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The present invention relates to systens and nethods for automatic
insertion of an elenent into a living organismin vivo. REFERENCE TO
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THE fNVENMaOtiThe pyinsegenismienticon seeks to provide i nproved systens and

nmet hods for automatic 25 insertion of an elenent into a living organismin
vivo. There is thus provided in accordance with a preferred enbodi nent of

the present invention arREFERRHUOECEO|N0O-PRSTRRNY ggg'%g@![okgserti on device
including an insertable elenment which is adapted to be inserted within a

n ¢ ;o co
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el enent al ong the physi c%& rface and _a_navigation subsystem-operative to |

control the driving subs mm@m%m AAPH |y on a perceived

locati on of ThaGotiawinaeich@lakOBiING ool PIBRLR AN duflaf SLRI@IESH PAL NWAY STOT ed
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SUMMARY OF THE INVENTION
The present invention seeks to provide improved systems and methods for automatic
25 insertion of an element into a living organism in vivo, ,

) - There is thus provided in accordance with a preferred embodiment of the present
invention an automatically 0perative_ medical insertion device including an insertable
element which is adapted to be inserted within a living organism in vive, a surface
following element, physically associated with the insertable element and being arranged to

30 follow a physical surface within the living organism in vivo, a driving subsystem 6perative..




insertable el ement based at |east partially on a perceived | ocat§ ¢nyofptshe
surface following elenent along a reference pathway stored in the

navi gati on subsystem Further in accordance with a preferred enbodi nent of
the present invention the driving subsystemis operative to fully '
automatically direct the insertable elenent along the 15 physical surface.
Still further in accordance with a preferred enbodi nent of the present
invention the driving subsystemis operative to autonmatically and

sel ect abbyat deasepartiblp aunseticabl eiredt b tsertHIORERE aRRAYSHE Fhy ki R¢6ice
Additionally in accordance with a preferred enbodi nent "of thée present

i nvent i Gt hdavigation Frbssiesh osemBE Y te moneleheedrivng fabey ttmrtmstdmar dedse

A4 nf or matd-0f tJ h S| fa fromthe surface fallow ng
‘el ement ﬁ;ﬁ%‘alf rr;tg‘f%lo%/sq)g géﬁg’egul;%? %@eﬁ gﬁgﬂrleacsﬁtgr%es cﬁ]comfl%fei%}%i Y0F & FEFCBFe t he
| ocat i orpatfwaynstorsdiif teenafightiovsubgystdrenent al ong the reference pat hway.
Pref grably, 11:.he surface characteristic information includes surface contour

25 i Aformati ORC KBt iBRARSY I ACcReenra driten irelhrad srbpdinen cinbodreRent of
‘the presamntion\waniiodatichly opsthd f | SEthGd] Whi L4 5

.surface _harndr?ess i nf OI’tITB.?I{ 8%._E%ﬁ%@%llg%}ﬁdeﬁéﬂggg’a‘g%%gi?\%l%%? 1#%?%%%& on
i s thredP¥ieelistlomant withinfee Huibkyorgetismsin Ve physically asstcbtingt & anrfase

t wo- di mgpg| I . PCT/]L01/ 01121 Further. in .accordance wth
a preferr e!c)i\g{e?%be(l)%ﬁrrg ﬁ}{ﬁflﬁhgt Sgﬁ%bﬁgglgmmé et oA %glr}apﬁ&lhvggg 8{%’§PG€Frﬁcht is
a endot rfaitneal physivel surthcalveitien et INEn® Byshkal hw%,aﬁﬁoﬂnaﬁédm?%dsslaéca?@yg of
the larypx and trachea, Still further in accordance with a"preferre
embodi neftecipe Efﬁénfﬁf@gkerﬁlemﬁﬂt@#ﬂquhe {PhEsicd surses asbtantisllingedirection af the
- gast r 0SGARRBRAINAGTHald DGR ¥k r LNRLydes SYLfaces L he
intestine. Additionally in gccgé& g]?;’l(':gﬁvl%i éeﬁ&gv‘lﬁ)ﬁfﬁe{?@eo %ﬁﬁca ?geﬁloglmg he
present dlemenialapg atereica pethvap|storad iartbehavigationcabhiatest. and wherein the
- physical sur ncl udes interior surfaces ..of -the circulatory, system 10
Further in a%u%%rgﬁéﬁcagc% Weawﬁ& 8?6?%&%%5%@}?&?% ngﬂlft PESSERle SWARLGT Jit i on
the i nskivingsubpstemes Sperativets fuBCausmalAL ket e iANAYLIE QNG & AlongRig at 1 ve
to i.nage.at, least a portion of the living organismand to generaté the
refé enc?élyﬁlﬁ?l “based at least partially on an image generated thereby.
Preferably, gitear@berfRee:RatdWay of Lok dNgaF § . ConL our map of, a
portion of the 15 human E'mat o%n?{ al‘—ﬂt}%e gg%}n?\boaccc?? gﬂ}:e WP “E]%Veﬁﬁg?g?cr ed
embodi meltving sublestpn ds eprrativevie miicomtichlly ast salietaatdy divedtahs inmsepabils cRiReE sel y
adapt ed i atient. Still further in accordance with a preferred
enbodi @E@%ngﬁ%ﬁ%d}%%@% “invention the. standard contour map is

aut omat i cal | Addiiemilyeahycastaqice Gvithon prefRRA drhSoddBthtSTihe present invention the

20  navigation subsystem receives surface characteristic information relating to the physical
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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
25  information.
Additionally in accordance with a preferred embodiment of the present invention the
surface characteristic information includes surface harchiess information.
Preferably, the surface contour information is three-dimensional,

Preferably, the surface contour information is two-dimensional.




20 Further in accordance with a preferred enbodi ment of the present "
invention the reference pathway is operator adaptable to desig&&t% @g

| east one inpedimént. Additionally in accordance with a pre&éyne 0

enbodi mervOdR/451%8 present invention the insertable el ememcTimelmdes a
housing in which is disposed the driving subsystem a nouthpiece, a tube
inserted through the nouthpiece and a flexible guide inserted through 25
the tube,” the surface foll ow ng el enent being nounted at a front end of the
gui de. Preferably, the nouthpiece includes a curved pipe through which the

tube is ins]fetg{éied. and Eihe driving subsystem operates to nove the guide in
and out of “hduSeRgandsy m}grﬁ Prdered, poberipieple chrthe tiwseuly inveniéon dive.
. Pref er abkstiableh@erlit Vi DondHReNSE GBeahs & - f bend a front
end of the 30 guilde and to nove the i%g’%ﬁg‘%ﬁ’gygefﬁ%ls%ﬁ?&?%%ﬁ%g Sbuﬁfac%% t he
li vi ng efrijalrgmang tache2/ 45768. PCT/1L01/ 01121 Additional ly, the driving
. subsystem i&; ope Lve to.selectably bend a front end of the

i nsertabl e %flgﬁlﬁaﬁlf 1 %C%Ft&e/ 5§ WAERT Eﬁéé#&ﬁoawe&t of étPe_eP‘iﬁéfii’téWBH??rél?ﬁ of

t he Spr emermtablenalemeiitan at dmetrosuebt A8€ iRt WidghyelcaMBREcenabivdesadntactf l e
sensi nghel. egsgi]rr\lt. 5 Preferably, the surface Tollow ng elenent includes a tip
sensor PR fig a tip integrally forned at one end of a short rod having
a nmagnet onaddiGoINah a8 dar RSy gl ter of & spring
disk and is fi rrriypc_orellnectaéci Swﬁgfr)&el%e%{eﬁe sﬁ%éﬂﬁ?ﬁysﬁgi&ﬁdﬁvﬁgﬁﬂ? on one
end of Wswipbleraleneiig s satbetve anémdieiein theuhiysidalosuirfacé tridee itteBér dubfaces
inserta&lig 8}&@@. 1t0 Further in accordance with a preferred enbodi nent of
t he presen? I TVentien the ti p sensor also includes two Hall effect
.serigors, WHetheR e 0000408 With| £ @rdrfifedC¥hbOHRnORs BRY iéﬁk?o' close
proximty to the magnet, the HaI? ef fect sensg?s bgllwn35“4':'rs§pac§é1 |nthhee pl ane
of the @ g7 dconise Frsludss werglonense pathaely geatiateefdpertive dnsmags acleatlas

el ect rigalion L85H8DR LAt proyide.electric current representing
t he disltgcg{rll%l_le of tlhglgﬁr)é neﬁlﬁ%}g&ﬁ%&%&%&eome r%ﬁ]éen?‘? P2 gﬁ‘sfﬁ?se paérleflsﬁéﬂrga‘é t hat
when a $roarcnags genaratteétheosbyt he tip along an axis of symetry of the
cylinder, the.tip i shed agai nst the spring, di sk, causing the nmagnet to
appr oach th%aﬁléqbfy’é% %gﬁregcgr{gag}vgayalﬁeluaﬁ andaft ¢QItPW Ta3RPY 2 BOBHANRES | p
si déwaylsuntan danhemypl ane of the Hall effect -sensors, the tip rotates around a
| ocati on V\Oé%l’ the rod engages the spring disk, causing the magnet to

wa ”F&‘S

rotate a b RecstancRevithla petfaresst cobediment afidhe 2eeschiobarntian tiee ot her
of. the daldhraedohigrt nSens teﬁisc@ta‘d%étgc%ﬂﬁ]%%& rcir?j\a}?}g[&f)rdance with a preferred

embodi ment of the prese I'nven ng' subsyst em oper at es,
fol | owi ng pilt fuather insecoidancoofith heprefered tabbéirehe BE e pratdt tentiof dle

cavity, the _quide to tend in the directi,gn of the trachea and
bend thsééngﬁ]i%?eé%%éjfg}?ﬁ qeo P?"‘ﬁ@tmﬁmiﬁl@f? EﬁdftBIalsﬁwlggpé‘F%nt engages a

surXlace of Runthet GD@uerdaMder N & PieSerredSeRPIRREREBE t@@@l‘és@%t bR GE o the
surface followng elenent. Additionally in accordancewth a preferred

g
‘enbodi MEIFTENSE PRREAY iRsritor #pptbleca designateailpaghphoimumadisyst em i s operati ve
to neasure ; i e ircal tputs produced by the | 1
effect s ens‘%@lfrﬁgpgg? féndéd%ﬁg Vﬁjfhr%%{eilfeg%di e%[’q?f\n “&?S{ntqjlrgget Prgsg %@ﬁ‘?‘fm i

insertable element includes a housing in which is disposed the driving subsystem, a

£

mouthpiece, a tube inserted through the mouthpiece and a flexible guide inserted through
25 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
and the driving subsystem operates 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

30 guide and to move the insertable element in and out of the living organism.




Mor eover in accordance with a preferred enbodi nent of the pr e‘se'anf“*fé\iynQ@}gf'yia’%ﬁ’:'

the 30 navigation subsystem operates to sense the position of the tip and
the past history of tip - 5 MAY 2005 positions and to determ ne the

| ocation ofW@HKEY$%H in the |iving organismand relative to pherLdighiernence
pat hway. Preferably, the navigation subsystem operates to navigate the tip
according to the reference pathway and operates to sense that the tip
touches the end of the trough beneath 5 the epiglottis. Further in
accordance with a preferred enbodi nent of the present invention the

navi gation s i erative to sense that the tip.reaches the tip of
the epiglott ?‘?ﬁﬁ%ﬁﬁ tf‘%?&@waﬁ SF?F‘@%W&%?C@%WH 1o sebpcdatdy pel aFBBIANEEAt of
t he presémtinsantaeltdl@nedthe navi gati on subsystem operates to sense that the
tip reached the, first cartilage of the trachea. 10 Additionally in
accordance wfPRIS Pr 8FcaFteBee éﬂgbéimfﬂ‘fedf embpralipersehthei presant iiovertioe the

navi gat i @i+ em e at the tip reached the second
cartil age oa;‘w?ﬁ%&h??gcheg%ﬁﬁlrdtgﬁaé?a%ﬂﬁe Sae%clgggg?ﬁﬁeggw th a preferred

embodt ment  oPreférablyr ebenstrfagey éultdvang tdlememaitictiaks antip URaYSt BRhidngoReriat i ve
to sense. ti,p reache he.third cartilage of the 15 trachea. .
Pref er abf&ygﬁélﬁ?ga I?%gﬁdg%tt ?r&?neré‘ﬂ Blg G<T8Hh Behaing at Bagrsh @ntikeother erdrise 1pdt hway
froma aesmdsythrdughtthetentd? AGCHH i | nPlk he
‘present |nventi ongt he drivi nggsg%s@%g{téeﬁr% 1?5%%?%&£€&§9%1%9%§2%§?ﬁ%n§%%%

f or war d. P9Dg 8pqunfed QR eieernd; of saedimddanbesapthér endis efiemntedtbrearhoni ereinét @é t he
present {fveMd 9o.the driving subsystemincludes a first motor which
operates to selectably nove the insertable elenent forward or backward, a

\secohll "ot or Futiharlin gpesrdtes with & ghrefetradlenboenter: Be thd Hesint dplBtich and
el ectronic circuitr oper%ve to control the first nbtor, the secon

mot or  andt E e SR FIChies P KAl Bigesd senioRt Whish preementpd jnsidentbe styboderani &
circui tryugpgl 44d68 Ro 2688 i t te.a._program.the
program oggr ative to co}ﬁt r%l@fﬁ?ﬁ?ﬁ%ﬂ@%n g@é&n&%n%ﬁgorrg being S‘Pﬁ‘gedslf}rtpﬁce
f.ol | owi nBaB¢ e¥iethe carertere ¢ither tureet pipen Each alilh stktakineorc ikt diawice t he.
living o j the reference pathway 5 WD 02/45768 PCT/1L01/01121
“Further 'Fe%%g{%%ﬂg%tgve%gw pﬁ)\féa%pgfg?tgﬁ%@-r% FHERDE dfe ldllféaf‘_ﬁFé%feﬁli*F ARt | on
the 14dri therefrosu i sipesenics oppratea tsistethaDwhBRE Whbe I iReREEEE e GiptHbRER o:dE aWN
by at least one of the .first and second notors to evaluate’the position of
the surfdcd WIB?WO%% o Eife UB§ Pyshed pediayt thasmaipeclidkanensingi they megpetdber r ed
embodi meagprafont e HUIPSE: sbAMANIPINLAG fo2d R BAEE SnAAL MYl SayRRE"ALT Ve
to be at Ieasé parti al I%/ prepared before t%e insertion process "i's

act i vat eBlangppkthg o prasersdihe dip fotetes arpwnl o ieatien Where ubkemdeenzrghkiscths

i magi ng fHoCa R , i e i.cal | ing s em i erative tg at
| east p afﬁ%f i tééfl y Et%él%f\gggﬁf Ig"]rgag[r‘lgtf té)?%ﬁ%ﬂ awayn}%gm (%]E 3/1‘3 tSae nI]IaI? erteet sensors ang
20 closer to the other of the Hall effect sensors.

Still further in accordance with a preferred embodiment of the present invention 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

25 - 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

30 navigation subsystem operates to sense the position. of the tip and the past history of tip




pat hway. 10 . Preferably, the nedical inmaging subsystemincl uded Zl‘tmll gg}ét

one of an ultrasound scanner, an X-ray inmager, a CAT scan system and an
MRl system Further in accordance with a preferred enbodi nent of the
present invention the nedical imging systemoperates to prepare the
reference pathway by marking at |east one contour of at |east one organ of
the living organism 15 Additionally in accordance with a preferred
enbodi ment- of the present invention the nedical imging systemoperates to
prepare the reference pathway by creating an insertion instruction table
nstruct o o adoe  mete | Al el 8 Tyt bR end it hang
bend t helSigrsegenalivearel enent. 20 Further in accordance wit h a preferred
enbodi nent o re%ehel-ialgr sent .invention the navigation subsystemis operative
to control the drivi %%%%ﬁ%?ﬁbéﬁit% ereratesatht npagate 4h¢ yip anordingetoctibyed
i metricton fan e e are B R, e AL BOETAT M i B e "
accortanti® spigaftia preferred enbodi nent of the present invention the 25

ti I | I devi t t t | t tiall t
"0g of & pronsir Jh"RRLKAR: SR By arrdBPEtcp o dnpiea invaiom et he
| og of anprgrtiessuldysiensBiopeaitiveto kdiRe tHaP 8RR BELR . in -
accordance V\$t&5‘l a}{)r ef erred enbodi nent of tﬁggprgsen?ﬁ?éﬁgg%gﬁﬁ{she :
conput er oper & BEtHep 1B aefoadance wiklea psefarrest emb aisef tf frevest invemionfths he
par ] ai 1y o e e e g otBRTIEs b e RO el e Fo tadeess 11
further in aa@@mﬂ inviicobrdangr withrar pretfepst @miboERtend bf tHRSprBIAS RVEnHdAEAT | ON
the co L ek LT 1ts the reference pathway to the nmedical insertion
devi ce, Eurﬁlglp Slﬂlﬁagke PSR Eﬂ 1 Y %%é%‘%ﬁ@e@a@??ﬁo@ien@ﬁ@n%ﬂﬂﬁlme pfdbent
i nventi omadhke insertable el enment includes a guiding el ement and a gui ded

element. 5 Additiqnally in accordance with a preferred enbodi nent of the
present i nvelHGh 1P HECOIdanss miths & iuyited copmdibes dfottdi presdnt tihength dhag

" el enent ma- i . |.east, rtially together. Eurther in
accordance V\H] ﬁ Sgyég(r; ge?nesgr gg&g{r%egé‘? ﬁ%nﬁf ﬂa%tqﬁ?éppﬁe%‘é’@ﬂttg? ﬁ&é%ﬁ?@i%gﬁ@the
driviong -%asbey st em operates to direct the guiding el ement and the gui ded

el enment at | rtial.ly together. Still further in accordance with a
preferred én}%g%?ar?é%‘?t hg aYﬁgallﬁégtésg(ﬁtth%ﬁtF%W lopd thespefprepge pathwest fama
i ncludesnambgmatical |y and sel ectably directing the insertable elenent in a .
- conbi ned rmt);ug@l, i.ncl udi.ng | or_l%i tudi pal notion and |ateral notion. There is
further provited ih aﬁ&?fg?lg“&n&’ét wi tieigrrpd efmbodisrrns rafothie npmsent fintehtiop s ent

an Lpeor Lab o g anent el P B FEVRET, ncorted within & living
or gafi smin Sptrthgr iyeqcqedance with a preferred embodiment of the present invention the
driving subsystem includes a first motor which operates to selectably move the insertable
element forward or backward, a second motor which operates to selectably bend the
insertable element and electronic circuitry operative to control the first motor, the- second
motor and the surface following element.

Preferably, the electronic circuitry includes a microprocessor operative to execute a

program, the program operative to control the first and second motors and the surface

following element and to insert and bend the insertable element inside the. living organism
along the reference pathway




- on a perceived 7 WO 02/45768 PCT/1L01/01

follow ng el ement, physically associated with the insertable.et e«rmnt

being arranged to follow a physical surface within the livi ng organr S | n
. vivo, a driving subsystemoperative to at least partially automatically
direct the iweertiamBe el enent al ong the physical surface 20 ag»d/@41/01 2
navi gati on subsystem operative to control the driving subsystem base

| east partially on a perceived |ocation of the surface foll ow ng el ement
al ong a reference pathway stored in the navigation subsystem The
insertabl e el enent -preferably includes a disposable nouthpiece. There is

- further provi dﬁ-‘d i n.accordance Vt\?éth yet anot her preferred enbodi nent of the
25 present i nveRtieHin ACHILKTRYIR A PEiemet SUPodmastiof dhe presertt inyantst Ha .

- The net hoddriviRg doseinns Spir livin
*organ smin wive She oo RabiaR hE el ARA! A aClentc SRR b ¢ 1
" the i nser tHibt andy o@nﬂoeaaisaﬂaghetmxmdfahesurfaab fsiwivigg eilemm to follow "

. a physical sur thin th | i Vi sm in. vivo, automatically and
. selectably di réec??uﬁgef He25°R ‘feaE’I‘B @Hﬁ“ﬁrﬁ@ T SheyRreecat invgntian sheand

30 contr ol tefengnodipageidyan ofdrafiteiol H&ﬁ%@@%%’iﬂﬁ% | On 0 tﬁﬁee fgg&?ﬁ @%cessal ly

-, foll ow ng i8 petingatd- o ong a reference pat hway stored in the navigation

subeystem Therkchsat) el Sl e AN S UReuRu b oBSE R S ey

. mouthpiece. It is appreciate i st aRe
4 the speci beQImnothe avedicalirsdgineg syseent ysoomhtmatblae&aggﬁhrﬁ 1@ &l@tth@@eference
.+ construed é way as limting values. 5 BRIEF SCRI

DRAW NGS PPENDI CES The present invention will be understood and
- .appr edivat ed rrwxefefraw;r Vehe rr@éa;éamemagmgl n@%&haé’sdat%és% rd thf°£h uft%égﬁndl”
~* conjunction with the drawi ngs and appendices In 0 1L

i are a seriSannsy, %Pi)ﬁﬁﬂ fasggr, @rcé‘tfﬁrsi‘amsyrswlrrumdrmhdﬁrﬁsymma process of

; sinplified block diagramof a

enpl oyi ng a prgf of _t es tion for th
‘i intubation of a qu a%Eq%?%{s?ge th op]?%’fgkgﬂg?%ﬂ@f‘ 8? t Breseny BVE%%?‘% the
Z illustrat rmgiraalpmgmgrsestemrmbmrtb hdpake ﬂhfa réfBRnBE 9%&&{%5"@&%@% IQRERAL 1 Ve

# for an |ntub?t|o? 1Qrocess as shown in Figs. 1A to 1L;
si npl i fi ed Pt PHFFHADITERR ?hﬁthéfrwrgslﬂﬁrﬁcture of a preferred enbodi nent

15 of 1sh
of 1she- pr es&ﬂﬂmbﬂh\ﬂ?ﬂh'a@%nﬁéﬂc? 'é;?ieh';’a?gfdéf&%goéc?%e%é%&fttﬁé Igresélt n?ve%‘uon the

. prese
© i nvention;medigdl mserngéyeﬁn@peraéasé@mm the ctferemte pathwhy Ay rmrremhagraadnsemon

| embodi meniy, kil B LRERln FYSAN 0%, L0k | Albat Lon Of a huran: 20 Figs.

to 6K.are a series o srrrp prcto Prations of a process of

enpl oyi ng a prfeﬁéra’oéxj tberbeditieninstictidieinRiudse Mstiub¥@Ntd anidadl ohd1 S lckie@n, Of
< an el ementre rg P@ nt esti.ne of a human; Fig. 7 is a preferred enbodi nent

: of a tabl é°CoMpPf &F FH?F’F%P&? Fi§Hbperative in accordance with a
pr ef er2oed errbdﬂlrﬂ‘ﬁflﬁn QtcdrifcB OB N plefMant brﬁBmdx{rf%ﬁt P SEd %l‘éggnto &V@ﬁhonz The
el enent into the intestine of a human as shown 1 n Figs.
navigation subsystem is operative to control the driving subsystem based at least partrally
on a perceived location of the surface following element and according to the insertion
instruction table stored in the navigation subsystem.
Additionally in accordance with a preferred embodiment of the present invention the
25 operative medical insertion device operates to at least partially store a log of a process of
insertion of the insertabie element and transmits the log of a process of insertion of the
insertable element.
Further in accordance with a preferred embodiment of the present invention the
computer operates to aggregate the logs of a process of insertion of the insertable element

30 and to prepare the reference pathway based at least partially on the aggregate.




