit t2cO t2cntrl shit t2a,pl rbit
controll,pa rbit controll,pa Id linear _stat,#0 ifbit stop2,aflags rhbit
start, flw@e3l4iedst enp, #1 om( wordready) jsr type_stringl PETRD0BEHA7673
PCT/1L02/ 00347 limts_checkO_1: Id pls_xI,#O 1d pls_ xO#0 1d pls jO #0
Id pls_yl,#080 jnp limts_check2_1 limts _checkl Orbit hone,fl agsl

signal to the pc that we are not in hone position. ifbit bottomlimt,b
jnmp limts _check2 OP8puek-Bessiomflagsl _ ; signal to the pc that we are in
buttom position, iflhiamgflpecyqrdisadypl ags jnp limits _checkl 1 jnp
limts_checkl 2 |inft¥pechiEs&l | :jsr stop2notors rbit start,flagsl Id

t enp, #1 ow( wor dbot t orJp ehérstisigbe stringl |limits _checkl _2:1d pls_ x|, #066 ;
to be calibrated. Id pls xO #088 jnp limts _check2 | limts _check2 Orbit
bottomflagsl ; signal to the pc that we are not in buttom position.

| i mi ts_che@RZ™ I F Bt AWGUrar *F vty 9t Bt t'dfis_test:rbit
buttons_t _ensthuptselestbindysage
home p_states:ld a,home_stat
add a,#low(jmp_h_stat)
jid ; Jmp peu,[a]

jmp_h_stat: .addrh_pO,h pl

h_pO: jmp home _p0
h pl: jmp home_pl

« s s ook o ok e o e o o ok s s b e sk o s sk ok ke ot ke s e et ol ok e e sl sl o e e s f e e e ke ok o s s o ofe s s s ofe e sl s ke sl sk ofe ke e e
2
ok ok ok ok

.sect home_positioning,rom

home_p0: ifbit home_limit,pbi ; 0-micro switch closed - in home position,
jmp home p0_2 ; 1-micro switch open - not in home position.
jmp home_pl 0

home pO_2:jsr stop2motors

ld led_flags,#0

rbit direction,1flags ; so the bottom wouldn't shut down the motor.

Id linear_stat#1 ; move linear backwards 200mm.

Id rbytel #0 ;0,1,2=0=speed] ;3=0= direction backwards
4=0=linear motor.

1d rbyte2,#low(27200)

1d rbyte3,#high(27200) ; 200mm*136pulse per mm = 27200.

tbit stopl,iflags

sbit fix_t en,flags2

tbit start,flags1

rbit stop,flagsl

rbit end,flags!

rbit enddata,flagsl

Id home_stat,#1

ifbit self_t command,buttons_flags

ret

Id temp,#low(wordhome)

jsr type_stringl

3

home p1: ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmp home _pl_0
ret
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Id a, pli and a, #0O Xx a,b ifeq b,#0a0 jnp b t0_01 jnp b_t0 03 b_t0_01:
ifeq ritut,#0 ; no key was pressed. inp b_tOO02 Id a,ritut dec a x

a, ritut bwo@302:673d start_stop _cntr,#0 | d home_positi on_cm®CT/IEE/00p4Tp
end_b_test 60 WO 03/047673 PCT/|L02/00347 bt0_03: ifeq ritut,#0 a key was
pressed. ritut checks if it is areal press on jnp b_tl_00 ; a key, or just
ﬂ.VI bratltc:Jn of the zgy b LO 04: Id ritut,#5 Id start stop cntr,#0 Id
one_position_cntr, j mp tO02 b tl _00: ifbit start_stop,b b t2 00
. start - shepe BeyO {9 msotatiP esse{f |fb startstop, buttons fIOagsj;er T
start-stop key was E‘FE%@%&OW% Byt Patio. jnmp b_tl 02 ifbit
home_command, but t on8it ePd§es! jmp b t1 02 ifbit self t_command, buttons fl ags
jmp b_tl_02 | d a, stilitstuskdpednt r ; start-stop key was pressed to start
operation. inc a xmahemarkl Stop cntr ifgt a, #150 jmp b -t1. 01 jnp b

t2 00 ------------- Id plssx#Q / st op_aut orun key was pressed ------------------
1d pls_x1,#0

1d pls_y0,#0
1d pls_y1,#080

home_p1_1:ifbit self t command,buttons_flags
ret

ifbit stuck,flagsl
ret
1d temp,#low(wordready)
jsr type_stringl
ret
st fe s s s s o s e e o o fe o b ok fe e sk e o o e o b se e o ke s ke e s e e ek e sfe s s ke ek s e ek

b
.sect limits_check,rom

limits_check:1d a,pbi ; general limits check (limits = b3,b6,b7).
and a #060  ; 0e0 - if the angular limit switch is on.
ifne a,#060

jmp limits_check0_0

rbit home ﬂagsl - signal to the pc that we are not in home position.

rbit bottom,flags] : signal to the pc that we are not in buttom
position.

ret

limits_check0 0:x a,b
ifbit home_limit,b
jmp limits_checkl_0

sbit home,flags]  ; signal to the pc that we are in home position.

rbit bottom,flagsl ; signal to the pc that we are not in buttom
position.

ifbit direction,lflags

jmp limits_check0_1

sbit stopl,lflags : turn off motor 1

rbit t2¢0,2cntrl

shit t2a,pl

rbit controll,pa

rbit control2,pa

1d linear_stat,#0

ifbit stop2,aflags

rbit start,flagsl

1d temp,#low(wordready)

jst type_stringl
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b tl 01: ifbit start_stop;buttons flags jnp b_tl_02 shit
start_stop,buttons _flags ; start button was pressed to start operation. Id
aut orun_swetoz#@rersrp b tO 04 b _tl _02: sbit stop_command, buttCcansédmgsr, start
button was pressed again to stop operation. rbit start_stop, buttons_fl ags
Id autorun_stat,#0 jnmp b_tO 04 b_t2 00: ifbit honme_position,b inp end_b
test Id a hone QQ§I ion_cntr inc a x a, home_position_cntr ifgt a,#150 jnp
b t2 01 geFt\fgo ------------- hone positon/self test key was
pressed ------------FY-=- d#ob t2 01: ifbit honme_limt,pbi ; O-mcro switch
closed - in hone p P Flﬂ jmp b_t2 03 61 WD 03/047673 PCT/ 1 L02/ 00347

e

b t2 02: rbit home_1 uttons flags ; not in home position - go to
honme position. sbi;

Peel nd, buttons flags |Id selft_stat.#0 sbit
flx_t_en, flags2 |d™d Fﬁm—gﬁ?&—ﬂnﬁ Id save ptr,#0 Id send ptr,#0 rhbit
enddat fI 1 i

ata, fl ags rb|t start flags | rbit qg &L%%ngﬁn%ghkpgéggiflagsl jmp

b_t0_04 blifmisghechlgl: lbl}ogie,é@gsl, fgtendl tg#éle pc that
ifbit bottom_limit,b

jmp limits_check2 0

sbit bottom, flagsl ; signal to the pc that we are in buttom position.
ifbit direction,lflags

jmp limits_checkl 1

jmp limits_checkl 2

limits_checkl_1:jsr stop2Zmotors
rbit start,flagsl
1d temp,#low(wordbottom)
jst type_stringl

limits_checkl 2:1d pls_x1,#066 ; to be calibrated.
1d pls_x0,#088
jmp limits_check2_1

limits_check2_0:rbit bottom,flagsl  ; signal to the pc that we are not in buttom
position.
limits_check2_1:

;1fbit angular_limit,b

ret

. s sk s sfe sk ok e ok sk e sk ke s f oe ok e sk fe s e s sl e ke ok s o ke e o8 ke sk e e 3 ke s ke e ok ke e s of ok ok
3

buttons_test:rbit buttons_t en,buttons_flags
Id a,pli
and a #0a0
xab
ifeq b,#0a0
jmpb_t0_01
jmpb_t0 03

b_t0_01: ifeq ritut#0  ; no key was pressed.
jmp b_t0_02
1d a,ritut
deca
x a,ritut
b_t0 02: Id start_stop_cntr,#0
Id home_position_cntr,#0
jmpend b_test
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jmp b t2 04 ifeq pls xI,#0O jnp b_t2 02 b_t2 04: shit
home_command, buttons_flags ; not in honme position - go to hone position.
I d honme_sweto3#@e7sbit fix t en,flags2 1d data cntr, #21 | @cyave/@s47, #0 |1d
send_ptr, #0O rbit enddata,flagsl rbit start, flags | rbit end, fl agsl
rbit stop,flags 1 jnp b_t0_04 end b test:ret .sect interups,romabs=0f
ihnterrupts aﬂdres?d push a Id a,s push a 1Id a,b push a 1d ax push a
~a,psw push a Id s, #0 vis end intr: rc 62 WO 03/047673 PCT/|L02/00347
rbit hc, pswipép a aifiel O O: & Seywwasonesyede i ghagss if drs 3reg5Res ©
a, X powintp jmp b_t1_00 ; ak:ﬁrﬁsgvﬁgﬁgﬁéﬁtgkgfe& WX %, psw pop a x
b_t0_04: 1d ritut,#5
: 1d start_stop_cntr #0
1d home_position_cnir,#0
jmp b_t0_02

b_tl_00: ifbit start_stop,b

jmpb_t2_00  start-stop key was not pressed.

ifbit start_stop,buttons_flags ; start-stop key was pressed to stop
operatio.

jmpb_t1_02

ifbit home_command,buttons_flags

jmpb_t1 02

ifbit self_t command,buttons_flags

jmpb_tl_02

1d a,start_stop_cnir | start-stop key was pressed to start operation.

inca

x a,start_stop_cnir

ifgt a,#150

jmpb_t1_01

jmpb 12 00

e start/stop autorun key was pressed ------m--=sss--mm
b_tl_0Ol: ifbit start_stop,buttons_flags

jmp b_tl_02

sbit start_stop,buttons_flags ; start button was pressed to start operation.

1d autorun_stat,#0

jmp b_t0_04

b t1_02: sbit stop_command,buttons_flags; start button was pressed again to stop
operation.

rbit start_stop,buttons_flags

1d autorun_stat,#0

jmp b_t0_04

b _t2 00: ifbit home_position,b

jmp end_b_test

1d a,home_position_cnir

inca

x a,home_position_cntr

ifgt a,#150

jmp b_t2 01

jmp end_b_test

(e home positon/self test key was pressed -------=--=-m===--
b t2 0l: ifbit home_limit,pbi  ; O-micro switch closed - in home position,

jmpb_t2 03
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pop a x a.b popa x a,s popa reti sect int_addres,romabs=01e0
.addrw reset ;vis without any interrupt .addrw reset ;port 1 or wake up
i nt erupt swoad@uws73 eset ;t3 b addrw reset ;t3 a addrw res@CT/IL®/347. addr w
reset ;t2 a .addrwtrnsO ;transmt .addrw recO ;receive .addrw reset
;reserved .addrwreset ;mcro wire addrwtmlb ;tml ;tlb addrwtnrl a
;tnrl ;tl a .addrwtnrO ;tinerO .addrw reset ;external interrupt-g0
.addrw r esét {2 PEser vibd home drowmnraag dtittqns dlagsand in Indme pasitieon F gpto honeect
timerO, romposti@. rbit tQpnd,icntrl drsz lcd cntr ; led counter to enable
| ed update every O. | Secelf (12&htmmdbhttorsnfagsnr O_OL sbit | cdupdate, fl ags2
tnr0_OL: 1d a,int_cnidrelft ¢tattdr O i nterrupts counter, used to help timng
az2d,fix dec a ; trahsufixt; eafidgsat her actions according to tiner0 cycles. X
a,int_cntr ifbit O ildidamnénz#2dd - ; enable fix transmt. jnp tnrO 011
shit a2den, flags2 ; ld¢ewr ptr#oenable a2d. jnp tnrO 02 63 WO 03/047673
PCT/ 1 LO2/ 00347 ld send_ptr #0

rbit enddata,flagsl

rbit start,flagsl

rbit end,flagsl

rbit stop,flags1

jmp b_t0_04

b t2 03; Id a,pls_x0
ifgt a, #0
jmpb_t2 04
ifeq pls_x1,#0
jmpb_t2 02
b 12 04: sbit home_command,buttons_flags ; not in home position - go to home
position.
ld home_stat#0
sbit fix_t_en,flags2
ld data_cntr,#21
1d save_ptr,#0
Id send_ptr,#0
rbit enddata, flags1
rbit start,flagsl
rbit end,flagsl
rbit stop,flagsl
Jmp b_t0 04

end_b_testret
S ok sl ek e e ekl ekt e el ook o e e s s s e ek o e
.sect interups,rom,abs=0ff ;interrupts address
push a
Id a,s
push a
Id a,b
push a
Id a,x
push a
Id a,psw
push a
1d 5,#0
Vis

end intr: rc
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tmrOO0l | : shit fix t_enl,flags2 shit buttons t en,buttons_flags tmO0 02:
ifbit stop |I,Iflags np tnr0O_04 ifbit en_calc;lflags jnp tnr0_03 np tnr0_04
tnmr0_03: wo o3/0ptexpt 2-pt| time per pulse 1d a,pt2lo subc aCEuLO03K a, ptlo
I'd a, pt2hi subc a,ptlhi x a,pthi sbit enl_calc,Iflags tnm0_04: ifbit
stop2,aflags jnmp tmr0_06 ifbit en_calc2,aflags jnmp tnmO G5 jnp tnr0_06
tnr0_05: sc ; pt=pt2-ptl tinme per pulse I1d a,apt2lo subc a,aptllo x
a,aptlo Id a,apt2hi r™Sisdsy, aptlhi x a,apthi sbit enl _calc2 aflags tmO
06: end_tnrO: id a, céomy ; delay before changing direction. ifne a,#0 dec
a x a,cd dly drsz uénfdt%*%‘/ﬁﬁo j npvepalyicatdhe 1d rec_stat,#0 Inp end intr

.sect tinmerl,rom Or a,psw
X a,pSw

pop a
X a,X
pop a
X ab
pop a
Xas
pop a
reti
;****************************
.sect int_addres,rom,abs=01e0
.addrw reset ;vis without any interrupt
.addrw reset ;port | or wake up interupts
.addrw reset ;t3 b
.addrw reset 13 a
.addrw reset :12b
.addrw reset 2 a
.addrw trnsO  ;transmit
.addrw recO  ;receive
.addrw reset ;reserved
.addrw reset :micro wire
.addrw tmrlb ;tmrl it1b
.addrw tmrla ;tmrl itla
.addrw tmr0  ;timer0
.addrw reset ;external interrupt-g0
.addrw reset :reserved
.addrw reset ;software intr interrupt
< ko e e el e ok o o e ok o o

.sect timer0,rom

tmr0: rbit tOpnd,icntrl
drsz led_cntr ; led counter to enable lcd update every 0.1sec
(25%4msec).
jmp tmr0 01
sbit lcdupdate,flags2
tmr0_01: Id a,int_cntr ; timer0 interrupts counter, used to help timing a2d fix
deca , transmit, and other actions according to timer0 cycles.
X a,int_cntr
ifbit O,int_cntr; odd - ; enable fix transmit.
Jmp tmr0_011
sbit a2den,flags2 ; even - ; enable a2d.
jmp tmr0_02
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64 WO 03/ 047673 PCT/1L02/00347 tnrla: rbit tlcO,cntrl ifbit tl pnda, psw
jop tnrlal jnp end tnmr 1 a tnrlal: rbit tlpnda,psw id a,ptl to x a,pt2lo
Id a, ptl Wooswdmpt2hi Id a,tlralo x a,ptllo 1d a,tlra®CT/akoznopi7 hi sbit
pul se,Iflags end tnmrla:jnp end_intr tnrlb: rbit tlpndb,icntrl Id a, aptllo
x a,apt2lo 1d a,aptlhi x a,apt2hi 1Id a,tlrblo x a,aptllo 1d a,tlrbh

X a, aptl hi sbb ul se2 flags end tnrl b:jnp end_intr .sect

uarttransm " éﬂ?lnpé &e¥d a, tns _stat add a, #Iow(jnp t stat) jid
imp pcu,[a] jnp_t_ §‘5uﬁ°éﬂdﬁntbu§@% @t sO: jnp t_statO t _sl: jnp

t_statl endt stat jmp end_intr t statO: rbit eti_enui 65
ifbit stopl,flags

Jmp tmr0_04

ifbit en_calc,Iflags
jmp tmr0_03
jmp tmr0_04

tmr0_03: sc ; pt=pt2-ptl =time per pulse
Id a,pt2lo
subc a,ptllo
x a,ptlo
1d a,pt2hi
subc a,ptlhi
x a,pthi

sbit enl_calc,lflags

tmr0_04: ifbit stop2,aflags
jmp tmr0_06

ifbit en_calc2,aflags
Jjmp tmr0_05
jmp tmr0_06

tmrQ_0S: sc ; pt=pt2-ptl =time per pulse
Id a,apt2lo
subc a,aptllo
x a,aptlo
ld a,apt2hi
subc a,aptlhi
x a,apthi

sbit enl_calc2,aflags

tmr0_06:
end tmr0; Id a,cd_dly ; delay before changing direction.
ifne a,#0
deca
x a,cd_dly
drsz uart_tmr
Jmp end_intr
ld rec_stat,#0
Jjmp end intr
***************************************************

sect timerl,rom
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WO 03/047673 PCT/1L02/00347 1d trns_stat,#0 jnp end_t_stat t_statl: Id
a,send ptr ifgt a,#89 ; 0-89 => 90 bytes jnpt statl Ol Id a,send ptr
xa,b Id sw@b3okw7a, [b+] x a,tbuf 1d s,#0 1d a,b x a, semdTELO2/00347D
end_t _stat t_statl_01l:ifgt a,#183 ; 90-179 => 90

byt es+l (buttons_fl ags)+1(t_check)+2(' ED [=END]) jnp end t_statl 1Id a,send
ptr sc subc a,#90 x a,b Id s,#2 |Id a,[b+] x a,tbuf Id s, #0 Ida_b add
a, #90 x a,send ptr inp end t stat end_t _statl :ld send ptr,#0 rb it

eti,enui |dlns stait#rO.pfh end t _stat .sect uart receive, rominpage
recO 1d a,rbuf ; receive interrupt. x a,b Id a,check_sum

ifbit tlpnda,psw

jmp tmrlal

Jjmpend_tmrla

tmrlal: rbit tlpnda,psw
1d a,ptllo
X a,pt2lo
Id a,ptlhi
X a,pt2hi
Id a,tlralo
x a,ptllo
1d a,tlrahi
x a,ptlhi
sbit pulse,lflags

end_tmrla:jmp end_intr
okt el e e e ko e sl e ksl ol e e ek ook o kel e e o o
tmrlb: rbit t1pndb,icntrl

ld a,aptllo

x a,apt2lo

1d a,aptlhi

X a,apt2hi

Id a,tirblo

x a,aptllo

1d a,t1rbhi

X a,aptlhi

sbit pulse2,aflags
end_tmrlb;jmp end_intr

« fe e sfe e o o ke e s s e ok s s o s s o ok o o ke o sl ok e e ok e e s s o ok st ok o ok o s ke sk ok ke o s e ok ok o
3

.sect uart_transmit,rom,inpage

trns0: 1d a,trns_stat
add a#low(jmp_t_stat)
jid ; jmp peuy[a]

jmp_t_stat: .addrt_s0,t sl

t s0: jmp t_stat0
t sli: jmp t_statl

end_t_stat;jmp end_intr

- sk e o s e ok s ofe s fe s sk ok s s s sfe s o e sk st s fe e se s sfe s s fe ok s fe s e ae s sk e fe e ke sl e ok e e sk o e ofe s se e e ske e
3

t statO: rbit eti,enui
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add a,b x a,check sum Id a,rec_stat add a,#l owjnp_r stat) 66 WO 03/047673
PCT/1L02/ 00347 jid ;jnmp pcu,[a] jnmp r_stat:.addr r_sO,r_sl,r_s2,r_s3
r sO: jnpwoosate@ r _sl: jnp r_statl r_s2: jnp r_stat2 r PCIALOYyowp47r _sStat 3
end r stat:jnp endintr .sect receive states,romr_statO: |Id checksum 40
Id a,b ifne a,#0f5 jnp e_r_statO Id rec_stat,#1 Id checksum #0f5
e r statO:1d vart_tnr,#Of jnp end r_stat r_statl : Id a,b ifeq a,# A ;
(041) : Advance - noMitmg sé@ffland. jnp r_stat2 00 ifeq a,# S ; Stop
command, jnp r_statimpehdif etgt a,#' H ; Honme position command. jnp r_stat 1
02 ifeq a,# T ; Self Test command, |jnp r_statl_03 ifeq a,# 0" ; QOperate
auto run command. jnp r_statl 04 ifeq a,# P ; Ping (test conmunicati on)
command.  jtrgmtt: st atld a@Bnd gurec_stat,90 jnp end r_stat r_statl _Ol1l:sbhit
st op_conmand, but t onsifdtlags ; ' &89=>S0aPtes

jmp t_statl 01

Id a,send_ptr

xab

1d s,#1

Id a,[bt]

X a,tbuf

1d s,#0

Id a,b

x a,send ptr

Jjmp end_t stat

t statl Ol:ifgta #183 ; 90-179 =>90
bytes+1(buttons_flags)+1(t_check)+2('ED'[=END])

Jmp end_t statl

ld a,send_ptr

sc

subc a,#90

xab

1d s,#2

Id a,[b+]

x a,tbuf

1d s,#0

Id a.b

add a,#90

x a,send_ptr

Jjmp end _t stat

end_t_statl:ld send_ptr,#0
rbit eti,enui
ld trns_stat,#0
jmp end t stat

ot sk o kot st okl e el el ek sk sk s e ok kol s ek
.sect uart_receive,rom,inpage

recO: Id a,rbuf ; receive interrupt.
xab
1d a,check_sum
add a,b
x a,check sum
Id a,rec_stat
add a#low(jmp_r_stat)
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Id tbytel, #0f5 jnp e_r_stat2 r_statl _02:sbit home_conmand, buttons_fl ags ;
"H - Hone position. |Id honme_stat,#0 e r _statl:Id tbytel, 40f5 sbit
fiz_t_en,Wbags2673d data cntr, #21 67 WO 03/ 047673 PCT/ | LO2CE0Be700347d

save _ptr,#0 Id send _ptr,#0 rbit enddata,flagsl rbit start, flags | rhbit
end,flags 1 rbit stop, flags | |jnp e_r_stat2 r_statl _03:sbhit

sel ft_command, buttons_flags ;' T'- _Self Test. |1d selftstat.#0 jnp e_r_stat
1 r _statl _04:sbit stirt stod™Bdctdls flags ; '0' - Operate auto run
command. | d autorun_stat,#0 jnp e r _statl r_statl _O05:1d tbytel,#0f5 'P -
Ping. |d PBPA PP e SdtaF S¥ stat2 00: id rec_stat,#2 |d rbyte _num #4
; nunber of bytes to be received 1d receive ptr,#rbytel jnp end r_stat r
stat2: Id &SPeceivelBPistatipuf -> [receive ptr] x a,x Id a,b ; receive ptr
+ 1 -> recéie ptr JRPaSf#4] 1d ax x a,receive ptr drsz rbyte num jnp

end_rstat IsBit star®@pflstaysl
r_s3: jmp r_stat3

end_r_stat:jmp end_intr
e s sfe ke s s ke e e o o ke o ke sk ke fe o ke sk s ok e o e ok sk o e ke el o
3

.sect receive_states,rom

r_statO: 1d check_sum,#0
1d a,b
ifne a,#0f5
jmp e_r_stat0

1d rec_stat#1

1d check_sum,#0f5
e_r_stat0:1d vart_tmr,#0ff

jmpend r stat

r_statl: Id a,b
ifeq a,#'A ;(041) ; Advance - moving command.
Jmp r_stat2_00
ifeq a #'S' ; Stop command.
jmp r_statl_01
ifeq a,#'H' ; Home position command.
jmp r_statl_02
ifeq a,#'T' ; Self Test command.
jmp r_statl 03
ifeq a,#'0" ; Operate auto run command.
jmp r_statl 04
ifeq a,#'P' ; Ping (test communication) command.

jmp r_statl 05
1d rec_stat,#0
jmp end_r_stat

r_statl _01:sbit stop_command,buttons_flags ;'S' - Stop.
1d tbytel #0f5
jmp e_r_stat2

r_statl _02:sbit home_command,buttons_flags ; 'H' - Home position.
Id home_stat,#0

e r_statl:ld tbytel #0f5
sbit fix_t en,flags2
Id data_cntr,#21
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rbit stop,flagsl rbit end,flagsl sbit fix t_en,flags2 ifeq trns_stat,# 1
jmp r_stat2 01 I1d data cntr, #21 ; ******xx**xx*%xx | d save ptr,#0 Id
send_ptr,wOo/steat 2 01:ifbit notor,rbytel ; O-notorl, 1-nPCEMR2/00B4TP
r stat2 03 Id a,rbyte3 ; notor 1 ifne a,#O jnp r_stat2 02 1I1d a,rbyte2 68
WO 03/047673 PCT/1L02/00347 ifgt a,#0 jnp r_stat2_02 shit stop 1,1fl ags ;
di stance=0 ->Stop notor! ! rbit start,flagsl shit end,flags 1 1Id '
nxt 1 stat,#0 1d |iHeare P88t #6 jnp r stat2 05 r stat2 02:1d
| i near _stat,#1 sbit tdsped otradt | cd flags; type 'start' at line 2 of |cd.
rbit limts_c_en,|inftitenfdaglagsbit enddata,flagsl rbit stop I,Iflags jnp
r stat2 05 r_stat?2 O®:siat@agsbyte3 ; notor 2 ifne a,#0 jnp r stat2 04 1Id
a,rbyte2 ifgt a,#0 jrhgenddlagti2 04 shit stop2, aflags ; distance=0 ->Stop
motor!! rbit start, fhitatpplflagsl

jmpe r_stat2

r_statl_03:sbit self_t command,buttons flags ; 'T' - Self Test.
Id selft_stat,#0
jmp e r_statl

r_statl_04:sbit start_stop,buttons_flags ; 'O’ - Operate auto run command.
Id autorun_stat,#0
jmp e_r_statl

r_statl_05:1d tbytel,#0f5 ;'P'- Ping,
1d pb,#0£0
jmp e r_stat2

r_stat2_00:1d rec_stat,#2
ld rbyte num,#4  ; number of bytes to be received
ld receive_ptr #rbytel
Jjmpend r stat
r_stat2: Id a,receive_ptr ; rbuf -> [receive pir]
X a,X
Id a,b ; Teceive_ptr + 1 ->receive ptr
X a,[x+]
Id a,x
X a,receive ptr
drsz rbyte_num
jmpend r_stat
sbit start,flags1
rbit stop,flags1
rbit end,flagsl
shit fix_t_en,flags2
ifeq trns_stat#1
Jjmp r_stat2 01
Id data_cntr,#21 o okddekskekok s ok o
ld save_ptr,#0
Id send_ptr,#0
r_stat2_01:ifbit motor,rbytel ; 0-motorl, 1-motor2.
jmp r_stat2_03

Id arbyte3  ; motor 1
ifne a,#0
jmpr_stat2 02

Id a,rbyte2
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shit end,flagsl Id nxt_a stat,#0 1d ang_stat,#6 |jnp r_stat2 05

r stat2 04:1d ang_stat,# | ; notor 2 sbit type start,lcd flags; type
"start' awolmser623 of | cd. rbit enddata,flagsl rbit stop2pafitaeso0347

r stat2 O6:1d a,check_sum; load byte to transmt x a,tbytel e r_stat2 : |
da thbyte 1 ifeq trns_stat,#0 x a,tbuf Id rec_stat,#0 rbit stuck,flagsl

jnmp end r_stat r stat: | end r_stat .sect datasend,rom data_send:ifbit
fIx t _enl,flags2 j np?f%_ 69 WO 03/047673 PCT/1L02/00347 ret d sO rhbit
fix t enl,flags2 dr¥PE#EE _Entr jnp d s | ; transmit s2 and s3 |d a, #13 ;

13 is the sync. signstitetopldifags ; distaess=Sendtopmotddt a to the conputer Id
a, buttons flags x a, Bitptrtglagslcheck 1d s,#2 x a,05a |d a,b x a, 05b Id

s,#1 1d a, 059 sbit end,flagsT
ld nxt_ | stat#0

ld linear_stat#6
jmpr_stat2 05
r_stat2 02:1d linear_stat#1
sbit type_start,lcd_flags; type 'start’ at line 2 of led.
rbit imits_c_en,limits_flags
rbit enddata, flags1
rbit stop1,Iflags
jmpr_stat2 05

r_stat2_03:1d a,rbyte3 ; motor 2
ifne a,#0
jmpr_stat2 04
Id arbyte2
ifgt a,#0
jmpr_stat2 04
sbit stop2,aflags ; distance=0 ->Stop motor!!
rbit start,flags1
sbit end,flags]
ld nxt_a_stat#0
Id ang_stat,#6
jmpr_stat2 05
r_stat2 04:.1d ang_stat,#1 ; motor 2 )
sbit type_start,lcd_flags; type 'start' at line 2 of lcd.
rbit enddata, flags1
rbit stop2.aflags

r_stat2_05:1d a,check_sum ; load byte to transmit
X a,tbytel
e_r_stat2:1d a,tbytel
ifeq trns_stat,#0
x atbuf
Id rec_stat,#0
rbit stuck,flagsl
jmp end_r_stat

r_stat3: jmp end_r_stat
;*******************************************************
.sect datasend,rom
data_send:ifbit fix_t enl,flags2

jmp d_sO
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ld s,#0 x a,0 ifbit enddata,0 ifbit enddata,flagsl rbit fix_t en,flags2
ld t _check,#0 Id trns_stat,#1 1d data cntr,#21 1d save ptr,#0 1d send
ptr,#0O swoto3gticyenui jnp end d s d s | : ifeq data_cntr péTAD02/dod47save
ptr,#0 Id a,#11 ifgt a,data cntr jnp d_s2 Id b,#flagsl ; load data to
stack. Id a,[b-] ; flagsl push a ld a,[b-] ; PIS- Y1l push ald a,[b-] ;
pls yO push ald a,[b-] ; pls_ xI push ald a,[b-] ; pls_ xO push a 70 WO

03/ 047673 PCT/1L02/§0347 1d a,[b-] ; hall2 push a Id a,[b-] ; halll push
ald a, [b_J_sO: Currerrl])titlﬁx__lérsllrjﬂggslld a,[b-] ; currentl push a

drsz data_cntr
Jjmp d_sl

; transmit s2 and s3
Id a,#13 ;13 is the sync. sign.
x a,tbuf  ; then send the data to the computer
1d a,buttons_flags ,
xab
Id a,t_check
1d s,#2
x a,05a
id a,b
x a,05b
Id s,#1
Id 2,059
Id s,#0
x a0
ifbit enddata,0
ifbit enddata,flagsl
rbit fix_t en,flags2
Id t_check #0
Id trns_stat,#1
Id data_cntr,#21
1d save_ptr,#0
1d send_ptr,#0
sbit eti,enui
jmpend_d_s

d si: ifeq data_cntr #10
1d save_ptr,#0
Ida#1l
ifgt a,data_cntr
jmp d_s2

1d b #flags] ;load data to stack.
Id a,[b-] ; flagsl
push a

1d a,[b-] ;pls_yl
pusha

1d a,[b-] ; pls_y0
push a

1d a,[b-] ; pls_x1
push a

1d a,[b-] ; pls_x0
push a
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Id a, save_ptr ;

X a. [b+] pop a x a,[b+]

pop a x awplsp476pop a X a,

a,t _check ;

add a,b ; a = currenti
+

add a,b x a,b Id a,[ﬁhiwqadd

push a

Id a,[b-]
push a

Id a,[b-]
push a

Id a,[b-]
push a

Id a,save_ptr
xab

Id a,b

X a,x

Id s,#1

pop a

X a,[b+]
popa

x a,[b+]
popa

X a,[b+]
popa

x a,[bt]

pop a

x a,[bt]

pop a

x a,[b+]
popa

X a,[b+]
popa

X a,[b+]
popa

x a,[b+]

Id a,t_check
xab

Id a,[x+]
add a,b
xab

Id a,[x+]
add a,b
xab

Id a,[x+]
add a,b
xXab

Id a,[x+]
add a,b
xab

Id a,[x+]
add a,b
xa,b

save data from stack

pop a x a, [ b+]
[ b+]
conput e check sum
+ b xa,b ; b=a
a, b

a,bldab x ax Ids.#1 pop a
pop a x a,[b+] pop a x a, [b+]
, [b+] pop a x acfrhkj2/doc47

h

a
a,[x+] ; b=t check, a = currenti
a, [ X

I

X
+
popa X
X a, b ld
d

,[x+] add a, b a,b Id a,[x+]
d a,[x+]

I

I
xa, b
; hall2
; halll
; current2

; current]

; save data from stack.

; compute check sum.

; b=t_check, a = currentl
;a=currentl + b
:b=a
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add a,b x a,b 71 WD 03/047673 PCT/1L02/00347 1d a,[x+] add a,b xa,b 1d
a,[xt] add a,b x a,b Id a,[x+] add a,b x a,b Ida,[x+] ;a=flagsl add a;
; a= flweaB/n4763 1d s,#0 t _check = a x a,t_check Id a, PCI/IRO%@34& ptr |
nd_d s d s2: Id b,#flagsl ; load data to stack. 1Id a,[b-] push a 1Id

] push a [b-] push a 1Id a,[b-] push a Id a[b-] pusha 1Id
] [b-] push a 1d a,[b-] push a Id a,[b-]

b

np e
a, [ b- -
a, [ b- -

xab
ld a[x+] ;a=flagsl
add a,b ;a=flagsl+b

Id s, #0 .t check=a
x a,t_check

Id a,x

X a,save_pir

jmpend_d_s

d_s2: 1d b#flagsl ;load data to stack.
Id a,[b-]
push a
1d a,[b-]
push a
1d a,[b-]
push a
Id a,[b-]
push a
Id a,[b-]
push a
1d a,[b-]
push a
Id a,[b-]
push a
Id a,[b-]
push a
ld a,[b-]
push a
Id a,save_ptr ; save data from stack.
xab
Idab
X a,x
Id s,#2
pop a
X a,[bt]
pop a
x a,[b+]
pop a
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push a Id a,save_ptr ; save data fromstack. x a,b lda,b xa,x 1Id s,#2
pop a x a,[b+] pop a x a,[b+] pop a 72 WO 03/047673 PCT/1L02/ 00347 x
a, [ b+] powoasws®m7s b+] pop a x a,[b+] pop a x a,[b+] popCankozno3jb+] pop
a x a[b+t] pop ax a [b+] Id a t_check compute check sum x a,b Id a,[x+]
; b=13, a = currentl add a,b a = currentl + b xa,b ;b=a Id a,[x+] add
a,b x a,blda,[x+] add a,b x a,b Id a, [x+]

x a,[b+]

popa

X a,[b+]

pop a

x a,[b+]

popa

x a,[bt]

pop a

x a,[bt]

popa

x a,[b+]

pop a

x a,[b+]

ld a,t check ; compute check sum.

xab

1d a,[x+] ;b=13, a= currentl

addab ;a=currentl + b

xab ;b=a

1d a,[x+]

add a,b

xab

1d a,[x+]

add a,b

xab

Id a,[x+]

add a,b

X ab

id a,[x+]

add a,b

x a,b

1d a,[x+]

add a,b

xab

1d a,[x+]

add a,b

xab

Id a,[x+]

add a,b

xab

lda,[x+] ;a=flagsl

add a,b ;a=flagsl +b

1d s,#0 ;t check=a

x a,t_check

Id a,x

X a,save_pir

end_d_s: ret
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add a,b x a,b Id a,[x+] add a,b x a,b Id a,[x+] add a,b xa,b 1Id
a,[x+t] adda,b x a,bld a,[x+t] add a,b x a,b Id a,[x+] ; a= flagsl add
a,b; a =wbloagstie73 b 1d s,#0 ; t -check = a x a,t check PCU/TR)200347
a,saveptr end d s: ret 73 WD 03/047673 PCT/1L02/ 00347 .sect
a2d_converter,rom a2dO0O rbit a2den,flags2 ; the a2d prog. checks halll +2
and currentl+2 id enad, #082 ; c=>adch8=b0, 2=>psr=|=ntlk divide by 16,
sbi t adbsy ;®mEd*aPdo T i Fhi e ddbEy EHEAT R AYEE T *a, adrsth  x a, hal | |
| d enad, #092ct;a2d zemdtethdshl , 2=>psr =l =ntl k divide by 16. sbhit adbsy, enad
a2d02: i f bitdoadbsy, etiaskdep fipgsa2di2a2dbrag. ashckd hrlllx2 andheutkRtltd enad, #0a2 ;
c=>adchl 0=b2, 2=>psngkmapiok2 di vicgeadey8<d, 2=>psr=1=mclk divide by 16. '
sbit adbsy,enad
a2d01: ifbit adbsy,enad
jmp a2do01
1d a,adrsth
x a,halll
1d enad #092 ; c=>adch9=b1, 2=>psr=1=mclk divide by 16.
sbit adbsy,enad
a2d02: ifbit adbsy,enad
jmp a2d02
1d a,adrsth
x a hall2
1d enad,#0a2 : c=>adch10=b2, 2=>psr=1=mclk divide by 16.
sbit adbsy,enad
a2d03: ifbit adbsy,enad
jmp a2d03
1d a,adrsth
X a,currentl
1d enad,#0b2 : c=>adch11=b3, 2=>psr=1=mclk divide by 16.
sbit adbsy,enad
a2d04: ifbit adbsy,enad
jmp a2d04
Id a,adrsth
X a,current2
ret
;*******************************************************

.sect velosity_caculation,rom
v_calc: rbit enl_calc,iflags

Id a,t_ref0
x a0
Id a,t_refl
xa,l

1d a,pthi
ifgta,l

jmp tooslow
ld a1

ifgt a,pthi
jmp toofast
1d a,ptlo

ifgt 2,0

jmp tooslow
1d a,0
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sbit adbsy, enad a2d03: ifbit adbsy,enad jnp a2d03 Id a,adrsth x

a,currentl 1d enad, #0b2 ; c=>adchl 1=b3, 2=>psr=l=ntlk divide by 16, sbit

adbsy, enaw0aw®%73 i f bit adbsy,enad |jnp a2d04 1d a, adr st h PCI/IRO209847ent 2

ret .sect velosity caculation,romv calc: rbit enl _calc,Iflags I1d a,t_refO

x a0 1da,t_refl xa, | Ida,pthi ifgt a,1 jnp tooslow Id a,1 ifgt

a,pthi jnp toofast 1d a,ptlo ifgt a,0 jnp tooslow 1d a,0 74 WO

03/ 047673 PCT/1L02/ 0fB4.ptloi fgt a,ptlo jnp toofast ret f they are equal
a,ptlo ; if

a, pt hi

if ot
the speed is ok togmbaowafassc ; err= (pt - t _ref) > (4,5 Id
t2ra + err*k >1000 tren pyiftE9@e qohashespeddisskbe a0 x a,4 1d
tooslow: sC ; err= (pt - t_ref) => (4,5)

ldaptlo ;if t2ra+ err*k >1000 then pwm=1000 (fastest)

subc a,0

x a4

Id a,pthi

subc a,l

xas

1d a,t2ralo

x a2

1d a,t2rahi

x a3

jsr mybyk

1d a,0

x a2

1d a,1

xa,3

1d a,4

x a0

1d a,5

xa,l

jmp end_v_calc

toofast: sc ; err=(t_ref - pt) => (4,5)
lda0 ;ift2rb + err*k >1000 then pwm=0 (slowest)
subc a,ptlo
x a4
ld a,1
subc a,pthi
xas
1d a,t2rblo
x a2
Id a.t2rbhi
xa,3
jsr mybyk
1d a,4
xa,2
Id a,5
xa3

end_v_calc:ld b,#t2ralo

Id x,#0

Id a#1
) 1d tmr2hi,#2
;loop2: ifgt a,tmr2hi
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subc a,l x a.51d a,t2ralo

X a,
a,2 Id a, | Xx a3 1ld a4 x a
5
I

Id a,t2rahi x a.3 jsr mybyk 1d a,0 x
ld a,5 x a, | jnp end_v_cal c toofast:

2
0o Id
d a0 ; if t2rb + err*k Prr@O00Xdoesr pwr=0
| s

X

sc ; err=wptosnefe73 pt) > (4,
(sl owest) subc a,ptlo xa,4
Id a_t2rbhi x a,3 jsr nybyk
b,#t2ralo 1d x,#0 1d a,#1 Id

jp loop2

Id a,[x+]

x a,[b+]

1d a,[x+]

x a,[bt]

1d a,[x+]

x a,[b+]

1d a,[x]

x a,[b]

ret

;*******************************************************

v2_calc: rbit enl_calc2,aflags

I
a,
d a4
tnr 2hi |, #

ubc a,pthi x a,51d a,t2rblo x a,?2
a,2 ldab5 x a3 endv calc:ld
2 ;loop2: ifgt a,tnr2hi 75

)
d
|

Id a,at_ref0
x a0
ld a,at_refl
xa,l

1d a,apthi

ifgt a,1

jmp atooslow
Id a,1

ifgt a,apthi
jmp atoofast
1d a,aptlo

ifgt 2,0

jmp atooslow
I1d 2,0

ifgt a,aptlo
jmp atoofast
ret ; if they are equal the speed is ok

atooslow: sc ; err= (pt2 - at_ref) => (4,5)
Id a,aptlo ;if t3ra + err*k >1000 then pwm=1000 (fastest)
subc a,0
x a4
Id a,apthi
subc a,l1
x a5
1d a,t3ralo
xaz2
ld a,t3rahi
xa,3
jsr mybyk
1d 2,0
X a,2
1d a,1
xa,3
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WO 03/ 047673 PCT/1L02/00347 jp loop2 Id a,[x+] x a,[b+] Id a [x+] x
a,[b+t] Ida,[x+] xa [b+] 1da[x] x a,[b] ret v2 calc: rbit

enl _cal c2wefiBags731d a,at_refO xO 1d a,at_refl x a, | | ecajpgdoss7 ifgt
a,1 jnp atooslow 1I1d a, | ifgt a,apthi jnp atoofast 1Id a,aptlo ifgt a,0
jnmp atooslow Id a,0 ifgt a,aptlo jnp atoofast ret ; if they are equal the
speed is ok atooslow sc ; err= (pt2 - at_ref) => (4,5) Id a,aptlo j f
t3ra+ err*k>1000 thenfqavamzlooo (fastest) subc a,0 x a,4 1d a,apthi subc
a, I xab5lId a,tBrQa% X a, 2