Fig. 8is a flowhart illustrating a preferred inplenmentation 3)fymhqgg’§._--
present invention, operative for a process of insertion of an el enent into
the intestine of a hunan as shown in Figs. 6A to 6K LIST OF APPENDI CES WO
02/ 45768 WOApHEtli ces | to 3 are conputer |istings which, pcakesdi1eget her,
forma preferred software enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF PREFERRED EMBCDI MENTS Reference is now made to Figs. A to
1L, which are a series of sinplified pictorial illustrations of a system
and net hodol-ogy for the intubation of a human in accordance with a

preferred e inent of the present invention, It is appreciated that the
gener al conggﬂgwfﬂ)‘hawr‘%’?@g% hpigfraredrearindimery of dheeprebeny inveatiemthe f or

8l humessp eacepniiomlelb e aae h 86 aictHERAR RRLLEN an [nfant, a

child 10 and an adult. In a pref enmentati on of the present

i nvention, Bdeandaaceordantconithnapraferrat etihedimenn s rthel tphesatid idveRtdne thel S

enpl oye - . 10, may be . further precisely adapted to

t he speglfn?r?-a!g?epeg{iﬁéﬁtu?&%&keg% e%ﬁgc@fly elﬂﬂ%}ﬁiﬁi 30%11{1%1_ é?ﬂPF@r natively, the scale of
the Jmap 10 Additickeplyed acoordmereSPEIC k bidTenal sBRIdiISER oAk &E@édt%}eb on ke this
alter nay Lve the operator can select the scale of the tap 10, for exanple
by sel eCtV g SHEY Sie@noneTaeg fodireet Ahal suifingorlpment pindrtbafetiged thmmeant at &agf t he
map 10 potidutiepahécal |y adapted to size of the specific patient as a part
of the intubatron process. As a further alternative or in addition the
oper at or i sF&igbliedcegdamsi githt 2 peferrar embbdinieypiof ahe et ARBItHNSEEh as: a
tunor, a.2 ing, an ipfection and. an_injury. Selecting an inpedi nment
pref er a@]l‘ég%?%t%&égmadpsemq?sagﬂ girec\yglﬁ B8 Semeengdhe guldedeleraegt aFlegst | A
.shoMs tpeetinthptodéthand the | ocation therein where a tip sensor 11 of an

i ntubat or eszgﬂagle the mouth and trachea of the patient. It is a particular
feature of YHe r%’Féé‘b?ﬁ“FdW%wfbrﬁ priséerred pmblodinicon off theaprebema stventdart thel | y

aut omat gigaht ¥k [ il 2t nt.our, 10 t nitor, the

progr essg%f‘ tiregmsl%%cggieg%u%#& ltlf ﬁb@g‘?%gﬁ%?\tﬁ%g"a% ecf‘lﬁ‘g‘ﬁ[‘)%nﬁ%%&?naﬁ‘é@?}rl&iangl_y. -
25 As stwmbingd iFpigon, inkluding lowpitbdihdrmattmenidl ¥ ePmosivit abl e for the o
i nt'ubat.i on ﬂ{erea'sh%xgtﬁn i gidga%ti al Ig inserted into an oral cavity of a o
patient. The GntubardrPR T pecpsdance maihad pieferpdhembasiiment of dhe bragents i n
whi I6h - i mvelitbpose dusongiticdly dpeMEive lBedidal MRYLAR) ict6; be, L8 dpgerted = .
t hr oughlt he rmu,tgp_i ece %1? gef | exi bl e gui derﬁg%q{eﬁls%r?g%d. rgﬁljéﬁse{%lgﬁtube _

18, and’'*Pf WRIGRJF adepied et kel interted evighis talivingd organishie irg vinde 22 Gurfidee

nout hpi Ae digiRr ' r.i Qi urved pi 24 t hrough whi ch
The tubg Sy e SRR Yooy abORRIG OO e e o BB R crreiitis, "
cur ved ‘foilpe axphysisaipruirfes withsi the lidthgongadah isvie, a Alveenabipeahyopdriteecur ved
i 24, i Lm:nated. 1t i iated th th t
Eloﬁgri Asltio_lnag l%ﬁ%gb%gﬁ%gygpaégélgngﬁ%rt% I ?nsgrtable %femseggglogg the ghg(f:s(i)ca Osgrefgces

20 and a navigation subsystem operative to control the driving subsystem based at least

-

partially on a percetved location of the surface following element along a reference
pathway stored in the navigation subsysterm. The insertable element preferably includes a
disposable mouthpiece.
There is further provided in accordance with yet another preferred embodiment of the
25  present invention an automatically operative medical insertion method. The method
includes inserting an insertable element within a living organism in vivo, physically
assoclating a surface following element with the insertable element and causing the surface.
following element to follow a physical surface within the living orgamnism in vivo,
automatically and selectably directing the insertable element along the physical surface and

30 controlling direction of the insertable element based at least partially on a perceived




may be disposable, for exanple, the tube 18 and the nout hpi ece §eAY5 288 = -

guide driver 15 is operative to nove the guide 20 in and out of the housing
14, throu&p the curved pipe 24 and through the tube |IS. The guide driver
15 is al soW&JBrHatve to selectably bend the distal end of rdmiguide; 20

cl ockwi se and countercl ockwi se in the plane of the curvature of the curved
pipe 24 in the sense of Fig. |A Referring nowto an enlargenent of the tip
sensor 11, it is seen that tip sensor 11 10 preferably conprises a tip 28
“preferably integrally formed at one end of a short rod 30 having a nagnet

aar Thg dPepEiehe M suie £ REEEEL"Phte & GERIRGS S (HEeST fe  °
pr ef er ablayigatomsubdy e, MnmbléfelansmIﬂrﬁ&%bly&ﬁcmﬂ&%edi%d&%ie%tﬁp%e{@U”t ed
on the distal .end of. the g%ui de 20. Preferably, the tip sensor Il also
conpri ses twb HAPTTCETEe dhat S fiances gnd macles refamnepd am hel Sperdiicatied andsi de
the cyl ichdgk ad6veRaty514P B i - I.m to the nmagnet 32.
The Hal |l effect ygle%sgrs 38£§%o§1h4€6{gjreeéa5re g?% ’gwég'géc}éamﬂ‘}ﬂﬁ‘éesp| ane of the
curvature of the curved pipe 24. Typi cally, each Hall effect sensor has

electrical term j t tri rrent_representing

t he di stance ophgﬁgﬁndnﬁg%?é@%ggg?lh r@gﬁ?ﬂm&@éﬁ Sed on the ti p

28 al ong thé&haxpesaf isyention ryilk Be ofndeysiddadend Iprecfldt Rord if#8xhs pushed .

agai nst .the s rcfén% &i sk 34, causing the nmagnet 52 to approach” the Hall

ef fect JBNQWNE deislisd destaiption faken mecanencting evitle thaebmwinige ard gpeendieesand each

of the Kgalikh. effect sensors 38 and 40 decreases, both Hall effect sensors

38 and 40 produce an increase in their output electric current. \Wen a

\fordé i's exdiigsedorotiieate p @Hesiofesimykifitd phiderigll AMGatins tdea Hablesef frect

sensors %8 and 40 th% ti d28 ro ta&es around the | ocation where the rod 30
3 FE i

25 engade 19¥{ne Bt Syent 98 thegpressatanvenian fgr the Aptulrsion ofakyeran; he

_magnet 32 t Figs0b At 2B fobemt 8 f: i oho the
Hal | effect sgenso_r 38. The gyt put 'am‘t%hgﬁcﬂ%aﬁglﬁts‘ioi;or?é?rﬁgq%gﬁlnﬁ)%ﬁhg%’t
sensor 2Hthepeeal nyerivar expsaiyedonan ngbatiomptocedses Shoven ircHigs. e tofLt he Hal'l -

ef fect sensgs - LY Pl . espondi ngly |ncreases. Thus, .it be

appr eci at edqi'[1 .23,[815,[%%&55 ?%écglelﬁlg{éémfgogﬁﬁﬁﬁgéajeﬁt&qWSr‘l} @ HF%&??'[W%?MS hown)
t o reasef thet preseglinsepiontfordatdaton bfa Hithagti on of force exerted on the tip
28 in. the ;%I anlg.of t.hel.gall effﬁct 10 WO 02/ 45768 sensors 38 and 40 and to
conput e t he & i et & PBRUGFI Pladk ARgrprofa mrefered sghiodinemingic fhet Ressertensor -
tip. 28 imveddpi;essed, relative to the axis of symetry 42. It is appreciated
t hat sensors other than Hall effect sensors can be used to neasure the
direction andst A& Bnpl isrudlecisical ssbemetieseofox erefeded ambhdinteinp 02 @he present

ot her w $&ehQofMRASMLE RS FabuRl@xi Mty and the orientation of the adjacent
surface. During automatic operation of the system follow ng parti al

i nséPtion offigshéA m Watwr 2 sssemfl ympRAtOHEctbhE Buskatoayidya @ecahN in
Fig. 1A, t?oeir%l;i de_.driver éS t ypi ﬁgi”y causes, the guide 20 to extend in
the di r SOPIBS PR ERBed e of M Hevasinyprtiguion senioa o ervileeent dgiei | t he
tip 28 ergagesneoftidnase of the tongue 46. This engagenent applies a force
to tip 10 28, which causes the tip to rotate countercl ockwi se wherein the

magnet 32 app odadheserefseed igmtodishénscel sealslorcod@urisHgeistroction, aipesitiveriyi ( not
shown) L0s) L ' 4 . ch sures the changes i.n the electrical
out puts pr 5%‘(%5% E%%'?%gﬁ%g%lenéw&?msgﬁ rgreéﬁltalﬁﬂen%on’ Tr hiberebn 6 &

25 element into the intestine of a human as shown in Figs. 5A to 5K;

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.

LIST OF APPENDICES




40, indicates that the tip 28 is bent clockw se. By sensing rrfe%’si?a%oh
- the tip and enploying the past history of tip positions, the 15 --system
- of the present invention determines the location of the tip sensor 11 in
the oral . c¥Gexsasd rel ative to the map 10. This |ocation |P%1elg91 ﬁe]d in
order to navigate the intubator correctly, as described herei

‘Reference is now nade to Fig. 1B, which illustrates a further step |n t he
intubation in accordance with the present invention. Fig. 1B shows the
gui de 20 extended further and 20 reaching an area between the base of the
tongue 46. and,the .epiglottis 48 of the patient. As seen in Fig. IC the
gui de 20 ext et nidlﬁ%f ﬂeFO oferOHjPHWﬂl!Sﬁtl&%V{hI@ 2&enowgtiber, tthen senefafed he

Lrough bemsaidic bhBodRcl Gihd fredlhe ihSnggen In Fig. 1D, the guide 20 bends
count ercl ockwi se and touches t bottom surface of the epiglottis 48. Then

the guide 20 retracts a little, while preserving continuous 25 tactile
contact between the 1 surface of the epiglottis 48. As
seen in Fig. 1E thgt E&ﬁﬁlﬁg%kggmb%E%EEWDIEW@HW&Tg@SOf the tip
sensors 11 r cRefhescd endvw padb% Biest NE 18R lv&h%éﬂ Ereda @gg fgﬁrﬂalfﬂéﬁ pé(ftg?%l

e epi is

Ioses tactl:sle cont ct wth the surface o
bl Eﬁ’@?%% P end metodolngy Sudhe mﬁutﬁntxgn ole,hutdaﬂ iy aeadedaBe pemds

further cmylﬂfeegeglegﬁ)gmnﬁt ne oforward and then bends clockw se
until the t|p 28 touches ﬁ] %ﬁ%éﬁt%g%i ace of the epiglottis 48. As seen

in Fig. 1G the @m@e&tgbﬂ')@kt@rg&sembmuﬁi’gdratﬂ@hﬁ%é/inﬂﬁthcﬁﬂttka(&&@é’?s %e"i‘nﬁa%l

cont act iglottis 4 u ip 28 senses the firs

Y the tl:OSch ’Egd‘ﬁl@?"/&se&?‘slglé%a Sﬁxﬁpgﬁm q ‘éﬁ'er&%?sln Sc@ﬁesughlaabetwe@@emt fau:htlﬂer

© forwalld wdidn adudt. Th p R8ferseS8Rnichf: Ghea 44. As
seen in Flgési]]% TE1 and 1% t he ggl de 2()@%)%?2%%?&&” t#Do’rwai%l t19%%e tip

28 sensd® tosuemen mowgh and Fr@ph@arm et edf Thehecalas af Itl&améﬁ 10T1I1135a behe

de 20 ; i Its. b ¢
T ot Husthértitcih) &tk 1o He SRS Balihe SEAMY bhromgucalie Aisgmnrbrg. 10, |
t he gui descdeiofthe m&r i% igndabied tothe spedific bhger @éﬂﬁaﬁ@mhﬁ@aﬁl‘yn& {hlrbeal%emgvgm ece

16 and tr}ﬁ roﬁx?t in ge the ient's nouth and trachead 44. Reference is: .
now nmade gs C%S?ﬁ%c ﬁ?heﬁ‘%apew doyetamnle byurseleating betoken & child the =
pr0CASS ahdtdheadurt Thathit 4t séal@‘ém ARV s ad:&:gét%%gy%g%o & 8??%9&@1 A

and 2B, takep together, correspond tot ‘
shown i n SPFGHC Pailent ¢ apapofithe H&ﬂbﬁpg PrAss s aﬂnﬁhh&ﬂmfna&%eﬂhi additdon theset -

patLor n et o to dleBh R ohlor Wi Dieal 10meSRROORChIA: FricmR Br

pattern map 10 fromits ne
enabl es tSR& lkﬂﬁematr@ctlpo asétanmlger)s Saleetindf ask hﬁpecﬂ&eﬁﬁﬁrh‘f&?&b‘l;@ BredRk ta%ﬂaﬂ'@p to

the corr patient by selecting between an infant, a
child angégn adﬂq[ileséﬁzn%mz 9%110 112 and 114 the intubator enabl es t he

oper @or to iaptA tshews Iﬂﬁeﬂhﬁb' and the location therein where a tip sensor 11 of an

: ~ intubator engages the mouth and trachea of the patient. It is a particular feature of 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.

25 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

ingerted through the mouthpiece 16, a flexible guide 20 inserted through the tube 18, and

tip sensor 11 mounted at the dista] end of the guide 20. The mouthpiece 16 preferably

30 comprises a rigid curved pipe 24 through which the tube 18 is inserted. Preferably the




pattern map 10 to a type of intubation inpedinent, preferably_ ymﬁglsﬁ$fh@ﬂ*F3
froma nenu. As- seen in Fig. 2A the nenu typically provides the operator

with four ogtionar i npedi nents: 25 an infection, a swelling, a tunor and an
injury, amiC42#5F8h option not to select any inpedinent. periapRieci ated
that various types of inpedinents 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

si mul t aneously bend cl ockwi se until the tip sensor 30 is depressed agai nst

the surfaerdobipt P2 LARNGHE: U giNkd | extension and.. bending limts are 12 WO
02/ 45768 r eac%lgd. AS seenS%nSIgtﬁé%ofz%,c tH ‘bﬂ%&?%ﬁgﬁ gli'et g?lg’e‘ﬁ)rpéﬂeet%‘éﬁﬁy 50
degr ees ehimdnated extension limt is preferably 2 centimeters. If the tip
sensor i s depressed, .t scale of the intubation pattern map 10 is

Ip Bt et s9ye of

preferably upHatPBEF%G theegoampopemss pemmpriseg the istuhior essembleldf t he
i nt ubat eghypigd digwy: ab]Ejfoﬁéxzﬂnﬁﬁé’tﬂj@%eq%.a{l(ﬁ]gqe%#ﬁlgli%f%q6| imt and the bending
I'splaye

S
limt is reached an 5 error nessage is ('step 134) and the
i ntubation prscaide drives tl6ipeperaiRef r moveth guiiRRONBAR LSt BF the Hasinghisch

corresp o Figs., 1B .and ! illustrated in Fig. 2C_ the guide

driver Y@ggéllrl ﬁlg rcrl%xsgfe‘sﬁ‘I diptte %%g?ﬂlgﬁéheltﬂg? 1§ fihe gyige dgiver 195 31$0rPP§1‘q%(5©[§9

ext endi ngle¢mbigbehd e @istialend26r hbghirrol dg&ékyﬁé?:eanﬁacfohﬁdaﬁl&l&a%eq{‘}tt}fﬁl‘in@! ong
an

the thro surface, follow ng the intubation pattern nmap eepi ng
the tip°f FCORARCE ahiharuryed ripe 2 the eene pEDig. 144, 146). Wien the out put

el ectric CUIREHiS. T, sensors. 38 .and i,ncrease, . the

i nt ubat or assunésg(ng)t%ngbﬁ%lg?ﬁg%eg{ &gﬁ%’itbn S?lralsﬁrltegc?%’ﬂl%gﬂeupe?ﬂs% 11 he

t2 ' olfy 3 -ng{@rabw edreprénsh gl ﬂf spéd@rabghmt@%m; fcﬁfnefﬂr@&lﬂe r@ﬂtofbﬁbfli&i%it Qg ht Ip
an I.S.4desi.gngt e i g. y reference nunera : e

scal e 021 ﬁﬁg%ﬂﬁ%%rﬁg 3N I%Qﬁfeéreﬂé'ggﬁ I%_dLé%ipéﬁF‘H‘EW sRends thypugh thsesredof ® nat ch

t he pat ispritg disbGgand & firy UbsndcfldaRerdS inph ' Fi g.
2D, whi ch corrgsponds to SIéi gs. 1D a?lrd 1?3.18 %m@@%ﬁ%ﬁﬁ%&%r_aﬂ%%@%éﬁde .

driver P8¢ 58 denyindenis whose oter spd is euuited anltbodistdhendiafghe beiddi2eral
b ol ot ¢ el et SANG PY L0 Mo Ees b il et st p6 459 dllgvBick e

r eathed M{®wey in5id} tzenchlinder 56 bnkadipport st oRE if SIS prdbdRlty 1SHR: Rlaghdrhed

PoiL ORERIBRRIL DS RSh, iet Lh 20,000 Ll ULl cce Ol e iglottis 20
3??32?”?2“’5;??“3’?% oy ioall, eadf PRI oG SHorA6E Monldhf RSO bhdud B8 O ¢

gui de 2BTFIFS FEFTIE SYEwt 13pysenting the sistaws dhithe mrgnttaitdthagfio. t he gui de 20

55, - dosi ghat o | iR 5 et oh R RO RS SiSen b el R R S

r eatthes thenép 8 5 wishedezadSt d prinptdisk 38 caulshey thé MagBeti 32 telppames andalt he -
out put g{p t hg cugren% 1%irom bot h Haltl effect sensors decrease to a

.M ni mum re%eerozgsblJ A&Yi REGBARS diNtapss pePRe s megnet 33 gaatcaeh pEthegalloe) to

Whi Ch Cor 7 Beponas | o Frae e el SR MOl hett | e
15 causH85PEHOWRIt glecls erenbWheno facaisdxenalomithe ip 29 fidofayshe thaflane
E;P/i 2 goégg %gé%lp%/_fg&%l%@s&g 38 %dgl-w, fe ’clzp()ZfsI %ta?gsnagogn%%ﬂé ?cl)’c%!‘,iglg &‘Mex%ethe Pc{deg 5 ably
25  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

30 amplitude and the direction of force exerted on the tip 28 in the plane of the Hall effect

10




-

by 5 mllineters and then to bend cl ockw se, preferably by 10

(Step 170). Then the guide driver 15 performs steps 172, 174 and 176 in a
| oop, bendw@ozudsext ending (step 174) until the tip 28 of j

touches the upper surface of the epiglottis 48 or until anl;é;lg{j‘gwgflgﬁ
limt, preferably of 1 centinmeter, or a 5 bending limt, preferably of 50
degrees, 'is reached, and the intubation is stopped (step 178). A preferred
poi nt of engagenent between the tip28 and the epiglottis is designated in
Fig. | ge bg r%f er%rbcednurreral 177. Reference is now nade to Fig. 2F, which
cor r espoRds o SrRigst) andao cgmppte the odenssianpf apugface bf a Hssue agtinktageich test
counter Bnshistif 28 stdepREAd {85180, 48Q).: t he ,qui de driver 15, 10

per form ng ste%s 1825t8 19r8 ?%n aO %‘og)ﬁsogaﬁs § Fﬁ “guide 20 to nove the

sensor tip 11§ epmweniafed dtab pere®2 othek trag Hallesfaset foneers 0fn bhesddnaahraad4he
preservi t bet ween t tJ 28 and the surface of the trachea

(st ops. 100480 B8 0 FMiG: b fafe necndin peitintth smptesnisn domemiredun ¢ i mo
a crest pb&Bnitynark @Sorilsntbtiorléﬁthézaja&fm ayeERLtilage of the trachea 44 is

| ocated the_"cartilage crest counter” 1s increnented (step 190), the tip

28 is noved RHOUE 2¥REAHE eREration plthe pestar2folldBihg el dngtri@B)f tha thitibgof 00P

process 58888iLS uAtd ket ' i lage i | ocat ed. Then the guide 20
further ext e.ntc}isl,zul{ﬂ %/dp!ihga(ljlrij %lyéap%é’cgggg(};‘%% HbglgSII‘%emei %‘%ee ‘,’ergg t@%é%ca@ﬁ%t t he
tube 16 Weauie2(tto exbmdiihithddieativh bAgR. rabhes G4 he@ beHdsUBE oliFe DL EWERAl S to

the ope .hat, the insertion is conpleted successfully (step 200).
Ref er enc%rﬂflgﬁen% “ReEde2qes aruyacesor ti fiengur $6q This ppEpgamsat aprlies mrfardedn tof t he

| 28, 24hi ftofro 2 i i i
| nt ernal 28, 2t caigedine Bf todoRil gl arRod B AL S%%‘Fﬂ;ﬁ%gpgéaéhgﬁgﬁt 'yO_”

useful fgr ingubation o uman. The int
conpri se¥al réteRbetsay 384 Eledteonisucierily i (met shaviy) irfskienthist hpiseee 146 whidie t ube
18, the flLexidl ' O.i.nserted insjde the. tub and the tip sensor
11 nount ed%gtégttﬁee ggﬁln%t%%ﬁj teHFl % q%%n%ag 8"1@5%5&360%?& %Iy etﬁ% }g‘}h {}L?etch EEOSRRSt e
conpr i se4). andicatssgtiatphpdp 28 is Rt Bloelfweicabl y, the guide driver 15 conprises a-
first notor §19 that  drives a ggar box 212 that rotates a threaded rod 214.
A floating not STTEE B RBtifiPRat tprrediamrdeaniasg theapsplistornef tip pesitionnthe 10
r ot ates -dySent bf @rRdp@s¢@dnvbfion tdRRmhIRA N BeRiln 22 ud ﬁpr%QP{sﬁf 11ORVRE . of

e

backward according to the direction of the rotation. oatng nut” 216
i s oper af4Vifé a8 TeiRdYE tg Barpamde This latasioy ia daplof@Dimetet ftosavipapisie or

pul It hepnfish@de caQect 45768 PCT/1L01/01121 carriage 218
nHibh e cérvec lg‘ggét‘%ésbﬁbe]d%c%l%%v

touches a stopper 2. e stopper noves with the carriage 218 al ong the
bar 220 and Ruisttees ishewt mbde bFif oByartdch Musieaens firRlep keg 2 tHeSneBARGEIEd to

di sk | i i d lati i 228 ttached at first
Snd tho. ElatiBad R A Bt 8 SR Rt 0B shevatee Ghide dicen o dacthereands
QUi 0 20readhihg ditirea Béthetn BRABSASRRE RABECEShd ﬂe%gfgg&&%%gkfe@%ﬁ@&gt he gui de

just short of the tip sensor 11. Wen the notor sk 226
ccl ockwi se onfes Fentih& 1 e dhoegds 20 ependsehirthafiorherdsenidnit #p 06 towcheoasened.