Id a5
xa,l
jmp end_v2_calc

atoofast: sc ; err= (at_ref - pt2) => (4,5)
Ida,0 ;ift3rb+ err*k >1000 then pwm=0 (slowest)
subc a,aptlo
xad
Idal
subc a,apthi
xa,5
1d a,t3rblo
X a2
ld a.t3rbhi
x a3
Jst mybyk
Id a4
xaz2
Ida,5
xa,3

end_v2_calc:ld b #t3ralo

Id x,#0

Id a,#1

Id tmr3hi #2
:loop3: ifgt a,tmr3hi

jp loop3

Id a,[x+]

x a,[b+]

Id a,[x+]

x a,[b+]

Id a,[x+]

xa,[b+]

Id a,[x]

x a,[b]

ret
;*******************************************************

.sect math_functions,rom

mybyk: ldentr#6 ; div. by 64 (=216)
dvby2: rc

Id a5

rca

X a5

Id a4
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Id a,t3rahi x a,3 jsr nybyk
PCT/1L02/00347 Id a,4 x a,0 |
err= (at_wefosnapr2) > (4,5) Id
(sl owest) subc a,aptlo x a,4 |
a,2 1d a,t3rbhi x a,3 jsr nybyk
end v2 calc:1d b,#t3ralo Id x,#
a,tnr3hi jp loop3 Idca, [X+] X

x a4

drsz cntr

jmp dvby2

IC ;4.5 <-err*k +12

ldad

adc a,2

xad

Ida5

adc a,3

X a5

daoOxa?2 Idal x a 3 76 W 03/047673
dab5 x a1l jnp end v2 calc atoofast: sc ;
a,0; if t3rb + err*k >10@QTih&00PVIT=0
d a,1 subc a,apthi x a,51d a,t3rblo x
Id a,4 x a,2 Id a,5 x a,3

Olda#11dtm3hi,#2 ;loop3: ifgt
a, [ b+]

ifeq 5,#0

jmp lowedge

Id a,5

ifgt a,#high(980)
jmp highedge

1d a,#high(980)
ifgt a,5

Jmp end_mybyk ; not edge
Id a4

ifgt a,#low(980)
jmp highedge

jmp end_mybyk ; notedge

highedge: 1d 4, #1low(980)
Id 5,#high(980)
1d 0,#20
1d 1,40
ret

lowedge: 1d a,4
ifgt a,#20
Jmp end_mybyk
1d 0,#1ow(980)
1d 1,#high(980)
1d 4 #20
1d 5,#0
ret

end_mybyk:sc
1d a,#low(1000)
subc a4
xa,0
1d a,#high(1000)
subc a,5
xa,l
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Id a,[x+] x a,[b+] ida,[x+] x a,[b+] Ida,[x] x a, [b] ret .sect
mat h_functions,rom nybyk: 1Id cntr,#6 ; div, by 64 (=2"6) dvby2: re Id a,5
rrc a  x WP93/0kw878, 4 77 WO 03/ 047673 PCT/ 1 L02/ 00347 rrc ®CI/IROM0034r Sz cntr
jmp dvby2 rc ; 4,5 <- err*k +t2 Id a4 adc a,2 x a,4 1d a5 adc a,3 X
a,5 ifeq 5#0 jnmp lowedge 1d a,5 ifgt a, #high(980) .jnp highedge Id
a, #high(980) ifgt a,5 Inp end_nybyk ; not edge 1d a,4 ifgt a,#l ow980)
j mp hi ghedge Id a1

ifgt a,#0

ret

1d a,0

ifgt a,#20

ret

1d 0,#20

1d 4,#low(980)

1d 5,#high(980)

ret

jiAsEE* FDV168 - Fast 16 by 8 division subrouting ####k sk sk okkstddekok ke
; 490 instruction cycles maximum - 245usec.

; dividend in [[,0] (dd) divisor in [3] (dr)

; quotient in [1,0] (quot) remainder in [2] (test field)

fdv168: Id cntr #16 ; load cntr with length of dividend field.
1d 2.#0 ; clear test field.
fd168s: 1d b#0
fd168I: Ic
Id a,[b]
adc a,[b] ; left shift dividend lo
x a,[b+]
Id a,[b]
adc a,[b] ;left shift dividend hi
x a,[b+]
1d a,[b]
adc a,[b] ; left shift test field
x a,[b]
Id a,[b+] ; test field to acc
ifc ; test if bit shiefted out of test field****
jp fd168b
sC
subc a,[b] ; test subtract divisor from test field
ifnc ; test if borrow from subtraction
jp fd168t
fd168r: 1d b #2 ; subtraction result to test field
x a,[b]
ld b,#0
sbit 0,[b] ; set quotient bit
drsz entr  ; dectement and test cntr for zero

jp fd1681
ret ; return from subroutine

fd168t: drszentr  ; dectement and test cntr for zero
jp £d168s
ret ; return from subroutine

fd168b: subc a,[b] ; subtract divisor from test field***
jp fd168r
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j mp end_nybyk ; not edge highedge: Id 4,# ow(980) Id 5, #high(980) 1Id
0,#20 1d 1,#0 ret lowedge: Id a,4 ifgt a,#20 jnp end_nybyk Id 0, #low 980)
Id 1,#hi gWw980)7673d 4, #20 1d 5, #0 ret end_mybyk: s c Id 2CFDey@eH0) subc
a,4 xa,0 1Id a,#high(1000) subc a,5 x a,| 78 WO 03/047673 PCT/1L02/ 00347
ld a,1 ifgt a,#0 ret 1d a,0 ifgt a #20 ret id O,#20 1d 4, # ow(980) Id
5, #hi gh(980) ret ****** EFDV168 - Fast 16 by 8 division subroutine

***********z‘*’sk’u**** 0 | L DT, 5442 4DUS G+ dl Vi dend in
[1,0] (dd) 'divi sor |DnEltg ?ln?ﬁ g’%&ﬁ%ﬁp% lf%d%n% 1, 0] (qﬁot) remai nder in [2]

(test fielqyqtdvl 68:y ch%'gg't EB#x%igc-Ban@% Bgct:i{:nay\ép%&eh%%)h of dividend field.

Ic ;856 cycles * 0.5 ~ 428 cycles = 213usec.
Id b#1 ; binary in 0 => decinmal in 1,2
bd1: Id [b+],#0
ifbne #3
jmp bd1
bd2: Id b,#0
bd3: 1d a,[b]
adc a,[b]
x a,[b+]
ifbne #1
jmp bd3
bd4: Id a,[b]
add a,#066
adc a,[b]
dcor a
X a,[b+]
ifbne #3
Jmp bd4
drsz cntr
Jjmp bd2
ret
ok stk bl s feledeale el e el o ok sk ok ek e el ek ok ko
.sect led_update rom
updatelcd:ifbit ledupdate, flags2
Jmp updatelcd0
ifeq lcd_flags #0
ret
Jjmp updatelcd4

updateledO:rbit ledupdate, flags2
Id Ied_cntr #50
Id a,pls_x0
xa0
Id a,pls_x1
xal
1d a#lpulsepermm ; linear pulses per mm
xa3
Jjsrfdv168 ;mm = pls_x/linear_pulses per mm
Jst bindec

Id pd,#080  ; cursor home - address 0.
jsrled _com

Id a,2

and a,#0f

add a, #'0"

80



Id 2.#0 clear test field. fdl68s: Id b,#0 fd1681: rc |Id a,[b] adc a,[Db] ;
|l eft shift dividend lo x a,[b+] Id a,[b] adc a, [b] ; left shift dividend
hi x a, Wbopokw7a, [b] adc a,[b] ; left shift test field pcTALOY(OB47 d
a,[b+] ; test field to acc ifc ; test if bit shiefted out of test field****
jp fd168b sc subc a,[b] ; test subtract divisor fromtest field ifnc ;
test if borrow fromsubtraction jp fdl 68t fd168r: Id b,#2 ; subtraction
result to test field [b] 1d b,#0 sbit 0,[b] ; set quotient bit drsz
cntr ; dectenent and Erélléf tr for zero jp fdl681 ret ; return from

subroutine fdl 68t: r ; dectenent and test cntr for zero jp fdl68s
ret ; return fromsubro tlne fdl 68b: subc a,[b] ; subtract divisor from
test field*™** |p f d18 WO 03/ 047673 PCT/1L02/ 00347 ******x* B| NDEC -
Bi nary to Deci nmal (pa CD) Rk kkkkkxkxkxkkkkkxkx*kx  pindec: Id cntr,#8 ;
Bindec - Binary to ( (packed BCD) rc ; 856 cycles * 0.5 - 428 cycles
= 213usec. |d b, #1 ;”Lf? ry in 0 =>decinmal in 1,2 bd 1: Id [b+], 40

Jsrlcd_dat

Id a,1

and a,#0f

add a,#'0'

xa,pd

Jsrled_dat

Id pd,#085  ; cursor address 5.
jstled _com

ifbit epi, flags1

Jmp updatelcd5

ifbit 7,pls_y1

Jmp updatelcd1

sC ; angel=- 08000-

Id a,#0 : Plsy
subc a,pls_y0

xa,0

1d a,#080

subc a,pls_y1

xa,l

Id pd #-'

Jmp updatelcd2

updatelcdl:ld a,pls_yl ; angel=+ pls_y-08000

and a,#07f

xal

Id a,pls_y0

x a0

Id pd,#+'

updateled2:jsr led_dat
Id cntr #3
updatelcd3:rc
Id a,1
Irc a
xal
Id 2,0
Irca
x a0
drsz cntr
Jmp updatelcd3
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ifbne #3 jnp bdl bd2: Id b,#0 bd3: Id a,[b] adc a, [b] x a,[b+] ifbne
#1 jnp bd3 bd4: 1d a,[b] add a,#066 adc a,[b] dcor a x a,[b+] ifbne #3
jmp bd4 wp3/0ewrs jnp bd2 ret .sect |cd_update,rom upaergaLefosfi t

| cdupdate,flags2 jnp updatelcdO0 ifeq Icd flags,#O ret jnp updatel cd4
updatel cdOrbit |cdupdate,flags2 1Id lcd cntr,#50 1Id a,pls xOx a,01d

a,pls xI x a,11d a,#l pul sepermm; linear pulses per nrm x a,3 jsr fdv 168

; mm = pls x/linear_pul ses per _mm jsr bindec Id pd,#080 ; cursor hone -

address 0. jsr lcdebdfPid a 2 and a, #Of
jst bindec

Id a,1
swap a
and a,#0f
add a #'0'
x a,pd
jsr led dat
Id a,1
and a #0f
add a #'0’
x a,pd
jst led_dat
jmp updatelcd4
updateleds:1d pd,#'e"
jsr led_dat
Id pd,#p'
jsr led_dat
ld pd #1'
jsrled_dat

updatelcd4:ifeq lcd_flags,#0
ret
ifbit self t command,buttons_flags
Id lcd_flags,#0
ifbit start_stop,buttons_flags
1d led_flags,#0
ifeq led_flags #0
ret

ifbit type_start,lcd_flags

1d temp,#low(wordstart); type 'start' at line 2 of lcd.
ifbit type_end,lcd_flags

Id temp,#low(wordend)

ifbit type_Stuck,lcd_flags

1d temp,#low(wordstuck)

ifbit type_stop,led flags

1d temp,#low(waordstop)

jsr type_stringl
Id led_flags,#0

end_updatelcd:ret

sk 3k e s fe s e e o s s e e e he o fe o ek s ofe s of sk e s fe e s el e sk s of e e e e ook o

?sect lcd_orders,rom
clean_led:Id pd.#01
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add a,# 0" 80 WD 03/047673 PCT/1L02/00347 x a,pd isr lcddat 1Id a,} swap a
and a,#0 add a,# 0" x a,pd jsr lcddat Id a, | and a,#X add a,# O x
a, pd jsr wod3date7d d pd, #085 ; cursor address 5. jsr |cd_eamILédios47 _
epi,flagsl inp updatelcd5 ifbit 7,pls_yl inp updatelcdl sc ; angel= -
08000-pls_.y 1Id a,#0O subc a,pls_ y0O x a,0 Id a,#080 subc a,pls_yl x a,

B ; ; = - 08000
l'd pd,# -' inp updatel cd2 updatelcdl :l1d a, pls_yl ; angel= + pls_y
andpa,#07f x a,lidparplidsc® x a,0 Id pd,# + updatel cd2:jsr |cd_dat
Jmp dell6 ,
ret

- e st se s sk e e e e fe s s s sk ok ook o o fe ke o ke ke ke e ke s sk ke o e o s e sk sk ke e
2

type_string0:1d pd,#080 ; lype siring from the start of line 0.
Jsrled _com
Jmp type_string
type_stringl:1d pd,#0c0 ; type string from the start of line 0.
Jsrled_com
type_string:1d a,temp
inc a
X a,temp
jsr get_char
ifeq a,#'@'
ret
X a,pd
jsrled_dat
jmp type_string

JRrseleiost subrutine to initialize led display
init_lcd: 1d a,#10
init_lcdljsr del16

deca

ifne a,#0

jpinit_lcdl

init_lcd2:1d pd,#01 ;display clear

jsrled com
jsrdellé6

1d pd,#06 ;increment cursor (cursor moves: left to right)
jsrlcd_com

Id pd,#0c ;display on , cursor off
Jsrled_com

1d pd,#03f ;8 bits

jmp led_com
, ret
jRridcRkdRE* subrutine to transfer command to led display
led_com: rbit rs,pa ;command

end_com_dat:
sbit cs_lcd,pa
rbit cs_lcd,pa
Id cntr #10
loopl: drsz cntr

jp loopl
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ld cntr,#3 wupdatelcd3 : rclda, | rrca xa | I1da0 rrca xa0
drsz cntr inp updatel cd3 81 WO 03/047673 PCT/1L02/00347 |d 1.#0 jsr bindec
Id a,1 swep3as7eand a, #0f add a,# 0" x a,pd jsr ch_datPCWdLawm?apd_a,#Cf
add a,# 0" x a,pd jsr lcd_dat jnp updatelcd4 wupdatelcd5:Id pd, # e jsr
lcd _dat Id pd,# p" jsr lcd dat td pd,#i"' |jsr lcd_dat updatel cd4: ifeq
lcd flags,#0 ret ifbit self_t _command, buttons flags Id |cd_flags, #O
ifbit start stop, buttens flags Id |cd_flags, #O

ko subrutine to transfer data to led display

lcd_dat: sbit rs,pa ;command

Jmp end_com_dat

SRRk Jalay ek ok Rk o e

dellé6: Id cntr #2
del160: 1d temp,#250 ;1.6 msec delay
dell61: drsz temp
Jmp dell61
1d temp,#150
dell62: drsz temp
jmp del162
drsz cntr
jmp del160
ret

e e s ke s ke fe o ofe ke shesfe seshe sk ke o st o o ofe e ke o s ofe ok ook sk o sk e sk sk of ok ofe e ofe sk
3

.sect string_table,rom,inpage
get_char:laid

ret
JREEAE aocii table kR ko dede ko ok
wordmm: db' mm @

wordstart; .db 'start @'
wordstop: db'stop @'
wordpoweron:.db 'power on@'
wordhome:  .db 'home @'
wordstuck:  .db 'stuck @'
wordend: .db'end @'
wordbottom: .db 'bottom @'
wordready:  .db'ready @'
wordselftest: .db 'selftest@'
wordautorun: .db 'autorun @'
wordinplace: .db 'in place@)

.endsect

END 0
;end of program listing of intumed.asm
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ifeq lcd flags,#0 ret ifbit type startlcd flags Id tenp, #l owmwordstart);
type 'start' at line 2 of lcd. ifbit type end,lcd flags Id
tenp, #l owyaosdersd) ifbit type Stuck,lcd flags [|d tenp, #Pem(Inerastruck)
ifbit type stop,lcd flags Id tenp,# owwordstop) jsr type_stringl Id
| cd_flags,#O end updatelcd:ret .sect |lcd _orders,rom clean lcd:Ild pd, #01
82 WO 03/047673 PCT/1L02/00347 jsr lcd comjnp dell6 ret typestringO:ld
pd, #080 ; type striApgeddixom the start of line 0. jsr lcd_comjnp
type_string type_stringl :1d pd #0c0 ; type string fromthe start of |ine
0. jsr lcd_comtypehisisdipdihed a,tenp inc a x a,tenp jsr get char ifeq
a,4' @ ret X a, pd: jrsFedceeh 0ot jeiPe b Stk k AG« FEAE RS EoSubrMbiRes t 0
initialize #+e#+di splay init _lcd: Ida# i O0init_lcdl :jsr dell6 dec a
; This file include cop8cdr.inc, cop8.inc, cop8c3r.inc, 8cdr.chp,
ports.inc(shortcuts).

;port definitions in cop8 with flash.

ped =090 ;porte data (output); pe is already taken by parity enable.
pec =091 ;porte configuration
pei =092 ;porte input

pf =094 ; port f data (output)
pfc =095 ;portf configuration
pfi=096 ; port f input

pa=0a0 ; porta data (output)
pac =0al ;porta configuration
pai =0a2 ;portainput

pb=0ad4  ;portb data (output)
pbc =0a5 ;portb configuration
pbi  =0a6 ;portb input

pl =0d0  ; port! data (output)
plce =0dl1 ;port! configuration
pli=0d2  ; port!input

pg=0d4 ;port g data (output)

pge =0d5 ;port g configuration
pgi =0d6 ;port ginput

pc=0d8 ; port c data (output)
pcc =0d% ; port c configuration
pci =0da ; portc input

pd=0dc ;portd data (output)

; This is cop8.inc
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ifne a,#0 jp init_lcdl init_lcd2:1d pd,#01 ;display clear jsr lcd_comjsr
del16 1d pd,#06 ;increnment cursor (cursor noves: left to right) jsr lcd
corn | d pao#@o476ds spl ay on , cursor off jsr lcd comld peCEIB62/qo847bit s
jmp lcd_comret ***x*x*x**x gyprutine to transfer command to | cd display
lcd_com rbit rs,pa ;comand end_comdat: sbhit cs_lcd,pa rbit cs_|cd,pa
ld cntr,# 10 loopl : drsz cntr jp loopl 83 WO 03/047673 PCT/1L02/ 00347

ret *x*x*xxkxs gubr et orter ans ke s ghats 8 150 14108 + € +3 phayx s s ddatks«+Sbi t rs;
pa; conmand jipgrendseom dat  FrX*FrEx*k de| gy *ERrExkxkxkkkkxkx de| 16: id

cntr,#2 dell60: 1d: %amam#2§ggNén§\g§pge Lay; dell6l : drsz tenp jnp del 161

I d tenp #150 dell6@w*dmazwh@mpmkﬁn* LBk s i B ASZ 4 LM K e P B L B0 T At
.sect string-tablest@m i npage

ANYCOP =0

COP912C =1 ; Basic Family

COP820 = 2

COP840 =3

COP880 = 4

COPBB20CI= 5

COP840CJ = 6

COPB620 = 7

COP8640 = 8

COP8720 = 9

COP8780 =10

COP9%43 =11

COP888CF =20 ; Feature Family
COP883CG =21
COP8B8CL =22
COPB888CS =23
COPSBREG =24
COPBBBEK =25
COPBACC =26
COP88BBC =27
COPBBBEB =28
COPSBSEW =29
COP888FH =30
COP888GD = 31
COP888GG =32
COP888GW =33
COP888HG = 34
COP888KG = 35
COP8SAA =36
COP8SAB =37
COP8SAC =38
COP8SGR =39
COP8SGE =40
COPSSEC =41
COPSSER =42
COPSAJC =43
COPBAKC =44

-------------- Flash based devices from here on
COPSCBR =60
COP8CCR =61
COP8CDR =62
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get _char:laid rat ***** gscii table ******x*xkxxxxkxsx*xx*  wordmm db ' mm
@ wordstart: Ab 'start @ wordstop: A b 'stop @ wordpoweron:. db ' power
on@ worwbag®i7edd ' hone @ wordstuck: A b 'stuck @ wordande2/oddy end @
wor dbottom .db'bottom @ wordready: . db 'ready @ wordselftest: .db
"selftest@ wordautorun: . db "autorun @ wordinplace: . db 'in place@
.endsect .END O ;end of programlisting of intuned.asm 84 WO 03/047673
PCT/ 1L02/ 00347 AppepgEpR 2dhis is c8cdr. inc ******* This file include
cop8cdr.inc, cop8.copsscRpS&3r.inc, 8cdr.chp, ports. inc(shortcuts). ;port
definitions in cop8omestr fdesh. ped =090 ; port e data (output); pe is
al ready taken by parity enable. pec =091 ; port e configuration pei =092 ;
port e input pf =08dpyspost f data (output) pfc =095 ; port f
configuration pf|-096 ; port f input pa =0a0 ; port a data (output) pac
=0al ; port a confl_guf,au oNn gRak cePagne -part._a_inpui__ph_=0a4 ; port b data
(output) pbc =0a5 ; port b configuration pbi =0a6 ; port b input

. sk ke ok e fe ke e s sk e e sk s ke ke sk e o sk ke he s s ke ok e ke st sfe sk e s se sk s ke e ok sk ok ok 3k s sfe s e ke e ke ofe sk e sk ke

" COPCHIP = COP§CDR ; Chip Definition

; This is cop8C3R.inc
; PLEASE: Consider update for CBR,CDR, and CCR.

; Predeclare I/O and control registers frequently used by COP8 programmer.
.macro setopt
mloc sec,wd,halt, flex

b @1 ifnull
sec = 0 ;default value (not secure)

sec = @1
.endif

ifb @2 ;ifnull
wd = 0 ;default value (Watchdog enabled)
.else
wd = @2
.endif
b @3 ;ifnull
halt = 0 ;default value (HALT enabled)
.else
halt = @3
.endif
ifb @4 ;if null
flex = 1 ;default value (Execute from Flash)
4 .else
flex = @4
.endif

.sect OPTION, CONF
CONFIG: .db ((secshl 3 or wd) shl 1 or halt) shl 1 or flex
.endm

e End of setecon Macro Definition

87



p/| =0d0 ; port 1 data (output) plc =0d1 ; port 1 configuration pli=0d2 ;
port | input pg =0d4 ; port g data (output) pgc =0d5 ; port g
confi gur awomn/04gs =0d6 ; port g input pc =0d8 ; port c daca/nleuaopat) pcc
=0d9 ; port c configuration pci Oda ; port c input pd =0dc ; port d data
(output) This is cop8.inc 85 WO 03/047673 PCT/1L02/ 00347
:************************************************************ ;* Prlrrary
Chi p Nanmes w th Desi-gnators

R R R R xR S ER NafesS Add Register Bit R A g with the Fedilire Family UséYCOP = 0
COP912C = 1 ; Basi MahadliRelund&i¥B2@s maikh IR AchdmeundoR880BasidFanklpP820C) = 5
COP840CJ) = 6 COP8H3BurentatiofOP8640 = 8 COP8720 = 9 COP8780 = 10 COP943 =
11 COP888CF = 20 ; Feature Famly COP888CG = 21 COP888CL = 22 (COP888CS =
23 COP888EG = 24 COP888EK = 25 (COPBACC = 26 (COP888BC = 27 COP888EB =

28 COP88BEW = 29  pORTED = 0x90:BYTE  :PortE Data
PORTEC = 0x91.BYTE ; Port E Configuration
PORTEP = 0x92.BYTE ; Port E input pins (read only)
’ PORTFD = 0x94.BYTE ; Port F Data
PORTFC = 0x95:BYTE ; Port F Configuration
PORTFP = 0x96:BYTE ; Port F input pins (read only)
" PORTAD = 0xAO:BYTE  ;Port A Data
PORTAC = 0xAl:BYTE ; Port A Configuration
PORTAP = 0xA2:BYTE ; Port A input pins (read only)
’ PORTBD = 0xA4.BYTE ; Port B Data
PORTBC = 0xASBYTE ; Port B Configuration
PORTBP = 0xA6:BYTE ; Port B input pins (read only)
’ ISPADLO = 0xA8:BYTE ; ISP Address Register Low Byte

ISPADHI = 0xA9:BYTE ; ISP Address Register High Byte
ISPRD = OxAA:BYTE ; ISP Read Data Register

I[SPWR = OxAB:BYTE ; ISP Write Data Register

TINTA = OxAD:BYTE ; High Speed Timers Interrupt A
TINTB = OxAE:BYTE ; High Speed Timers Interrupt B
HSTCR = 0xAF:BYTE ; High Speed Timers Control Register

TMR3LO = 0xBO:BYTE ; Timer 3 low byte

TMR3HI = 0xB1:BYTE ; Timer 3 high byte

T3RALO = 0xB2:BYTE ; Timer 3 RA register low byte
T3RAHI = 0xB3:BYTE ; Timer 3 RA register high byte
T3RBLO = 0xB4:BYTE ; Timer 3 RB register low byte
T3RBHI = 0xB5:BYTE ; Timer 3 RB register high byte
T3CNTRL = 0xB6:BYTE ; Timer 3 control register

TBUF = O0xB3:BYTE ; UART transmit buffer

RBUF = 0xB9:BYTE ; UART receive buffer

ENU = OxBABYTE ; UART control and status register
ENUR = O0OxBB:BYTE ; UART receive control and status reg.
ENUI = OxBC:BYTE ; UART interrupt and clock source reg.
BAUD = 0xBD:BYTE ; BAUD register

PSR = OxBE:BYTE ; UART prescaler select register

TMR2LO = 0xCO:BYTE ; Timer 2 low byte
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COP888FH 30 COP888GD = 31 (COP888GG = 32 (COP888GW 33 (COP888HG = 34
COP888KG = 35 COPSSAA =36 COPSSAB =37 COP8SAC =38 COP8SGR =39 COP8SSCE
= 40 COP8BHEG0376¢41d COVER = 42 COPSAJC = 43 COPSBAKC = 42CIHLO200347- - - - - - -
FIl ash based devices fromhere on COPBCBR = 60 COPSBCCR = 61 COP8CDR = 62
86 WD 03/047673 PCT/1L02/ 00347 COP8SBR = 63 COP8SCR = 64 COP8SDR = 65
COPy8 = 99 ---------------- End of COPS8. | NC

--------------------- TMVRZHI = -0oxC1:BY TEOPCH e CHEEGHR ;. Chi
This is cop8C3R inc PrEASE) CopgideyTHpdat &far glgﬁ@
Yhi
S eI'

Def|n|t|on

Ip
Predeclare I/ 0O and cofbg Ol r_eg)kgggryemf requg;hte y ?q grograrmer

.macro setopt .moc sesppyphal fodid@yrgif b , default
val ue (not secure) . ehsEHFEC oxc@yyrendi lemef' S’ce:lJ H‘ﬁiﬁj
T2CNTRL = 0xC6:BYTE ; Timer 2 control register
WDSVR = 0xC7:BYTE ; Watch dog service register

WKEDG = 0xC8BYTE ; MIWU edge select register
WKEN = 0xC9.BYTE ; MIWU enable register
WKPND = 0xCABYTE ; MIWU pending register

ENAD = 0xCB:BYTE ; A/D Converter Control register

ADRSTH = 0xCC:BYTE ; A/D Converter Result Register High
Byte

ADRSTL

0xCD:BYTE ; A/D Converter Result Register Low
Byte A

ITMR = OxCF:BYTE ; Idle Timer Control Register

PORTLD = 0xDO0:BYTE ; Port L data
PORTLC = 0OxDI1:BYTE ; Port L configuration
PORTLP = 0xD2:BYTE ; Port L pin
PORTGD = 0xD4:BYTE ; Port G data
PORTGC = 0xDS5S:BYTE ; Port G configuration
PORTGP = 0xD6:BYTE ; Port G pin

" PORTCD = OxDS:BYTE  : PortC data
PORTCC = 0xD9:BYTE ; Port C configuration
PORTCP = 0xDA:BYTE ; Port Cpin .
PORTD = O0xDC:BYTE ; Port D

PGMTIM = O0xE1:BYTE ; E2 and Flash Write Timing Register

ISPKEY = 0xE2:BYTE ; ISP Key Register

TIRBLO = OxE6:BYTE ; Timer 1 RB register low byte
TIRBHI = 0xE7:BYTE ; Timer 1 RB register high byte
ICNTRL = OxE8BYTE ; Interrupt control register
SIOR = O0xE9:BYTE ; SIO shift register

SIO = OxE9:BYTE ; SIO shift register

TMRILO = OxEA:BYTE ; Timer 1 low byte

TMRIHI = OxEB:BYTE ; Timer 1 high byte
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wd = 0 ; default value (Watchdog enabled) .elsewd =@ .endif .ifb @ ;
if null halt = 0 ; default value (HALT enabled) .else halt = @ . endif
if b @ ;wofosouter3fl ex = 1 ; default val ue (Execute fromPETasyoo3sl se fl
ex = @ .endif .sect OPTION, CONF CONFIG A b ((sec shl 3 or wd) shl 1 or
halt) shl 1 or flex .endm----------------- End of setecon Macro
Definition ------------momomnnn- 87 WO 03/047673 PCT/ 1 L02/ 00347

seeeemeeee-a-o----- TIRALO = OxEC:BYTE - - - - Fimer } RA-register low-byte- - - - - - - - - - SFR
Nanes and Regi ster Bi {TIRAIEs AGEPeBWIEh t heirkeadt RIA eegradrihigh byseer ' s Manual
Redundant nanes match correspondi ng functions on Basic Fam |y

Docunent ati on PORTED €NIRIO:BYOKEE;BYDEt E; Baimdl reBIEIEC = Ox91: BYTE ; Port E
Configuration PORTEPPSWOXS2:(BEFBYTHor t; ESWnedéterpi NS (read only) PORTFD =
0x94: BYTE ; Port F;Data PORTFC = Ox95: BYTE ; Port F Configuration PORTFP =
0x96: BYTE ; Port F i REUECPIUNTLO €aokRBYIE PORIADSREXAPRBYEd Port A Data
PORTAC = OxAL: BYTE;; Port A Configuration PORTAP = OxA2: BYTE ; Port A
input pins (read onlys PORIBD BYTEA4: Bﬁéﬁqe‘nt?e%fsier%ngaé@ﬁ%ﬁ?@&: _

Ox. A5: BYTE ; Port B Configuration PORTBP = OxAO BYTE ; Port B input pins
(read only) |SPADLO = OxAQO BYTE ; | SP Address Regi ster Low Byte | SPADH =
OxA9: BYTE ; | SP Addr.ess.Regi.ster. H.gh Byte

; Bit Constant Declarations.

;----- Alternate function bit definitions on port G

INT =0 ; Interrupt input
INTR = 0 ; Interrupt input
WDOUT = 1 ; Watchdog output
TIB = 2 ; Timer T1B output
TIA =3 ; Timer T1A output
SO =4 ; Seriell output
SK =5 ; Seriell clock
SI =6 ; Sertell input
CKO =7 ; Halt,restart input
jmmmn Alternate function bit definitions on port L
CKX =1 ; ext. clock I/O-pin/UART
DX = 2 ; transmit data/UART
RDX = 3 ; receive data/UART
T2A = 4 ; Timer T2A output
T2B =5 ; Timer T2B output
T3A =6 ; Timer T3 A output
3B =7 ; Timer T3B output
;  Alternate function bit definitions on port A
ACHO = 0 ; A/D-Channel 0
ACHI =1 ; A/D-Channel 1
ACH2 = 2 ; A/D-Channel 2
ACH3 = 3 ; A/D-Channel 3
ACH4 = 4 ; A/D-Channel 4
ACHS = 5 ; A/D-Channel 5
ACH6 = 6 ; A/D-Channel 6
ACH7 = 7 ; A/D-Channel 7
Alternate function bit definitions on port B
ACH8 = 0 ; A/D-Channel 8
ACHS =1 ; A/D-Channel 9
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| SPRD = OxAA: BYTE ; | SP Read Data Register | SPWR = OxAB:BYTE ; ISP Wite
Data Regi ster TINTA = OxAD: BYTE ; High Speed Tiners Interrupt A TINIB =
OXAE: BYTEWP oBliogiis78peed Tiners Interrupt B HSTCR = OxAF: B¥CEIL02H0g47 Speed
Timers Control Register TMR3LO = OxBO BYTE ; Timer 3 low byte TMR3H =
OxBl : BYTE ; Tinmer 3 high byte T3RALO = OxB2: BYTE ; Tinmer 3 RA register |ow
byte T3RAH = OxB3:BYTE ; Tinmer 3 RA register high byte T3RBLO =

OxB4: BYTE ; Ti ner S%ﬂ\fgmger |0W/19§dh§nneir§(RBH| = OxB5:BYTE ; Tinmer 3 RB
: . Rl
A

regi ster high byte OxB6; annel L T€T 3 contr ol reg| ster TBUF =
OxB8: BYTE ; UART tr buffer Chax%%B?z BYTE ; UART receive buffer ENU
= OxBA: BYTE ; UART c ol agd stat -dé Sier ENUR = OxBB: BYTE ; UART
recei ve control an egS A@g‘,ﬁ\(jg%utpupART i nterrupt and

cl ock source reg. B%BYTI;/ Egl ster PSR = OxBE: BYTE ; UART
TP

prescal er sel ect r LO = Etis t?ﬁ’rr 2 low byte 88 V\D
03/ 047673 PCT/1L02/ S el 2 hi gh byte T2RALO =
OxC2: BYTE ; Tiner 2 %g|7ster VBerte HI = OxC3: BYTE ; Tiner 2 RA
register high byte BLO Ox Ti 2 RB register |ow byte
T2RBH = OxC5: BYTE ; g% ster h| gh byte T2CNTRL = OxC6: BYTE ;
Timer 2 control régT' nU\B tch dog service regl ster

WKEDG = OxC8: BYTE : Wﬂ% ed e sel’

BYTE ; MW
enabl e regi ster VKPNS! %YTE %F%&“’P@é“a%"‘%? ENAD = OxCB: BYTE
. A/ D Converter Cont rTéﬁzr eg|5ster : Y'}r (/D Converter Result
Regi ster Hi gh Byte AORSTE 1EkCD: B(‘}QESSO/S,&P f’gr?a BE%UIt Register Low

Byte | TMR = OxCF: BYTEIC]| ¢t € Ti rrerT@Gﬁ}cF@ e;@@g
TC3 = TICI ; COP880/840/82 conirol signal name
= 4

T1CO ; Start/Stop timer in modes 1 and 2
- Underflow interrupt pending in mode 3

TRUN = TICO : COP880/840/820 control signal name
MSEL = 3 : Enable Microwire
[EDG = 2 - Selects external interr. edge polarity
St =1 ; Microwire clock divide select
SLO =0 : Microwire clock divide select

e Bit definitions PSW register
HC =7 - Half Historical Redundant carry flag
cC =56 ; Carry flag
T1PNDA = 5 : Timer T1A interrupt pending
TPND = TIPNDA ; Historical Redundant
TIENA = 4 - Timer T1A interrupt enable
ENTI = TI1ENA ;Historical Redundant

EXPND = 3 ; External interrupt pending
IPND = EXPND ; Historical Redundant
BUSY = 2 : Microwire busy shifting
EXEN = 1 ; External interurpt enable
ENI = EXEN ; Historical Redundant
GIE = 0 ; Global interr. enable

jmmme Bit definitions ICNTRL register :
LPEN = 6 - L-Port interr. enable
TOPND = 5 ; Timer TO interr. pending
TOEN = 4 ; Timer TO interr. enable
WPND = 3 ; Microwire interr. pending
WEN = 2 : Microwire interr. enable
TIPNDB = 1 : Timer T1B interr. pending flag

TIENB = 0 : Timer T1B interr. enable

ENR



PORTLD OxDO BYTE ; Port L data PORTLC = OxDl: BYTE ; Port L configuration
PORTLP OxD2: BYTE ; Port L pin PORTGD = Ox.D4: BYTE ; Port G data PORTGC =
OxD5: BYTEWP 0Bou167%55 configurati on PORTGP = OxD6: BYTE ; PorPCTE.@/MW3PORTCD =
OxD8: BYTE ; Port C data PORTCC = OxD9: BYTE ; Port C configuration PORTCP
= OxDA: BYTE ; Port C pin PORTD = OxDC:. BYTE ; Port D PGMII M = OxEl: BYTE ; E2
and Flash Wite Timng Register |SPKEY = OxE2: BYTE ; | SP Key Regi ster

TI RBLO = OxEG6: BYTE-+--- BitndfiniliolRBra@grmt sigistepw byte TIRBHI = OxE7: BYTE ;
Timer 1 RB register hirghs byte | CNTRherT2dB:cBYAdE ; I nterrupt control _
register SIOR = XEOTBYJTE=SEO shi fMimdra@insdicomtdd = OXE9: BYTE ; SI O shift
register TMILO = OTEA B¥TE ; Ti: meherIraleR¥tieor TMRIHI = OXEB: BYTE ;
Timer 1 high byte 89T¥€ 03/ a47673ngg;f/ﬂzngr95Q 7 TIRALO = OXEC: BYTE ;
Timer 1 RA register |pypyse- T3 RAH . FinfoxEE) BYSE th&EE%ﬂaézY_Fr?A regi ster high
byte OCNTRL = OXEE: BYFfEnacengr ol r@ghé;tIQAﬁ%Wma , PSWregi ster
BYTECOUNTLO = OxFI : BYFEpnpihen JSRB - BeRE TRO WS SendngndXFF: BYTE | Segment
register, only COP838EHHES! = o ; Timer T2B interr. enable

Bit Constant Decl a’r__a_t_iBQ%f i 8 Rake function bit definitions on port
G INT =0 ; Inter’rup!;ragﬁp%rﬁltI.C)?Sl\—ﬁ3 er ,T%{S d%rr gtl i nput  WDQUT = 1 ;

Wat chdog output TI1B Ti mer T1A out put SO

: e ] mde" 6-’s Il i nput
=4 Seriell output r 2 5 Ser{ %mer mode control , Serie ' npu
T3CO = ; Timer T3A start/stop
T3PNDA = 3 ; Timer T3 A interr. pending flag
T3ENA = 2 ; Timer T3A interr. enable
T3PNDB = 1 ; Timer T3B interr. pending flag
T3ENB = 0 ; Timer T3B interr. enable
;  Bit definitions HSTCR register

TOHS = 7  ;Timer T9 High Speed Enable

T8HS = 6  ; Timer T8 High Speed Enable

TIHS =5 ; Timer T7 High Speed Enable

T6HS = 4 ; Timer T6 High Speed Enable

TSHS = 3 ; Timer TS High Speed Enable

T4HS = 2 ; Timer T4 High Speed Enable

T3HS =1 ; Timer T3 High Speed Enable

T2HS = 0 ; Timer T2 High Speed Enable

;  Bit definitions TINTA register
TOINTA= 7 ; Timer 9 Interrupt A
T8INTA= 6 ; Timer 8 Interrupt A
T7TINTA= 5 ; Timer 7 Interrupt A
T6INTA= 4  ; Timer 6 Interrupt A

TSINTA= 3 ; Timer 5 Interrupt A

T4INTA= 2  ; Timer 4 Interrupt A

T3INTA= 1 ; Timer 3 Interrupt A

;  Bit definitions TINTB register
TIINTB= 7 ; Timer 9 Interrupt B
TEINTB= 6 ; Timer 8 Interrupt B
T7INTB= 5  ; Timer 7 Interrupt B

T6INTB= 4 ; Timer 6 Interrupt B

TSINTB= 3 ; Timer S Interrupt B

TAINTB= 2 ; Timer 4 Interrupt B

T3INTB= 1 ; Timer 3 Interrupt B

92



CKO=7; Halt,restart input ----- Al'ternate function bit definitions on
port L CKX =1; ext. clock I/Opin/fUART TDX = 2 ; transmt data/ UART
RDX = 3 ;wpasminses dat a/ UART T2A = 4 ; Tinmer T2A output TPBTAL&/Q03d mer T2B
output T3A =6 ; Timer T3A output T3B =7 ; Tinmer T3B output Alternate
function bit definitions on port A ACHO =0 ; A/D-Channel 0 ACHL =1 ;

Al D-Channel 1 ACH2 =2 ; A/ID-Channel 2 ACH3 =3 ; A/DChannel 3 ACH4 =4
; A/ D-Channel 4 ACHS Bat d&efipitish{ENABMgkters ACH6 = 6 ; A/ D-Channel 6 ACH7 =
7 ; A/ D-Channel 7 Al tADCH3 e= funct AOChavterteeChdandliserst by port B ACH8 = 0 ;
A/ D- Channel 8 ACH9 ADTH2 -A/® Chajs@ C&hvefor\WRabkdst 0446 63 2PCT/ | LO2/ 00347

ACH O = 2 ; A/ D ChanndlDd1 ACH | = AD;Cowbkdcitmanel Sddet biACHLI2 = 4 .

Al D- Channel 12 ACH 13DBCH0 A Dr Channeb dodiveMIXGRN Selfe: bitd/ D Mux Negat i ve
Qutput ACH14 = 6 ; Al aoennels 14  MIKS@IhRerfor ModeAkctitx Posi tive CQut put
ACH15 = 7 ; A/ D-Chanpeivid% ADIN = 7ADAR d@mvarber | nput  ----- Bi t
definitions CNTRL regipster=TI1C3 = X/chgvg@grp}esggggelg&mtrol TGl = T1C3 ;
COP880/ 840/ 820 contr abpsivgnal namep chhfedorB& th'm?r 1 node control TC2 =
TIC2 ; COP880/ 840/ 820 control si gnal name Ti, ; Timer 1 node control

jmmm— Bit definitions ENU register

PEN = 7 ; Parity enable
PSEL1 = 6 ; Parity select
PSELO = 5 ; Parity select
XBIT9 = 5 ; 9th transmission bit in 9bit data mode
CHLI = 4 ; Select character frame format
CHLO = 3 ; Select character frame format
ERR = 2 ; Error flag
RBFL = 1 ; Received character
TBMT = 0 ; Transmited character

jmm=n Bit definitions ENUR register
DOE =7 ; Data overrun error
FE = 6 ; Framing error
PE =35 ; Parity error
BD= 4 ; Break Detect

RBITS = 3 ; Contains the ninth bit (nine bit frame!)