The wi reenﬁr@rtheiﬁo&lﬂlﬂeﬁgatﬂ'tﬁele%igﬁ‘&ﬁg hends the distal

As seen in Fig. 1D, the guide 20 bends counterciockwise and touches the bottom

5 MAY 20115 WO 02/ 45768 PCT/1LO /01121 then to nove forward dogngé?e r;ngroat
d ees

surface of the epiglottis 48. Then the guide 20 retracts a little, while preserving continuous
25 actile 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.




end of the guide 20 counterclockw se in the sense of Fig. 3,_%@4@@%
when the notor 224 rotates counter-clockw se the second wire of 't he two

wires 228 is pulled and the first 10 wire is | oosened. The wire that is

pul I'ed pul W @nad7dsends the di stal end of the guide 20 cl 0CM/%%1/hﬂz} he
sense of Fig. 3. Electronic circuitry 229 is provided w thin the housing 14
and is preferably electrically connected to operating switches 230, a

di splay 232, the notors 210 and 224 and to the Hall effect sensors 38 and
40 (Fig. 1A in the tip sensor 11. Preferably, the electronic .15 circuitry
229 al so conprises a mcroprocessor, operative to execute a program The
programis gBéfS@’?%BIP Vigdhpt b6 gwide offt bendst Autheni doohecl®@BBiise, teerdiesphdy 232,

ot or s 2PwaRithnd 244 beaRd. Hal L ct.sensors 38 and 40 atg to jnsert
and bend the gui s r?s?%cel&g&ﬂ Vi &ble%ﬂ%ﬁ%gﬁi%%ﬁ??‘e%@’éwmfﬁ&f%e%p ¢ BRgIRD rap
until tHS.tip of the guide reaches a destination point inside the living

organi sm Pr fesrabl%Ft hg&gr(ﬁgra is operative to cause the tip 28 of 20 the
gui de 20 to FoIffBWh B eider iR i 28r idends dioraand. presarving gominupus fastild vi ng

or galsi smontd BN IBRRUR: _tiFI) %%fﬂ?ﬁ'tfzﬁrsén‘égs @gﬁir%o Lk kh% tf«%ggﬁs‘ﬂﬁg f Lo

measure the position of the ti e gui de relatfFve ace organ
of the livi nfgs &7Gaiti Bigs- 1H and ldppheegiide 80 axtaids tforhdreformyidi @itid R €8 SIWOT

al so i nidyeasnyd pLek @é@ﬁ?th%%%?ﬁé%ggm roller ". 25 Electrical batteries

(not shown) are pre P within the housing 14 to supply

el ectric powss stem imhEigel I CindoTk Ciiel %ﬁ&é thr)] Yextén:E!@ fﬁft}ltibrsf%?ﬁiﬁﬁ il ﬂwﬁ{a gyt or s
other elements o e presen

210 and 224 t he di ay, 232 and a
i nventi o TH4RS E‘b‘fm%%é'étcﬁﬁﬂil&ey?f the tragheaddpThen the @uidet fuetheresmailds,

\sounges t19picell e &drbgi ' t vide power, t e

Dt et o P Seie by £ @hifichs 1 eBEB B el Bl LY R et

i nt ﬁrfiace (nm sﬁ;@havx/rﬁlg.d]ﬂ:, ethegaigib;d:impllﬁ)&@ pglld}dlbﬁtawrtﬁdhe g@iﬁ@l&lﬁ'j 13%1@%

t echno ; Vi 0 .enabl e_comunj cation with external data

pr ocess?ﬁéﬂtggﬁf p%ﬁ‘}&ﬁw@?égéﬁl > the PRt SgRowtBand Faghesidded at t he di st al
end of the tRéferei& BNwembdM fb PigRe2 Olyhedi0 tSodiNGEhes, the
pi-pe 18 and is cqnnected, through t‘ﬁ§°g?ag" of ,}(ﬁé%&gng%éé]{ﬂ&%?ﬂé@%%ﬁ%&fon'
‘The t hi FpPERESEPAbReEuRRt e slanan ghowmiih Figs.  BeoB&. | oon when the di st al

end;j50f the mbpeald d e|c p iat. l.ace in e trachea, thus
_securing_the .%i st al e%’ %%éﬂ ﬁ%ﬂga?’pé&fp%p%ag t?rt@%ﬁtgg.(’ft elpé%@gmi 6% nade
“to Fig. showphn&ig-id.a sinplified functional block diagramof a 10 _
preferred e i t h ui.de driver, .15 _descri bed hereinabove. In Fig.
4 the gui oo g TR0 Fﬂﬁe%‘ﬁ‘%g{% ﬂ&?ri%?é‘in%‘ﬂyizﬂﬁﬁﬁﬁq ot inghagen. 240
preferably dongpil§eshsinibhior Ic%&i@anhﬁﬁbaﬁﬁﬁ%ﬁiﬁ&%%na;%@%&ﬁg%ﬂ@ﬂoﬁgd 31_4, the
ig. 3. endi ng gurde driver

floating nut, 146 g i&g carriage 218 of

242 preferat}PftetPBﬂ‘ﬁi anth £0§Heointybpipr enelegithek oaBon b seti the sca?@ 8F theFi g.
3) . 20he ihematdigitad i e..hendi ui driver 242 are

cont r ol Ifed b;/ t)%) 15%@#\%&?% re%glg&%o%%i ng}*ﬂp%%?ﬁgi%wﬂeﬁﬁ%%ﬁ%r@
driver radola childandatadits the |ongitudinal driver 240 and conprises two

functions: gy 618, {Ungl' A% £35,8052 ehabics 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:
25  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

30 is depressed against the surface of the tongue or until extension and. bending limits are
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function 248. A bending software driver 250 controls the bendingy MjYi d805
driver 242 and conprises two functions: a bend countercl ockw se function
252 and a bend cl ockwi se function 254. The functions 246, 248, 252 and 254
are operat ed B &/5F@pagati on control 20 software nodul e 256. pé\f/ILtolg,%lﬂtlher
end of the guide 20, the tip sensor |l neasures the proximty and
orientation of an adjacent surface. In a preferred enbodi nent of the
present i'nvention the tip sensor 11 perfornms the proximty and orientation
measur enent s by measuring the force applied to a tactile tip by a surface
of an adj acenty t ue A tllg ﬁ ;o% sof tware driver 25 nodul e 260,

operative to r}ége &SFh[sugte é s PERERg {iFdt isipyeiseabbos0 ﬁ@greﬁrmm@sxtemon

i nput  f unclim@rns prefe@ByNt QEGHQAEKW ﬁethE_i‘,_ﬁ LAtk %%Pr{e gﬁegt {:ﬁ of %B ‘Bﬁgﬁ?%ns

cl ockwi se tip rotation function e neasure

as provi dedPB¥m maptlilgs §é¢f§l@b1y‘swﬁdamk(eteplr16§z)ato memtthe paftular Raka) spet@dnhand
stored by ajs@A8q 10.is | caded into nenory and

Ie 266.
serves as an up atpghﬁ E%gé Rt fgff ‘ﬁ%éﬂna]t“%‘}%t and ghe BeRsancelimithereached an

‘accunul at edemmms@mmﬁgprayems&épmmn@mﬁfubéﬁeﬂ\bgogegsh§st MO 02/ 45768
PCT/1L01/ 01121 %gdat ed.reference ma . The results o e conpari sons

are cal cul at ed BYCERCGpUACY madaite Figddfe viich corpsronildéo FigcdB atg:l flact o

that is appilliwgghtdD a ut&p:d i 0

nodul e 274 !errp (lgysmtjﬂmlg %% gl?e rra%{f\egflg%%rfgl ons?%leflﬁzgg &4%@@ E %@;kﬁé]on

control 256nadoekssiendingt{stepd ) stiép20furtheeiritt S8y patiefit’ Phedk afd aldngd theitBroat

- appreci at edg - HOBASUR i} of the elect | c current drawn by at | east
‘one of thel ong|f§ud| n%l eu‘f‘@l 0T Dartern gnapn ) (5B dieRjng dhebp dr icQutad anitlaltheo

iserve a¥) arsurfapuifstepe mmel4@0Wﬁ%%uﬁi@}&%@¥&¥ﬂﬁoﬁ%%ﬂﬁﬁﬁﬁ Hfé)c? fsogstg%

tip sensor. I§eference i s now made to ar e,
‘t oget her, S0dpeierseathe igRibatins @pamss (ﬁem)ﬁ&)élhmeﬂie ¢ipiagdiareedchal th'e hﬁd @&”&&e nt

~ s nvention L@@f I uman. erence. i s, especial| y

~ imade to nicr oé?gggﬁ%kﬂ%%ﬁomﬁ cfﬁf]]hgp mrnngf’%ﬁﬂgﬁmgﬁé PtV esRethe G g5 e the hody

“program t o & deigmsited incFigl e@wbytisfendnct MRmichl URAL The ARKEHMMY irkehatioH Qﬁ&ﬁ ng e

) "_goper ating sy 1&?]? 2f3 the d%%pl ay 232, the notors 210 and 224 (Fig. ,

" and the Hal 1”8 ERyEERhs BRdatosko it thicpatieniis arepn stmiesee (stop 1(4&)9 IA), and
‘to perflérmt he Rdﬁrﬂbﬁﬂs@z@w rﬁﬁ&&%sﬁ adescri bed
“‘her ei nabov reference to Fi %%C\?}cl)leﬁ CEIQ%P%B%C@ %Eg) 1 OWSr‘?ﬁ‘a’em‘[ o]

F:c gs. BAt ‘%lK W ewdedeiver Lope st@swnﬂndnqbllﬁ‘}tmaadaop, béﬂdmsgnatdlﬁ?qs

©-jof. ten typigaler 5 i.n referre ment 0 o

- The’ prosento et Fon aoar o apores FIGRE o 2 BBt Sidot b vt ne

“-of a human.bepding élrrapmref@ra@ﬂjedf #ﬁ\aégrsemie redchéd est€y gsa) Msﬁ@m@{m@ﬂbby@%
-organi sm argg ?AH@; d ]? o a scale factor, such as

- ‘and trachea g ste ReP'8 %g%ac ngqcﬁéh? W8§@%@e§y§ﬁ@rﬂft@r@lgbﬁm
.gener aly ds fi¢stgrendd ir g oD smBEnROMdrSl 191e A@té}%lasé \g‘&{ @%éé Emex}ltrbet‘%e e

to enpl oy tQ FE)]; Cm\lnventlon to insert a medi cal

imedi ci ne t $h&H % thesurfaenet tha epigtottin the gjléfﬂ:@dlav&MS\mrﬁaam aepmgamsoamnp

.of the orgqamgjgﬁgq&; £ h t til the required

I ocation, is pr ef)ar ed bef gai@ghi,ﬁ%e g“r}éée?? i@%lrtlﬂ]ep ég » gnd increasin he bending of
the guide 20 (step 164), until the tip of the vulde reaches the tip of the epiglottis 48,

designated in Fig. 1E by reference numeral 165. When the tip 28 reaches the tip of the
25  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

30 epiglottis 48 by causing the guide 20 10 bend counterclockwise, preferably by 45 degrees,
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25 activated. The required map is preferably prepared by enpkdyiMiy aps oo

appropriate nedical imaging system such as an ultrasound scanner, an
x-ray imager, a CAT scan systemor a M system The map can be a two

di mensi onaVORF#SBE a t hree- di mensi onal nap as appropri at e Hawithheiigpeci fic
organ. Typically for the intestine systema three dinensional map is
required. 17 WD 02/45768 PCT/1L01/01121 It is appreciated that an inserter
according to a preferred enbodi mrent of the present invention for use in
organs that are variable in three dinensions is sinilar to the intubator

assenbl i I f cg t.ube 18

‘may be ?'ﬂtlaépllzg)c gg&l\%mquﬂ%rﬁd&%% F}téé]n'?jr ;%s Bﬁ%‘n}f’g‘%ﬁ Ic,ag %’ ]%ﬁ*) %ﬂ?ﬁi"ﬂg‘?\al

gui de b@mfmglysmst@mgm(swpmqogalmnhsg@wuhaér ltSOpeﬁ%Tn%s 2172,di79knd24 and

W res 2%96 aldded%na nt ed .perpendi cularly to the first system of notor

222, disk°224 Bg 25 eh?éld aﬁgwpt 174§ upigls %Flilpez& of B@rmuﬂm@ueh@thfe t he
d

gui de i I&ppé}rﬁﬁacibﬂfﬁ@&h@l%ﬁxs 4@0r'1§1t1@&9@ﬁ9ﬁ£6r?€rﬁ}t2€rtef&m nﬁgf(i“ gl?térﬁéétcr .58 10

mamgl)_ul ation is possiblé also by enployin
(3) Thebgnging éﬁ%prei@alpiw of &P dbfnpes maclmdsaﬂdahe uit%dt:oﬁfﬂ Sobp&lBReys).o

sense t he f ee ns ons appreci ated that
is p(?%g g‘% édﬁ% Irgpotszlregtg%“ E‘gg?mﬁe%g}?stﬂﬁ'% éh% ﬁPlgla"t% ﬁ%}gg%éﬂ Ulé Bike al so

by enpl dyitygefararee ntdmktal €ff.ect sensors. It is also appreci ated that other
types of se&??rs can be enpl oi:ed to measure the proximty and orientation
of an adj ac TTEEFHBEW mAdeHP égcﬂﬁaéﬂgﬂbwesn@ldmo Figsr éGetor BU zémnmnrrent of
the presentzn gventi whe g i,t udi.nal

e 8, crd¥ €BudtBen lf%ﬂ?st é% ??(Q Lfg?:? g ?rl

such as insertion or retraction,
(rel & i vepsormsg steps didal tornksiSi imna 1dde. aaumlthe@uid&ﬂ@ tdl‘ihdi@tharb@néo@ttﬁf @h

rmtlons Q surface of the organ in three

di mensi o(%g\%angs(?%?e éa@o&gbtg %’?%&ectr}eetp%trﬁ‘éhe?ﬁét PTf‘é‘Eré{%figo‘??nﬁCtﬁDﬁ@’@W phesnsor 11
in the @Bgad tiendirfaet af iheardched REpIBRS M4 188) B ackisinl rfhé %Eh@&% of ghgt he

- graphi cal ?c%gpl%(gc%ent ation, a two-dinensi ona I'magl ng iy 3

" Fi gs. ABNS B 6155 (A 8y Figs Al Hal Ihbibne a cagdage dfhihe irmlmmnemcateﬁm s

- exanpl e he & t I 280 e 282
of the e SeRIRRes PMER it yopdefted Blor R, BYTOEIR E5Roval ol mre

i mage 263enst 1320d 94y @361 and 198pdnd cherle@s @roabss fpeitt ivafll Wtﬁﬁl‘lcami@g@'ﬁa' ly.

- the inma 2 d.o ter screen (not shown) and a pointin
- devi I(:e g)s G%ﬁ yge“at% @ﬁﬁﬁyﬁ f“ﬁtgﬁrs"e\’t ;fYIPF@HY f??e@ﬁugtﬁ é’Ylﬁ%@tﬁ%ﬁt@B,&w @@gurle ! g
-pr ef err ddht plad ube8k tdadhes ohBetthizd Q?arﬁl%ﬁ'e tglt]ﬂedgmlié d9ef 95 ltﬂ¥¥} s%ﬂgﬁ]sptgtéﬂe' S

typi caII dr awn giy mar ki ng a cont our organ, and o 'y mar ki ng
the gui erﬁt@ﬁmaﬁ e dpicrian 1S§§mpbt3§rﬁmﬁsﬁnﬂyémat20(bed with 30 reference to

258, ot | S BURY. 008 VB oI 4E e LA ot FB IS CrURRERieR 5 BE R ous |y
f ol 2owi Hgudtire afon praferseoémbbdinenyaf the“@re@erft Lih{rétﬁironaisteﬂﬂ 3t iivBbatidACof 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.

25 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
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map 10 or the path 286 is converted into a set of insertion & §ogRas2ME "~ i
shown and descri bed hereinbelow with reference to Fig. 7. Reference is now
made to Fig. 7 together with Fig. 8 and with Figs. 6Cto 6K As 5 shown in
Fig. 7, a tavOe0229%8i s provi ded for storage in a conputer nerj\;@rrm@ig\gl;lor
processing by a conputer processor. The table 290 contains rows 292,
wherein each row 292, preferably conprises an instruction to perform one
-step in the process of insertion of a nedical insertion device into a
living organi smsuch as shown and described with reference to Figs. 6Cto
" 6K. Prefer W 292 con s the e ected val ues or the maximal 10
val ues foréé?Légegiifg gtﬁ d%c’pé’ﬁr ifz‘?rjsg’retsf%’ﬁ% “feo¥eRctith Shegeardeget) 8 along the
bendi ng ofbarriemaﬂ@pﬁsthe@ﬂletﬁbéﬂﬁfo@ﬂﬂ-dt he electrical outputs fromthe Hall

ef f ect sensors 38 and 40 (Fig. IA). In a preferred enbodi nent of the
present i nvent fSREIHNPIENI2DE eopnecitchis o disle 2236 tes whichwaloussds z(.r@)llahahwlﬁels

bend 294 c di ng t he gui de. fr a stra

posi tion, %g%agﬁ%%}égéﬁ |Sg§1fdatfrng{elagﬁ§§ U”‘%ﬁ apgylation Y”Fﬁ? & thte %4’?32’995‘13 the
contai s agtiongd tndl e othad dﬁﬂsfachcﬂmé&éKito“ﬁe qrstan%ha%?ttw 11':1qu
centinetergs. aq(,ncgr LJEIVQJPEH sensor _measuremnment s contain ou put

val ues of 1% Bganotas 28 hintatesmthe déﬂff&ﬁtclgdfmm sne bf)ﬁleemmxrﬂzﬁ isHal |
ef fect sensors 38 1Al HireRi %cﬁseﬁéﬁ TEE' % gpd;{‘h& WS af B8 dﬁgﬁg{%@zg?

are expected to be measured by t time
the initi afdiHdbe gpida 7Q%unt(er¢)00kmser1h o meﬁ*ﬂ&% B0HradingE;, avHe@'ﬂiﬁl:' faglirnal

f','_r:valuefor’f r retracting gui de in centimneter ,

= Typically t gorthﬁ%stcr%gh s"ecns?g\y %Eﬁﬁ&?ﬁ@m@ Ofége B Witgs géé iepnlicd 4pd the first

. pr eseried, wishiid mobdned gUhdeviiesthgnsenaied il Al TRAkLthe AY-RLAPLE B g 20
a contdrn

bendi ng of the guide. 25 ée Fi n sensor measuremnents '
expect ed ?%‘ﬁ"flse\/‘ﬁlﬂilfeiené?o Kig-3our sensors of step (c). The initial sensor

rreasurerrents 29 o:..b ui d r aches
s the val ue of th%t%?e%egréﬁg%%el%glyqﬁ%? 13p|§hr e@"ﬁ*‘ﬁ% It‘lhziif1 ﬁeprﬁg‘? A% awn

. in Fig. opledmcaby conpictyeid operaping panmeazscam dspddy 237) e MELorOTD anBUOR AY

‘. table 290 ofy, 30 Referrin which is a flowhart
illustrati ng EJ;H%F g%gtrse%fofsnﬁ ‘%t@g 6&96}? %Fﬁ@ spgsar I5. Rﬁfcrzwmmweg@nnsms

. PCT/ | U61/ GitBitrypERS efido icbMBAEdsOR, mPRRMFGHENE bRradvdh fa

~ an element_into the jnt est?ne of n;. Rﬁ)t&man as géﬁgvm |t6rjrce|§:{|§(3§9 6?\%?%%1(

. flowchart WBPERNGS Preferably sdapied i eentehtisdivitshes 250, the cfﬂspﬂ@r 278, nmqmsaﬂo\aadt o

+ be execut exb4bydandRASS: SQf of Ei

"~ conprised in a preferr edg{esrrtr)l%égag%?dgp%%lgg& %?38 % ﬂgiqs’(sﬁﬁ% Reggtion
© of an el erfs@Anisn, spcording fova rpgsdcﬁgahmmunnr efeeﬁpbrxﬂ:éoguﬂmaé@ﬁem dasthrafibg 290
.~ shown and ref.erepc . 7. The preferred fl owchart

- shown in I'P%%ﬁq@l st glre }tlﬂs llﬁloﬁgﬁlﬁﬁlng e?‘?‘"l%bqi’ élﬁﬂ HOERIL i AOAVE (e Kawss the Hip 28wf
3 8(2)\)Nn 2Dn th@ guide 20N fotlogr APicibRied’ BRI 2okl b 4R WrgRPof HRMVINE of BRishSt P
S Preferably program is operative employ tactile sensing to measure the position of the tip of

‘the guide relative to the surface organ of the living organism.

It is appreciated that the term “microprocessor” also includes inter alia a
“microcontrolier™,

25 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,
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and causes the distal end of the guide 20 to bend accordi ng ﬁg—bﬁ i gi}}%lal
bendi ng val ues 10 294. Then the program causes the guide 20 t r? .

retract according to the initial insertion distance 295 of the first row
in the mapYOPHE7p8 ogram continues to bend and insert the gairfg494ntil
out put val ues of the sensors match the expected initial sensor measurenent
296 of the row (steps 304, 306 and 308), or until alimt is surpassed, an
error mnessage is displayed and the programis stopped (step 310). 15
Preferably, the initial values of the sensors are neasured and then the

t et de, 20 (step 312) until th
Pensors pr oqeei et B hi el o Honindore Rrescmbl v armAyine some,
whi | e keepimngidatios ostaelogwi i drbEASATH aGRble( §5m%n?a%g3r?3\ﬁt§1e§}e gl at

| east one of predefined Fimits is sur passed (st ere e program
i s stopPEWPCPFRSHIMBOIL | f the final sensor rreasurerrents 298 val ues are 20

dth 0 302 d
320 unt1 |l ToeRy FeRIRGCERs bR iEe ghET srd BE Buctibe Hend ebipar am
di spf ayéncarshows)erstmsertec$ &xrmegsthemagaxpﬂ dohBectlias g{rgféé}gﬁ% ﬁpomgme( step

322). AE dti?ﬁat ed%lby row No of Fig. 7 and Fi g the guide | ent,
pref er abl ¥ thig Ripgyprables anJPFWéDfI tafinflate theralloba nérenftheiigial 661 and,
whi | e pbﬂwm 98 GaRhAChe Whobld Lhe

ext ended up tg 5 centi msteer% or rﬁl&fe 1?#?2%%%%%@{]‘? E&%nn gesE}t %?ef“?‘uf’fe‘r nal
sur f acethsiPiphie thetredherne head on at a point in the map 284 desi gnat ed by

ref erence te 7 and Fig. 6D the
guide is bengf%ér% 153§0QV ﬂéﬁ%éo ?‘@eg Wﬂ’(ﬁ’g %SW%glfﬁn‘itWé%pﬁ’l&Fﬂéd@gqﬂi gfaeD

.and]0 mhpteéexpa@a«ehso&xﬂgﬁ(b@lﬁi@@&d%ﬁ%ﬁ1@%&5@1{%&%%2%\1&hﬁ‘l Fi 204% bl 9§, IS
ext ended. to 2.5 centineters or until the sensor tip o} es no sense the

internal® %‘Pe@ Wiy ipngitsdingl dever Izl‘i@ Pl‘f(i@_rlibllf sumiiree aaﬁoimhélﬁ) rthest i ne
at a pob&dr 1;@ e tBR degi f nurreral 32 i ndi cat ed
by row ﬁbleé 7e§§§d ?ﬁ &gaEﬁ%%nB%uE é |s b ta’tﬂf‘gﬁp‘ﬁ f_LE@ dedt ees
to the b@ﬂmg aulﬁhdnpq:rawé p)‘éfeFab@z cﬁﬁpam thankiolc? 2R LHRIMINIDE i d6des Bhg h t he

| ef t t t t t t t the -
mop. 204 d8eTpik saeBy SRAES A R Fhine mie v dde sy 'bﬂtwécv 4o

Fi gi5 7 sofdvie gdrlﬁeE tdmdulgw de lbsgiteital Da6frd Qirfar 0RQHRIRS 24k OcddiRd it in
e map

_the plape of .Fig s extended by 6 centineter to a point in t

. 284 degq SHATBEY ‘BV’@F e?@?‘é&m&@nﬂﬁﬁ?éﬁﬂp f@%onmqu@hndaﬁlamqu%and\braxaot Fi g.
7 and Fﬁﬂlctl&ﬁ’?%‘eA%é'nQﬁ | SRR f r the in the
pl ane of Fig. 5G and, ile pr ecshte}??/rlufnsg (g%%t%gsc gbeﬁﬁmtg %’l‘? é]ﬁltve a’(’f} t he

i Nt est i PRANPHSES éwpel?qld@tdmlsy a4bepd ntoumizrdockviise ﬁmafiblthJI?_naﬁdﬂﬁ e &8cwise

desi gn f i ndi cat ed row No. 6 of Fi 7
and Fi Shﬁgﬁ %‘Féggﬁ}r“‘?ﬁ‘ﬁ?”ﬁ?ﬁ? %{ﬁ %ggtaa/%éé Pegpaaisd Yor P?@agé‘rfqn ¢ontrohe
pl aXe ofoffvaye moldukMd6) s extended by up to 3 centinmeters or until the sensor

15 tip engages thﬁgl nternal surface of the intestine head on at a point in
the map 284 I ead obythe griedec i@ etha tire sersoB40. measures the proximity and

orientation of an adjacent surface. In a preferred embodiment of the present invention the

tip sensor 11 performs the proximity and orientation measurements by measuring the force

applied to a tactile tip by a surface of an adjacent tissue. A tip sensor software driver

25 module 260, operative to receive input signals from the tip sensor 11, provides two input

functions: a counterciockwise 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 inio memory and serves as an updatable map 268. A

30 comparator 270 compares the accumulated measurements from the tip sensor 11 with the
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- 45 degrees to the right in the plane of Fig. 61 and i s extende

As indicated by row No.7 of Fig. 7 and Fig. 61 the guide is beng @5{@03[;

o1

centineter or until the sensor tip engages the internal surface of the
i ntestine wotdy45t¢ right side in a point in the map 284 ZQCgﬁih &ﬁ%ﬁd by
reference nuneral 342, As indicated by row No.8 of Fig. 7 ant |g. J the
guide is extended by up to 1 centineters or until the sensor tip engages
the internal surface of the intestine with its left side at a point in the
map 284 designated by reference nuneral 344. As indicated by row No.9 of
Fig. 7 an Fig. 6K the guide is bent by up to 45 degrees 25 to the right

in the piP4REd defepinge mer i The esulismfeic bprppritans kre ealvilarticsy of ughkte!l the

sensor  :hiP neRYATES & heod; At S{S%Ei'ngﬁ’gcr@%?@igﬁaépeﬁ intestine head on at a

operati \éﬁeef ar , aut omat icﬁ

point in the map 284 designa dRepdtte fugeupdetedanan 2% r ed
enbodi mErnsefuctiie apretgation nfuseld 2 PNehPRyS Vil SRHaMI0mb enBRLIO, & fﬁsrtruct ’
nvent |

,)(ggerati on. Alternatively the present I on can

be oper at edf "PEFHEARRIFY! >0 By S¥icligith Ryt siep vhthedpseriimoprogtaen. i nf or mat i on

col | ected byt sh@psRRSQT thhOQ ndlh; 2/ 45768 PCT/1.L01/.01121 the tip

sensor | _ | an,dh%ﬁabl ing the operrélﬁ%épct?fétbéé\gﬁ??}&Cuﬁrgﬂh‘g)ﬂaw Phet §aitdeed. 1 n

anot her thlopgitedindl\eaidsadivegindt the bendise guide drive pek hip nReereaddt HMaplCcal hy and

anot her i i ,manual | For exanple, the guide 20 may be
chﬁE}’éra{o? 2FG 'Ec{ %[afﬁge ths pﬂ%lﬁp]& éf thy

inserted attomaf’ical I'y and _ EWSERSOr such as the tube 18 may be
inserted maResdrtnce i5 nbiv nsdARPFRE] 8AGE JH1Akhieh LAY tlen! BERLOGE ST Bical

i nsertiaqn of .agoa.u nsertable element into a [|iving organfsm such™as a human
body is Sf';i CHIEEE ) & Petared embpdimentmfathn gireseptioventam tdefil for estebdtidonu®at | on

and 10 hatublth S Bnen St i RN biflcl 9, B h0sb gompUL oT o LL s apprect at ed

that the host conputer ggregate | ably PreTiEve by

cont i nudugpsrate] apragyan riel conrol thendenénitons PRl LdhktORSeRYGN] ASthesShandar d
mtime to time or befofe Starting an

cont our .10, Thereafter, 1Q fr
insertio g?%%é"s"g{g’efﬁ%opﬁ&s@ﬁ%%’ ﬁgéﬂ@e(ﬂﬁom ¢Hband 8241(Fig. GadamyttenHalpdat ed
map suchkffas shaurd38tndosy gukh I1t; 8 @ ecl di.that .the " - -
accunmul ated | ogs of pr ocessesengr? Sié%ggrltli g:?] ] ic‘lgg %‘gwoeﬁ%%%%egletlgﬁbﬁg?%ve t he
al gor i t RFACFEr S GE érssirAerss Reowmprsl deserteddereitpboat gathirtfermmes koRys. 2Mdo
descsibeg with reference to Figs. 2A - 2F-and Fig. 8. The inproved
algorithmcan be 15 transmitted to the present invention as necessary.
Appendi ces Refeserge ds vow aliadacn Figs. $1i togaK, 0fhith ard © kb T GEBRH Blotdiial €5

! edrial 72

endi . £0ont ai_ni .file intuned. as endi X 2: contalnin i
ohoar 1 indiratf O JF el Bibidal ot I £ REce el crafibring & mgteried Gritodbaotort the
provi di _pg:si‘méil\&ﬁfibﬂ\ﬂi&ﬁﬂﬁbﬂﬁbérﬁ&@bfényel%eﬂtlht?cﬁ%@fn@é%{iﬂ88§§ﬂﬁm 8 in -

accordance w.th a preferred enbodi nent of e present I nvention includes,
the follow td® 2BPgpated)that somsoigde Mngameystemsonipaiivingeorganiputaze gehdralla

Pend umsitdilafEpeds sdledfigtor, shdBABne BWn ShaFiREL, s\grcs-"cbém%grot;rgglg]s? stch a8 ei: able

serial port.
- mntestine system, are generally different from one human body to the other. Therefore, in

order to employ the present invention to insert a ‘medical device or apply a medicine to a
specific location within a generally variable orgai, 2 map of the organ, at least from the
entry point and until the required location, is prepared before the insertion process is
25 activated. The required map is preferably prepared by employing an appropriate medical
imaging system, such as an ultrasound 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.

17




- Sem conduct

- CA 9505203090 f4SRe1iR otdMfs R %23"885%@ 'aﬁgrieggi Copy t.he, f.'ﬁl es jnturned.asm

enbodi mEHP
‘ext 2ly detai i f t.h i t d i t intended
AL Y R TR o A el Co R R ok ML P 5ot e SPRsp it o

25 2. Install Mcrosoft Wndows 95 or Mcrosoft 'Wndows 98 G?e%q.{ﬂynqg;f}%
System Install the Testpoint Devel opnent kit version 40 avait able from.
Capi tal Equi prent Corporation,- 900 M ddl esex Turnpi ke, Building 2,
Bi | | erecawd/Me/@8&l, USA. 4. Connect a flash processor | oadjhg L%‘?)é_ilﬁ? COPSEM
Flash, CONIn Grcuit Enmulator for Flash Based Famlies to tﬁe serial port
of the Intel conpatible conputer. The COPS8EM 22, WD 02/45768 PCT/1L01/01121
flash processor | oading device is available from National Sem conductors
Corp. 2900 Seniconductor Dr., P.QO Box 58090, Santa Cl ara, CA 95052-8090,
USA 5. Place a COPS8CDROHVA8 m crocontrol |l er available from Nati onal

ce*]F § anpEied Hhabo! Beerie Gedurdingrto Br prefaped. ditho dHBOAMT Raptesed ar a,

c8cdr.inc, and raminc,” respectiV 1'& i1 Sinilar Ap thedafubator g g
Appendi xs&midy a2t reaforablyr withitedfollOWing odifiea@nt:he file intuned. asm by using
the operati R‘?)ng’ft re.available with the COP8B8EM Fl ash device from

Nat i onal Seri tordfidtr S mapbereplpged yith erfetferentineattabierdevicest al | t he
COP8SDRIOHVAG2 M Q104508 Lo 3 i the electrical circyit,

whi ch det ai Igée{zln el ect Et gcﬁlﬁgélgg%g%léés ge(r}%g%P lcg)\)ﬁnuégegiefrﬁnﬁéisﬂgl.m%ﬂ mpogor gﬁ’ wher e
the mi crld¥odraid wires R 6de sildmamednbyntedpapaniel AyTer fl &€Bsysleln bBmotor

appr eci atbed UM sof tware conpanents of the present invention may, if
desir eol,9}25@c”i%!r?rp'ltz‘e1 r?gﬁt%‘&esi %@r&eﬁﬁ%ﬁ% pgFHsle f veRY the endnof thie suide inghrse

conponeximensidnsimaty is gesesiatl ythatbﬁn!aéminﬁ‘éﬁ%hﬁdxﬂagj tx%‘ﬂa[]sepoésiblg'%ﬂor 59’
that the'p a

usi ng conv?ntional techniques. It is appreciate articu
RS BEssArererpnotere adpendi x i s i ntended only to provide an

whi ch amegtiohort the ip 28 yin tittes dindagidns. 20 id dppidieate@MHaXtis pREsiBIBRELALAte the

enbodi ts y._also b rovided in _conbination in a Single enbodi nent.
Conver ggﬁ y%enév@r‘f' &u@r%fﬁwgﬁl%@ﬂgﬁpweﬂﬁ%% REPRY e theee Bled effest sinsessi ftyis

descr i betbo dppretiagdaRs @ ¢ es%féér&%ecaﬁ%%%ﬂ@%{dt fa‘jrm}iffghgagfhggw rilgli}’tgfaglg by

separately or in any suitable subconbinati pre
per sons ERMEREYO, 47 adjpscrirspradedin thise dpmersioms. i nvention is not 25 linmted by

“whats has begn a%&?&&&'éﬁﬂoﬁ%@éﬁ?"g}.tﬁgd descri bed herei ngbove. Eﬁtphee Orl;nr;e _

scope of the present inventiom iAcIFGaEs BSEH TonBimatieondds

subconbiongituding! wbtiot sucteds insestionf eadeuth@ondescriineth BRE YeRBRAYE sRal WRE! as
i whi ch, woul d _occur to persons skilled i1n the

| riati . and i ficat )
art - upofc P HERiecH SR Tt CoaHinen bl ssrai motors e hoshiafr . 25 -

5 MAY 2685ild0Ha2Aa75 81 AnaRth 6 Sivke NN SR Bofts OULRIFarARREELX |
Files: lorlrtaggf gf t%g ?i]p ser:nasg; Il 1n§1 tﬁg grg%g(;gcrl félgt(izv'e to the map 10
p 10.

20 Due to limitations of the graphical representation, a two-dimensional imaging and
map is shown in Figs. 6A to 6K,

As seen in Fig. 6A, a human organ, the intestine in this example, is imaged, typically
by a CAT scan system 280, and an image 282 of the intemal structure of the organ is
produced.

25 In Fig. 6B the image 282 of the organ is used to create an insertion map 284.
Typically the image 282 is displayed on a computer screen (not shown) and a pointing
device, such as a computer mouse or a light pen, is used to draw a preferred path 286 that
the tip of the guide is to follow. The path is typically drawn by marking a contour of the
organ, and optionally marking the guide bending points, as is shown and described with

30  reference to Figs. IAto 1 K. Alternatively, a preferred path is created, such as path 286, not




~a" and '

PCT/1L01/ 01121 UPPERCASE ; verl fy .TITLE intumed .LIST Of ;conplet e’
listing. ; X 040 10 .CONTRL 3 ; O- disable all code alter at'vdnMg3- ﬂTa
re-enabl e code alteration. .incld c8cdr.inc ; File that include all the
defini ti oms opfis7epp8cdr. .incld raminc ; File that includecghlotddif
vari abl es, constants, registers and bits definitions. 15 ---------------
-CONFI GURATION- - - - == - = - - m - e - - - - -- .sect option,conf .db 01 ; 5=0 security
dis, 2=0"wdog dis, 1=0 halt dis, 0=1 flex. 20 ; flex=1 -execution follow ng
reset will be fromflash nenory. flex=0 -flash nmenory is erased. execution

follomﬁng reset will be from boot romwith the mictowire plus isp
r out i né€cessarily continuously_following the contours of the organ. As- a furthe Btegwative bidgi n

- Seqment 70 BrH S50 PR R IL e B ST e oy BeriE ¥ 00 1
[ b+] , #Gereitbetayw withfrglereachto Figp7.st 00 35 LD SP, #01e ; Stack Pointer in Menor y
1eH The s:jRakworks in L e, #Of ; in first out) wth "push

| ast
el Doh Bt © e grtogetie ith Figes gnéontbobias (66 fr B B6r1 Ut |

OH. 5 4Qhdwn Sn#dig; 7(:'&9@81 51)9(9 i bFRvidd Brffold “}ngu
between std: Td Ib+ ; : ?o‘% | f gg aO%l pa gégﬁﬁﬁéggfﬁﬁv&ﬁﬁﬁ/ 768 j np
st 01 | drecegsng bn&emmm&ercprmssor e igbO 290 contams 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 described with reference
to Figs. 6C to 6K. Preferably each row 292 contains the expected values or the maximal
10 -values for the extension of an insertion guide such as guide 20, the bending of the insertion
guide and the elecirical outputs from the Hall effect sensors 38 and 40 (Fig. 1A). In a
preferred embodiment of the present invention the row 292 contains five sets of values:
{a) Initial bend 294 contains two values for bending the guide from 2 straigirt '
position, in two perpendicular planes,
15 (b) Initial insertion 295 contains a longitudinal value for extending or retracting the
guide in centimeters. |
(¢} Initial sensor measurements 296 contains expected output values of four
sensors such as four Hall effect sensors, for example, Hall effect sensors 38 and 40 of Fig.
A, The initial sensors measurements 296 are expected to be measured by the time the
20 guide reaches the value of the initial insertion 295.
(d) Insert distance 297 contains a longitudinal value for further extending or |
retracting the guide in centimeters. Typically the initial sensor measurements 296 are

expected to be preserved, while the guide is extended or retracted, by adapting the bending
of the guide.

25 (e) Final sensor measurements 298 contain expected output values of the four
sensors of step {c). The initial sensor measurements 298 are expected to be measured by the

time the guide reaches the value of the insert distance 297,

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.

30 Referring to Fig. 8, which is a flowchart illustrating a preferred implementation of the
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5 Id a #07f ; O eans the menory between st02: |d [b+], 40 b‘tﬁ‘@\\{i PeRS &)
jnmp st02 10 PCT/1L01/01121 Id 05c,4'E ; when the pc send noving command,
the cop8 transmit packets of Id 05d,# D ; information every 160 cosec. -in

every pachetoérdzave 10 bl ockes of ; 9 bytes in sl and 1 At the
end of the packet there is 1 15 ; byte of check sum and tg%éﬂ{]‘ﬁimzubyt es of
"E','D to signal ; end of transmtion. Id s,#0 --- port definitions ---
see raminc for bits definitions. Id pgc,#033; clkdly enabled ;

g2=t 1b=cha2, g3=t la=chal - inputs 20 Id pg,#0 ; sk idle phase=0 Id plc, #057
Id pl,#0af 1d pbc,#010; bO-3 = a2d(in), b5-7 =1limt switches(in) Id

pb, #0f P*EEN GvprieryopFrativaiop &, m0oG:ss of insettlAR D iani didradrt 2@bithd intestine of a- - - | d

“enu, #0 i i 8 hi O.ld enur,#0 35 40 45-1d enuij, #022 ; |

st op bil‘t“,"ﬁﬂs&‘%’é‘?}‘w h%%&?'pés‘ﬂ? f@éﬁd'fg‘f PG R SATE BTG St s S

int. | drogent, therati 88402 bacited dY e, protesiS sttBO6R mick M5 2046 @%?%%5)
r ;

F
---- L initjalization ------------- jsr init_lcd’ld tenp, # ow
type i %)Hpﬁlée i Ii’rle%:‘?ﬂra?1 rRodimeny qfije pespent dnvpstioneior irissrtionsaf anyglemesttr i ngo

Tl o) S eSO PeLAEy B GREIATS PR, SRR St Wi
t ype_strpferrgee to Fig-7- PWM TO, interupts initialization ---------- 25 WO
02/ 45768 Ty preferred flowchart shown in Fig. § 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 bending values

10 294, Then the program causes the guide 20 to extend or retract according to the initial

insertion distance 295 of the first row in the mép. The program continues to bend and insert
the guide 20 until output values of the sensors match the expected initial sensor
measurement 296 of the row (steps 304, 306 and 308), or until a limit is surpassed, an error
message is displayed and the program is stopped (step 310).
15 Preférably, the initial values of the sensors are measured and then the program
- continues to extend or retract the guide 20 (step 312) until the sensors produce the final
sensors measurements 298 values (step 314), while keeping in contact with the surface
- (steps 316 and 318) or until at least one of predefined limits is surpassed (step 320) where
the program is stopped (step 310). If the ﬁnal sensor measurements 298 values are
20 measured the program proceeds to step 320 and loops through steps 302 and 320 until all
(s the rows 292 of the table are processed. Then the program displays an insertion success |
message on the display 232 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 left
25 side of the intestine, is extended up to 5 centimeters or until the sensor tip engages the
internal surface of the intestine head on at a pdint. in the map 284 designated by reference
numeral 330. |
As indicated by row No.2 of Fig. 7 and Fig. 6D the guide is bent by up to 45 degrees
to the right in the plane of Fig. 6D and, while preserving contact with the left side of the

30 intestine, is extended up to 2.5 centimeters or until the sensor tip does not sense the internal



PCT/1L01/01121 Id cntrl,#080 ; timer 1 - pwm node - stopped.Eigwﬁ+?@ﬁf ;o
timer | would be used in capture node, neaning that pulse <X 0 ;
received fromlinear notor will capture the value of tinerl 1d a,#Of ; in
timer 1 2MPE24HEI8ad A (tlrahi/lo) and pul se from angul ar PETAL@ /1] hi

notor in B (tlrbhi/lo). Id t2cntrl,#0a0; timer 2 - pwmtoggl e node stopped.
ld t3cntrl',#0a0; tinmer 3 - pwntoggle node stopped. sbhit t2a,pl ; enable
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t 2hs, h e rl | rer - _captur de, rbit
tpndooy g g retie 458 Blint B0 pEP O imdad ot elerons BEBER R 1 b

_ t1pnda, pswﬁmnﬁlchﬂedr’b@r IPSMNG. 3to|fn5reg 7%knd F@BEWhE ohiRE & bdn2 B A to 11%0de%¥uets
itsel O,i I nst ﬁycles 096 m sec timer O interrupts. it
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hone_ commrglgg’g it %nﬁg W#’a stgé’%ﬂc glaé’dlp#n% Bramide s hertpnsto 4 % 4RET9%8I n 40
sect pco thedighe i mmemf91§ WPt ankiii esttnded 89 d deiiiibnBeck k@@gomﬂ Rthd fndh b4 Check
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As indicated by row No.5 of Fig, 7 and Fig, 6G the guide is bent by up to 20 degrees
10 to the right in the plane of Fig. 5G and, while preserving contact with the right side of the
intestine, is extended by 4 centimeters to a point in the map 284 designated b.y reference
numeral 338.
As indicated by row No.6 of Fig. 7 and Fig. 6H the guide is bent by up to -60 degrees
to the left in the plane of Fig. 6H and is extended by. up to 3 centimeters or until the sensor
15 tip engages the internal surface of the intestine head on at a point in the map 284 designated
by reference numeral 340.
) As indicated by row No.7 of Fig. 7 and Fig. 61 the guide is bent by up to 45 degrees
to the right in the plane of Fig. 6] and is extended by up to | centimeter or until the sensor
tip engages the internal surface of the intestine with its right side in a point in the map 284
20 designated by reference numeral 342, |
As indicated by row No.8 of Fig. 7 and Fig. 6] the guide is extended by upto 1
centimeters or until the sensor tip engages the internal surface of the intestine with its left
side at a point in the map 284 designated by reference numeral 344.
As indicated by row No.9 of Fig. 7 and Fig. 6K the guide is bent by up to 45 degrees
25 to the right in the plane of Fig. 6K and is extended by up to 1 centimeter or until the sensor
tip engages the internal surface of the intestine head on at a point in the map 284 designated.
by reference numeral 346,
In a preferred embodiment of the present invention the system and the method are
operative for automatic operation. Alternatively the present invention can be operated

30 manually, by providing to the operator the information collected by the sensor log 266 form
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a- 5 MAY % WD 02/45768 ifbit st op_conmand, but t ons flags j Sr
stop_operation 5 ifbit buttons_t _en, buttons flags jsr buttons 5t g3y P[fdglt
home_command, butt ons_f | ags jsr home _p_states 10 ifbit self

t _command, Wi d08%sf 1 ags jnp self t_states mainO inp linear-states ;
|inear states + angular-states. 15 mainl: jsr updatelcd i fHfVI4PER1f1 ags2
; a2d check. jsr a2d00 F. 5 MAY 2005 PCT/1L01/01121 20 Id a,#0 add
a,linear ‘stat add a,angstat add a,autorunstat add a,selft stat 25 add

a, hone stat ifeq a,#0 sbit enddata,flagsl. ; if 2 notors are stopped, set
enddata bit to stop transmtting t PCo . Id a,buttons_flags 30 and a, #09e

. i f onéhefiptisasardrimaeddsablimmthei apesattr 1o enelo] enadal thi gmdelz‘(}gtn Anétler bi t

enddat a, f |fb enddata,flagsl rbit start,flagsl 35 i
fix_t_en l#&ﬁ%ﬁgezpart h&d:’tr?fe BISaiS m%“gﬁ%?%aﬁmgwlymm@@agcs pedsorniadpage

aut or un_1s4rakBe; Fcﬂ RaRbleOfhid ugdead o nﬁg%eQngér@Wum?aﬁteaﬂf tak )y mEhid de%’:e,

pcu, [ a] _
such as the tube 18 may be inserted manually.

5 It is appreciated that a log of the process of insertion of an insertable element into a
living organism such as a human body 1s 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,

10 . 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 cab be
| employed to improve the algorithm for processing the maps, such as the algorithms shown
- and described with reference to Figs. 2A — 2F and Fig. 8. The improved algorithm can be
15 . “transmitted to the present invention as necessary.
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.
20 The method for providing the software functionality of the microprocessor 278, in
- accordance with a preferred embodiment of the present invention includes, the foIlowing.
steps:
1. Provide an Intel compatible computer with a Pentium II CPU or higher, 128MB
RAM, a Super VGA monitor and an available serial port.
25 2. Install Microsoft Windows 95 or Microsoft Windows 98 Operating System.
3, Install the Testpoint Development 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 COPS8EM

22




27 WO 02/ 45768 PCT/1L01/01121 Jnp_a_r_stat:.addr a
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T hytes, SHTEOTAM 15, s Ba s e o8 Wi ar un. stat 2 35 1d
tenp, #l dwW( viRlacts IRBODR ISV AB ¥iliErot btk 13} adaflatit &lod NaiibMl tSemiconductors
limts ¢ en, limts flags rbit stopl,Iflags 40 rbit stuﬁc,%‘k,ffnagsii
“ar_statTP2 :Zsc"BS‘tse‘F‘im)@thféQT, 1. d49B 0y M998 nBana Clart.abAD053889Q lifem the
| i near stabglrplamait until linear notor conplete mission. 45 jnp
ar_stat2_0 ‘
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
COPBEM Flash device from National Semiconductors.
+10 -8 To run the intumed.asm; Install the COPSCDRIHVASR microcontroller in its socket
~ in the electrical circuit, which detailed electronic schematics are provided in Figs. 5A to
5H, where the microcontroller is designated by reference numerat 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
.15 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 exiremely 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
20 in the contexts of separate embodiments may also be provided in combination in a single
e embodiment. Conversely, various features of the invention which are, for brevity, described A
in the context of a single embodiment may also be provided separately or in any suitable
subcombination.
It will be appreciated by persons skilled in the art that the preseni invention is not
25 limited by what has been particularly shown and described hereinabove. Rather the scope
of the present invention includes both combinations and subcombinations of 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,




28 WD 02/ 45768 jnmp end_a_r_stat PCT/1L01/ 02121 a_r_statz_ﬁzId‘éfﬁ%ﬂqmax‘““
a,zero_hl 51d a,hall2 x a,zero h2 rbit home,flags 1 Id ang_stat,#1 ; nove
angul ar down 2000 pul ses. Id rbyte I,#010 ; 0,1, 2=0= speedl ; 3=0=
direction ¥We/4578=1= angul ar notor. 10 Id rbyte2, #1 owm 2000p % 1/0112
rbyt e3, #hi gh(2000) rbit stop2,aflags Id autorunstat,#3 rbit stuck,%lagsl
15 jnmp ar statl 2 a r _stat3:1d linear_stat,#1 ; nove |inear forwards 40nm
ld rbytel,#08 ; 0,1, 2=0= speedl 3=1= direction forwards ; 4=0=.1i near
notor. Id# b 2r yte, #l.om5440) 20 |d rbyte3, #hi gh(5440) ;
40mt 136pul se per, nn1;.5%40. Id autorun_stat,#4 inp ar statl_1
“a_r _stat4:jsr epiPRHEes 1 thiough Jjare esfiolpWei s sensed. 25 ifbit epi,flags |
jmp a_r stat4 Oifeq linearstat,#0 ; wait until |inear notor conplete
ﬁiSSiOniApbﬂﬁﬁ@if_Stat7_0 inp end_a_r_stat 300a_r§sgat4_ﬁlgﬁ Iigegr_stat,#l
; move | i FBaGkywed ] te 1,#0 ; 0,1, 2=0= spee ; 3=0=
diregti onpige;éck{\(/%var ds ';Sqiégﬂml‘ml Ar@a#éaﬁ{)]tn&. I d rbyte2, #l om 816)
#UPPERCASE

; verify

TITLE intumed

LIST Off  ;complete listing. ;X040

10 .CONTRL 3 ; 0- disable all code alteration, 3- re-enable code alteration.