ATTN = 2 ; Attention mode
XMTG = 1 ; indicate transmitting mode
RCVG = 0 ; Indicate framing error

jrme—- Bit definition ENUI register
STP2 = 7 ; Select number of stop bits
BRK = 6 ; Holds TDX low to Generate a BREAK
ETDX = 5 ; Select transmit-pin 12
SSEL = 4 ; Select UART-mode
XRCLK = 3 ; Select clock source for the receiver
XTCLK = 2 ; Select clock source for the transmitter
ERI =1 ; Enable interr. from the receiver
ETI = 0 ; enable interr. from the transmitter

,  Bit Definitions for ITMR Register

LSON = 7 ; Low Speed Oscillator Enable
HSON = 6 ; High Speed Oscillator Enable
DCEN = 5 ; Dual Clock Enable - Switches TO To

; Low Speed Clock
CCKSEL = 4 ; Core Clock Select - Switches Instr
; Execution To Low Speed Clock
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TC3 = TIC1 ; COP880/840/820 control signal name T1CO = 4 ; Start/ Stop
timer in nodes 1 and 2 ; Underfiow interrupt pending in node 3 TRUN = TI
CO ; COP880/084076820 control signal name MSEL = 3 ; Enabl @Cvicexws47e | EDG
2 ; Selects external interr. edge polarity SL1 =1 ; Mcrowre clock
divide select SLO= 0 ; Mcrowre clock divide select Bi t
definitions PSWregister HC = 7 ; Half Hi storical Redundant carry flag C

6 ; Carry flag Tl PNpAyst 5 5 Ti nepr EifnbdHefbl SRbcbndi ng  TPND = TI PNDA |

Hi storical RedundantpgglENA; = 4IDLE'T”iﬁErP-Eili knt&mkypt enable ENTI = T1ENA
, Historical RedundgpigpEXPHND ‘IﬁLEIﬁ%&ﬁeﬁ stiBdi@fifoupt pending | PND =
EXPND ; Historical Redundant ; Mcrow re busy shifting EXEN = |
; Ext ernal i nt er urptRNab | cal Redundant GE =0 ;
d obal interr. enable ---’?%SEBQequdefl ni t| E%S?IIQ RL register LPEN = 6 ;
L-Port interr. enable pending TOEN = 4 ;

e TOPN I Ointerr.
Timer TOinterr. énable EE)‘TOP%GP“HI%WC;I/-\A re interr. pending WEN = 2 ;

Mcrowire interr. enabl&..thR2NRB okl B« LB d QL LLL 4 NERALRGS | ag
T1IENB = 0 ;.. kLper ‘'TIB interr. enable 91 WD 03/047673 PCT/1L02/ 00347

Bit definitions TZ%II ster T2C3 = 7 ; Tinmer T2 node control
Timer T2 npbde cont’ Rleir(f%i . Tinmer T2 node control T2CO = 4
T2A start/stop T2PNDA I rrer T2A interr.

Timer T2A interr. ena WﬁSCDi{  RAM Slpémﬁes max. R

T2C2 = 6
o Ti mer
gdre SJFJP%Q T2ENA = 2

this file.

;CHIP_SPEC (chip_table) for COP8CDR9xxxx parts
; PLEASE: Consider also update of files for CBR and CCR when modifying

; 0 value if undefined, address value otherwise

mole = 0
romsize = 0x8000
ramhi = Ox6F
eglo = 0

eeght = 0

t3lo = 0OxBO
3hi = 0xBé6
comp =0

uartlo = 0xB38
uarthi = OxBE
2lo = 0xCO
t2hi = 0xCé6
wdog = 0xC7
miwulo = 0xC8
miwuhi = 0xCA
a2dlo = (xCB
a2dhi = (0xCD
Iportlo = 0xDO
Iporthi = 0xD2
gportlo = 0xD4
gporthi = 0xD6
ipot = 0
cportlo = 0xDS8
cporthi = OxDA
dport = 0xDC
geer = 0
gromdr = 0
gearlo = 0

; ROM size
; segment O high address

; on-chip eerom range

; timer 3 registers

; comparator

; uart registers
; timer 2 registers

; watch dog service register
, miwu registers

; a/d registers
; | port registers

; § port registers

; 1 port

; ¢ port

; d port

; eerom control register

; eerom data register
; eerom address registers

94



T2PNDB = 1 ; Tinmer T2B interr. pending flag T2ENB = O Tiner T2B interr.
enable ----- Bit definitions T3CNTRL register T3C3 7 ; Timer T3 node
control W8@3/0#47683 ; Timer T3 node control T3ClL = 5 ; Ti mPCTABo2®wAa« contr ol
T3C0 = 4 ; Tinmer T3A start/stop T3PNDA = 3 ; Timer T3A interr. pending flag
T3ENA = 2 ; Timer T3A interr. enable . T3PNDB = 1 ; Tinmer T3B interr.
pending flag T3ENB = 0 ; Tiner T3B interr, enable Bit defi nitions HSTCR
regi ster TOHS = 7 ;eedthimer=T90 H gh Speed Enable T8HS = ; Timer T8 High
Speed Enable T7HS;en® ; Fi n®&EST7 Hi gbntSp rEnabglgead%@é-fliged- 4 ; Timer T6

H gh Speed Enabl e nfibddire=3 OxEBi mer oy Speed En TAHS = 2 ; Tiner
T4 High Speed Enablrilo T3HS:Ed ; TiTgfito [Pkl gh Speed Enable T2HS = 0 ;

Ti mer T2 High SpeediaEnabl eoxfBit definitions TINTA regi ster T9INTA= 7 ;

Timer 9 Interrupt /ﬁbla'&l\rl'mla@ TIH‘Er@ 8 Interrupt A T7INTA= 5 ; Tinmer 7
Interrupt A TOELINTARK = ToNrmy 6 | nt errupt A TS5INTA= 3 ; Tiner 5 Interrupt
A T4INTA= 2 ; Ti Mednird 4 Nt @ERUPL A A= 3 interrupt A Bit
definitions TINTB Fagi sterqEql NTB | Cn%iigﬂ n@ﬂeaﬁygg‘ Edeg t B TBINTB = 6 ;
Timer 8 Interrupt BoTZANTREs 5 ; % b e HedTe Nrp < 4 . Tinmer 6
Interrupt B T5INTByF 3=, ldpger 5 Interr T4AINTB = 2 ; Tiner 4

Interrupt B T3 IN{Bgmib = Id@Rip 3 I D 2 WD 03/ 047673
PCT/ 1102/ 00347  coromni = 0x077F ehte HtQtlovvto%lgh

-

cntrl2 0
© wdogetr = 0
modrel = 0
econ = Ox7FFF ; econ hex-file location
cfgsize = 1 ; econ array cell address.

;family = 0 for basic family, family = 1 for feature fémily

family = 1
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Bit definitions ENAD regi ster ADCH3 = 7

. A/D Convertor Channel Select bit

3 ADCH2 = 6 ;: A/D Convertor Channel Select bit 2 ADCHL =5 ; A/D
Convert orwOhlaiuml3 Sel ect bit 1 ADCHO = 4 ; A/ D Convert or pCranexdo3el ect
bit O ADMOD = 3 ; A/D Convertor Mbde Select bit ADMUX = 2 ; A D Mux Qut

Control PSC = 1 A/D Convertor Prescale Select bit ADBSY =0

Convertor

enable PSEL1 = 6 4
9th transmni ssion bi t

Busy Bit -----

; A/D
Bit definitions ENU register PEN =7 ; Parity

plé‘a(qij{t;y select PSELO =5 ; Parity select XBIT9 = 5 ;
in 9bit data nbde CHL 1 = 4 ; Select character frame

for mat  CHLQs%«3+i+:Sek eohstaRaiAntifhs arBhornRt«-ERR = 2 | Error flag RBFL

= 1 ReceiyathLharass er TéSMTz 94= JE oS0 el AGhET oo Bt
definiti onsk* Rk 89k Rl gte ns ok tka*ax&\éeu*ug , Fram ng
error PE = ; Pari ty (53 1% %‘& ; Break Det ect RBIT)9<: ; Conta:jns Ehe
ninth bit blt_f arre © indicate
transmtti We %aw}f %%eng)Pfegu SI_?gc_ - -tgﬁcetm%‘%f inition
ENUI reisE‘ P2 = ; r.of stop bits BRK = 6 ; Holds TDX | ow
to Gene?at %g’%ﬁéA O ero Itesei o regeﬁ%e{t pi n 12 SSEL = 4 ; Sel ect
UART- node 237 I e%‘fm ff t%goflp r%ﬁel ver XTCLK = 2 ;
Sel ect cl of® psource fogg th'éS # o ?Pﬁotr?réf méﬁfoniaslva“a 8bFE %t ern fromthe
recei ver ETI Ie’ nfromt e transmtter Bit Definitions for
| TMR Regi sfr%? use or temporary calculations as counter, .

cd_cntr =0f7  ; used to refresh lcd every 0.1 sec (according to timer0 -

25*4msec)

8 =0f8 ;notused

data_cnir =0f9 ; used to count 20 data packets.

fa =0fa  ;notused

b =0fb  ; notused

;********** bits definitions ¥k stk g sded ek

rs=2 . pa ; determines if the LCD gets command(0) or data(1).

cs_led=3 i pa ; send the mformation in the lcd data pins upon rise and

fall(CA)) of cs_led.

controll=4  ;pa i\

control2=5  ; pa ;/ control 1+2 determine the direction of motor 1

control3=6  ;pa i\

controld=7  ;pa
:home_position=5; pl
;start_stop=7 ;pl
home_limit=5 ; pb
bottom_limit=6 ; pb
angular_limit=7; pb
;*********** ﬂags
direction=0 ; Iflags
first_pulse=1 ; Iflags

en_calc=2 ; Iflags
enl_calc=3 ;lflags
stopl=4 ; lflags
pulse=5 ; Iflags

direction2=0 ; aflags
firsty pulse=1; aflags
en_calc2=2 ; aflags
enl_calc2=3 ; aflags
stop2=4 ; aflags
pulse2=5 ; aflags

; / control 3+4 determine the direction of motor 2

e sk oo o sfe e sheole ok ol 2l she s o sfe ok ok o s ofe ke o e 2l e sk e sk sfe she e oo e s sfes ke ok

; direction of motor 1

; if set then there was already 1 pulse.

; enables calculation of time per pulse.

; enables calculation of velosity every.

; signals that motor1 sould be stopped

; signals that there was a pulse from motor 1

; direction of motor 2

; if set then there was already 1 pulse.

, enables calculation of time per pulse.

, enables calculation of velosity every.

; signals that motor2 sould be stopped

; signals that there was a pulse from motor 2
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LSON = 7 ; Low Speed Gscillator Enable HS ON = 6 ; H gh Speed Gscill ator
Enable DCEN = 5 ; Dual Cock Enable - Switches TO To ; Low Speed d ock
CCKSEL = wo;03@e16e3 Cl ock Sel ect - Switches Instr Executi oRCTaLexw38Bpeed
Clock 93 WD 03/047673 PCT/1L02/00347 |ITSEL2 = 2 ; IDLE Tiner Period Sel ect
bit 2 ITSELI =1 ; IDLE Tinmer Period Select bit 1 ITSELO = 0 ; |IDLE Ti ner
Period Select bit 0 KEY = 0x98 ; Required Value for |ISP Key
----------- start=0 - End fgsICOP8@3irsthiiCommand is recetved, 0-when-stop-command fs- - - - - - -
; This is 8aduedchip .CHI P 8CDR ; specifies max. ROM address 7FFF RAM =1K
; CHI P SPEChfibrlp- t ablfapsif o whekBaRERRNoxx xvipdr (Nermal LEIASRE) isGoyeed, der al so
update of fwheespeéhor CBR and CCR when nodifying this file. ; 0 value if
undefi ned, baddress vdlage ot heéenba®milPMereswtdhqWB))1LclssedX B3R opelROM si ze
rarnhi = OepiF3; segmenpsiO; Nivgbn BpiglowsSs se@ddd = 0 ; on-chip eeromrange echi
= 0 t3lo =sQBO ; ti;MREsI3; [ QeSS SomhaB is reckNEE 0GRAER sEH comBRAPAT at or
uartlo = Oxed, uart registers wuarthi = OxBE t2lo = OxCO ; timer 2
registers ebdi = OxGhgWdog WX lannedatisdbrdQds Service register mwlo =
OXC8 ; m Wyykieg St er-§1,88 WD han a2dl@ = OxCB ; a/d registers a2dhi =
OXCD | por t le@yztaOr DO ;;flagi 1POT b diHafliPfo the PC to know when the micro stops

sending data.

fix_ t en=0 ;flags2 ; generatl enable for saving and transmitting the blockes of data.
fix_t enl=1 ;flags2 ;enable 1 block saving, and set every 8msec by timer0.
a2den=2 ; flags2 ; enables a/d

Icdupdate=3 ; flags2 ; being set every 0.1sec by timer O to refresh lcd.

type start=0 ;lcd_flags ;if setlcd sould type "start" in line2.
type_stop=1 ;lcd_flags ;if setlcd sould type "stop" in line2.
type_end=2 ;lcd_flags ;if setlcd sould type "end" in line2.
type_stuck=3 ; lcd_flags ;if set lcd sould type "stuck” in line2.

new_direction=3; rbytel ;the new direction for the motors as received from the pc.

motor=4 ;tbytel ;0 - motorl, 1 - motor2.
buttons_t_en=0 ; buttons_flags
home_command=1 ; buttons_flags

home_command_pc=2 ; buttons_flags
self t command=3 ;buttons_flags
stop_command=4 ; buttons_flags
home_position=5; buttons_flags + pl
start_stop=7 ; buttons_flags +pl

limits_c_en=0 ; limits_flags to be shifted if it is the only bit in
this byte.

;****** S=0 *******bytes deﬁnitions ot 2fe sfeofe 2fe 2 sfe sfe sfe ok afe e sk e sfe o ofe ofe ok e sfe oo ofe o e oo ofe

Iflags =020 ; flags that belongs to linear motor (motorl).

aflags =021 ; flags that belongs to angular motor (motor2).

ang_stat =022  ; angular motor work states.

nxt_a stat=023 ; save the next ang_stat that come after a subroutine or an ang_stat.
plsy_cntr0=024 ;1sb ; angular distance that motor 2 sould do in start command.
plsy_cntr1=025 ; msb

pls_cntr0 =026  ;lIsb ; linear distance that motor 1 sould do in start command.
pls_cntrl =027 ;msb

linear stat=028 ; linear motor work states.
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| porthi = OxD2 gportlo = OxD4 ; g port registers gporthi = OxD6 iport =0
, 1 port cportlo = OxD8 ; c port cporthi = OxDA dport = OxDC ; d port
eecr - O woesmersrzontrol register erondr = 0 ; eerom dat ®Cmagexsioes7 eearl o
=0 ; eer om address registers 94 WO 03/047673 PCT/1L02/00347 eearhi =0
;ientrl OXES8 ; icntrl regi ster ; already defined m'70r0\t/)v:re :Q<O<E§9 ;tl
reSIOtI | o 6 ;. tl auto |.d tlrb tlahi = tiblo =
lrj\e/\z; t gl tf cntrlsa"-e Pt lme&?ﬁ{sﬁtﬂﬁ%ﬁ’me %’r%%ggpuﬂ%? Pii@d ; psw = OXEF
. psw reg mgfll def i ned o = O(F RAM reg range nhi = OxFF segram o
0x0L00 %jr;-ents 1;%@ tosﬁ‘fe % ndLxgk ¥ 7F cntrl2 = 0 wdogetr = O
modrel = 0 élélﬁhefﬁ’é’% fhging 4lﬁé%ﬂﬁt9ﬁlowctf®§1pﬁ>émﬂe@ha econ array
cel | addres“gmpefeasrxﬁﬂ = 0 for basic famly, famly = 1 for feature famly
famly = 178559 03/0%?67311@‘.5@‘93?1@%695‘:@7&6 Appendi x 3 kK ke ko ok ok ok ok ok
Const ant s diré’F SHitt | ons02d « « usarktransmithing-woerk stafepu| seper mme136 ; 16 * 22 / 2.54
= 138.58 =IMpEdr pul T&eper cpter<e help with timming. degreased by Defanndmseons

kkhkhkhhkkhkkkkkhkhkhkhkhkk*x

currentl =030 ;digital current from motor 1.

current2 =031 ;digital current from motor 2.

hall1 =032 ; digital hall senssor from motor 1.

hall2 =033 ; digital hall senssor from motor 2.

pls_x0 =034 ; Isb ; total linear distance in pulses.

pls_x1 =035 ;msb

pls_y0 =036 ; Isb ; total angular distance in pulses.

pls_yl =037 ;msb

flags1 =038 ;

t check =039 ; check sum of 1 packet of 20 blocks of current1+.. +flagsl
check sum =03a ; check sum of received bytes in 1 command from the pc.
save_ptr =03b ; pointer to show where the next byte should be saved in the
packet of 20 blocks (s1,s2).

send_ptr =03c  ; pointer to show from where the next byte should be sent in the
packet of 20 blocks (s1,s2).

zero_hl =03d

zero_h2 =03e

ptlio =040  ;Isb ; save the capture time of motor 1 last pulse.

timer la

ptlhi =041 ;msb

pt2lo =042  ;Isb ;save the capture time of 1 pulse before motor 1 last
pulse.

pt2hi =043  ;msb

ptlo =044 ;Isb ;save the time between the last 2 pulses of motor 1.
calculated in timerO.

pthi =045 ;msb

t_ref0 =046  ;lIsb ;the desired time between pulses of motor 1 as received
from the pc.

t_refl =047 ;msb

aptllo =048 ;lIsb ;save the capture time of motor 2 last pulse.

timer 1b

aptlhi =049 ;msb

apt2lo =04a  ;Isb ;save the capture time of 1 pulse before motor 2 last
pulse.

apt2hi =04b ;msb

aptlo =04c  ;Isb ;save the time between the last 2 pulses of motor 2.

calculated in timer0.
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fO =0f0 ; not used uart_tnr =0fl ; used as receive watch dog -when O,
return rec_stat(receiving state) to 0. rbyte _num =0f2 nunber of bytes to
be recei vw0.03/081593 e num =0f 3 ; nunber of bytes to be trangeirtiLedodsrenp =0f 4
; used for tenporary calculations as variable or counter. =0f5 ; not used
cntr =0f6 ; used for tenporary cal culations as counter. led_cntr =0f7 ; .
used to refresh led every 0.1 sec (according to tinmerO - 25 *4nsec) f8 =0f8
, not used;fiata an@mFOfgn@ used to count 20 data packets. fa =0fa ; not
used fb =0fbep not uged *1* % Hhe'desirddi thnfe W@l deRiphisoNSt Midtdr ) As'rbdelvell* * ¥ ** >
rs=2 ,; pa ﬁmq%kgknlnes i f the LCD gets connang(o) or data(l). cs_lcd=3

pa ; send } |nforagkion dy the led data pins upon rise and fall(_AJ of
csl ed. contTo | =4 ; pa ; \ control2 5 ; pa ; [/ control 1+2 determ ne the

direction 61 QLOS% 0(?1{][ rr\%e‘?’e s&ortpi%h Yo 1Rl Bt ATdived R, / control 3+4

deternlne %i not or p05|t|on =5; pl ;start stop=7 ; pl
home Iinit b on}l b angular_limt=7; pb ****x*xkxxx
flag§ mn——_" leg*g***bg **’**ljségi‘;eg%ygcei'g*****g** 'airectionzg . Iflags .

di rection rvtegntor 3 r st _pulse=l ; Iflags ; if set then there was already
1 pul se, HF§a|C 2 fllags ; enables calculation of tinme per pulse. en

that there a pul from noto direction2=0 ; aflags ; direction of
motor 2 fi P4} jjulsés 9; af RGP ge%?mgﬁf%then there was already 1 pul se,

en_calc2:2tb'yte fl ags enabl es cal cul ation of time per pulse.

1 | c=3 ; : I 1=4
|?f:g§ ; SF S thagApntgfIlmWﬁ%gﬂ%égg?g%ewﬁ&g%% %@ﬁﬁ%g%???ZBSD' signal s

tbyted =D5a
tbyteS =05b ;
thyte6 =05¢ ;
thyte7 =05d ;

packet_cntr=05f ; counts the packets that are send every 160msec untill the micro
returns to work state 0.

limits_flags =060 ; micro(limit) switches - normally closed.

buttons_flags =061 ; buttons - normally closed.

ritut =062 ; ritut - counter to prevent buttons vibrations, only 3sec push is
considered a prese.

start_stop_cntr=063 ; counter of 3 sec.

home_position_cntr=064 ; counter of 3 sec.

selft stat=065 ; work states of self test.

autorun_stat=066 ; work states of auto run.

led_flags=067 ; lcd flags - if set, something should be typed.

nolpulsetmr=068 ; timer to turn off motor if no pulses received - assuming the motor is
stuck.

noapulsetmr=069

home_stat=06a ; work states of home position.
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enl_cal c2=3 ; aflags ; enables calculation of velosity every. stop2=4 ;

afl ags ;

cl osed,
cl osed,
flags 1 1 when stop conmand is received, 0 when start comand is

end=5 flagg 1 1 WheﬂMPE@&Hﬁﬂmﬂ}§%ﬁ§gg%ﬂﬂﬁwjp§%%%h§ “éC%Qﬁ%%%% ; 1 when a

not or

is stuck. enddata=7 flags

signals that notor2 sould be stopped pulse2=5; aflags ;
t hat t herwowam4m7pul se fromnotor 2 96 WO 03/ 047673 PCT/ | PCZ/T0@W347 st art =0
; flagsl
i ssued.

1 when start command is received, 0 when stop command is

signal s

home=l ; flagsl ; 1 when honme mcro switch (Normally Cl osed) is
when open. bottom=2 flagsl 1 when bottomng mcro switch (NO is

(0]

o when open. epi=3 ; flag

Epiglottis is sensed. s

It ona or t

the micro stops sendli Wgeribleaclem¢nt whiehhisOadapfel agd®R insegedovitid a divadgl
saving and t&angnhtij,ng the blockes of data. fix_t_enl=1; flags2
1 block saving, and set every 8nsec by tinmer0. a2den=2 ; flags2 ;

a/d | cdupdat e=3 ; flagygfce fghiving skemealy physidlly seociigd twithesaidinkatablf r esh

| ed.

t ype_st op=l
end' =2 ;

rbyt el
r byt el

l[imts

byt e.

=020 ;

t =0 v At t.led | d. type !