.?ncid c8cd-r.inc ; File that include all the definitions of cop8edr., :
Ancld ram.inc  ; File that include all the variables, consta.nfs, registers and

. ; bits definitions.
15

e CONFIGURATION
.sect option,conf

db 01 ; 5=0 security dis, 2=0 wdog dis, 1=0 halt dis, 0=1 flex.
20 . ; 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. '

25 .sect begin_rst,rom,abs=0
' reset: rpnd

'+ jm--=---—— Clear memory
_ ds#0 ; Clean segment0 0-6fH.
30 Id b,#0 ;
: Id a,#06f ; Cleans the memory between
st00: 1d [b+],#0 :btoa '

ifgt a,b :
jmp st00
35
LD SP,#01e E Stack Pointer in Memory 1eH. The stack works in LIFO (last
Id 01e,#0ff ; in first out) with "push a" and "pop a" instructions.
Id 01£#0ff ; The stack starts from 1eH unti] OH.
40 1d 5,#1 ; Clean sl 0-7fH,
Id b,#0 :
ld a,#07f ; Cleans the memory between
stO1: 1d [b+]),#0 :btoa
ifgta,b ;
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35 1d rbyte3, #hi gh(816); 6m* 136pul se per nm = 816. |d autorun_stat, #5
inmp ar_statl _| a_r_stat5:ifeq linear _stat,#0 ; wait until ILrgaM/\Yrrqgaﬁr
conplete mission. 40 inp a_r_stat5 Ojnp end a r stat ar statb5 0:1d
ang_st at , #lg o@y& angul ar up 70 pulses. Id rbyte | ,#018 11’#9“6&5@08 speedl
, ; 3=1= direction up ; 4=1= angular nmotor. 45 Id rbyte2

2005 5 '"WD 02/ 45768 1d rbyte3,#0 Id autorun_stat,46 rbit stop2,af|ags jrrp
ar_statl” 2 ar _stat6:ifeq ang_stat,#0 ; wait untll angul ar notor conplete
mssion. jnp ar _stat6 0 jnp end_a r _stat 10 a r_stat6 O:rbit epi,flagsl
Id linear_stat,#1 ; nove |inear forwards 10mm PPCT/|LOL/ 01121 Id

rbytel , #08 Jmmst@iz =D= speedl ; 3=1= direction forwards ; 4=0= |linear notor.
Id rbyt e2, #1 om( 1360) Id rbyte3, #hi gh(1360) ; 10nmm 136pul se per mm = 1360.
15 Id aut orisﬂrsg%?t at , #llepmg &-7¢h.statl | a r stat7:ifeq linear stat,#0 ; wait
until linead#d or conplete mssion. jnp ar stat7_0 20 jnp end_a r_stat
a_r stat 70 ldch 207G _ sta,tcliég,mm@y@mgggbgt%e,povm 2000 pul ses. Id rbytel, #010 ;
-0, 1, 2=0xt03:pRE\,#0 399fk i rection down ; 1= angul ar notor. 25 Id

rbyt ez, #1 owg000) Id rbyte3, #hi gh(2000) |d autorun_stat,#8 rhbit

stop2, aflagﬁ[ Qbﬁ stuck tlags 1 30 jnp a_r_statl_2 a r_stat8:;|d

| i near _stat’, #1 ; nove Ilnear forwards 50mm ;ld rbytel,#08 ; 0,1, 2=0=
spegfl ; 3=1= direction forwards ; 4= 0= |inear notor. '

ld 05¢,#E' ; when the pc send moving command, the cop$ transmit packets of -

1d 05d.#D' ; information every 160 msec. in every packet We have 10 blockes of
‘ _ Y by‘ces m sl and 10 in s2. At the end of the packet there is 1
15 : byte of check sum and then the 2 bytes of 'E,'D" to signal
: ; end of transmition.
Id s,#0
;- port definitions -  see ram.inc for bits definitions. _
Id pge,#033; clkdly enabled ; g2=t1b=cha2,g3=t1a=chal - inputs‘
20 id pg#0 ; skidle phase=0 .
. Id plc,#057
Id pl,#0af
Id pbe,#010: b0-3 = a2d(in), b5-7 = limit switches(in)
ld pb,#0f0
.25 1d pac,#0ff
1d pa #03

j m——- UART initialization ——-e—---—nm-
Id enu #0 ; 1o parity, 8 bit data
30 1d enur,#0
Qo 1d enui,#022 ; 1 stop bit, Asynch. mode,psr+baud clock
; enable receive int.,disable trans. int.
Id baud,#4 ;38400 baud rate.
1d pst,#060  ; 10MHz*2 /(16%(4+1)*6.5)

; === LCD initialization -—--=e=m-mee
jsrinit_led
%d temp,#low(wordmm); type in line 1 of led " mm ", in the left side there is
Jst type_string0 ; space for 3 digits of mm, and in the nght side 3 spaces for
40 dxrectmn (+/- up/down) and 2 digits of movement.
1d temp, #low(wordpoweron)
jsr type_stringl

45
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.1d rbyte2, # ow(8160) 35 ;|d rbyte3, #hi gh(8160) ; 50mmt 136pul g =
6800. yI d pls_cntrQ #l owm(6800) Id pls_cntrl, #hi gh(6800) ; mwsef%'gﬁlfg? per
mm = 6800.. sbit direction,|flags ; turn notor forwards rb|t tZCOtZCntrI

40 sbit t2wopdsshist control |, pa sbit controll,pa 1d |inegj rbit
en_cai c, Iflgg‘s 45 1d autorun_stat,#9 30 - 5 NAY 20"5 V\DOZ/E%?I?

a.r statl i ar stat9:ifeq linear stat,#0 ; wait until |inear m)tor
conpl ete mssion. jmp ar stat9 05 inp end a r _stat PCT/IL01/01121 .
ar_stat9 O: Id ang stat, 41; nove angul ar up 2000 pul ses. 1d rbytel, #018 ;
0, 1, 2=0= spe 1 di recti on up ; 4=1= angular notor. 10 Id

rbyt e2, #1ovx,(1§ & | d siRATd 3, PN gid266®pred.d aut orun_stat, #10 rbit
stop2, aflags |a f%l r_stiiaer IZNfa-lldbsuastdhﬁsaﬁtdrelmmbameaﬁmgilﬁlpu]@@ve | i near _
f or war ds 70r?mltmtﬂéli>rbytreieméﬁa‘rqmﬁnéaraﬁﬁe'r willegghrs thd3vamedirkaeki on forwards ;
4=0= | i near ldot#Sff |dnnh1¢reauﬁélrem&> 22@)rakilg) irlaéﬂ. et ahgda20) ;- 70mmt
136pal se perx aimm'—ihBSZQ.mot&OinIngt o)t rO #| ow 95 I d .

pl s_cntrl, #hi gh(9520) ; 70mt¥ 36pu| Se per mm = 9520 sbhi t

direction,| f1k el #0448 BRIl 1% éii 5%3&%’%} %cO t2cn'%rl 25 shit t2a,pl
bi T contolig Rt SBid R dad Gy st #
sbit t2a,pl ; enable linear motor and lock it by putuncr 0 in controll,2
10 sbit t3a,pl ; enable angular motor and lock it by puttmo 0 in controi3 4

sbit t2hs,hster
sbit t3hs,hster
ld entrl, #060 ; timer 1 - capture mode.
15
rbit t1pndb,icntrl
sbit tlemb,icntrl ; timer 1 - capture mode, t2enB=1
rbit t1pnda,psw oo
sbit tlena,psw ;timer1 - capture mode, t2enA=1

20 . sbit itselQ,itmr; 8, 192 inst, cycles - 4,096 m. sec timer 0 mterrupts
rbit t0pnd, 1c:ntr1

sbit t0en,icntrl ; start timer(.
; -——- Program initialization =--e---mw-

sbit 7,pls_y1 : pls_y=08000H
; over 80 is positive angle and under 80 is negatxve angel.

Id data_cntr #21 : :

sbit stop2,aflags
: sbit direction,lflags

sbit stopl,1flags

sbit en_calc,Iflags

id pls_x1,#068

sbit limits_c_en,limits flags
35 sbit home_command,buttons_flags

' sbit gie,psw ; enable interupts,
jmp main

30

o e 2Rl 3o ok o obe o s ofe a5 o ok ok ol e ool o o o e e e 8 e o ook ok o ok o o o ok o o e s ok ok
k]
40 .sect pc_module,rom
main: ifbit limits_c_en,limits_ flags
jsr limits_check

ifbit start_stop,buttons_flags
45 jsr autorun_states




30 Id autorun_stat,#11 inp a r_statl | a_r_statl | :ifeq Lugwﬁyst,at #0
wait until linear nmotor conplete mission, jnmp ar statl

end _a r _stat a_r _statl 1_0:sbit stop2, aflags rbit t3c0,t3crery M"d 033
t3a, pl shj {0l 3, pa ; turn off nmotor 2 sbit control4, Id |inear
stat, #1 ;wr(r)ol?/zseaﬂ}?(fsnear forwards 50mm 45 ;ld rbytel, #08 ; dpcldi*"ﬁfﬁ”%beedl ;
3=1= direction forwards ; 4--O= |inear m)tor. 31. 'V\DOZ/45768 ;1 d

rbyte2, #/'om 6800) ;1d rbyte3, #hi gh(6800) ; 50mt 136pul se per mm = 6800. :
1d pls_cntrO, # om( 6800) 5 Id pls_cntrl ,#high(6800) ; 50mT* 136pul se per mm
= 6800. sbit -direction,|lflags ; turn nmotor forwards rbit t2cQ t2cntrl sbit
t2a,pl rbit control2,pa 10 sbit control I,pa Id linear stat,#6 15 id

“aut or unst atif#ti &op j symreand tstiand flaga r_stat 12:ifeq linear_stat, #0 ; wait
“until |ineasr stop amperdionl ete mission. inp a_r_statl2 0 inp end_a r_stat 20
-ar_statl2 Old autorun_stat,#0 -jsr stop2notors sbit en_calc,lflags rbit -
starst _st op, it beasst alggumrngl aggtuck flagsl 25 Id tenp, #l ow(wordl npl ace)
'jsr type_ stjgﬂmgbnjsr{psten _a r_stat 30 epi_check:;ld a,#4 ;ifgt a,plsxl

;ret :

ifbit home command,buttons_flags
jsrhome_p_states

10 itbit self t_command,buttons_flags
Jmp self_t states

main0: jmp linear_states  ; linear states + angular_states.
15 mainl: jsrupdateled

ifbit a2den flags?  ; a2d check.
jsra2d00 -

20 - 1lda#0
' add a,linear stat
add a,ang_stat
add a,autorun_stat
add a,selft_stat
- add a,home_stat
ifeq a,#0 _
o pe shit enddata,flags1 3 1f 2 motors are stopped, set enddata bit to stop-transmitting
o PC. '
- Id a,buttons_flags
30 and a,#0% ; if one of the commands flags is set, reset enddata bit.
' - ifgta,#0 ' ' ’
rbit enddata, flagsl
ifbit enddata,flags]
rbit start,flags]
35 ifbit fix_t_en,flags?
jsr data_send

|ES]
n

jmp main
***#*******#************x***x*******H************
40 .sect autorun_select,rom,inpage
autorun_states:id a,autorun_stat
“add a,#low(jmp_a_r_stat)
jid ; Jmp pe,[a]
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sc Id a,

a, hall |
a, #20 sb
a, zeroh?2
epi check

e kkkk kK

statesl
jmp_| _st

hall 1 35 ifgta, zero_ hI imp epi _checkO_|I Id a, zera.@ hﬁMbgmﬁ

j mp epi _checkO0_2 40 epi_checkO_|:subc a, zero_hl epi_check0_2:ifqgt

it epi,flagsl sc 45 Id a,hall2 PCT/1L01/01121 32 WD 02/4 5768 ifgt
i dopi76gheck0_3 |1d a,zero h2 subc a,hall2 5 |in% mﬁﬁho 4

0_3:subc a, zero_h2 epi_checkO_4:ifgt a, #20 sbit epi, ags ret 10

******** ~%* *********+****** SeCt | Ssel eCt romlnpage ||near

d a,linear stat 15 add a, #1 owo mp_1 stat) jld , 1mp peu,[a]

at:.addr I _sO 1 s1,1 s2,1 s3,1 _s4,1 s5,1 s61_sO inp 1 statO

i ' i | stat3 1_s4: i
1 _sl: nBP& stattEtt 25q1 S2: |np 1 stat2 I _sS3: imp | _s np

“stat4

angul ar - Bt Heth Q—égﬁ

~k&~k ~k
5

10

15

20

I mp stat6 25 end | stat:jnp
‘ﬁﬁ-ﬁ'ﬁ @kﬁw& al_ﬁ&ﬂ T leWak s K292 rlR,ax B2k ~k#: k

a_r0: jmp a_r_stat0

~a_rl jmpa_r_statl

& r2:jmpa_r_stat?
a_r3: jmp a_r_stat3
a_rd: jmp a r_statd
a_r5: jmpa_r stats
a_r6: jmp a_r_stat6
a_r7: jmpa_r stat7
a_r8: jmpa_r stat§
a r9 jmpa r stat9
a r10: jmpa r statiQ
a rll: jmpa_r statll
a_rl2: jmpa_r statl2
;a_ri3: jmpa_r statl3
;a_rld: ympa r statl4

end_a_r_statret
- 38 e e e o sl ok o e o e o ol o ook o e sl oo ok ok ofe s ok o ok st ok ek o e e
? .

.sect autorun,rom

a_r_stat0:ld autorun_stat,#1

30

35

40

45

Id home_stat,#0
sbit home command,buttons_flags

a_r_statl:ifbit home_command,butions flags
ret

Id linear stat#1 ; move linear forwards Imm. . .

Id rbyte1,#08 : 0,1,2=0=speedl ; 3=1= direction forwards 4=0)= hnear motor
Id rbyte2,#136 : -

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

1d autorun_stat, #2

ld temp,#low(wordautorun)

jsr type_stringl

a_r_statl_I:rbit limits_c_en,limits flags
thit stopl,lflags
rbit stuck,flagsl

a_r_statl_Z:sbit fix_t en,flags2
jmpend_a r stat

a_r_stat2:ifeq hnear stat,#0 ; wait until linear motor complete mission.
jmpa_r_stat2 0
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.sect linear states,rom30 | _statQ ifbit pulse,lflags jnp I_sga};’OFO‘:['”“;” the
not or nmade anot her pul se after stop order. inp e_|_statO 35 AT 2prs
1 statO 01:rbit pulse,Iflags ifbit direction,|Iflags ; x update inp
1 statO0_O3yo exsdF@gwards 1d a, pl sxlI ; before decreasin | s_x, check
i fpls_x>1 Gz)lozy.i‘f‘]ﬁge a, #0 inp IEstat 0 .02 1d a,plsx0 i?glto aPEETHHPII21st at O
. 02 45 ifeq pls_xO #0 - 5 MAY 2005 PCT/1L01/01121 33 WO 02/ 45768 inp
e i _statO; do not decrease pls x if 0. 1 statOO02:sc.ld a,pls_x0 ; x
downwards 5 subc a,# 1 x a,pls_ x0 I1d a,plsxl subc a,#0 x a,plsxl 10 jnp
elstat0 | _statO 03:rc ; x forwards Id a,pls_ xOadc a,#i 15 x a,pls_xO 1Id
Ca,pls_xI aderend:@ xstipls xI 20 e 1_statO:jnp end_i _stat ; ->0O 1 statl:
ifbit direction,|flags ; check the previous direction. inp | _statl 02 25 ;
“the di ré&dt$teid_Oddabadkwards. ifbit new direction, rbyte 1 ; check the new
di rection. xa,zero_hl
5 ld a,hall2
- X a,zero_h2
rbit home,flagsi
Id ang_stat,#1 ; move angular down 2000 pulses.
id rbyte1,#010  ;0,1,2=0= speedl  ; 3=0= direction down ; 4=1= angular motor,
10 Id rbyte2.#low(2000) : :
1d rbyte3,#high(2000)
rbit stop2,aflags
Id autorun_stat,#3
R rbit stuck,flagst
R R jmpa r statl 2

a r_stat3:ld linear_stat,#1 ; move linear forwards 40mm.
1d rbyte1,#08 ; 0,1,2=0=speedl ;3=1= direction forwards ; 4=0= linear motor.
1d rbyte2,#low(5440) S
20 Id rbyte3 #high(5440) ; 40mm*136pulse per mm = 5440,
Id autorun_stat,#4
jmpa r_statl 1

: a_r_statd;jsrepi_check  ; check if epiglotis sensed.

25 ifbit epi,flagsl

- jmpa_r_statd 0 "
ffeq linear_stat,#0 ; wait until linear motor complete mission. - .-
jmpa_r_stat7 0
_ jmpend_a_r stat

30

a_r_statd_(:1d linear_stat#1 ; move linear backwards 6mm.
t Id rbytel #0 ; 0,1,2=0=speedl ; 3=0= direction backwards ; 4=0= linear
motor. : ‘ A
Id rbyte2,#low(816)
35 Id rbyte3,#high(816); 6rmm*136pulse per mm = 8§16,

Id autorun_stat,#5
jmpa_r_statl 1

a_r_,st'atS ‘ifeq linear_stat#0 ; wait until linear motor complete mission.
40 Jmpa_r_stat5 0 '
jmpend a r stat

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

ld rbytel #018  ;0,1,2=0=speed] : 3=1= directi . d=1= anoul .
45 Id rbyte2 #70 - ionup gng ar motor,
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inp 1 _statl _O1 inp | _stat3 30 1_statl_01lld nxt_1 stat,#4 ; qhg p{q; ection
to forwards. inp 1 stati 05 the direction was forwards. 35 17 atI
02:ifbit neM/dlrectlon rbytel ; check the new direction. inp 1 stat4 Id
a, pl s_xl Vﬁgﬂaré&thanglng diretion to backwards ifne a, #0pg Tﬁﬂﬁﬁﬁlﬁ
pl s_x=0. 40 inp 1 _statl_04 ; if not then. Id a, pl s_xO |fne a,#0 1np
.1 statl04 45 | _statl _03:1d Iinear_stat,#o ; if O then just stop notor.
"PCT/1LO /01121 34 WD 02/ 45768 shit stopl,lflags ; stop nmotor 1. rbit
st op, fl agsl sbit limts c en,limts flags sc 5 ifbit stop2,aflags re ifc
inmp 1_statl _ gik}start flagsl 10 sbit end,flagsl shit
type_end, ch 1% 1 statl _06 - 5 MAY 2005 =PCT/1L01/01121
| statl_04:1 1W % : stop nmotor, wait and then 15 ; change
direction to Hh¥RMaFHe I statl _05:1d linear stat,#2 |1d cd_dly,#020
I sta | 06: rbﬁﬂpﬁzbﬂﬁﬂz%ntrl sbit t2a,pl 20 rbit control |,pa ; stop notor
1. it control 2, pa

a_r_stat6: lfeq ang_stat,#0 ; wait unti! angular motor complete mission.

Jmp a_r_staté 0

jmp end__a_r_stat

10 a_r_stat6 O:rbit epi,flags]
ld linear_stat#1 ; move linear forwards 10mm. ‘ ' '
i;i ;Eﬁ:l Z?OSW(I%(()DI »2=0=speedl ;3=1=direction forwards ; {1=0= ligqar motor,
oo - ldrbyte3,#high(1360) ; 10mm*13 6pulse per mm = 1360,
R &' 1d autorun_stat, #7
jmpa_r statl 1

a_r_stat7:ifeq linear_stat,#0 ; wait until linear motor complete mission.
_ _]mp a r_stat7 0
20 jmp end_a__r_stat

ar stlz(t;ﬁb() :Id ang_stat,#1 ; move angular down 2000 pulses. '
rbytel, #010 ; 0, I 2=0=speed]l ;3=0= =

s iy #Iow(’)o(}o) peedl ; 3=0= direction down ; 4=1= angula: motor.
1d rbyte3.,#high(2000)
Id autorun_stat,#8
rbit stop2,aflags
rbit stuck,flags1

30 jmpa_r_stat] 2

a_rnste;tS:;ld linear_stat#1 ; move linear forwards 50mm. '
drbytel #08  ; 0,1,2=0= speed] ; 4=0= linea
” Fpy #]ow(glso) P ; 3=1= direction forwards ; 4=0= linéar motor.
35 ©;ld tbyte3,#high(8160) ; 50mm*136pulse per mm = 6800.

Id pls_cntr0 #Iow(6800)

Id pls_cntr] #high(6800) ; 50mm™*136pulse per mm = 6300.

sbit direction,!flags ; turn motor forwards

thit 12¢0,t2cntrl
40 sbit t2a,pl

rbit control2,pa

sbit controil,pa

Id linear_stat #6

rbiten_calc,lflags
45 Id autorun_stat #9

30




jmp end_I _stat ; ->0 1_stat2: ifeq cd dly,#0 ; delay before chgmgNhgons

direction. 25 inp I_stat2_d inp end_|l_stat ; ->0O |_stat2_01:1d a, nxt |

stat x a,linear stat inp end | stat ; ->030 1 stat3: |Id a,pls_xl ; the _
directi on W &fishds backwards. ifne a,#0 ; check if pls_x=0_inmp | stat3_01
- if not then... 1d a,plsx0-35 ifile a,#0 inp 1_stat3 Ol i”r’rﬁ%ﬂﬂéﬂl_os :

if O then just stop notor and return to linear stat 0. 40 1_stat3 _O|
cifbit home limt,pbi inp | _stat3 02 jnp | _statl 03 | _stat3 02:rbit
direction,lflags ; turn notor backwards. rbit t2cQ t2cntrl 45 sbhit t2a,pl

35 WD 02/ 45768 rbit control |,pa sbit control2,pa rbit t2a,pl jnp

1 stat4 02 1IM8R &8t d 5 pls x| ; 255mt 128pul seper me7fgOH ;i fgt a, #Ofe
, if pls_x>7f00H then stop notorl. ;jnp 1_statl 03 ifbit bottomlimt, pbi
10 jnp | Zgt se@:ifyq linepr _ISt_a‘B,#ﬁt;lwﬂBuntlldinlehﬂlﬁ@foréBﬁ?beﬁqm&i%ht stop | ,Iflags
jrnp end_I| _simata ¥5stai9sbat4_A :sbit direction,Iflags ; turn notor forwards

rbit 32cO, t 20wt edd_abi ttat 2a, pl

a_r_stlagﬁ)_gf):ld ang_stat#1; move angular up 2000 pulses.
rbytel #018  ;0,1,2=0= ; 3=1= directi s 4=1=
0 - rb;!tezg#low(zoog)l (= speed]l ;3=]= direction up ; 4=1 _angularmotor.
ld rbyte3 #high(2000)
Id autorun_stat,#10
tbit stop2,aflags
_ jmpa_r statl 2
15 :
a_rq_staltd 1 0}:) ;1d linear_stat#1 ; move linear forwards 70mm. -
jidrbytel #08  ; 0,1,2=0= ; 3=1= directi S ; 4=0= Tines
T rbte m(0220) speedl  ; 3=1= direction forwards ,:4 0= lingar 1__110tor.
2 ;1d rbyte3,#high(9520) ; 70mm* 136pulse per mm = 9520,
Id pls_cntr0,#low(9520)
ld pls_cntr1,#high(9520) ; 70mm™* 136pulse per mm = 9520,
sbit direction,lflags ; turn motor forwards '
4 tbit 2¢0,12¢ntrl
25  sbit t2a,pl
rbit control2,pa
sbit control1,pa
Id linear_stat #6

30 Id autorun_stat,#11

Jjmpa r statl 1

a_r_statlLiifeq linear_stat,#0 ; wait until linear motor complete rnission.
Jmpa r statll 0
35 jmpend a r stat

a_r_statll_O:sbit stop2,aflags
rbit t3c0,t3entrl )
40 shit t3a,pl

sbit control3,pa ; turn off motor 2
sbit control4,pa -

;1d linear_stat#1 ; move linear forwards 50mm.
45 Jld thytel #08  ; 0,1,2=0= speedl  ; 3=I= direction forwards. ; 4=0= linear motor.
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rb|t control2 pa 20 sbit control I,pa rbit t2a,pl | stat4 _02: I d a rb teZ
; di stanse update X a,pis_entr0 Id a,rbyted 25 x a,pls_ cntr1'5(ﬁ§f
; velosity update and a,#7 ifne a,#0 jnp 1 stat4 03 30 Id
t_refO, #1owolfA@)sg; 1000 -> 500u per pulse Id t_refl, #high 100g fn112) .
end | stat4 | stat4 03:ifne a, #1 jnp 1 stat4 04 35 Id t ’%{M 000) :
2000 -> 1000u per pulse 1dt_refl,#high(2000) jnp end 1_ stat4 _Stat4
04:ifne a, #2 jnp 1 stat4 05 40 1d t_refO, # ow(3000) ; 3 000 -> 1500u per
pulse 1dt_refi,#high(3000) jnmp end 1 stat4 1 stat4 05:ifne a, #3 jnp
end_| _stat4 45 Id t refQ #l owm 4000) ; 4000 -> 2000u per pulse 36 WO
02/ 45768 | cid ryeRiFTomic§h4000) end | stat4: 5 | stat5: ifbit t2cO t2cntrl
;i f notor 1ld DywBrbayoien) ; Simmd 3fpstapd nk@ 480p, first_pul se, I flags rbit
t2cl,t2cntrl ; turn off the toggle output. rbit t2a,pl Id ptlhi,#020 1d
pt2hi , #080 18 pldotrd,Abw(4800F 1 d tnr 2hi , #OF f
5 Id pls_cntrl, #high(6800) . 50mm™*136pulse per mm = 6800.
sbit direction,lflags ; turn motor forwards
rbit t2¢0,12cntrl
sbit t2a,pl
rbit control2,pa
10 sbit control1,pa
Id linear_stat,#6

Id autorun_stat,#12
. jmpa_r statl 1
o 15 '
: a_r_statlZ:ifeq linear_stat,#0 ; wait. untﬂ lmea: motor compiete mission.
Jmp a_r_statl2 (
- jmp end_a_r_stat

20 a r stati2 0:d sutorun_stat,#0
JST stop2motors
sbit en_calc,lflags 8
tbit start_stop,buttons_flags
rbit stuck,flags]

25 - ld temp,#low(wordinplace)
Jsrtype stringl
jmpend a r stat

o 3F et st sl o oo o ok s ok oo o o 5 ot ok e ot ok sk st s oo o8 s e sk o ok e ook o o e sk s o s o
30 epi_check:ld a,#4
( ;ifgt apls x1
‘ Jret
sc
1d a,halll
35 ifgt a,zero_hl
Jmp epi_check0 1
Id a,zero_h1
subc a,halll
jmp epi_check0 2
40 epi_checkO_l:subc a,zero_hl
epi_check0_2:ifgt a,#20
sbit epi,flagsl

s¢
45 ~ . 1d a,hall2
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Id t2ralo, #Of 1d t2rahi,#0ff 1d t2rblo, #0ff 20Idt2rbh| OES rbit
t 2pndb, t 2cntrl sbit t2cO t2cntrl ; start timer 2 - 1 st 5181 : 200 t
t 2pndb,t2cntrl ip’ | _stat502 25 jp 1 _stat5 01 30 1_ stat5 02:rbit

t 2c0, t 2cnt g o5ds6gy timer 2 - pwm |d tnr2lo, #250; 250->t2. Id tnr2hi,#0 ;
400->r2a. Id t2ralo, # ow(400) 1d t2rahi,#hi gh(400) ; 600- >rBH/I{Ho112]

t 2r bl o, #l om 600) Id t2rbhi, #hi gh(600) rbit t2a,pl sbit t2cl,t2cntrl ; turn
on the toggle output. 35 shit t2cOt2cntrl ; start tinmer 2 - pwn rbit.
stopl,lflags e_|l _stat5:1d a,int_cntr  se subc a, #20 40 x a, nol pul set nr

shit linmits c en limts flags Id li near _stat,#6 Id nxt_I _stat,#0 inp

end_| _stat lfgtﬁOZG%_hB MAY 2005 PCT/1LO /01121 37 WO 02/ 45768 PCT/1LQ /01121

**,k~e*’kx ,ﬁwep‘*eh’békma*****x*m~~~ p~ e**x**%r** e~ X~*** ~% *******~k *
1 stat6: ifbit,zpmse |flags jnp 1_stat6 01
subc a,hall2
5 jmp epi_check0 4

epi_checkO 3:subc a,zero h2
epi_check0_4:ifgt a,#20
sbit epi,flags!
ret
I O ;**$******************$*$************* 2K ot o ok ok ok ofe R e sfe o
.sect |_s_select,rom,inpage
linear_states:1d a,linear stat
add a,#low(jmp_| stat)
. jid ; jmp peu,[a]
jmp_| stat: .addr I_s(),l_s1,1_32,1_53,1__34,1_55,1_36

1_s0: jmp | _stat0
1 s1: jmp1_statl
20 182! jmpl stat2
- 1.83: jmp1_stat3
| s4: jmp 1 stat4
| s5: jmpl stat5 .
1 s6: jmp1_stat6

end_1_stat;jmp angular_states -
************$*******#***************

.sect linear_states,rom

30 1 stat0: ifbit pulse,lflags '
Jmp 1_stat_01 ; the motor made another pulse after stop order.
Jmpe_1_stat0 ' '

- 1_stat0_01:rbit pulse,lflags
35
ifbit direction.Iflags ; x update

Jmp1_stat0_03 ; x forwards

lda,pls xI ; before decreasing pls_x, check if pls x>1
40 ifne a,#0 T B
jmp I_stat0 02
; Id a,pls x0
: ifgt a, #0
; Jmp|_stat0 02
45 ifeq pls_x0,#0
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51d a,nolpulsetntr ifne a,int_cntr jnp 1 _stat605 sbit stopl h,fpa?@‘ts shi t
stuck,flagsl 10 jnp | _stat6_05 1 _stat6 A :rbit pulse,lflags‘sl cntr
sc 15 sube a, #20 x a, nol pulsetm shit linmts c en,limts flags sc ; dec.
pls_cntr WeomypbscntrO 20 subc a,#1 x a,pls_cntr0 1Id a,p subc
a,#0 x a,pls_cntrl 25 1d a,pls_cntr | ; check if pls_cntr té?@btﬂﬂl‘ml

| stat6_02 1d a,pls_cntrO ifne a,#0 30 jnp |_stat6_02 sbit stopl, Iflags
| stat6 _02:;ifbit first pulse,Iflags sbit en_calc, Iflags 35 shit

first pulse Iflags |fb|t direction,|lflags ; x update jmp | _stat6_ O4 1d

a, pls_xlI ; chec I's_x>1 40 |fne a,#0 jnmp 1 _stat6_03 Id a,pls_ xO ifgt
“a,#0 jnp | J{?%? 45 doqsidecizayests 361 00 02/ 4. 5768 sbi t stopl, I flags

lwstatO_OE:sc
Id a,pls x0 ; X downwards
5 subc a,#1
‘ x a,pls_x0
1d a,pls_x1
subc a, #0
% a,pls_x1
10 jmpe_l stat0

i_statd_03:rc ; X forwards
Id a,pls_x0
adc a,#1
15 x a,pls_x0
Id a,pls_x1
adc a,#0
x a,pls x1

20 e I statO:jmpend 1 stat ; >0

sk o o sk ol st s ok sk e b ofe ol o ot o o sk o s o ok s ke o o ek o ek

"I statl: ifbit direction,flags ; check the previous direction.
jmp [_statl 02

25
o ; the direction was backwards.

ifbit new_direction,rbyte] ; check the new direction.
jmp |_statl 01
jmp | star3

30

|_stat]l_01:1d nxt | stat,#4 ; change direction to forwards.
jmp|_statl 05 '
) ; the direction was forwards.