R e e G R
| otvof l ags if set led sould type "end” in line2.
lcd flags ; if set Ifg X0

*k Kk xA

I "start".in.|

line2. newdirection--

.soul d type "stuck" in
the new di re€ti'onh S?bc?P' ;/tFrHeOpﬁ{#B? Lo ailepst partiplly a’f"ioﬁlﬁ’?‘faﬁé dfect
0 said irstibls eldment aibh@sad physickasfategamd ; buttons_flags home

_conmmand=| buttons_fl%g§ .ho coi runand pc=2 ; Qﬁﬁtons-flags
sel ft_conmmand=3 ; Dbut1oH %’g%ﬁteﬂ BRI AFasRial saidfsivingsabsystem dgsed
home- Posi t iapeastSyartuillyt &g petd@sd todRlion SF a4ili ‘sﬁ?f%?%_lléwiﬁ%@éﬁ%ﬁt bloRgs,

C eq;o . limts-flags to be shifted if it ist
& erg

10S | e only bit i
111@pamyﬁmfﬁdt1%§alé|§$\ilgﬂt@pé{%yg{sm‘**********************

flags that belongs to linear notor (notorl).

2. An automatically operative medical insertion device according claim 1
and wherein said driving subsystem is operative to fully automatically direct said

insertable element along said physical surface.

W

An automatically operative medical insertion device according to claim 1
and wherein said driving subsystem is operative to automatically and selectably direct

said insertable element along said physical surface.

4, An automatically operative medical insertion device according to any of
the preceding claims and wherein said navigation subsystem receives surface
characteristic information relating to said physical surface from said surface following
element and employs said surface characteristic information to perceive the location of

said surface following element along said reference pathway.

5. An automatically operative medical insertion device according to claim 4
and wherein said surface characteristic information comprises surface contour

information.

6. An automatically operative medical insertion device according to claim 4

100

top=4 ,
ssued.

o know when

e for
. enabl e
enabl es

i ne2.

type_stuck=3 ;

3;
mot or =4

+p|
n this
** Lags



afl ags =021 ; flags that belongs to angular notor (nmotor2). ang_stat =022
; angul ar notor work states. nxt_a stat=023 ; save the next ang stat that
conme aftewoOa3mubrduti ne or an ang_stat. plsy_cntr0=024 ; PCThLo2/@B4gul ar

di stance that notor 2 sould do in start command. plsy _cntrl =025 ; nsb
pls_cntr0O =026 ; Isb ; linear distance that notor 1 sould do in start
command. pls cntrI =027 ; msb linear stat=028 ; |inear notor work states.
97 WD 03/ 0487‘é73V Py SE0 25'0E8e 7ehappgtengtics infpenption - compyises: larfarex harfinesear st at
t hat cone aht@mansubrouti ne or an |inear _stat. flags2 =02a ; save flags
of lcd, a/d and fix t_en. cd_dly =02b ; delay before changing direction to
alow the notor to reach a conplete stop. rec_stat =02c ; usart receiving

work state.7 trns St%au@grﬁtwall'i%g&raﬁ\%ﬁggggéﬁrfsFx@gnYi‘éVl ﬁ&%ﬁgﬂc% ontr =02e

; counter to help with tinmm ng ecreas every 4nsec urrentl =030
. digital c@ﬁﬂéﬁtelrf?@ﬁunfmmonlpurmlﬁcvrrrahdzrlzlsﬂﬁseldlmegmraﬂ current from notor 2.
hall | =032 digital hall senssor fromnotor 1. hall2 =033 digital hall
senssor fromnotor 2. PIS-x0 =034 ; Isb ; total linear distance in pul ses.
pl s_xI =0358.; nsb pl Séy@umﬁﬁﬁca,‘llyloq;brativamédi&al&mgﬂbmﬁe\déesa‘ced’iﬁiﬁgitd’lclﬁui ses.

pl's_y 1 =037 b flags 9 ;.. check . sumof 1 packet of 20
bl ocks of cuflrwe}h T Sf.lcegliéﬁe Cé’é’%urmﬁ%@@ﬁ“ﬁ‘ﬁ%‘@'@@?mm%eck sum of received

bytes in 1 command fromthe pc. save ptr =03b ; pointer to show where the
next byte s#mul d be saved in the packet of 20 bl ocks (sl, send _ptr
=03C ; pointer to sh af“iOHﬁf‘%léfr(@e‘iaﬂ}ée medieal BWEI%WSHP%W%@%@ apy, of he

pac ket of 28e lp}e@@i{ﬁg (laimsSedl - wieiP sl imeRsble él%ﬁx@nthg arr@?x’dcﬁra@ﬁe‘al %u@e akf0 ; Isb

; save the capture me of motor 1 last pulse. tiner hi =041 ;
nsb Whep rein said pf‘xysxcal surface comprises surfac%s of the larynx and trachea Pt

10. An automatically operative medical insertion device according to any of
claims 1 - 8 and wherein said insertable element is a gastroscope and wherein said

physical surface comprises surfaces of the intestine.

11. An automatically operative medical insertion device according to any of
claims 1 - 8 and wherein said insertable element is a catheter and wherein said physical

surface comprises interior surfaces of the circulatory system.

12. An automatically operative medical insertion device according to any ‘of
the preceding claims and also comprising a reference pathway generator operative to
image at least a portion of said living organism and to generate said reference pathway

based at least partially on an image generated thereby.

13. An automatically operative medical insertion device according to claim

12 and wherein said reference pathway comprises a standard contour map of a portion

of the human anatomy.

14. An automatically operative medical insertion device according to claim

13 and wherein said standard contour map is precisely adapted to a specific patient.
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pt2lo =042 ; Isb ; save the capture tine of 1 pulse before notor 1 |ast

pul se. pt2hi =043 ; nsb ptlo =044 ; Isb ; save the tinme between the last 2
pul ses ofwomBow7613 cal culated in tinerO pthi =045 ; nsbPCTARON03H46 ; | sb
; the desired tinme between pulses of notor 1 as received fromthe pc.

t _refl =047 ; msb aptllo =048 ; Isb ; save the capture tine of notor 2 |ast
pulse. tinmer |Ib aptl hi =049 ; nmsb apt2lo =04a ; |Isb ; save the capture
time of 1 pulse before notor 2 last pulse. apt2hi =04b ; nsb aptlo =04c ;

b ; saveshe tine RetuBenitde dhasty2mbibd GheRhn 1RERL adoraifabGiliat ed in
timerO. 98 W 03/ 047673 PCI/ |‘f‘L82°}3003V47 apt %?2%2?9;‘ rr%%_"%tl_r ef0 =04e ; |sb
: the desi rlddort ¢lpgn Bétandevihgseinsessl gandant eentQur amay éxc eitometically gracishly pc. at

refl =04f ;0886 i =050 ; pointer where to store the byte that wll
be receiveé’ﬂgxt,%gﬁﬁyﬁé rtlé_1:51 rbyte2 =052 ; received bytes. rbyte3 =053

rbyte4 =054 rbyte5 =055 trns ptr =056 pointer where the next byte to be

transmtted.is store - = .thyte2. =058 : bytes to. be transmtted.
tbytes —08 6 tbyt oa Spgaily syl Flafon Rl B Rl b Ducicer
_cntr=05f clagppult ® Ihed pheleet sidrhftenes matisedyds epoedatyr dHafadem desibndtd att he m cro

least one impediment.

17. An automatically operative medical insertion device according to any of
the preceding claims and wherein said insertable element comprises a housing in which
1s disposed said driving subsystem; a mouthpiece, a tube inserted through the
mouthpiece and a flexible guide inserted through the tube, said surface following

element being mounted at a front end of said guide.

18. An automatically operative medical insertion device according to claim
17 and wherein said mouthpiece comprises a curved pipe through which said tube is

inserted.

19. An automatically operative medical insertion device according to claim
18 and wherein said driving subsystem is operative to move said guide in and out of

said housing, through said curved pipe and through said tube.

20. An automatically operative medical insertion device according to claim
19 and wherein said driving subsystem is also operative to selectably bend a front end

of said guide.

21. An automatically operative medical insertion device according to any of
the preceding claims and wherein said driving subsystem is operative to move said

insertable element in and out of said living organism.

22. An automatically operative medical insertion device according to any of
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returns to work state 0. limts flags =060 ; mcro(limt) swtches -
normal ly closed. buttons flags =061 ; buttons - normally closed. ritut
=062 ; riwote3n4molnter to prevent buttons vibrations, onlyC¥ge@/@ash is
considered a prese. start _stop _cntr=063 ; counter of 3 sec. hone
position_cntr=064 ; counter of 3 sec. selft_stat=065 ; work states of self

test. aut ohupsbatimdaBims MO heS i 8Sdraf i 5 by €d flags
- if set, songt hi n?é)sh?jlad beert éped.drﬁ’griggﬁ‘f@é{ewiﬁgg X r%‘?‘%:tpg%z)a%b&%n of f

motor if nobeﬁ‘éla§ré?§ e Ob P nsertal g8y the notor is stuck. noapul setnr=069
hone stat=06a ; work states of hone position. 99 WO 03/047673

PCT/1L02/ 00347 CLAIMS 1. An autonatically operative nedical insertion

devi ce conpti sing: aAnispektiedly @pelatventdivhiichrtion dadaphedrding beny BSer t ed

it hi |7yl j ' V0, f fol | ow | t, physicall
associ at ed wh Oh 5ot | HReriaBl B PO Ao B ST SR 6 #OI ow o

physi cal suefisieeelewertti n said |iving organismin vivo; a driving subsystem
operative to at least partially automatically direct said insertable

el enment al ong sai d physical surface; and a navigation subsystem operative
to control aid drivAngusuhsysly epeiaasesediad ilsedish IBAES habldhgaB aay BET cei ved

| ocati on of idsurface fol]low ng el enent along a reference pathwa
stored in stg(?g}eﬁeél{/r}ggcé I?Bﬁmgﬁh%r%tsgﬂﬁur ace ?\lloél‘ﬁ??o%ﬁFFrEéP‘Wm@ﬁéFlatSFl\ﬁér medi cal
insertion desudieg adpaiteliralgy hatdatbne sitoMh @RI Atk %lfl'jaélrixe{?gn sLBRystemis

operative to fully automatical|y direct said insertable elenent along said
physi cal SLﬁ“flagé@.rX%?XtNigg}Hf’%f’? eeater 9f dpsnadisk andrisdirmlll connendedttheretodevi ce
accor ding tsaidobmdiidl bANmWERERIToriahd oflf 1l RSYRLATY i ScBRRLAN Ve Lo
aut omat i cal Ify and sel ectably direct said’insertable el ament A ong said
physi cal su@féend of saidinssrittdmelemend! |y operative medical insertion device
according to any of the preceding clainms and wherein said navigation
subsystem recei ves surface characteristic information relating to said
physi cal suwface frofm guiothatenly aperafivd ineditad gnseriog rietice andr&ngPlooyisinsai d

surface Chaf4a9r¥de{;vh§rtalincsa!icpft18rs%§§oir C)ziﬁ'sot & p?{sgseHIoe HtaHeef e%’? geterjsgrg vgfflich are
mounted inside said cylinder on a support and in close proximity to said magnet, said
Hall effect sensors being spaced in the plane of the curvature of the curved pipe, each
Hall effect sensor having electrical terminals operative to provide electric current
representing the distance of the magnet therefrom, said tip sensor being operative such
that when a force is exerted on the tip along an axis of symmetry of said cylinder, said
tip is pushed against said spring disk, causing said magnet to approach said Hall effect
sensors and when a force is exerted on said tip sideways in the plane of said Hall effect
sensors, said tip rotates around a location where said rod engages said spring disk,

causing said magnet to rotate away from one of said Hall effect sensors and closer to the

other of the Hall effect sensors.

26. An automatically operative medical insertion device according to claim
17 and wherein said driving subsystem is operative, following partial insertion of said
insertable element into the oral cavity, to cause the guide to extend in the direction of
the trachea and bend the guide clockwise until said surface following element engages a

surface of the tongue, whereby this engagement applies a force to said surface following
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said surface follow ng el enment along said reference pathway. 5. An
automatically operative nedical insertion device according to claim4 and
wher ei n swod3mutéiace characteristic informati on conpri ses peari.ex@3€iont our
information. 6. An automatically operative nedical insertion device
according to claim4 100 WO 03/047673 PCT/1L02/ 00347 and wherein said
surface characteristic information conprises surface hardness infornmation.
7. An aut orffiegG] | y operative nedical insertion device according to claimb5
and wherein said surface contour information is three-dimensional. 8. An
automatical ly operative nedical insertion device according to claim5 and
wher ei n sai?d- sur f aceAg entowaticallpfoperative madica ihsartiodi derios aaoading 9. clan

aut omat i cal,ky rati ical inserti.on device according to any of the
pr ecedi ng gka??rs%gﬁey %ﬁ%ggﬁ%ﬁggisagslyﬁtggﬁ SBFIEIE t@rfﬁ‘?‘?ﬁurieghea RHF AR ?‘I}%?cheal
tube and wherieilmugaitdprpliysi dbalthesHall afet canapis iskting fHeat@stiafin taghl ar ynx
and trache%et. 0IS béA‘Q automatically operative nedical insertion device
according to any of clains 1 - 8 and wherein said insertable elenment is a
gastroscope and wherein said physical surface conprises surfaces of the

i nt esti ne. 2%1. An au omatti ctal Ill{ 0 er.at{ﬂ%/é nedi cal jnsertion device
according t6 any of “CPAPIRENGRLY OBTAHYE MpdfaimFeRQn fleyisg ascerigtiodianent is a
catheter and aeheieh siai chvifaysh Cdkystéil isf FefiicO Ich&8e bW PTsaig ¥hf aces of
the circul at r}% sa%(st.em étfz An automatical | y operative nedical insSertion
devi ce accBPUIRPRELNSAY off b PRutighs nd de deferniag the lagrdionlof 6aid dimpniseidng a
reference Hlaffr@\d’ﬁg)énﬁﬁl%ﬁ@él@tfve%@di@%éfé&@ncfe?ath(v'&?ge at least a portion of said
living organismand to generate said reference pathway based at |east
partially on an i mage generated thereby. 13. An automatically operative
medi cal ingertion deyi %ﬁoﬁ%&c‘aﬁgio Gali®t SLALMinstaiof e SISl Sal g, reference
pat hway conpri ses a standard contour nap of a portiron 0 1% n

anat ony. 14/ aghwhereiorsaidi reaightjoropibsyateinvie opediiveab nhvigas tdidtip devidag taccor di ng
to claim ;deé?‘gels!@%r%' said standard contour map is precisely adapted to
a specific patient. 1 03/ 047673 PCT/1L02/00347 15. An automatically
operative nedical insertion device according to claim 13 or claim 14 and
wherei n saikd standargd cqntour. .map i s aut tically precisely adapted to a
specific pggi ent. 16. ﬁl%oxgﬁtfcélpﬁétog‘?fﬁwefnﬁg‘g?é‘isF%nrﬁlﬁHFec%qc"’idﬁgetPtciaBH devi ce
accordi ng 29 aahyhatin seldaiamgaticd dubsytemas dpetiiBiead BenSaitdt Jaff §f BRGRs Pat hway is
operator agr?‘do gf%l?e' t?m}gg bder(laesalthgﬂqg g]%gl%}.‘tis.

31 An automatically operative medical insertion device according to claim
27 and wherein said navigation subsystem is operative to sense that said tip reaches the

tip of the epiglotiis.

32 An automatically operative medical insertion device according to claim
27 and wherein said navigation subsystem is operative to sense that the tip reached the

first cartilage of the trachea.

33. An automatically operative medical insertion device according to claim

32 and wherein said navigation subsystem is operative to sense that the tip reached the

second cartilage of the trachea.

104



| east one inpedinent. 17. An automatically operative nmedical insertion

devi ce according to any of the preceding clains and wherein said

i nsert ablwoaBewmsnt conprises a housing in which is dispoged/Tbed/@34riving
subsystem a nout hpi ece, a tube inserted through the nouthpiece and a
flexible guide inserted through the tube, said surface follow ng elenent
bei ng mounted at a front end of said guide. 18. An automatically operative
medi cal insSértion deW edomeicstyiopgative re¢dagainserrion devigh eqceidingsiai €Pifout hpi ece
conpri ses a- i / i Sa| : I i rte An

aut omat i ca?l’%%%ggrg?ll E@g I%g{%gg%rsuwg%ﬁ]?%hg %‘%/%bt?ésg%gc:ﬂk)#gfén rtq’%Ch% g}em 18 and
wher ei n saitldrddweititagepf shebisgltaem i s operative to nove said guide in and out
of said housing, through said curved pipe and through said tube. 20. An
automatically operative nedical insertion device according to claim 19 and
wher ei n sai3d. dri vi ngArs edgsiysticelly bgeralve onadjpal mtdriven deviceadcemtliablo/atyestd a front
end of said gquide. 21. An autonatically operative.nmedical .insertion device
accor di ng. 1 S5 Fins Wt o Pedru S REanE o TP i ishy
subsyst em irsfereperathwag fiotn amwRogai d i nsertabl e el ement in and out of said
living organism 22. An automatically operative nedical insertion device
according to any of 102 WD 03/047673 PCT/1L02/ 00347 the preceding clains

and wher ei 3esai d dri a@oﬁutbﬁuftosmﬂhﬁe BbBe aRefish idveicd ecsrlCloaldiyy bend a
front end of said insertable elenent. 23. An automatically operative

medi cal i ndéRbq YhergBvpid driging shyTigm isPrarlive pusheriube BaVHE ¢l ai ms and
wherein said surface follow ng el enment conprises a tactile sensing
element. 24. An automatically operative nmedical insertion device according
to any of 3fhe preceti AgoBhtiiahy opmgiviatvesdedahinggiion devidecaseorflivE to@negf el ement

conpri ses | QG HE: NG, oy formed at one end of a
short rod ﬁ}é%/%rﬁcggrz@%%g?\sé%nﬂ%}{éﬁrg&ét r&d;x&égﬁ%?&éﬁ%oh)ﬁpg “extends through the
center of a spring di&ikt meidr opsrative kil sleciably eaxdtve daitl frsemdbls elersent dorwprd ng di sk
bei ng nounted eon_one end of a cylinder whose other end is mounted on a
front end of said rnsertable elenent. 25. An automatically operative

medi cal insertion deviecendasaioraberngjivd o seleataiiy b&dl saildnseinelle elemsat ehd i p sensor
al so conprises two |l effect. sensors which are. nted inside said
Cyl i nder on & suppor TECREC] ST LIS BRI aK| fHepYral o e EY e AL SR el |
ef fect sensats daeis#ig sepre elloivingtdd@ndat. ane of the curvature of the curved
pi pe, each Hall effect sensor having electrical termnals operative to
provi de electric current representing the distance of the magnet

therefrom 3gaid tip 5€RSOMaMRAINGpEREFAhEME $MEMon device according to claim
37 and wherein said electronic circuitry comprises a microprocessor operative to
execute a program, said program operative to control the said first and second motors
and said surface following element and to insert and bend said insertable element inside

said living organism along said reference pathway.

39. An automatically operative medical insertion device according to claim
37 or claim 38 and wherein said driving subsystem is operative to measure the electric

current drawn by at least one of said first and second motors to evaluate the position of

said surface following element.

40. An automatically operative medical insertion device according to any of

the preceding claims and wherein said reference pathway is operative to be at least
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that when a force is exerted on the tip along an axis of symetry of said
cylinder, said tip is pushed against said spring disk, causing said magnet
to approawb sai7Hal | effect sensors and when a force isPeTALex@3oN sai d
tip sideways in the plane of said Hall effect sensors, said tip rotates
around a | ocation where said rod engages said spring disk, causing said
magnet to I fect sensors and closer to
the other g&a%ﬁ8&%@¥?gé§ggRgﬁggﬁggg gﬂggamﬁﬁ autonatlcally operative

medi cal insertion device accordlng to claim 17 and wherein said driving

subsystem i, operati n rtial. insertion of sa i nsertable
el enent |nt§ the ora cagt{(/)g} ajjca O%egﬁ SIFigal Jieeny Vlé?(?‘éct‘?fpd“?%to B 7di r ecti on

of the traéhed V\dlledilrbﬁntﬂmteﬂllealgnﬂed@n(dleﬁeé(Wrﬁlﬁlst’mi hiedﬁanﬁllagxﬂg fyaee dmal | owi ng
el enent engages a sur[{l%ﬁ?e of. the ton ue, whereby this e enent applles a

force to saldalfHadBoHe |THaFRg Syt 1 ‘?5%17"64@6&7“3‘6‘75@??““ P a8 peldg| enent .

27. An aut osfatehesddihivagper ati ve nmedi cal insertion device according to claim
25 and wherein said navigation subsystemis operative to nmeasure the
changes in the electrical outputs produced by the Hall effect sensors

i ndi cating4phe direchh Qﬂtohﬁnmly%eraﬁt@mtedﬂ?al'1§se91%ﬁtdev1%§acd8‘¥ml?g%%' cally
operative nedical insertion device according to claim 27 and wherein said

navi gat i on “d #BSyEesin Said mpicah tmaging S@b%’éﬁﬁ@emm@ésqs% leadt one of angdfiagounidp  and

the past hisgdr@try a0k thi Rn@Shid PNK he location of said tip
in said |ISVI ngry%r garnl sm anéll rel at?\g}gte%ganggbgﬁ ?gtr{gnce pat hway. 29. An

automatically operative nedical insertion device according to claim 27 and

wherein saiggd navi gatjél?@ut%ﬁﬁﬁé’a?g%ﬁ%ﬂaﬁveolgg&gaiﬁ%%ﬁ Q d@ Xé gﬁ%m(ggﬂo%atlrﬁ‘l

according to said reference pat |ca
medi cal i n$€randorhageinised Iacabcﬂddmagng cy&téransmopezawantd pbyereekaid seferenaeavi gat i on

bsyst £ t d of th
C ough. bendar ey RE Pt & SRR bRl AR ok S SR 0880 cal

insertion device according to claim 27 and wherein said navigation

subsystem i,g operatiye to sen e t hat. i.p reaches the f the
epiglottis 4§32 An alt SHEPPES P')fp?fﬁ Yea?qud)Eaﬁ h%ﬂf“@ﬁl e}’lﬁ%é‘icf){d&%‘g

accordi ng to @Mawmelakaﬂnﬂednttaenﬁmgngaygdenmaybg@aﬂv@rtosyép%yesEaﬁ‘d%f&e&@er ative
to sense tha reached the first cartilage of the trachea. 33. An

aut omat i calP? W(% a‘frF‘"\‘Pé‘g RPN HSERGLoB fatle ¢PaBruRE: af Eﬁﬂynﬁdn&?ﬂ’é?iﬂm 32 and
wher ei n saiighiangat i on subsystemis operative to sense that the tip
reached the second cartilage of the trachea. 104

45, An automatically operative medical insertion device according to claim
44 and wherein said insertion instruction comprises instruction to at least one of extend,

retract and bend said insertable element.