35 I_statl_02:ifbit new_direction,rbyte]l ; check the new directior.
Jjmp | stat4d
!d a,pls_x1 ; before changing diretion to backwards
ifne a #0 ; check if pls_x=0,

40 jmp | statl 04 ; if not then...
Id a,pls_x0
ifne a,.#0
jmpl_statl 04

45

|_statl_03:ld linear stat,#0 ; if O then just stop motor.
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I'd nxt_| stat,#0 inp 1 stat6 05 5 PCT/IL01/01121 I “stat6 oe.-chAszUEJS
downwards 1d a,pls xOsubc a,#1 x a,pls x0 10 Id a,pls_xl subc a,#O x
a,pls xI jnp | _stat6 06 | stat6 04:rc ; x_forvvalrds I15f|'? a, ;Fh)flOZGXO ?ﬁg ' ed
a, #1 x a, d a pls_x 1 ade a #0 20 x a,pls_xI i g a ; :
can show %Pﬁ%gsrrm (= 256* 136=34816=0SSOCH). shit t | PCIVIEV4HIZ ags

1 stat6 _05:ifbit stopl,Iflags 25 inp e | _stat6 ifbit enI calc,lflags |sr

; t 2a, pl
v calc inp end 1 stat ; ->0 30 e 1 stat6:rbit t2cO t2cntrl shi t
rbit con{nr)ol I, pa ; turn off notor 2. rbit control2,pa Id a nxtlstat 35 X -
a,linear_stat ifbit st op2 aflags inmp e_1 stat6_O
sbit stop1,iflags ; stop motor 1.

rbit stop,flags?
sbit limits_c_en,limits_flags
sC
5 ifbit stop2,aflags

rc
ifc
jmp }_statl 06
rbit start,flags]

10 sbit end,flags]
sbit type_end,icd_flags
jmp 1_stati 06

I_statl_04:1d nxt ‘| stat,#3 ; stop motor, wait and then
15 : change direction to backwards.
I_statl_05:Id linear_stat,#2
Id cd_dly,#020
I_stat] 06:rbit t2¢0,12¢ntrl

sbit {2a,p}
20 tbit controll,pa = ; stop motor 1,
rbit control2,pa
jmpend_1 stat ;>0 ' C ‘
**************************************%**ﬂ-***********x***************
| stat2: ifeq ed dly,#0 ; delay before changing direction.
25 . jmp 1_stat2 01
jmp end_1_stat ;>0

|_stat?_01:ld a,nxt | stat
X &,linear stat

jmpend_1 stat ; >0
30 .
- 1_stat3: ida,pls xI ; the direction is still backwards.
; ifne a,#0 ; check if pls x=0
jmp 1_stat3 01 ; if not then...
~ lda,pls_x0
35 ifne a,#0
Jmp1_stat3 01
jmp 1_stat]l 03 ; if 0 then just stop motor and

; return to linear stat 0.

40 1 stat3_01:ifbit home_limit,pbi
_]mpl stat3 02
jmp 1_stat1__03
|_stat3_02:rbit direction,Iflags ; turn motor backwards.
rbit t2¢0,t2cntrl
45 sbit t2a,pl
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inp end | _stat ->0O e Istat6 Orbit start,flags | 40 rbit s%, Hh@gﬁdgs”
ifbit self t_commanii,buttons_flags inp end_|_stat ; ->Oifbit
start _stop,buttons flags inp end | _stat ; ->0 45 ifbit
home_commanglgdystdgsons fl ags 39 WO 02/ 45768 inp end | _stat ; _->0 shit
type_end,lcd_flags sbit end,flagsl 5 jnp end_1_stat ; - S0P CTE /02
a_s select,rominpage angular_states:1 d a,ang_stat 10 add
a, #lowjnp_astat) jid ;inp pcu,[a] inp_a stat:.addr a sO a sl a s2 a s3 a
s4 asbas6as7 15 a sOinp a stat0O a_sl: inp a_statl a_s2: jnp a_stat2
a_s3: jnmp a_stat3 a_s4: jnp a_stat4 20 a_s5: jnp a_stat5 a_s6: inp
a_stat6 a Brcopplagstat7 end _a stat:jnp mainl 25
Rk ok ok ok ok ok k kSOINCORGIR phx k x x kkkxxkkkxxx  gect angul ar_states,rom a_statO
i fbit pul sedjitald@dgs jnp a_statO 01 jnp e _a statO 30 a_stat0_O| :rhbit
pul se2, af | agm li ftmutoMirection2, afl ags ; y update inp a.stat0_02 inp
a_sttat0_03 35 a_stat0_02:sc ; y down 1d a,pls_yO
1_stat4: ;id a,pls x1 ; 255mm™*128pulsepermm=7{80H
;ifgt 2,#0fe ; if pls_x>7f00H then stop motorl.
Jmp]_statl 03
ifbit bottom_limit,pbi
10 jmpi_stat4 01
jmp_statl_03
; ld linear_stat, #0
; sbit stop1.lflags
; jmpend_]_stat
15
1_statd_01:sbit direction,Iflags ; turn motor forwards
rbit {2¢0,t2cntrl
sbit t2a,pl
thit control2,pa
20 sbit controll,pa
thit t2a,pl
© 1 statd 02:1d a,rbyte2 ; distanse update
% a,pls_cntr0 ‘ '
_ Id a,rbyte3
25 . xapls entrl
Id a,rbytel ; velosity update
and a,#7
ifne a,#0
jmp |_statd 03
_ 30 Id t_ref0,#low(1000) ; 1000 -> 500u per pulse
(. Id t_ref1,#high(1000)
; jmpend ] stat4
|_stat4_03:ifne a,#1
jmp |_statd 04
35 Id t_ref0,#low(2000) ;2000 -> 1000u per pulse
ld t_refl,#high(2000)
jmpend ] stat4
| statd_O4:ifne a,#2
_ jmp |_statd 05
40 Id t ref0,#low(3000) ;3000 -> 1500u per pulse
Id t_refl,#high(3000)
jmpend_| stat4
| statd_05:fne a,#3
jmpend_|_stat4 _
45 Id t_TCfU,#lOW(4000) 3 4000 > 2000u per pulse
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subs a,# 1 x a pls.yO 40 1d a pls_yl subc a #0 x a pls_yL 5] ﬂn‘feﬁwﬁstato
45 a stat0 03:rc ;yup 40 WO 02/45768 5 Id a,pls_y0 adc a,#l X a,pls_yO 1Id

a,plsyl adc a,#0 x a,pls_yl e a_statO:jnp end_a_stat ; ->O 10 a statl:
PCT/ | LO11&W®dz2/45dssa, pl s_y | ; check if the the probe is notP 29 0h| (%h or to
low, ifgt a,#094 inp astatl _00 15 1d a,#066 ifgt a,pls_y Irr’rﬂ

a_statl 01 inp a statl 03 ;a statl _00:ifbit new direction,rbytel; if too
hi gh enabl e onl'y down movment. 20 inp a_statl 02 inp a statl 03

;a_statl _01: | fbl t new_direction, rbytel if too | ow enabl é. only up novnent.
|rrpastatl n’gastatl 02 25 astatl 02:1d ang_stat,#0 ; just stop
not or . Jﬁixft—reél pigh(4960%bi t stop2, afl ags ; stop motor 2. sbit

type_end fIagsZ 30, jnp a_statl _08 a_statl _03:ifbit direction2, aflags ;
“check tﬁ@_érsé%ﬁﬂous direction. inp astatl 05 _

****m*x************************x********************

5 Lstats: ifbit t2¢0,12entr] - ; if motor 1 is already on.
jmpe | stat5

rbit first_pulse,lflags

rbit t2¢1,t2cntr]l  ; turn off the toggle output.
10 rbit t2a,pl

Id pt1hi,#020
Id pt2hi,#080

L5 Id tmr2lo,#0ff
1d tmr2hi #0ff
1d t2ralo #0ff
Id t2rahi, #0fT
1d t2rblo,#0ff

20 1d t2rbhi, #0ff
rbit t2pndb,t2entr
sbit t2¢0,t2cntr]l ; start timer 2 - pw.
I statS 01:ifbit t2pndb, t2c:ntr1

ip 1_stat5 02

25 jp 1 stat5 01
1_stat5_02:rbit t2¢0,t2¢ntrt stop timer 2 - pwm. oo
1d tmi2lo 4250 ; 250->12, F S
1d tmr2hi,#0 .
_ ld t2ralo,#low(400) ; 400->124,
30 Id t2rahi, #high(400)
( [d 12rblo,#How(600)  : 600->r2b.
: 1d t2rbhi,#high(600)
rbit t2a,pl :
| sbit t2¢1,82cntrl  ; turn on the toggle output,
35 sbit t2c0,t2entrl  ; start timer 2 - pwm.

rbit stop1,lflags
e |_stat5:ld a,int_cntr
sC
subc a,#20
40 ' x a,nolpulsetmr
sbit limits_c_en,limits_flags
Id linear_stat#6
Id nxt_ 1 stat,#0
jmpend 1 stat ;->Q
45
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direction. inp a_statl_04 ,jnmp a_stat3 a_statl_04:1d nxt_a_stat,

not or, Wo@n.td (tshen change direction to up. 40 inp a_statl 07

a_statl _05:1 671%®new direct i on,rbytel ; the direction was Rp-Blieekzt he new
direction. inp astat4 45 a statl _06:1d nxt a_stat,#3 ; stop notor, wait
and then change direction to down. 4 i WO 02/45768 5 a_statl _07:1d
ang_stat,#2 ; delay for the notor to make a conplete stop. I1d cd dly, #17 a
statl 08:rbit t3cQO t3cntrl sbitt3a,pl sbit control 3,pa ; stop notor 2.
shit cQnt ot form « @ Rth od a8 ior k5 4 » Shiabe 2o i b @ G 0,61 b Hst Qe del ay bef ore
changing direction. inp a stat2 01 _ _ jnp end a stat ;->0 a_stat2 01:1d
a, nxt _g_ ghsat ifb&ﬁléngé%sst at ->0 jnp end_a_stat ; a stat3: rbit

di rection2,; gllasgﬁé gt t3cO t3cntrl sbit t3a,pl ; turn notor backwards. 20

rbits cont rci nBPulsetmr

ifne a,int_cntr

jmp 1_stat6 03
; shit stopl,lflags
: sbit stuck,flags1

35 ifbit new direction, rbytel ; the direction was down-check g m%\f"ngggsﬁ-" R
#4 ; stop

10 jmp 1_staté 05
1_stat6_01l:rbit pulse,lflags
{d a,int_cntr
sC
15 subc a,#20

- X a,nolpulsetmr
sbit limits_c_en,limits_flags

sC ; dec. pls_catr
1d a,pls_entr0
20 subc a,#1

x a,pls_entr0
Id a,pls_cntrl
subc a,#0
X a,pls_cntrl

25 ldapls_cntrl  ; check if pls_cntr=0
ifne a,#0
jmp |_stat6 02
id a,pls_cntr0

. ifne a,#0

30 jmp 1 staté 02

sbit stopl,lflags

| stat6_02:;1fbit first_pulse,iflags
sbit en_calc.lflags
35 - sbit first_pulse,lflags

ifbit direction,lflags ; x_update

jmp i_stat6 04

Id a,pls_x1 ; check if pls x>1
40 ifne a,#0

jmp 1_stat6_03

Id a,pls_x0

ifgt a,#0

jmp |_statd 03
45 id pls_x0,#0
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shit control4,pa rbit t3a, pl inp astat40l 25 a_stat4: shit « 5§ MAY 23“‘3
direction2,aflags ; tumnotor forwards rbit t3cQO t3cntrl shit t3a,pl rb|t

control 4, p sblt control3,pa 30 rbit t3a,pl a_stat4 01:1d a.rbyte2 ;
di st anse ug'é)a‘fzé”' a,plsy cntrO Id a,rbyte3 x a, plsy_cntrl @5r/haappyte |

; velosity update and a,#7 ifne a,#0 jnp a_stat4_02 40 Id

at_ref O #l ow( 6000) ; 6000 -> 3000u per pulse Id at_refl, #high(6000) jnp
end a stat4 a stat4 02:ifne a,#1 inp astat4 03 45 |d at _ref O #l ow( 7000) ;
7000 -> 3500u per pulse - 5 MAY 2005 PCT/ILO /01121 42 - 5 MAY 2005 WO

02/ 45768 PCTg’bitlggF/lQﬂ&g?sl Id at_refl, #hi gh(7000) inp end_a stat

a_stat4 03: |1Eq}§t@5#a%#jrrp a stat4 04 5 1d at_refD, #l ow( 8000) ; 8000 ->
4000u per gla refl, #hi gh(8000) inp end _a_stat4 a_stat4 O4:ifne
a,#3 jnp e astatZt 10 Id at _refQ #l ow( 9000) ; 9000 -> 4500u per pulse Id

at_refl, #hi gh(9000) end a stat4: Id nxt a_Stat, #6

I_stat6_(03:sc ; X_downwards
Id a,pis_x0 B
subc a,#1
x a,pls_x0
10 Id a,pls_x1
subc a,#0
x a,pls x1
jmp |_stat6 05
[ _state_04:rc ; x_forwards
- 15 Id a,pls x0 B
adc a,#1
X a,pls x0
Id a,pls_x1
_ ade a,#0
20 X a,pls x1 B
ifgt a,#086 ; the led can show only 256 mm (“ 256%136=34816=08800H)
sbit stop1, lﬂags : : B

1 stat6_05:ifbit stopl,lflags
25 "~ jmpe_] stat6 '
' ifbitenl cale Iﬂags
jsr v_calc
jmpend | stat ;->Q

30 e_l_stat6:rbit t2c0,2entrl
| sbit t2a,pl
. rbit controll,pa ; turn off motor 2.
rbit control2,pa
Id a,nxt | stat
35 X a,linear_stat
ifbit stop2,aflags
jmpe | stat6 0
Jmpend | stat ;->0
e_l_statG_O:bit start,flags]
40 rbit stop,flags]
ifbit self_t command buttons _flags
jmpend 1 _stat ;>0
ifbit start stop,buttons _flags
Jjmpend ] stat ;>0
45 ifbit home_command,buttons_ﬂags
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15 a stat: ;ifbit t3cOt3cntrl ; if nmotor 2 is already on. .,Jgnmgq_@mgtaPS
Id aptl hi, #020 20 Id apt2hi,#080 rbit firsty_pul se,aflags rbit
t3C|,t3CI’lw ; turn off thetoggle output, rbit t3a,pl 25 1d tnr3lo, #Of
Id tr3hi YRI5 t3ralo, #OFf  1d t3rahi, #OFf 1 d t3rbl o PEOYILOBOLIRY

t 3r bhi , #OFf rbit t 3pndb, t3cntrl shit t30C)t3Cﬂtr| ; Starttinmer 3 - pwm

a_ stat5 Ol:ifbit t3pndb,t3cntrl jp a stat5 02 35 jp astat5 01

a_stat5 02:rbit t 1cOt3cntrl ; stop timer 3 - pwn |d tnr3lo, #250 ;
250->t3. |d tnr3hi,#0 Id t3ralo, #l om(500) ; 500->r3a. 40 Id

t 3rahi , #hi gh(p&®4d) | kdt t 3r-bbo, #1 ow( 500) ; 500->r3b. Id t3rbhi, #hi gh(500)

rbit t3a,pl sbhit t3cl, t3cntr| ; turn on the toggle output. 45 sbit
t3cO t 3cnt rSIbItty gﬁ(g Edd”ﬁécr . 43 WD 02/45768 5 e_a_stat5:;1d a,intcntr
, SC ; subc au#S nUaﬁﬁ setnr Id a,nxt_a stat x a,ang_stat Id

nxt a _sStat, a at ; ->0 10 a_stat6: ifbit pulse2,aflags inp
st at 6 01 _ﬂ%% énﬁpl %@g §b

ARl o sk ot e s s s o ol e ok ok koo o R B el R o 5 ko o ol Rk o 8 R 2 o ok o
.sect a_s_select,rom,inpage
angular_states:1d a,ang_stat
10 add a#low(jmp _a_stat)
jid ; jmp peu.[a]

' jmp_a stat: .addr a_s0,a_sl,a s2,a s3,a_s4,a_s5,a s6,a s7

15 a_s0:jmpa_stat0
a_sl:jmp a_statl
a_s2: jmp a_stat2
a_s3:jmp a_stat3
a s4rjmpa statd

20 a_s5:jmpa_stats
a_s6: jmp a_staté
a_s7: jmp a_stat7

end_a_stat:jmp mainl
' .sect angular_states,rom
a_stat0: ifbit pulse2,aflags
jmp a_stat0 01
jmpe a stat(
30
._ a_stat0_01l:rbit pulse2,aflags
- ifbit direction2,aflags ; y update
' jmp a_stat0_02 - - : .
jmp a_stat0 03 . ‘ .
35
a_statd_02:sc ;¥ down
Id a,pls_y0
subc a,#1
x a,pls_y0
40 Id a,pls_y1
subc a,#0
x a,pls_yl
jmpe_a_stat)

45 a_stat0_03:rc ;yup
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;1d a noapul setnr ;ifne a int cntr 15 jnp a_stat6_06 ;sbii sty 8B ags
;sbit stuck,fl agsl jnmp a_stat6 06 20 a_stat6 _0l:rbit pul se2, afl ags

a,int cntr S
a, pl sy- cnﬁV% UWFE 2 #1 x a, pisy cntr0 Id a, plsy cntrl 30peTmci@#a X

subc a, #50 ; X a, noapul setnr 25 sc ; dec. plsy cntr

a,plsy_cntrl 1d a,plsy_cntrl ; check if plsy_cntr=0 ifne a, #0 inp
a stat6 02 35 1d a,plsy cntr0O ifne a,#0 inp a_stat6 _02 sbit stop2, afl ags
|d nxt-a_ stat,#0 40.45 a_stat6 _02:;ifbit firstypul se,aflags sbhit

en_cal c2, aflags shit firsty_ puI se, aflags ifbit direction2, aflags ;

44 PCT/ILOlAd)g,g[%l MO 02/ 45768 jnp a_stat6_04 1d a, pis_yl ; check
I fpls y>650@h—5”¢gt a, 90 ; 065 5inp astat608 shit stop2,aflags Id nxt

10

SR

20

25

30

35

40

45

W o s us

X a,pls_y0
Id a,pls_y1
ade a,#0

X a,pls_yl

€_a stathjmpend & _stat ;>0

a_statl:

; ld a,pls y1 ; check if the the probe is not too high or to low.
: ifgt a,#094 -

jmp a_statl 00

"1d a,#066

tfgt a,pls_y1

jmp a_stat! 01

jmp a_stat! 03
;2_statl_00:ifbit new_direction,rbytel; 1f too high enable only down movment.
; Jmp a_statl 02 '

o

3 Jjmp a statl 03

;a_statl_01:ifbit new_direction,rbytel; 1f t00 low enable.only up movment.

M Jmpa statl_03
. jmp a_statl 02

i . stat]_02:1d ang_stat#0 ; just stop motor.

: Id nxt_a stat,#0

A; sbit stop2,aflags  ; stop motor 2.

; sbit type_end,flags2
; jmp a_stat] 08

a_statl_03:ifbit direction2,aflags ; check the previous direction.
jmp a_stat] 05 '

ifbit new_direction,rbytel ; the direction was down-check the new direction.
Jmp a_statl 04

Jjmp a_stat3

a_stat.1_04:1d nxt_a stat#4 ; stop motor, wait and then change direction to up.
Jmp a_statl 07

a_stat]l_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.

|l d

Id

y_updat e




) . : | Wéfwfﬁgyey;?ﬁﬂ?
att #0 s a 10, ; y_down inp astat6_06 a_stat6_03 sc_ , a _
subc a,#1 x a,pls_yO 5Id a,pls_yl subc a #0 x a,pls_yl i g’i@t g{w%_os ;
096 a_statB O4:1d a,#Off 20ifgt a,pls yl inp a stat6_05 shit stop2, afl ags
51d nxt_a ™ T%*#¥ v up inp astat6 06 a_stat6 05:rc |d a, pPGEEG/01121

~a_stat]l_07:1d ang_stat#2 delay for the motor to make a complete stop.
Id ed diy #17
a_stat]l_08:rbit t3¢0,t3cntrl

5 - sbit t3a,pl
sbit control3,pa ; stop motor 2,
sbit control4,pa
Jmpend_a stat 3 ==>0

;************************************************$$********$**********
10 a_stat2: ifeqcd dly#0 ; delay before changing direction,
jmpa_stat2_01 '
Jmpend a_stat ; >0
a_stat? 01:1d a,nxt_a stat
A X a,ang_stat
15 Jmpend a stat ;>0 ‘
;***************************************************************#*******
a_stat3: rbit direction2,aflags  ; turn motor backwards.
rbit t3¢0,t3entrl
sbit t3a,pl
20 rbit control3,pa
sbit control4,pa
rbit t3a,pl
jmpa stat4 01 .
e e e o e s sk kol s koo e o e ke ok o ok sk s o ke e ok ook o o o s o
25  a_stard: sbit direction2,aflags ; turn motor forwards
' tbit t3¢0,t3cnirl :
sbit t3a,pl
rbit control4,pa
sbit control3,pa
30 rbit t3a,pl
a_statd_01:ld a,rbyte2 ; distanse update
x a,plsy_entr0 -
1d a,rbyte3
X a,plsy_cntrl
35
ld a,rbytel ; velosity update
and a #7
ifhe a,#0
jmp a_statd 02
40 1d at_refO,#low(6000) : 6000 -> 3000u per pulse
Id at_refl,#high(6000)
© jmpend a statd
a statd 02:ifne a,#1
jmp a_statd 03
45 1d at_ref0,#low(7000) ; 7000 -> 3500u per pulse-
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adc a,#1 Ox a,pls_y0 1d a,pls_yl adc a,#0 x a,pls_yl a_ st ek bl t
stop2,aflags 35inp e _a stat6 ifbit enl _cal c2,afl ags jsr v2_c2$ g*é%ﬁnﬁbﬁéj

end_a Sta{vooz/ g)e a_stat6: 40rbit thOtScntrI sbit t3a,pl sbit
control 3, pa ; W of T notor 2 5sbit cont rol4,pa Id a, nxta BERILO/OaL2ang_st at
45 ' - 5 MAY 2005 PCT/ILOtioii2t - 5 MAY 2005 , WD 02/ 45768 PCT/1LO /01121

ifbit stop I,Iflags inp e _astat6_Oinp endastat ; ->0 e_a stat6_0: rhbit
start, fl ags | 5 rbit stop,flagsl ifbit self t_command, buttons flags inp
end_a stat ; ->0 ifbit start_stop, b_uttons_flags i np end_a_stat ; ->0 10

i fbit hone _rlonmendzhstoms_flags inp end_| _stat ; ->O sbit end,flagsl sbit
type_end, | cghp ags 4 53554' fbi't stuck,flagsl sbittype stuck,led flags inp
~end_a_shakard 0378k a2
jmp a_statd 04
5 Id atnrefO_#low(SOOO) ; 8000 > 4000u per pulse
1d at_refl,#high(8000)
jmpend_a stat4
a_stat4d O4:ifhe a,#3
Jjmpend_a stat4
10 Id at_ref0,#low(9000) ; 9000 -> 4500u per pulse
Id at_refl #high(9000)

end_a_stat4:ld nxt_a Stat #6
. ********-k*******************************************
15 a_stat5: ;ifbit 3¢0,t3¢nir] ; if motor 2 is already on.
Jmpe_a_stats

1d apt1hi,#020
20 1d apt2hi #080

; rbit firsty_pulse,aflags
rbit t3cl,t3cntrl ; turn off the:toggle output,
rbit t3a,pl ’
25 Id tmr3lo #0ff
Id tmr3hi #0T
id t3ralo #0ff
Id t3rahi #0ff
Id {3rblo #0Off
30 Id t3rbhi, #0ff
rbit t3pndb,t3cntrl
sbit t3c0,t3cntr]l ; start timer 3 - - pwm.
- a_statd_01:ifbit t3pndb, t30ntrl
jpa_stats 02

35 jpa_stat5 01 :
' a_statS_02:rbit t3¢0,t3entrl  ; stop timer 3 - pwm.
1d tmr3lo,#250 ; 250->13.
Id tmr3hi #0
id t3ralo #low(500) ; 500->13a,
40 Id t3rahi,#high(500)
Id t3rbio,#low(500)  ; 500->r3b.
1d t3rbhi,#high(500)
rbit t3a,pl
sbit t3cl,t3entr]l ; turn on the toggle output.
45 sbit t3¢0,t3cntr}  ; start timer 3 - pwm,
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20 a_stat7: ifbit pulse2,aflags inp a stat7_Ol jnp e_a_stat 7--a5 $1t 7ofa |
crbit pulse2,aflags 25 ifbit direction2,aflags ; y update |jnp a_stat003
a_stat 7_02‘*/5%2/;4,,%8 down 1d a,pls_yO 30 subc a,#1 x a,pls_yO 1d a,pls_y 1
-subc a,#0 X a,pls.y 1 35 inp e_a stat7 a_stat7 _03:rc |d BCPIEINpO21adC
a,#1 40 x a,pls_yO 1d a,pls_yl adc a,#0 x a,pls_yl ;yup 45 e a_stat7:jnp
end_a stat ; ->0 46 5 MAY 2005 WO 02/ 45768

& ~~x* &, WKFM-~X>K- k*ffi x***~at x~~. e i cM rk*. k>k~k ~c**~: #%-*** ek~
.sect stop_subroutines,romstop2notors:shit stopl,lflags ; turn off notor 1

rbit t2eQ s@enfld b, shtt t2a,pl rbit control |,pa rbit control2,pa Id
‘linear_stat;s#0 |d nxt_I|_stat,#0 10 sbit stop2,aflags ; turn off notor 2

rbit t3 cO tsghenkrh sbit t3a,pl sbit control' ),pa shit control4,pa 15 Id

- ang_stat, #0.y a,noapulsetmr
5 Id a,nxt_a_stat
X a,ang_stat
ld nxt_a_stat,#0
jmpend a stat ; >0
st ok ok sl s ko ok sk e fe e sk ok o ok e o ok ook
‘10 a_stat6: ifbit pulse2,aflags
Jmp a_stat6 (1

;1d a,noapulsetmr
| ' ;ifne aint_cntr
w15 "jmpa_stat6_06

;5bit stop2,aflags

;sbit stuck,flags1

jmp a_stat6_06

20 a_stat6_01l:rbit pulse2,aflags
;id a,int_entr
isc
;subc a,#50
X a,noapulsetmr

25 sc ; dec. plsy_cntr
Id a,plsy_entr0
subc a,#1
X a,;plsy cnix0
1d a,plsy_cntrl

30 subc a,#0

P x a,plsy_cntrl
N Id a,plsy cntri ; check if plsy cntr=0

ifne a,#0 ' '
jmp a_stat6 02

35 Id a,plsy_cntr0
ifhe a,#0
jmp a_stat6_02
sbit stop2,aflags
Id nxt_a_stat#0

40
a_stat6_02:ifbit firsty _pulse,aflags
: sbiten calc2,aflags
sbit firsty_pulse,aflags
45 ifbit direction2,aflags ; y_update
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Id nxt_a stat,#0 ret stop_operation: rb|t stop_ corrmand butt®n$ f’!!ﬂ?gﬁ‘ﬂsj sr
stop2notors 20 sbhit en_calc,lflags sbhit fix_t_en, fIagsZ r bi ' '
enddata,flags 1 rbit start,flagsl rbit end, flagsl 25 sbhit stop, fl agsl
sbit type™d&Hed flags rbit self t_conmand, buttons fl agsectm.onoii

sel ft_stat,#0 rbit start _stop,buttons flags 30 Id autorun_stat,#0 rbit

home__ commnd _pc,buttons flags rbit home _command, buttonsfl ags Id
hon-e Stat #0 ret 35 -*********+********+**************++**** SeCt S t

sel ect,romi‘npage self t _states:1d a,selfl stat 40 add-a, #l ow(jrrp st_stat)

jid ;jnmp pcmﬁa]stdtmst stat:.addr s _tQ s _ti,s t2,s t3,s t4,s t5 s t6

s t0: jnp sgg,p tT)st Iféﬁ!s%ﬁﬁﬁﬁ 453-t2: inp self test2 '

PCT/ILOl/Olgfgllaé? gf 5768 s t3: jnp self test3 s t4: jnp
test5 s t6: inp self test6 5 end st

sel f test_Afrr-Ef a&;
st atg npmai it stop‘.,aﬂagsel f test,romself testOld tenp, #1low wordsel ftest)

Id nxt_a_stat#0
jmp a_staté 06

a_staté_03:sc :y_down
10 Id a,pls_y0
subc g,#1
X a,pls y0
ld a,pls_yl
- subc a,#0

15 X apls_yl

jmp a_stat6 06

a_staté_04:1d a #Off ; 096
ifgt a.pls_yl o
20 Jmpa_stat6 05
- sbit stop2,aflags
Id nxt_a_stat,#0
Jmp a_statb_06

25  a_staté 05:1c ;y_up
Id a,pls y0
adc a,#1
x a,pls y0
Id a,pls vyl
30 adc a,#0
x a,pls_yl

a_stato_06:1fbit stop2,aflags
jmpe a statg
35 ifbit enl_calc2,aflags
' isrv2 calc
jmpend a_stat ;>0

e a_stat6:
40 rbit t3¢0,t3cntrl
sbit t3a,pl
shit control3,pa ; turn off motor 2
sbit control4,pa
Id a,nxt_a stat
45 X a,ang stat
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10 jsr type_stringl ifbit home linit,pbi jnp self testO 0 % % MAY @B#b switch
open - not i n home position. rbit honme_conmand, buttons flags Id

hone_st at , %547@) self testl _O; O-micro switch closed - in hone

posi ti.on, se? t'esSt0_0:sbit honme_comand, buttons _flags |d RERELEOARI#0 |d
selft stat,#1 20 inp end st stat self testl ifbit

home commnd buttons flags inp end_ st _stat PCT/1L07101121 25 self

testl 0:17d I|near_stat #1 ; nove linear forwards 50mm |d rbytel, #08

0, 1, 2=0= speedl 3=1= direction forwards ; 4=0= linear notor. Id

rbyt e2, #1 ow( 8B56ppl.thlageyt e3, #hi gh(6850) ; 50mmt 136pul se per nm = 6800. Id
sel f stat, #2/n30c sebthtst est1_I:rbit limts_c_en,limts_flags rbit

st opl, Iflagsﬁps]eérfd nwesdl 2 jB8p end_st stat self test2:ifeq linearstat, #0 ;
wai t untela gﬂamegrrblﬂ%grﬂagglrrpl ete mssion. 35 inp selftest2 0 jnp end st

stat sel f_ fess qmg stat,#1 ; nove angul ar up 150 pulses. Id
roytel, #018 direction up ; 4=1= angular notor. 40
Id rbyte2, #1% g plgﬁig%uﬁpgséggs“ _stat,#3 rbit stop2, aflags sbit
encal c2, af | gs 4! £8st1 2 48 WD 02/ 45768 sel ftest 3: i feq

ang_st at, #0 . ’ft Z&r notor conplete mission. inp self test3 0
i-np d st er@efiﬂt%st3 Poit en_cal c2, aflags Id ang_stat,#1 ; nove
angul“ar dom‘%b@‘ﬁ%@@@@@uﬁﬁﬁﬁaﬁ #010 ; 0,1, 2=0= speedl ; 3=0= direction
down ; 4=1= JEHyEdalsibt or>0 I d rbyte2, # ow 300) -

sbit end,flags1

sbit type_end,led flags -
15 ifhit stuck,flags1

sbit type_stuck,led_flags

Jmpend_a stat 3 ->0

;************************************************_***
20 a_stat7: ifbit pulse2,aflags
jmp a_stat7 01
jmpe_a stat7

a_stat7_01:rbit pulse2,aflags
25 ifbit direction2,aflags ; y update
jmp a_statd 03

a_stat7_02:sc ;¥ down
ld a,pls y0
30 subc a #1
o X a,pls y0
L ida,pls y1
‘ subc a,#0
x a,pls yl
35 jmpe_a stat7.

a_stat? 03:rc ;y up
1d a,pls_y0
adc a,#1
40 x a,pls_y0
Id a,pls_y1
adec a,#0
xapls y1

45 ¢ a stat7:jmpend a stat ;.->0
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10 1d rbyte3, #high(300) Id selft_stat,#4 rbit stop2, aflags gipmmy SENS
testl 2 15 self test4: ifeq ang stat,#0 ; wait until angular notor conplete
m ssion. i s_%f test4 0 jnmp end_st_stat 20 self test40O1d ang_stat, #1 ;
nove angu ar agal n up 150 pul ses. Id rbyte 1,#018 ; 0,1, 2Fa/Bpeedk: ; 3=1="
direction up ; 4=1= angular notor. |Id rbyte2 #150 Id rbyte3 #0 . 1d
selfr_stat,#5 25 rbit stop2,aflags shit en _calc2,aflags inp self testl 2
self test5:ifeq ang stat,#0 ; wait until angular motor conpl ete nission. .
30 inp self test5 0 inp end_st_stat self test5 Orbit en_calc2,aflags 35 Id
| i near &tttk monre + Himear - bae knwand s 50mm. « Jid«Lbyt el , 40 0, 1, 2=0= speed| ;

- 3=0= di g@cgtbpr},ug@ggy@rr ; 4=0= linear notor. |Id rbyte2, #l om 6850) Id
- r byt e3, s#dyvg{b(t&g@[g) ton] mm = 6800. 40 Id selft_stat,#6 inp
self testl thitgRbhady SOp gﬂg%eq%?l neacr?topﬁfeat #0 ; wait until |inear notor

npl ete mggsinn, |rrp self test6_0 45 jnp end_st_stat 49 r 5 MAY 2005 WO

‘ 02/ 45768 sq. b g otl Old selft _stat,#0 rbit selft_command, buttons flags 5
rbit stuck agsi Eiatenp #l ovv(wordready) j sr type_string | inp
gont

a
end_st statld énear%atgoh p_sel ect, rom i npage

ld nxt_| stat,#0
10 sbit stop2,aflags ; turn off motor 2
rbit t3¢0,3entrl
sbit t3a,pl
sbit control3,pa
sbit control4,pa
Id ang_stat #0
td nxt_a_stat,#0
ret
stop operatmn rbit stop_command,buttons_flags
jsr stop2motors
20 sbit en_calc,lflags
sbit fix_t_en,flags2
'rbit enddata, flags1
rbit start,flags1
_ rbit end,flags]
25 sbit stop,flags1
- shittype_stop,lcd flags
tbit self_t_command, buttons _flags
Id selft_stat,#0
rbit start_stop,buttons_flags
30 Id autorun_stat,#0
: rbit home_command pc,buttons _flags’
rbit home_command, buttons _flags
ld home_stat,#0
ret
-sect s_t_select,rom,inpage
self_t_states:id a,selft stat
add a,#low(jmp_st_stat)
jid ; jmp peu,[a]
40
jmp_st_stat: .addr s t0,s tl,s 28 13,5 t4,5 t5,5 t6

5_t0: jmp self test0

s tl: Jmp seif test]
45 s t2: jmp seif test2
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home_p_states: 1 d a, home stat add a, #l ow(j np_h_stat) 15 jid'. f§ mpYpgensla]
jmp_h_stat:.addr h_pO,h_pl. h_pGjnmp home_pO 20 h_pl:jnphonme_pl .sect
home_posi t i wo agys7éem 25 hone_pO ifbit hone_limt,pbi ; O0-m itch
closed - in hone position,. inp honme_p0 2 ; 1-micro sw tch'%‘%’@%%%”ﬁf in
honme position. inp-hone_pl_ O PCT/I1LOL/ 01121 honme_pO0_2:jsr stop2notors 30
1d lcd flags,#0 rbit direction,lflags ; so the bottom woul dn't shut down
the notor. 1d linear_stat,#1 ; nove |linear backwards 200mm |Id rbytel, #0 ;
0, 1, 2=0= speedl ; 3=0= direction backwards ;4=0=linear notor. 35 Id

rbyt €2, #| O 27FH LIS byt e3, #hi gh(27200) ; 200mt 136pul se per nm =
27200.. TBFtiner epi_testd ags shit fix_t_en,flags2 rbit start,flagsl 40 rbit
stop, f| agsltS: i selefpdtY lags | rbit enddata.flagsl 1d homestat,#1 ifbit
sel ft _conmtdnpuseidist@ | ags 45 ret 50 1d tenp, #/ om wor dhone) | sr
type_stringl PCT/ILO/01121 hone_pl : ifeq linear_stat,#0 ;wait until

| i near no¢ml stcompingd atmossion. 5 jnp honme_pl _Oret home_pl _Old

home_st at ;*#@ &8+ rbit+<hemecommadyQukions_flags rbit epi,flagsl ifbit

stuck, Tl agedt self Wsthage_pl I 1d pl's_x0, #0
self test0:1d temp,#low(wordselftest)
10 jst type_string]

ifbit home_limit,pbi
jrap self_test0 0  ; 1-micro switch open - not in home position.
rbit home command,buttons_flags
| ld home_stat,#0
15 Jmp self testl_0  ; O-micro switch closed - in home position.

self_test0_0:sbit home command,buttons flags
Id home_stat,#0 o
Id selft_stat#1
20 Jmp end_st_ stat

self testl:ifbit home command,buttons_flags
Jmp end_st_stat

25  self testl_0:ld linear stat#1 ; move linear forwards 50mm. i
1d rbyte1,#08 ; 0,1,2=0=speedl ; 3=1= direction forwards ; 4=0= linear motor.
1d rbyte2 #low(6850) IR ' : '
Id rbyte3, #high(6850) ; 50mm* 136pulse per mm = 6800.
Id selft_stat#2 | -
30 self_testl I.rbit limits_c_en,limits_flags
rbit stopl,lflags
self_tgstl__E:jmp end_st_stat

) seIf_te‘:st’.Z:ifeq linear_stat,#0 ; wait until linear motor complete miésion.
35 jmp self test2 0 ' ' '
jmp end_st_stat

self_teizﬂt_){):ld ang_stat#l ; move angular up 150 pulses.
rhytel #018  ;0,1,2=0=speed] : 3=1= directi el
40 " rbitez,#lso 0,1,2=0=speed] ; 3=1=direction up ; 4=1= angular motor.
ld rbyte3 #0
Id selft_stat,#3
rbit stop2,aflags
shit en_calc2,aflags
45 jmp self_test]l 2
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15 1d pls_xI,40 1d plsyQ#0 |Id pls_yl,#080 honesl_1:ifbit se fWY
t-command, buttons flags ret itbit stuck,flagsl ret Id -5 MAY 2006
‘tenp, # omwmersesdy) jsr type_stringl 25 ret . sect Iim't%]c Ky LLom

I B §pilzénd

limts check:1d a,pbi ; general limts check (linmits = b5,
a,#060 ; GO - if the angular limt switch is on. 30 ifne a,#060 jnp
limts_checkO O rbit hone,flagsl ; signal to the pc that we are not in hone

position. rbit bottomflags 1 signal to the pc that we are not in buttom
position. ret 35 limts_checkO O0:x a,b ifbit hone_limt,b jnp
limts_checkl-0 40 sbhit home,flagsl ; signal to the pc that we are in hone
posi t i oW/ l_ipPtifasdne oigtfila geitinnti]l shgrial mbtor theplpe hikgbaWe are not in buttom
" position. Jirfpoietl_@itBeltion,Iflags jnp linmits _checkO | sbit .stopl,|flags ;
turn of f nutgrend_st4Batr bit t2cO t2cntrl WD 02/ 4.5768 sbhit t2a,pl rbit
~conbrol 1,pa rbit control2,pa Id linear _stat,#0 5 itbhit stop2, afl ags
rbit stsehliebB3a@sit dd chlePpi#kow( wor dready) jsr type_stringl limts checkO

1. ret 40 bataﬁg)*@m&@s,ﬁorvlgia;lgggltamw&ﬁﬂsgpttons_f lags 1d a,pli

Id rbytel,#010  ; 0,1,2=0=speedl ; 3=0= direction down ; 4=1= angular motor.

ld rbyte2,#low(300) .

10 id rbyte3 #high(300)

Id selft_stat,#4

rbit stop2,aflags

Jmp self_test] 2

15
self_t;stﬁ;:ifeq ang_stat,#0 ; wait until angular motor complete mission,
Jmp self test4 0 ' '
jmpend st stat

20 self_teiztﬂr_O:Ed ang_stat#l ; move angular again up 150 pulses. : N

' rbytel #018  ; 0,1,2=0=speed]l ; 3=1= directi A= :
1d thyte2 £150 speedl  ;3=1 cf{lrecnon up. 3 4=1= angular motor
1d rbyte3 #0 ' T
1d selft stat,#5

25 tbit stop2,aflags
shit en_calc2,aflags
jmp self testl 2

self_te'stS :ifeq ang_stat,#0 ; wait until angular motor complete mission. -
30 jmp self_test5 0 '
jmpend st stat

_ self_test5_O:ubit en_calc2,aflags

35 Id linear_stat,#1 ; move linear backwards 50mm. :
Id rbytel,#0 ; 0,1,2=0=speed] : 3=0= direction backwards ; 4=0=linear

motor.

ld rbyte2 #low(6850)
Id rbyte3 #high(6850} : 50mm™*136pulse per mm = 6800.

40 Id selft_stat,#6
jmp self_testl 1

self_testéifeq linear_stat.#0 ; wait until linear motor complete mission.

jmp self _test6 0
45 jmp end_st_stat
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and a,#0a0 x a,b ifeq b,#0a0 45 inp b_t0_0l 10 Id pls_x 1,#0 Iwhy'ﬁmS
pls x0,#0 1Id pIsyO #0 1d plsyl,#080 15 inp linits checIQl I|5rri
- checkl Orblivh ) (fslagsl ;signal to the pc that we are not in hone

5 £

position Ptomlimit b _, inp limits checkl O PCT/AL01/01121
~limts_checlQo:rbit bottomflagsl ; signal to the pc that we are not in
buttom position. limts check2 1: 35 ;ifbit angular limt,b 20 sbit
" bottomflagsl ; signal to the pc that we are in buttomposition. itbit
~direction,lflags inp limts _checkl_| inp limts checkl 2 Ilimts
~checkl | .jsrstop2mptors 25 rbit start,flagsl 1d tenp, #/ ow( wordbottom jsr
type stringl limits_checkl 2: Idp| s_xI #066; to be calibrated. -30 Id

~ pl s_x0, #0&8;fi @RG'@E@E&&%&%' WO 02/ 45768 jmp b_t0_03 PCT/1LOL/01121
b t0 01: ifeq rg;tga% d%ﬁ%{%gf(gﬁressed jmp b t002 51d a,ritut dec
kﬂagn

Ca x a kitut —FB]Q-S tr,#0 |d home_position_cntr,#0 10

I mp end b_te ld temp,#low(wordready)
Jjsr type_stringl
jmp end st stat
10

e ; ok
3Rt ko s o ok ke ok eof sl o oo e o o o ok ol R B o ke ko o ek ok

.sect h_p_select,rom,inpage
home_p_states:id a,home_stat
add a,#low(jmp_h_stat)
15 jid ; Jmp pew,[a]

jmp_h_stat: addr h_p0,h_pl

h_p0:jmp home p0
20 h_pl:jmp home pl

;*****$************************************************************#******
deofe
.secthome_positioning,rom ‘ :
25 home _._pO: ifbit home_limit,pbi ; O-micro switch closed - in home position,
jmp home p0 2 ; 1-micro switch open - not in home position. -
jmp home pl 0 ' :

home_p0_2:jsr stiop2motors
30 id lcd_flags,#0
rbit direction,Iflags ; so the bottom wouldn't shut down the motor.
Ad linear stat,#1 ; move linear backwards 200mm.
Id rbytel #0 ; 0,1,2=0=speedl ; 3=0= direction backwards ; 4=0= linear
Cotor. | et
35 1d rbyte2, #low(27200)
Id rbyte3,#high(27200) ; 200mm* 136pulse per mm = 27200.
rbit stopl,ifiags
sbit fix_t_en,flags2
rbit start,flags]
40 rbit stop,flags]
thit end,flags1
rbit enddata, flags]
ld home_stat,#1

ifbit self_t command,buttons flags
45 ret N
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b t0_03: ifeq ritut,#0 ; a key was pressed. ritut checks if it 'SM@{E@@;{
press on inp b tlL 00 ; a key, or just a vibration of the key. Db_t 0_ ld
ritut, #5 3pgpzhsestart _stop_entr, #0 Id home_position_cnt rﬁg@;/n&ﬁ)_t 0 02 -
b tl _00: ifbit start_stop,b 20 jnp b_t2 00 : start-stop ke i
pressed. ifbit start_stop,buttons_flags ; start-stop key was pressed to
stop operatio, inp b tl 02 ifbit honme_conmand, buttons flags inp b_tl _02

25 ifbit self t_conmmand, buttons flags jnmp b t102 Id a, start_stop_cntr ;

start-stop key was pressed to start operation. 1inc a x a,start _stop_cntr
30 ifgt a,dldigapfhpviyordhodte) imp b t2 00 --------------- start/stop autorun
key was pressoge-siHagl------------- b tl O01l: ifbit start stop,buttons_flags

35 inp b_tl02 shit start_stop, buttons flags ; start button was pressed to
start op@hatlonfeq litkaRWtOBON St uit hoR rhebCoBbl40 misdhel | _02: sbit

st og_comangyPrikons_fl ags; start button was pressed again to stop ‘
"operation. fbit start_stop,buttons_flags 1d autorun_stat,#0 inp b_tO &4 45°
53 WD 02/ 45768 PCT/1LO /01121 b_t2_00: ifbit honme_position,b jnp
end_b test 1d a, honme_position_cntr inc a 5 x a, honme_position_cntr ifgt

a, #150 home_pl1_0:ld home_stat,#0
10 rbit home command,buttons_flags

rbit epi,flagsl

; ifbit stuck,flagsi

; jmp home pl_1
1d pls_x0,#0

15 1d pls_x1,#0

Id pls_y0,#0
id pls_y1,#080

home_pl_l:ifbit self t command,buttons flags
ret ' ' '

ifbit stuck,.flagsl
ret
Id temp,#low(wordready)
st type_string]
25 . ret
;*************************************************** s
.sect limits_check,rom -
limits_check:ld a,pbi ; general limits check (limits = b3,b6,b7).
and a,#060  ; 0e0 - if the angular limit switch'is on, - :
30 ifne a,#060
jmp limits_check0 0 o
rbit home,flags] ; 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 o
35
limits_check0 0O:x a,b
ifbit home_[imit,b
Jmp limits_checkl 0