46. An automatically operative medical insertion device according to claim
44 and wherein said navigation subsystem is operative to control said driving subsystem
based at least partially on a perceived location of said surface following element and

according to said insertion instruction table stored in said navigation subsystem.
47. An automatically operative medical insertion device according to any of

the preceding claims and wherein said operative medical insertion device is operative to

at least partially store a log of a process of insertion of said insertable element.
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WO 03/ 047673 PCT/1L02/ 00347 34. An automatically operative nedical
insertion device according to claim 33 and wherein said navigation
subsyst enwD3opBrati ve to sense that the tip reached the PChilLe/@a47i| age
of the trachea. 35. An autonatically operative nedical insertion device
according to any of the preceding clains and wherein said navigation
subsystemis operative to load said reference pathway froma nenory. 36.
An automatically operative nmedical insertion device according to claim 17
and wher ei A8.sai d dr iAn mgorsatiesiiys bemative nogdérahinseréon deyicesivcsding to whemf or war d.

37. An aut tically operat.ive nedical. insertion device accprding.to any of
Che precedihg eI aFe: SHTaHEN SITTCRIAVIG: FUTHGS QS Y B RTTEaed o f11st
mot or oper afeti¢s itiserthaldecital loyeraineao Fanshit sasElog abk proet¢seobinterfiar ofanid or
backward; a se%ijgeg notor operative to selectably bend said insertable
el enent ; aftie™ ISt Bhic circuitry operative to control said first notor,
said second notor and said surface following elenent. 38. An automatically
operative nedical insertion device according to claim 37 and wherein said
el ect roni c4@i rcui t r YAeBHpRstisally apestivedpidseb Bseion gaYics rserdins okt e a
program  sag dnprogkMsReoaipuiee i Bp&aie’ Bl addh@aadath fdgk Ir ARFbcegcand notors
and said surface followng elenent and to insert and bend said insertable
el enent i ngisadion gfjayl inseyinblg elsmgaini sm al ong sai d reference pathway. 39, An
automatically operative nedical insertion device according to claim 37 or
claim 38 and wherein said driving subsystemis operative to neasure the
electric é0rrent driawatpyataely epesativermedidal gaerdof dewee sasdrdéeciordpifot ors to
eval uate t hoLi f i.d. : i
aut omat i capﬁfggg}g%ﬂgﬁ%&g %enﬁll%ggllssél’i%%?? it oﬁlle %é\?s%g rgég%or d aftn}gl:j‘f}%obgéiglﬂyatof t he
precedi ng ddastipagiallpdn wheaggregasai d ref erence pathway is operative to be at
| east 105 WD 03/047673 PCT/1L02/ 00347 partially prepared before the
insertion process is activated. 41. An automatically operative nedical
ijns_erti on device aCCMéI &tﬁigat_to@ll}cbpérmveékﬂedﬁ?dad inebtﬁaﬁidaviseahdéoﬂ?ﬁ m?laiinlns_erti on
evi ce conpri ses medi ¢ i magi ng system an erein said. medi.c i magi ng
systemis opefdt Mowe sy cPRBWEr Hgﬁ‘sﬂ’%iﬁl ?331 ;5?%‘63 e PERPEY 1P Pk BKEehat hway .
42. An aut eq¥etiog dbiide, operati ve nmedi cal insertion device according to claim
41 and wherein said nedical imagi ng subsystem conprises at |east one of an
ul trasound scanner, an X-ray inmager, a CAT scan systemand an MRl system

43. An autepmtical | yAQRGsRkIME SRS ncRBAHRA @oNE GRoABEObLMIAME 1t 0 cl ai m

and wherein said insertable element comprises a guiding element and a guided element.

53. An automatically operative medical insertion device according to claim
52 and wherein said driving subsystem is operative to direct said guiding element and

said guided element at least partially together.

54, An automatically operative medical insertion device according to any of

claims 17 — 51 and wherein said mouthpiece comprises a disposable mouthpiece.

55. An automatically operative medical insertion device according to claim
17 and wherein said driving subsystem is operative to at least partially automatically
direct said guide in a combined motion comprising a longitudinal motion and lateral

motion.
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40 and wherein said nedical imaging systemis operative to prepare said
reference pathway by marking at | east one contour of at |east one organ of
said |iviwgosngsms sm 44. An autonatically operative nediPcaliLoz®est i on
device according to claim 41 and wherein said nedical imging systemis
operative to prepare said reference pathway by creating an insertion
instruction table conprising at |east one insertion instruction. 45. An
automatically operative nedical insertion device according to claim 44 and
wher ei n saisd. i nsert i &M aitdsibtidily opdrad@REdi e tskfish dengéd RBoriRgad adyedgst one of
extend, retract and bend sgid.i nsgrtabl e element. 46, An automatically
operative MERTESANEGLERT FYVIFERMR s MeRtblsielrnanbis eKERdaPle44 and wherein said
navi gati on subsystemis operative to control said driving subsystem based
at least partially on a perceived |ocation of said surface follow ng

el ement and’- accor di g aetematigally operatitd Bedipah dasetiioni dsrice agsoeding iore@mi n sai d
navi gation 5@‘&9@%&@%‘52&‘&711156 Iﬁél%ﬁ%tcblgx?}iéeﬁf: operative nedical insertion

devi ce according to any of the preceding clainms and wherein said operative
medi cal insertion devineenting elgpwntivhigh it granaed fodgsempeblyi enghgedstiraa a | og of
a process 1 | : said insertable elenment. 106 WD 03/047673

PCT/ 1 LO2/ O%z%%ﬁésteh%ﬁ, g{lﬂ omatically operative nedical insertion device
according to clai m azxgndabkhimbeoperaailt aawdiatdlwithrsidmduntingl@emae conpri ses
a conputer and wherein said nedical insertion device is operative to
transmt said | og of a process of insertion of said insertable elenent.
49. An aut ¢éfmt i cal | yhopepatiioatly mpehatiad medisa ritiseniondievice eccaniingy @idgmt o ¢l ai m
48 and wherein . said .co ter is operative to aqgregate said .].ogs.of a
orocess of 71 fiderteef SBR e e B B miSerd 90 SRt S nhebRR L T
operative mpeheaby k418 eribiatn agembye according to claim 49 and wherein said
conputer is operative to prepare said reference pathway based at | east
partially on said aggregate. 51. An autonmtically operative nedical
insertion device accg aiehah@ils ! cpbiitiveoRedbd ix‘fﬁéﬁfoﬁ'd@vi@@h&o?&r?ﬂét&d’imt ransmts
said reference pathway to said nedical insertion device. 5Z. An

aut omat i cal’yr elpist & mdevhasin ead exterslable g camprives ageiber@eng to claim 1 and
wherein said insertable el ement conprises a guiding el enent and a gui ded
element. 53. An automaticall ?/ operative nedical insertion device according
to claim %9 and whefepwomaicllyopsiting medie) sisemion devigeeacarriling ta enydéfr ect sai d
guiding el QIR SRS and RhEreBULACARRATE Bl Ao GRBLscR A vl dnd' RGIRSRET - 4
An automatically operative nedical 1 nsertion device according to any of
claims 17 -onBHisggidndhercef.n sai d nout hpi ece conprises a di sposabl e
nmout hpi ece.

61. An automatically operative medical insertion device according to claim
60 and wherein said forward end member includes a diagonally cut pointed forward

facing tube end surface.

62. An automatically operative medical insertion device according to claim
60 or claim 61 and also comprising a forward end member mounted inflatable and

radially outwardly expandable circumferential balloon.
63. An automatically operative medical insertion device according to claim

62 and wherein said forward end member mounted inflatable and radially outwardly

expandable circumferential balloon receives inflation gas through a conduit formed in a
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55. An automatically operative medical insertion device according to claim
17 and wherein said driving subsystemis operative to at |east partially
aut omat i cablog/04i73 ect said guide in a conbi ned nbtion conpCTaLeX0a47

| ongi tudi nal notion and | ateral notion. 107 WO 03/ 047673 PCT/1L02/ 00347
56. An automatically operative nedical insertion device according to any of
t he preceding ¢l ai and erein said.insertahle.elenent is extendable. 57.
An aut onat i“é:aglO?f/al%g)gr?vgrtraie\r}@%ﬁgﬁ?rc P dtglélﬁgﬁ%r u%b%?f{t&geatg SRR V8 claim 56
and wherein said insertable el enment conprises: a nounting elenment which is
arranged t% be renov bl‘é en aged with an, Lntubat r .assen‘g,l , and an

ext endabl e fube operdt f %YPQ‘%& ¥ GRTTSHVE NS Geh SSTHOP ARYiAFACHYCBE Shhtof 58, An
aut omat i calclaymoperafii g AR0é@@rising Seféige gdﬁl\éﬂﬁ@in?%éﬁ% at Qstsll @am 57 and
wherein sai d extendabl e tube is arranged to be pulled by a flexible guide
oper at ed byt d ipespat or assenbly. 59. An automatical |y operative nedical
insertion device according to claim 57 or claim58 and wherein said
extendabl e tube conprises a coil spring. 60. An automatically operative
medi cal in$értion dedt egomaicghyiopgatiy medicadfinsertionidacs zecsBlingnd ofmr ei n sai d
ext endabl e I .0 : , - ' end

t her eof . Gfu%gﬁ \\gll%%gln%??@éé 1?5%81321;%{0}’1@%@\&7”@@?%{1 I ﬁ%earn%l ?gﬁﬁaggdvu?‘&%hgccor di ng
to claim 68paadthlspedeinounsed whllborward end nenber includes a diagonally cut
pointed forward facing tube end surface. 62. An autonatically operative
medi cal insertion device according to claim 60 or claim61 and al so

conpri si ng 6& f or war dAreagomendady operativeededicyl liratm@ibh @edtd accoaiitigab | Jaiaut war dl y
expandabl e ci rcunferenti al. |l oon, 63.. An automati cal operati medi cal
i nsertion c?gv‘cim e%%r&r)‘r %ﬁﬂ&“ﬁgabé AT S 1 81‘9?“@65’}% g’f“@?v@?‘ﬁ‘e nd nember
mount ed i nhhiidoableeei edinfl@thinagdsythmubiar énduit xpaadabafl fedisle rdukicediidi al
bal | oon recejves inflation gas through a conduit fornmed in a 108 WO

03/ 047673 PEPPIHPFGASAT wal | of said forward end member and conti nuing

t hrough said tube to a one way valve. 64. An automatically operative

medi cal insertion device according to any of <clainms 57 - 63 and al so
conpri si ng %4 f1 exi bl 8" guPRaigly PpgaisuRtdien dseriondsyiey 2Aing ReIABf a tip
sensor. 65.66ARd AHbeINRhICahduY: 1OREhALEMS 2 ¥BELE 8 préstadhkl kfideyisce according
to claim 64 and wherein said flexible guide i's formed wth an inflatable
and radially outwardly

63, An antomatically operative medical insertion device according to claim
67 and wherein said source of pressurized inflation gas is located within said intubator

assembly.

69. An automatically operative medical insertion device according to claim

63 and wherein said inflation gas comprises pressurized air.

70. An automatically operative medical insertion device according to claim

66 and wherein said inflation gas comprises pressurized air.

71. An automatically operative medical insertion method comprising;
inserting an insertable element within a living organism in vivo;
physically associating a surface following element with said insertable

element and causing said surface following element to follow a physical surface within
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expandabl e gui de nounted bal |l oon. 66. An autonatically operative nedical

i nsertion device according to claim 65 and wherein said inflatable and
radi al | y wotoaaswhy expandabl e gui de nmounted bal | oon receipcagaLomfoB4t i on gas
through a conduit fornmed in said flexible guide and extending thereal ong.
67. An automatically operative nedical insertion device according to claim

66 and mesraﬁlilﬂir%adrdan?sﬂ{'QLUi%'i s connected to a source of pressurized
inflation gas. 68. An automatically operative nedical jinsertion device

according to cl ai m digrtiandaidhiasesiable shgroens glane esaisk PRsEcak BHfaER #STAA ati on gas
is |ocat Ederirigi%Qs i djpycubator assenbly. 69. An automatically operative
medi cal insertion-device according to claim 63 and wherein said inflation
gas conpri ses pressomimpdgaiection®f sz inmertabbaeléroert bysed geleatt ipgrdalhedh cal

i nsertion device,according.t i : r.ei o B i gas
conpri ses ap?eé%eévtffl i %cgdo%?é:s%ldf%@%&?o%vpggﬁ??lg%%ggiprgfrege?%%dﬂn%ed i t(t:dart‘?mi nsertion
met hod coniprainaviggtion subkyeteti ng an i nsertable element within a living
organismin vivo; physically associating a surface follow ng el enent with
said insertable el enent and causing said surface follow ng elenent to
follow a pjysical suhfaagenatitdllyi dberafiOOmMARCAIALADE TRetiRATctdrORs 0DBdm  sai d
living organismin vivo, directi n%?lsfﬁbd i nser:tacﬁrbl e elenment al ong said

physi cal sk gavherain sl directipg Gany! Y SFRRFICATGEnt r ol 1 i ng direction of
said insertable el enent based at |east partially on a perceived |ocation
of said surface follow ng el enment along a reference pathwgy stored in a
navi gat i on7subsyst edy appmangally AnsHEYS B8Hics 1615@%@%%%&%& % HE® t i on

met hod accef gingetdn Sli@kiRctidd c @B isvRES AR £id dEIEQRILY BigectifgPr i ses ful ly
automatic directing. 73. An automatically operative nedical insertion
met hod according to claim 71 and wherein said directing conprises

automatically and se ea%?%piti}fal de%PdrtillélglediZé} insffio 'rﬁe%%k&ﬁhih%to%?ro@ti ve
ho [ ¢ -7

medi cal insértion ne acco ng to any of arns 71 and wherein
sai d cont r dhinisrij cBhprd shgeineaidicennglisg cdrypisecisasivios swifase icBara¢tersge nat i on

relating to_sai hysi cal sur e fr ' SO l.ggent and
enpl oyi ng glg?rgagﬂff%%%lgg%5%%@%2%%tg L|1rga@|e %”?)(lr)l{rj %%F%%%?g&%@@%‘%l\%e@hag | ocati on
of said sumplagiegfald owag chbrecertticahnfimyatsai tb petere oe lqpatidmal said5.  An

aut omat i cal\{lﬁ( o%?r at i \c/eti msgilcal i({1sgrti on Jqret hod according to claim 74 and
wher ei n safHASH IR Qe SRRt 1lang WG ErAFOPHRYPon conpri ses surface cont our
i nformation.

75. An automatically operative medical insertion method according to claim
74 and wherein said surface characteristic information comprises surface contour

information.

76. An automatically operative medical insertion method according to claim
74 and wherein said surface characteristic information comprises surface hardness

information.

77. An automatically operative medical insertion method according to claim

75 and wherein said surface contour information is three-dimensional.

78. An automatically operative medical insertion method according to claim

75 and wherein said surface contour information is two-dimensional.
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76. An automatically operative nedical insertion nethod according to claim
74 and wherein said surface characteristic information conprises surface
har dness worBosteat i on. 77. An automatically operative nediPcaliLom®a+7 i on

met hod according to claim 75 and wherein said surface contour information
is three-dinensional. 78. An automatically operative nedical insertion

nmet hod according to claim 75 and wherein said surface contour information
is two-dinensional. 110 WD 03/047673 PCT/1L02/ 00347 79 An automatically
operative nedlcal insertion nmethod according to any claims 71 to 78 and
wher ei n sai’d i nsert g8 BtanBicalt opesatiyp n’éﬁ’déﬁt‘?%ﬁﬁ@éﬂetbwcﬁﬁ@g%@?yé? n said
physi cal suRfrRCA 169BRAd %&elﬁgﬁlﬁ 3688 elbfign lsaefryé?xﬁomﬂezﬂ A€ BERwh&0n AN
autonatlcallg operative nmedical insertion method according to any of

clains 71 ¥ V@S&ﬁbﬁ%ﬁﬁ@rf@mrlwuswfmg@ﬂtbabn@xeméﬁermea| s a gastroscope and
wherein said physical surface conprises surfaces of the intestine. 81. An
automatical |y operative medical insertion nethod according to any of

clains 71 8 78 and Aihavte@naiicalli eperatise mediohlansettomemtthddsacgordiag etrgrofand
wherein sa VSi 9@5 e

C|rcuIator&ﬂgvgﬂéﬁ{%g%d%%% %%na é%ﬁﬁ@mgﬁéﬁg %%%#Qé?%gfwﬁﬁgég |on met hod
accor di ng physzalsughce wirgirine sﬁxfademoisthe amgdtiad. SO conpri si ng generating an

i mge by imging at least a portion of said |living organi smand generating
said reference, pathway based at |east partially on said imge. 83. An
a:Jt omati caBly oper atAnvartomRdicalal %ﬁeftﬁl];eé tried)xlamﬁfehﬁd BRIl dtdiding @ @dyyofm;J g
clainms 71 to. 82 ein said reference pathway conprises ndar

cont our 1a1n63f71at°p6¥wt;f“§)ﬁ"h8’fe"’t FAL RSFAGAD A FIRGRS nSRtioies 2R BHFRLR Gy
operative pﬁ;didabdurfbcfbscﬁfrﬁaln@d@ ireidredriaes of e BigculRorg s, 83 and al so
conprising precisely adapting said standard contour map to a specific
patient. 83. An autonatlcally operative nedical insertion method according

to claim 8% and al ¥ ¥RAATCAIRperye Maticd anseyionreghadecyording it ¥ gPlsai d _
standard cenf: @8R &9 aBo c§ﬂ%ﬁﬁ§u§g SerRAtih R im A8 by%a@i%%&s‘t E%Ht%n()per ative

medi cal insertion nethod according to any of al so
conpri si ng bWt iRGOTSaIHN prd ganetries i telegce. mm@s/ bt deapRtiallp 2000347

87. An aut gﬂai'(rhé‘g@ | y operative nedical insertion nethod according to claim
86 and wherelin said adapting conprises receiving inputs froman operator.
88. An automatically operative nmedical insertion nmethod according to any of

cl ai m 87 a@g wher ei %?ﬁl'toqnﬁgﬁgft 3pg9dtxgg%rﬁlc§?nsegxoﬁlngen}?§dl a%gorgitng L[Oeé?f’lsytOfone
i npedi ment .

claims 71 to 82 and wherein said reference pathway comprises a standard contour map

of a portion of the human anatomy.

84, An automatically operative medical insertion method according to claim
83 and also comprising precisely adapting said standard contour map to a specific

patient.

85. An automatically operative medical insertion method according to claim
84 and also comprising automatically precisely adapting said standard contour map to a

specific patient.

86. An automatically operative medical insertion method according to any of

claims 71 to 85 and also comprising adapting said reference pathway.

111



89. An automatically operative nedical insertion nmethod according to any of
clains 71 to 88 and al so conprising: providing: a flexible guide, said
surface fwbloomTsg3s el enent being nounted at a front end ofPCyaiLer/doBexi bl e
gui de; a housing in which is disposed said driving subsystem a nouthpiece
and a tube; inserting said flexible guide through said tube; inserting

sai d tube ghrough sanhdufmmiiblyesRiatia chefichivhfe ahethdd socbldling t0Wiatle

enpl oying said driving subsystem_ 90. An automatically operative nedi cal

i nsertion SEAHIHCEEEBRGEHRLCORIPAR ¢ TeEY IR BDVR 8P8} 3 WHHTnmout hpi ece
conprises a curved pipe through which said tube is inserted. 91. An
automatically operative nedical insertion nmethod according to claim 90 and
al so conpr$&ing nmovidnguteaiad calyi aperative @ﬂ@cémse@fons’%ﬁﬂ@%%g gio ardbugh said

curved pipg.; I i ~ Vi al RViNy tem 92. An
automati ca P@“%ﬁ%?§?¥§§1%@E?%gﬁgﬁﬁggﬁ%ﬁgﬁﬂﬁgﬁﬁ%gi%%%é%ﬂ@ﬁ%H?%*§|ain] 91 and
al so conprising selectably bending a front end of said guide enploying said
driving SU%‘fYStem AR é&aﬁgg)%r@%}aégé It iR AN Sn TR a%@clrdfng%e | gn met hod
according to any of SHEITs 0 and - al $o conprising noving said

i nsert abl eclahemmnd 84 andautsdd conprimhg:said |1 ving organi smenpl oyi ng said
driving subsystem 112. WO 03/047673 PCT/1L02/00347 94. An automatically
operative nedi cal iR%@F?%%n met hod according to any of «clainms 71 to 93 and
al so conpri sing sel ech diskiplebgndl, Rgid aufficenfolleniag alensait deing aoubieblaea el ement .
95. An aut natigg%%%“ﬁ%%;atLge medi cal insertion nmethod according to any of
clains 71 FgeH Polf 8195 d surface fol | owing el ement conprises a

tactile sensing el engRbusir@bn whlthaudiopméd &l drivipebaistewe nmedi cal insertion
met hod according to any of claims 71 to 95 and wherein said physically

associ ating a surface? FOMIBIEHEdA BRBnt with said insertable el ement

conprises: integral kg 8ifgedbliRid O sduf a short rod having a
magnet on its other end] extending said rod through the center of a spring

di sk; firmy connedwerigs sad 8ibsgrpuah sdidgrouthpissai ahdr od;  nounting said
spring disk on one ﬂH\%ng Cait ﬂ%ﬁ’il}f@%qgl'é employing said driving subsystem.

90. An automatically operative medical insertion method according to claim
89 and wherein said mouthpiece comprises a curved pipe through which said tube is

inserted.

91. An automatically operative medical insertion method according to claim
90 and also comprising moving said guide in and out of said housing, through said

curved pipe and through said tube employing said driving subsystem.

92. An automatically operative medical insertion method according to claim
91 and also comprising selectably bending a front end of said guide employing said

driving subsystem.
93. An automatically operative medical insertion method according to any of

claims 71 to 92 and also comprising moving said insertable element in and out of said

living organism employing said driving subsystem.
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mounting anot her end of said cylinder on a front end of said insertable
element. 97. An automatically operative nmedical insertion nmethod according
to cl ai mwodsans7swherein said surface foll ow ng el ement alPSa/ICenPsi’ses two
Hal | effect sensors, each Hall effect sensor having electrical termnals
operative to provide electric current representing the distance of the
magnet therefrom and al so conprising: nounting said Hall effect sensors

i nsi de saig] cyli nde?\?g&oﬁlﬁéﬁm?%b@raﬂé@n&ﬁhal £k Q86 PE@YE BchiidsQo 8) & Magnet ;
spacing said Hall effect sensors in the plane of the curvature of said

curved pi péimsdil do OB png elss spmbrsing selgseablt bandingrchiontisad ofipmd ingertablece i s

exerted on,s elng tip along an axis of symetry of said cylinder, said tip

i s pushed agairist said spring disk, causing said magnet to approach said
Hal | effect sensors and when a force is exerted on said tip sideways in

t he pl ane Qf said |1 effect sensors aid ti.p rq S /047673
PCT/ | LO2/ o"§347 aro &uegrﬁaﬁ%ailffioa?{awe%ﬁ%%inaﬂ#@famsﬁé‘%§%°8fdi%%§% p%e’ng di sk,
causi ng sajldimeagmeds el whdreih @aid awdyte ffslwigneeméntsamariddak [tacifefsesingsensor s
and closer to the other of the Hall effect sensors. 98. An automatically
operative SRf"tal insertion method accor di ng to claim 89 and al so
conprising: partially inserting said insertable elenent into the oral
cavity; causing said insertable elenment to extend in the direction of the
trachea; %ending s&rduigmebenlly opeitiesmedicy inserdgn pretigf pSROEIREIP BB hg el enent
engages a ik aGaoafs dpewiPnaYRd ﬁﬁgﬁéa@l?}’aséd&iaﬁng!ﬁ%ﬁﬁ‘d@ﬂ@ﬂoﬁiﬂ@!eleﬁﬁma force to
said surface followi ng elenment. 99. An autonatically operative nedical

i nsertion Wit Hebngrrebledlengnt @MPrigssm 96 and al so conpri si ng measuring the

changes in the el ectrﬁégﬁ:ﬁiy_ f@Hﬁng'tasﬁppd'E BRGRICLAWYshbASod llfﬁrllrlg aerfng,tﬁl@tt orSISOr s
indicating the direction’in which the tip is bent by enploying said

navi gat i orothanlss§istem 100. An automatical |y operative nedical insertion

met hod accordi ng to.eﬁgr?diﬁg%%groa‘%?\?glh%ﬁe (fcegg}s)é{%gp?g%ggﬁsi ng the position of

said tip and determning e l'ocation o In said living organi sm
and rel ative to sai firmigfeenentes pat dpviag dblapedidondit he past history of tip

positions. 101. An aut otmat iaﬁ%| r|i1¥ %Q\%naérie\é%d gpglg: ql%l eri, nsertion nethod
according to claim THYIRG Y80 Aprising naV|ygaf1| hg said tip according to
sai d reference pat hwayntigngodyt agl ebdatl cydmigatn ©frostudng yof ts@ithinséfdble An

aut omat i caellclarxenct)per ative nedical insertion nmethod according to claim

97. An automatically operative medical insertion method according to claim
96 and wherein said surface following element also comprises two Hall effect sensors,
each Hall effect sensor having electrical terminals operative to provide electric current
representing the distance of the magnet therefrom and also comprising:

mounting said Hall effect sensors inside said cylinder on a support and in
close proximity to said magnet;

spacing said Hall effect sensors in the plane of the curvature of said
curved pipe;

said tip sensor being operative such that when a force is exerted on said
tip along an axis of symmetry of said cylinder, said tip is pushed against said spring
disk, causing said magnet to approach said Hall effect sensors and when a force is

exerted on said tip sideways in the plane of said Hall effect sensors, said tip rotates
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101 and al so conprising sensing said tip touching the and of the trough
beneath the epiglottis. 103. An autonmatically operative nmedical insertion
met hod acworudiowy73 o claim 99 and al so conpri si ng sensi ngPpsaimboziop4r eachi ng
the tip of the epiglottis. 114 WO 03/047673 PCT/1L02/00347 104. An
automatically operative nedical insertion nmethod according to claim 99 and
al so conpr iastung a seasomghdarhenid iqil engaehsaspring dfsky @itisicasaid haget ofrotatee

t hea. 105, t ti ti di cal i ti h di
o clarm 20 ARt ST E e R0 Rk T Ve s i Al FRL Ctond

cartil age atnsbike trachea. 106. An automatically operative nedical insertion
nmet hod according to claim 105 and al so conprising sensing the tip reaching
the third cartilage of the trachea. 107. An automatically operative nedi cal

insertion method acces ditb@atcllRoyertve riddddalhselford et a0 BQ1&HANMPr i Si ng
| oadi ng sai ference pathway froma nmenory to said navigation subsystem

"
108. An autggﬁﬁ‘fﬁlé%?qrﬂ}mﬁﬁé'r ative nedical insertion nethod according to claim

89 and al SO coNpri Si fgkidNy skt S ShsbiilBR: JQEARIG BEBLPYIRY, Said driving
subsystem 109. An I{ahgtt_ol'rylnat_ipa?l%l operat | ve ms_dni caEB% nse@?’l on met hod
according to any of cagiieg spid mgeripble EGRIenlid exewbingmgireceomef thoipshest i ng a
first notor to sel eciahl ve. Ssai d. 1 r l & el t e of

backward; operating a se%o%gi %%ltﬁgr&?%%gl g@?a%ﬂ@ Sgﬁ goélfﬁh:éﬁélgrpglgbl e

el enent ; arsdgageonturiake ofithe wagws, Whersty thisteogagemantcpgles arfickcermtsaid sarfstesai d
surface fol B | ement by enploying electronic circuitry. 110. An

aut omat i calf{ﬂyf/)o\%d%?l?i |en$'e medi cal insertion nethod according to claim 109
and wherein said electronic circuitry conprises a m croprocessor and al so

conpri sing ;.gxecuting,a program said executing.a pr am conpri si.ng:

control | i ngﬁ‘sai d first a@%‘a é%@%ﬂ]&ﬁ?{bvted‘?e 1% ‘(S‘S%B‘?rhg@@g‘? Q%Qrdl“g-lg)tf’ Ry

el enent; arvd ahdisies tormgisagdndaenttignbe sahghsiimgrrdeablcal RRMERbdicesbitesai d
living orgg_gli%S@ al on sai d.reference pat hgﬁy 115 WO 03/047673 .
PCT/ | L02/ 00547165 SEnSOR, NGiseGigat ' dRPIHYN & ahighithe Hpriibeah Py eweleving saidnet hod
accordi ng tavigdthhRubsk@&nor claim 110 and al so conprising: neasuring the
electric current drawn by at | east one of said first and second notors;
and evaluating the position of said surface follow ng el ement, by enpl oyi ng

100. An automatically operative medical insertion method according to claim
99 and also comprising sensing the position of said tip and determining the location of

said tip in said living organism and relative to said reference pathway based on the past

history of tip positions.

101, An automatically operative medical insertion method according to claim
99 and also comprising navigating said tip according to said reference pathway

employing said navigation subsystem.

102. An automatically operative medical insertion method according to claim

101 and also comprising sensing said tip touching the end of the trough beneath the
epiglottis.

103. An automatically operative medical insertion method according to claim

99 and also comprising sensing said tip reaching the tip of the epiglottis.
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said driving subsystem 112. An automatically operative nedical insertion
nmet hod according to any of clains 71 to 111 and al so conprising preparing
sai d ref ewornsmspat hway at | east partially before the ins@cTitbo/esgcess is
activated. 113. An automatically operative nedical insertion nethod
according to claim 112 and al so conprising: providing a nedical inmaging
system and preparing said reference pathway at |east partially by

enpl oyi ng jd nedical imgi system 114. An aut tically operative
nedi cal | ni@‘!’ti on nel}rh%oﬁ?:t&fiﬁ’g%%ati% nqdigehinsergep Elﬁ%gaﬁ‘écrog“ﬁy@a Hmedi cal
I magi Nng subs yst £98 ©ePPiking e&nsal theegSleadhing B fikncartilhid dsudh&canner, an

X-ray imager, a CAT scan systemand an MRl system 115. An automatically
operative nedical insertion nmethod according to claim 112 and al so

conpri si ng1gs.epar i ngusaitchniRbBY eReaive dhdANAY inbtisRkint g acdordigastclane

contour of at |east one organ of said |[iving organism 116. An

aut omat i calPyagFeoLempEsipgsRnsiae theiWarahyig thesttroy catiuedf /i feehedl aims 71 to
115 and al so conprising preparing said reference pathway by creating an
insertion instruction table conprising at |east one insertion instruction.
117. An aut®mati cal 1An apemaiidalle oprsdtiveanedicel Beeriiommethoth eeroetitoiodiladg to cl ai m

116 and wh I id.1 |.Qn I r i i I on to at
east one o AR B aE S e R RO PR R B B "2 b
said insertable elenent. 118. An automatically operative nedical insertion
met hod acc ing to glaim 116 and al so .conprisin ontrolli said driving
subsystem ggﬂed at I/gna%%torﬁﬁnrcflﬁ%ﬂ?%atgﬁ nﬁedlcﬁgig%e&“{}’e etﬁ%cg%ctc?rglﬁlgg?ana?fg surface
foll owi ng elaememttodnd aacdes cimgising saling saiisefetanodpathwist fram b inemotyatel e st or ed
in said navi.gati.on subtisi tem 119. An automatically operative nedical

i nsertion ﬁaé?ﬂ%vdgaél(%é'}‘ }l/lsﬁanto any of clains 71 to 118 and al so conpri sing
storing at least partially a log of a process of insertion of said

i nsertable ement. 120. An. automaticall erative di cal. insertion

net hod acc_d&%ii ng to_‘%’f é‘i‘tﬂ’i“atlcfgy apﬂatwegae%ﬁﬁ&s?@%al.etth&%O_&Lﬁl@toac EWhput er ;
and transnigd thd@sS@inthrisRg paéhids MOGESHrddrd |eﬂ1§ﬁy?1in'g@ﬂid@fivi$1§|sﬁbsysﬂéﬁr tabl e
element to said conputer. 121. An automatically operative nedical

insertion method according to claim 120 and al so conprising aggregating
said | ogs qfya process REmhitasy bpRRiveimedfalinsdrAGEHERBY ScBldRIERD bnPYT

enpl oyl ng Scl:g!rgs %Otgpll(J)g ?urld also comprising:
operating a first motor to selectably move said insertable element
forward or backward;
operating a second motor to selectably bend said insertable element; and
controlling said first motor, said second motor and said surface following

element by employing electronic circuitry.

110. An automatically operative medical insertion method according to claim
109 and wherein said electronic circuitry comprises a microprocessor and also
comprising executing a program, said executing a program comprising:

controlling said first and second motors and said surface following
element; and

inserting and bending said insertable element inside said living organism

along said reference pathway.
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122. An automatically operative nedical insertion nmethod according to claim
121 and al so conprising preparing said reference pathway based at | east
parti al | yworo3plms73 out put of said aggregating. 123. An aut @catiLeaioBys
operative nmedical insertion method according to claim 122 and al so
conprising transmtting said reference pathway from said conputer to said
nmedi cal insertion device. 124. An automatically operative nedical insertion
nmet hod accorging to clai : 123 wh i .d.n tabl e

ol erent comrT oes a ooy G BRrthe HRGHA A0 AR Re SR 44 B3R 7 07675

PCT/ 1 LO2/ 003@p7or cla@®.1 1 Aandal$convatprisiagl y operati ve nedical insertion nethod

according to claim 124 and .al so conpri Si directing sai i.di ng . el enent
and said gui ded el enmen asuéltnglte%glteCU1ﬁar$frF%l({}%’? 86@?“%2? RV .Sa%ﬁﬁésﬁtag%ti cally
oper ati ve nedowhhotorssard i on nmet hod according to claim 73 and wherein said
directing conprises automatically. and sel ectalbly directing sai insertabl e
el enent in a conbi ne&‘%ﬁqﬁggﬁhec lrofls"?ﬁ?jgéur?%ﬁ ?%Yﬂ‘?gn PRt DO APRAYRS at er al
mot i on. 127said\yivank QiBtstegal | y operative nmedical insertion method according

to any of clains 71 - 126 and wherein said inserting al so conprises
extending said insertable elenent. 128. An automatically operative nedical

insertion netshod accitiuifindiifall! Gpefkivd Aiéditd) thsehiS R nERR LS didg tof Ry abl y
engagi ng said insertion elenent with an intubator assenbly; ~and
oper at i vel yclagsdditad i hanpdssossemprising Pereiissaigirefereses ppthwayeat sagmagiaiyent .

129. An aut gimkigahlyiRRb@L Veciediical insertion nethod according to claim
128 and wherein said éxten‘%lE nlg %orrpr'i ses: operating a flexible guide; and

pul l'ing said extendable tube by said flexible guide. 130. An automatically
operative megj cal '.“%ﬁrM&Hmi@ﬁéﬁ&%{ﬁ%B{eﬁi’cﬁqnsteﬂ'o%'r%‘étﬁ%d da?c@c?rd%[% &S'CEM” 129 and
wherei n said extending conprises at |east one ot expanding a contracting
a coil sprihipanti3ko cAmpasitomati cal |y operative nedical insertion nethod

according to any of cl %m; 1253 -.130 and al so, conprising formng a forward
end nenber, on a di stAIV B BPUCA IPEBEYEEHaM% tube. u.s WD 03/ 047673

PCT/ 1 L02/ 00347 preparing said reference pathway at least partially by employing said

medical imaging system.

114. An automatically operative medical insertion method according to claim
113 and wherein said medical imaging subsystem comprises at least one of an

ultrasound scanner, an X-ray imager, a CAT scan system and an MRI system.

115. An automatically operative medical insertion method according to claim
112 and also comprising preparing said reference pathway by marking at least one

contour of at least one organ of said living organism.
116. An automatically operative medical insertion method according to claims
71 to 115 and also comprising preparing said reference pathway by creating an insertion

instruction table comprising at least one insertion instruction.

117. An automatically operative medical insertion method according to claim

116 and wherein said insertion instruction comprises instruction to at least one of
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132. An automatically operative nmedical insertion nmethod according to claim
131 and al so conprising formng a diagonally cut pointed forward facing

t ube end wouwsfawes on said forward end nenber. 133. An aut @CEIILE:AI0BY7
operative nedical insertion nmethod according to claim 131 or claim 132 and
al so comprising formng an inflatable and radially outwardly expandable

ci rcunt er erdxieall, rbigdck aglbeod sgdirdertabievadentenend nenber. 134. An automatically
operative nedical insertion nmethod according to claim 133 and al so
conprising receiving inflation gas into said circunferential ball oon
through a ciasduit foarediohftiéalyalpbrafife madich] iipeMman thetivd Aedrbigs t@flsim
continuing through said tube to a one way valve. 135. An automatically
operative ne iangls? ﬁ%‘EPrfSilr&%FOHEPlﬁ-B%S”% BYIRE psysieraRgree pt legst Ay - 134
and al sO Copdkivel Necalii Bf kNG salfédeqoﬁaﬂﬁgrele%{en?mm $deBldnfnd Qld H&dron | exi bl e

gui de. 136.. An automatically operative nedical insertion nmethod according
to claim 1BSTUSHID tabls stored i Faid pavigation mbsYsieam i nfl atabl e and radial ly
outwar dly expandabl e gui de balloon on said flexible guide. 137. An
automatically operative nedical insertion nmethod according to claim 136
and al so conprisi ng feeeioyaneplly wpérativeonediges insertion mathdd gedodingyalahpoh t hr ough
a conduit i L i oX| i . axt endi ong.

138 An autCant rear 1S and oEB, bl Mgl K8 GRE LAG I ADELH 10 ai m
137 and al soseciompf sad mgertablesdenénmhy sai d conduit to a source of pressurized
inflation gas. 139. An automatically operative nedical insertion method
according to claim 138 and al so conprising |locating said source of

pressuri zed20nf | at i oAngaematitdily ops@iive medital atoion assiexdycyordihd & WnD3/ 047673
PCT/ 1 LO2/ 00131(7 40. An. automatically operative nedical insertion method
according to ARY2Y M EMSs 136 - 139 and al so conprising inflating said
gui de nount ed bal | ooprobidirgiadiatpyter;@@age the interior of said forward end
menber to provide extension of said tube in  response to forward driven
nmoverment of said fl eXFBMEUREsHe 08194 e Prageshot Bt e el aid Bpeiebleicleachbdi cal

i nsertion r{sggg)goraﬁggrdi ng to claim 134 and wherein said inflating
conprises inflating said circunferential balloon with pressurized air.

142. An automatically operative medical insertion nmethod according to claim
137 and whepgin sai dahlidofatiofly SERA Saedibl i sBlioR rARahoBHLAE 1PBLRLPON Wit
P 120 and also comprising aggregating said logs of a process of insertion of said

insertable element by employing said computer.

122, An automatically operative medical insertion method according to claim

121 and also comprising preparing said reference pathway based at least partially on the

output of said aggregating.

123. An automatically operative medical insertion method according to claim
122 and also comprising transmitting said reference pathway from said computer to said

medical insertion device.
124, An automatically operative medical insertion method according to any of

claims 71 to 123 and wherein said insertable element comprises a guiding element and a

guided element.
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125. An automatically operative medical insertion method according to claim
124 and also comprising directing said guiding element and said guided element at least

partially together.

126. An automatically operative medical insertion method according to claim
73 and wherein said directing comprises automatically and selectably directing said
insertable element in a combined motion comprising a longitudinal motion and lateral

motion.

127. An automatically operative medical insertion method according to any of
claims 71 - 126 and wherein said inserting also comprises extending said insertable

element.

128. An automatically operative medical insertion method according to claim
127 and also comprising:

removably engaging said insertion element with an intubator assembly;
and

operatively associating an extendable tube with said insertion element.

129, An automatically operative medical insertion method according to claim
128 and wherein said extending comprises:
operating a flexible guide; and

pulling said extendable tube by said flexible guide.

130. An automatically operative medical insertion method according to claim
128 or claim 129 and wherein said extending comprises at least one of expanding and

confracting a coil spring.
131. An automatically operative medical insertion method according to any of

claims 128 - 130 and also comprising forming a forward end member, on a distal end of

said extendable tube.

118



WO 03/047673 PCT/IL02/00347

132, An automatically operative medical insertion method according to claim

131 and also comprising forming a diagonally cut pointed forward facing tube end

surface on said forward end member.

133. An automatically operative medical insertion method according to claim
131 or claim 132 and also comprising forming an inflatable and radially outwardly

expandable circumferential balloon on said forward end member.

134, An automatically operative medical insertion method according to claim
133 and also comprising receiving inflation gas into said circumferential balloon

through a conduit formed in a wall of said forward end member and continuing through

said tube to a one way valve.

135. An automatically operative medical insertion method according to any of
claims 129 - 134 and also comprising mounting a tip sensor at a distal end of said

flexible guide.

136. An automatically operative medical insertion method according to claim
135 and also comprising forming an inflatable and radially outwardly expandable guide

balloon on said flexible guide.

137. An automatically operative medical insertion method according to claim
136 and also comprising receiving inflation gas into said guide balloon through a

conduit formed in said said flexible guide and extending therealong.

138. An automatically operative medical insertion method according to claim

137 and also comprising connecting said conduit to a source of pressurized inflation

gas.

139. An automatically operative medical insertion method according to claim
138 and also comprising locating said source of pressurized inflation gas within said

intubator assembly.
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140. An automatically operative medical insertion method according to any of
claims 136 - 139 and also comprising inflating said guide mounted balloon to tightly
engage the interior of said forward end member to provide extension of said tube in

response to forward driven movement of said flexible guide.

141. An automatically operative medical insertion method according to claim

134 and wherein said inflating comprises inflating said circumferential balloon with

pressurized air,

142. An automatically operative medical insertion method according to claim

137 and wherein said inflating comprises inflating said guide balloon with pressurized

air.
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