40 sbit home, flagsl ; signal to the pc that we are in home position.
rbit bottom,flags] ; signal to the pe that we are not in buttom position.
ifbit direction,lflags
jmp limits_check0 1
sbit stopl.lflags ; turn off motor 1
45 rhit t2¢0,12¢ntrd
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inp b t2 0l jnp end b test ;--------------- honme positon/sel f__tSeﬁt‘ kg%'was;'
pressed ---------- - 10 b t2. O1: ifbit home |imt,pbi ; O-mcro®s C 5
closed - in h(w@(,g%s,kéi on, jnmp b t2 03 b t2 02: rbit
hone_command, buttons_flags ; not in hone position -go to hone pPeSitbd @iz |
sh t self" t_command, buttons_flags 1d selft _stat,#0 15 sbhit
fix_t_en,flags2 1d data _cntr,#21 |d save_ptr,#0 |d send_ptr,#0 rbit
enddata,flags | 20 rbit start,flagsl rbit end,flagsl rbit stop,flagsl
impbt0 04 25 b t2 03: Id a,pls_ xO ifgt a,#0 inp b t2 04 ifeq pls_xI,#0
inp b t2 02 30 BbitZa@4: sbit home_conmand, buttons flags ; not in hone
position - go toihomeopgsi tion. 1d home_stat,#0 shit fix_t_en,flags2 1Id
- datacntr, #21 | drisasaitiptZps#O 35 Id send_ptr,#0 rbit enddata,flagsl rbit
start,flagsl rhilineandiaf k@gsl rbit stop,flags | 40 inp b_tO 04 end -b
test:rets. sect ifbiewppsssRm abs=off ;interrupts address 45 push a WO
- 02/ 45768 |1d a, Srbi%ﬁﬂggsl
Id temp #low(wordready)
‘ jsr type string!l
limits_check0 1:
10 ld pls_x1,#0
Id pls x0,#0
+ ld pls y0,#0
Id pls y1,#080
s Jjmp limits_check2 1
limits check] 0-rbi Ca . '
Tbit bott“o(inrbll;f:ﬁi?e’ﬂagﬂ ; signal to the pe that we are not in home posttion.
jmp limits__checkz__o . . _
jmp limits_check? 1
jmp Iimits_checkl_E

N limits_checkl 1:jsr stopZmotors
25 : rbit start,flags]
Id temp,#low(wordbottom)
jsr type_stringl

limits_check] 2:1d pIs_xl,#066 ;1o bé éélibfatéd. -
30 Id pls_x0,#088
Jjmp limits_check2 1

limits_check2_0:xbit bottom,flags] . - o
iimits_check;’:]; om,ilagsl - ; signal to the pc that we are not in buttom position.
35 ;ifbit angular_limit,b

ret

, **********************************************

40 buttons_test:rhit buttons_t en, buttons ilags
id a,phi B
and a,#0a0
Xab
ifeq b,#0a0
45 jmp b_t0 01




Id a,b push a 51d ax push a Id a,psw push a 1d s,#0 1Q5| r‘gﬂgntr'm
rc rbit hc, psw pop a 15 and a,#0cO ;save only ¢ and he or' a; psw a, psw

pop a 20 W & “pg xa,b popa xas 25 pop a reti -sect
i nt _addres, ron abs=0 eo addrw reset ;vis w thout any inter rRILiBOI1addr W

reset ;port 1 or wake up interupts .addrwreset :t3 b .addrwreset ;t3 a
.addrw reset ;t2 b .addrwreset ;t2 a 35 addrw trnsO ;transmt .addrw
recO ;receive .addrwreset ;reserved .addrwreset ;mcro wire addrwtnrilb
ctnrl ;tlb 40 addrwtnmrla ;tnrl ;tla .addrwtmO ;tinerO .addrw reset
;external interiruptddgo .addrw reset ;reserved .addrw reset ;software intr
interrupt 45 ;*x**xkxkxx xkxkkxkxkxxxx PCT/| LOL/ 01121
: b 10 01: ifeqritut,#0 ; no key was pressed.
. jmpb_t0_02
5 Id a,ritut
deca
X a,ritut
b_t0_02: 1d start_stop_cntr#0
Id home position_cntr,#0
10 jmpend b test

: b__tO_(_}3: ifeq ritut,#0  ; a key was pressed. ritut checks if it is a real press on
_ Jjmpb_tl_00 ; akey, or just a vibration of the key.
- b _t0_04: Id ritut,#5
15 "1d start_stop_cntr,#0
; Id home_position_cntr,#0
jmpb_t0_02

b_t1_00: ifbit start_stop,b '

20 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
jmp b_tl 02

25 - ifbitself_t command,buttons flags

: jmp b_ tl _02
!d a,start_stop_cntr ; start-stop key was pressed to start operation.
inca
X a,start_stop_cntr

30 ifgt a, #150
- jmpb_t1_01
jmp b_t2 00 _
--------------- start/stop autorun key was pressed ——=-meemeeeeeeee
b tl 01 ifbit start_stop,buttons_flags

35 jmpb_tl 02
sbit start_stop,buttons_flags ; start button was pressed to start operation.
Id autorun_stat,#0
jmp b_t0 04

40 . b_tl__(_)Z: sbit stop_command, buttons_flags; start button was pressed again to stop
operation.
rbit start_stop,buttons_flags
Id autorun_stat,#0
jmp b_t0_04
45
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55 WD 02/ 45768 PCT/|L01/01121 .sect timerQromtnr O rhbit tOpndgC ntrl drsz
ledcntr ; led counter to enable |ed update every O.lsec (25*4ns % BUQSrrp

tnr0_A s G‘jzﬁdyﬁﬁdate flags2 tnr0_0O1: 1Id a, |nt _cntr ; timerOinterrupts
counter, use elp tinming a2d,fix dec a ; transmt, and@wherocmetions

according to timerO cycles. 10 x a,int cntr ifbit 0,int cntr; odd - ;
enable fix transmt. jnp tm0_011 sbhit a2den,flags2 ; even - ; enable a2d.
jnmp tnrO 02 15 tnr0 011: shit fix t_enl, fIagsZ sbi t

buttons_t _en, buttons_flags tnrO 02: i fbit stopl,lflags jnmp tnmr0_04 20

i fbit erp_c¢ald; If1lﬂﬁgl$om¢_g’9§1ms@]103 “jnmp tnr0_04 25 tmr0_03: sc ; pt=pt2-ptl
time per puljs@enlddb&@g@t o subc a, ptllo x a,ptlo Id a,pt2hi 30 subc

a, ptlhi x adgtm,lmes bstltld?n:llmx?am |flags 35 tnr0 04: ifbit stop2,aflags |jnp
tnr0_06 |fbllhcgncal‘c2 ags mptnr0_05 40 jnp tnr0_06 tnr0_05: Sc ;

Pt =p2-ptl -f | se |d a,apt2l o subc a.aptllo 45 x a,aptlo 56 - 5
MAY 2005 i fgé‘ggij-llés)% Slrt)%n Chtr

jmpb_t2 0t
jmpend b _test
;--=~=—------=-- home positon/self test key was pressed -----e-cemmmccmee
10 b_t2 01: ifbit home - limit,pbi  ; O-micro switch closed - in home position,
jmp b_t2 03 : ’
b_t2 02: rbit home_command,buttons _1lags ; not in home position - go to home position.
sbit self_t command,buttons flags ' ’ :
‘ Id selft_stat,#0
15 sbit fix_t_en,flags?
Id data_cntr,#21
Id save pir,#0
Id send_ptr,#0
rbit enddata,flagsl
20 rbit start,flagsl
rbit end, flags]
rbit stop,flags]
Jmp b_t0_04

25 b_t2 03: ldapls x0
' ifgt a,#0

jmpb_t2 04
ifeq pls_x1,#0
jmpb t2 02

30 b t2_04: sbit home _command,buttons_flags ; not in home position - go to home position.
1d home stat #0 '
sbit ﬁx_j_en flags2
Id data_cntr,#21
1d save ptr,#0

35 Id send ptr #0
rbit enddata,flags]
rbit start,flags]
rbit end,flagsl
rbit stop,flags!

40 jmp b_t0 04

end b_testrret
g A R ok oo s ook i s ool s ol ok ok kSRl o o s o ok oo ok ok o ke o o ok o e ok oo ok

o sect interups,rom,abs=0ff ;interrupts address
45 push a

54




WO 02/ 45768 PCT/1L01/01121 Id a, apt2hi subc a, apt | hi x a, apthi S\F@blt -
enl _cal c2,aflags tnr006: end_tnmO 1d a,cd_dly ; delay bef ore
direction. ifne a,#0 10 dec a x a,cddly drsz uart_tnr jnp endl ntr

jORASS i ' i bi t
recstat, #0 MOpmps7eéhd intr .sect timed rom20 tnrla: rbit ”95"910}0 , |t
tl pnda,psw inp tnrlal jnp endtnrla 25 tnrlal: rbittl pnda, psw Irg étl tII

X a,pt2lo Ida,pt I hi x-apt2hi 30 Id a,tlralo x a,ptl to 1Id a,tlrahi

i it pulse,Iflags 35 end tnrla:jnp end_intr
X %agtth::*fit?**Np*lc* k*lnglax********* K*******Vt******(%R k

CkEFOK*FF OKk*Fr*Rx tnrlb: rblttlpndb,lcntrl ld a,aptllo 40 x a,apt2lo Id
-a,aptlhl X a;da;}?fzm ld a,tlrblo x a,aptllo 45 Id a,tlrbhi

Id a,b
push a

5 id a.x
push a
Id a,psw
push a
1d 5,#0

10 vis

end intr; rc
rbit he,psw
_ pop a
15 and a,#0c)  ;save only ¢ and he
or a,psw ‘
X a,psw

pop a
20 X a,x
pop a
X ab
popa
X a,s
25 pop a
reti
R ok skl ook ok kol ol s ok sk sk ok sk ok sk ok ok

-sect int_addres,rom,abs=01e0

.addrw reset ;vis without any interrupt
- 30 .addrw reset sport | or wake up interupts
' .addrw reset 3 b

.addrw reset ;B3a
.addrw reset 2 b

.addrw reset i2a

35  .addrwtms0 = transmit
.addrw recO  ;receive
.addrw reset reserved
.addrw reset ;IMicro wire

_ .addrw tmrlb iimrl ;tlbh
40  .addrw tmrla itmrl itla

.addrw tmr0 ;timerQ

.addrw reset :external interrupt-g0
.addrw reset ;reserved

.addrw reset ;soitware intr interrupt

45 a****Wx***$xx$*******$***
o
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57 - 5 MAY 2005 WO 02/ 4768 PCT/ILO /01121 x a, aptlhi sbit pw Sd24afi ags T

end tnrlb:jnp end_.intr .sect uart _transmt,rominpage tnsOld a,trns stat
10 add a, @8%/% _stat) jid; jnmp pcu,[a] jnp_t _stat:.addr t sO,t_sl| 15
t_sO jnp 1 stat® t sl: jnpt_statl end t stat:jnmp end_i nt PCTABOYOISRat O
rbit eti,enui Id tnms_stat,#0 jnp end_t_stat 25 t _statl: |d a, send ptr ifgt
a, #89 ; 0 89 => 90 bytes jnp t_stat 1 01 Id a,send ptr x a,b 30 Ids, #1
ld a,[b+] - x a,tbuf 1d s,#0 1d a,b 35 x a,send _ptr jnp end_t_stat

t statl _01:ifgt a,#183 ; 90- 179 => 90 bytes+l

(but t onsedtltiags),rob{t _check)+2(' ED [=END]) 40 jnp end_t_statl 1d a,send _ptr
'sc subc a,#90 x a,b 45 Id s, #2 58 - 5 MAY 2005 WO 02/45768 PCT/I1LOL/ 01121

I'd a, [ bthdr0: rbit tOpnd,ientrl

drsz led_cntr ; led counter to enable led update every 0.1sec (25*4msec).

5 jmp tmr0_01
sbit ledupdate,flags2

tmr0_01: 1d a,int_cnir ; timer( interrupts counter, used to help timing a2d,fix
dec a ; transmit, and other actions according to timer0 cycles.
10 X a,int_cntr

ifbit O,int_cntr; odd - ; enable fix transmif.
jmp tmrd_011
sbit a2den,flags? ; even - ; enable a2d.
jmp tmr0 02

15 tmr0_011: sbit fix_t enl,flags?
shit buttons_t_en,buttons_flags

tmr0_02: ifbit stopl,iflags
jmp tmr0 04
20
ifbit en_calc,lflags
jmp trmr0 03
jmp tmr0_04

25 tm0_03: sc ; pt=pt2-ptl =time per pulse
i a,pt2lo
subc a,ptllo
x a,ptio
ld a,pt2hi
30 subc a,ptlhi
X a,pthi

sbit enl_calc,flags

35 tmr0_04: ifbit stop2,aflags
jmp tmr0_06

ifhit en_cale2,aflags
jmp tmr0 05
40 jmp tmr0_06

tmr0_05: sc . ; pt=pt2-ptl =time per pulse
td a,apt2lo
subc a,aptllo
45 ¥ a,aptlo
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X a,tbuf 1d s, #0 1d a,b 5 add a, #90 x a,send_ptr jnp end_§ Maat2086d t
statlad send ptr,#0 10 rbit eti,enui | d trns_stat,#0 1inp endtstat 15
sect uart _receive,rominpage recO Id a,rbuf ; receive interrupt. x a,b Id
a, checksumo 020s7a8ld a, b x a, check_sum 1Id a,rec_stat add a,ptdOmoiaz{ _Stat)
jid ;- -inp pcu,[a] 25 ) np_r_stat:.addr r_sOr_s |,r_s2,r_s3 r_sO: jnpr
statO:- r_s | : jnp-r_stat | 30 r_s2: jnp r_stat2 r_s3: inp r_stat3 end r
stat:jnmp end_intr 35 sect receive states,romr_statQO |Id checksum#0 1Id
a,b ifne a,#0f5 40 jnp e_r _statO Id rec_stat,#1 Id check_sum #0f5

er statQ I(g uarh, _tnr,#0ff 45 inmp end_r_stat 59 - 5 MAY 2005 WO 02/ 45768
PCT/ | LOL/ 01423P% 5tatl: Id a,b ifeq a,# A ; (041) ;Advance - noving
command. Py Ha@t B 2 00
x a,apthi
5 sbit enl_calc2,aflags
tmrQ 06:
end_tmr(: Ida.cd dly ; delay before changing direction.
ifne a.#0
10 dec a
x a,cd_dly

drsz vart_tmr
jmp end_intr
ld rec_stat,#0
15 Jmpend intr

.sect timer],rom
tmrla: rbit tlcO,enirl

itbit t1pnda,psw
jmp tmrlal
jmp end_tmrla

25 tmrlal: rbit tlpnda,psw
Id a,ptllo
x a,pt2lo
id a,ptlhi
x a,pt2hi
30 id a,tiralo
x a,ptllo
Id a,tlrahi
x a,ptihi
sbit pulse,lflags
35
end_tmrlajmp end_intr
tmrlb:  rbit t1pndb,icntrl
td a,aptlilc
40 x a,aptlo
Id a,aptihi
x a,aptZhi
1d a,tlrblo
x aaptlio
45 Id a,tirbhi
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5ifeq a,# S ; Stop command. jnp r_statl Ol ifeq a,# H ;_ glommpmtition
command. jnp r statl 02 ifeq a,# T ; Self Test command. 10 jnp r

- statl _03 ifeq a,# O ; QOperate auto run command. jnp r_statl 04 ifeq

a,# P wihegurkest communi cation) command. jnp r_statl _@gripolsli1EEC
stat,#0 jnp end_r_stat r_statl_01:sbit stop_conmmand, buttons_flags ;'S -
Stop. Id tbytel,#0f5 20 jnp erstat2 r_statl _02:sbit

hone_command, buttons _flags ; 'H - Honme position. |Id honme_stat, #0 -

e r _statl:ld tbytel,#0f5 25 sbit fix t_en,flags2 1d data entr,421 Id
save_ptr,#0 |Id send_ptr,#0 rbit enddata,flagsl 30 rbit start,flagsl rbit
end, fl ags ¥ aaptbht stop,flags 1 jnp e r_stat2 35 r_statl _03:sbit

self _t _command, buttons flags ; 'T' - Self Test. 1d selftstat,#0 jnp
e_r_stat| gbitstudel afldgsbit start _stop, buttons_flags ; 'O - Operate auto -
run command. 40 Id autorun_stat,#0 jnp e_r_statl r_statl 05:1d thytel, #0f5
;' B -erfdl B8e1b:jing eRB, #Ef O 45 jnp e_r_stat2 60 - 5 MAY 2005 WO 02/ 45768
PCTI | L-@kF:Dkﬁh:]ﬂi*ﬂ*isicﬁtﬁi&@ﬁ*l*d*ﬁﬁﬁ&&ﬁ&%*#Q*#ﬂ*&byiﬁgmum #4 ; nunber of bytes

to be &8 %Bﬁfﬁpansmit,rom,inpage

tms0:1d a,trns_stat
10 add a#low(jmp _t_stat)
jid ; Jmp peu,[a]

jmp_t_stat: .addrt_sO,t sl

15t s0: jmpt stat0
t sl: jmpt statl

end_t stat;jmp end_intr
3
20 t_statO: rbit eti,enui
1d tmms_stat,#0
jmpend_t_stat

25  t_statl: ld a,send_ptr
ifgt a,#89 ; 0-89 => 80 bytes
jmpt_stat]_01
Id a,send_pir
X a,b

30 1d s,#1

' 1d a,[b+]
x a,tbuf
1d 5,20
fd ab

35 x a,send_ptr
jmpend t stat

t statl_01:fgt a,#183 ; 90-179 => 60
bytes+1(buttons_flags)+1{t_check)+2('ED'[=END])
40 jmpend_t statl
1d a,send_ptr
sc
subc a,#90
x a,b
45 1d s,#2
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Id receive_ptr,#rbytel 5 jnp end_r_stat rstat2: Id a,recei Vegtl‘ﬁA‘ﬂ' %Fi»
[receive ptr] x a,x Id a,b ; receive ptr + 1 -> receive pfrY X 'a,~ [%x+] 10
Id a,x x a,receive_ptr drsz rbyte_ num jnp end r _stat shit start, fl agsl
15 rbit swomxfikmgs! rbit end,flagsl sbit fix t_en,flags2 pdif@ioriz1
trns_stat,#1 jnp r_stat2 01 20 Id data_cntr,#21 ; ******xx*x*x*xx |
save _ptr,#0 1d send ptr,#0 r _stat2 A:ifbit notor,rbytel ; O-notorl, |
-nmotor2. jnp r_stat2 03 25 Id a,rbyte3 ; nmotor | ifne a,#O jnp r_stat2 02
Id a,rbyte2 30 ifgt a,#0 jnp r_stat2 02 sbit stopl,lflags ; distance=0
->Stop rmto&!! rbit start,flags 1 sbit end,flagsl 35 1d nxt_|_stat,#0 1d
li near st atd %#ébﬂj np r_stat2 05 r_stat2 2:id linear_stat,#1 sbit
type start Xlaghuf | ags: type "start' at line 2 of lcd. 40 rbit
limts cenld$mlts flags rbit enddata,flagsl rbit stopl,Iflags jnp
r_stat2 O5ldigbr stat2 03:1d a,rbyte3 ; notor 2

5 add 2,%#90

X a,send_ptr

jmpend_t stat

end_t_statl:ld send ptr.#0
10 rbit eti,enui
Id trms_stat,#0
jmp end_t stat

o 3k s e s s ok e oo o s ok 35 o ol o b ok ok ke of s ok ok ok s o o e ok e stk s sk o ek ok ok ok ook
2

15 .sectuart_receive,rom,inpage

recO: Id a,rbuf ; receive interrupt.
- Xxab
Id a,check_sum
20 add a,b
x a,check_sum
1d a,rec_stat
add a,#low(jmp_r_stat)
jid ; jmp peu,[a]

o]
Ln

jmp_r_stat: .addrr_sO,r sl,r s2,r s3

r s0: jmp r_stat0
r sl: jmpr_statl
30 r_s2: jmpr_stat?
- r_s3: jmp r_stat3

end_r_stat:;jmp end_intr
e o ok e ke s s ok ke ok o sk o ok ook ool ol ol sl ol st ok ofe ok ook ok ol e ek
3

35  .sectreceive states,rom

r_stat0: 1d check_sum,#0
1d a,b
ifhe a,#0f5
40 jmp e r_stat0

Id rec_stat,#1
1d check sum,#0f3
e_r_statQ:1d vart_tmr#0ff
45 jmpend_r_stat
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61 5 MAY 21! 05 WD 02/45768 PCT/1L01/01121 ifne a,#0 jnp r st§nE 94280k5d
a, rbyte2 ifgt a,#0 5 jnp r_stat2 04 sbit stop2,aflags ; dist 0"->St op
notor!! rbit start,flagsl sbhit end,flagsl Id nxt_a stat,#0 10 Id
ang_st at W6 or/gres _Stat 2_05 r_stat 2_04: | d ang_stat, #1 ; notf/RobPitb:
type_start,lcd _flags; type 'start' at line 2 of lcd. rbit enddata,fl agsl
15 rbit stop2 aflags r_stat2 05:1d a,checksum; load byte to transmt X
a,tbyte 1 20 e r _stat2:1d a,thytel ifeq trns_stat,#o X a,tbuf Id-
rec_stat,#0 rbit stuck,flagsl 25 jnp end r_stat 30 r stat: jnp end_r_stat
sect datasend rom data_ send ifbit tix t_ en 1l , flags2 jnp d_sOret 35
d sO rbit fIX t enl,flags2 drsz data cntr jnp d_sl ; transmt s2 and s3
40 |d a8 daB is t he sync. sign. x a,tbuf ; then send the data to the
conput er  [fdg aFit t on&4l} agAdxanae b nlosing, donoheek

jmpr_stat2_00

5 ifeq a,#'S' ; Stop command.

impr_statl 01

ifeq a.#H' ; Home position commang.

jmpr statl 02

ifeq a,#T ; Self Test command.

i0 jmpr_statl 03

ifeq a,#0O' ; Operate auto run command.

jmp r_statl 04

ifeq a,#'P' ; Ping (test communication) command.

jmpr_statl_05

i5 [d rec_stat,#0
jmpend r stat

r_statl _Ol:sbit stop_command,buttons flags ;'S'- Stop.
Id thytel,#0f5
20 jmpe r stat2

r_statl_02:sbit home_command,buttons_flags ; 'H' - Home position.
Id home_stat,#0
e_t_statl:ld tbytel ,#0f5
25 shit fix_t en,flags2
1d data_cntr,#21
1d save_ptr,#0
ld send_ptr, #0
rbit enddata,tlags]
30 rbit start,flags!
‘ rbit end,flags1
rbit stop,flagsl
jmpe_r_stat?

35  r_statl_03:sbit self t command,buttons flags ; 'T" - Self Test.
Id selft_stat,#0
jmpe r statl

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

r_stat]_05:1d thytel #0f5 ;"P' - Ping,

id pb,#0{0
45 jmpe_r_stat2

60




45 1d s,#2 WD 02/45768 x a,05a 1Id a,b x a,05b 1Id s,# 5_I Pﬁﬁogﬁm%ld
s,#0 x a,0 ifbit enddata,0 ifbit enddata,flags | 10 rbit tix't_en,Tlags2
Id tcheck,#0 1d trns_stat,41 1|Id data cntr,#21 1d save ptr,#0 15 Id send
ptr,#0 sBOw2@%i6senui jnp end d s d s |I: ifeq data _cntr,re1h@01/2G21 d
save_ptr,#0 Id a,#11 ifgt a,data _cntr jnp d_s2 25 1d b,#flagsl I1d a,[b-]
push a Id a,[b-] push a 30 1d a,[b-] push a 1Id a,[b-] push a 1d a,[b-]
35 push a 1d a,[b-]- push a Id a,[b-] push a 40 Id a,[b-]

r_stat2_00:1d rec_stat,#2
ld rbyte_num,#4  ; number of bytes to be received
ld receive pir,#rbytel
5 jmp end_r_stat
r_stat2: Id a,receive ptr ; rbuf -> [receive ptr]
X a,X
ld a,b ; receive_ptr + 1 -> receive ptr
X a,[x+]
10 Id a,x
X a,receive ptr
drsz rbyte_num
jmpend_r_siat
sbit stari,flagsl
15 rbit stop,flagsl
rbit end,flags]
sbit fix_t_en.flags2
ifeq trns_stat,#1
jmp r_stat2_01
20 Id data_cntr,#21  ; *FFEFdrssknk
1d save_ptr,#0
1d send_ptr,#0
r_stat2_01:ifbit motor,rbytel ; 0-motorl, 1-motor2.
jmp r_stat2_03

Id a,rbytel ; motor |
ifne a,#0
jmpr_stat? (2
Id a,rbyte2
30 ifet a,#0
: jmpr_stat2 02
sbit stopl,lflags ; distance=0 ->Stop motor!!
rbit start,flags]
sbit end,flagsl
35 1d nxt_|_stat,#0
Id 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.
40 rbit limits ¢ en,limits flags
rbit enddata,flagsl
rbit stopl,lflags
jmpr_stat2 05

45 r_statZ_03:1d a,rbyte3 ; motor 2
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push a 1d a,[b-] push a Id a,save_ptr 45 x a,b |oad data Td $14ckags
flagsl pls .yl pls yO pls xI PISx0 hall2 halll current2 currentl

- save data from stack. 63 PCT/1L01/01121 - 5 MAY 2005 WO 02/45768 1d a,b x
a,x |d swob4pwp. a 5 x a;[b+] pop a x a, [b+] pop a x apci/hsli/oid pop a
x a [b+ pop ax a [b+t] pop a 15 x a,[b+] pop a x a,[b+] pop a x a

[ b+] 20 pop a x a,[b+]

ifne a,#0
jmpr_stat? 04
Id a,rbyte2
ifgt a,#0
5 jmpr_statz 04

shit stop2,aflags ; distance=0 ->Stop motor!!
rbit start,flagsl
sbit end,flagsi
id nxt_a_stat,#0

10 Id ang_stat,#6
jmpr_stat? 05

r_stat? 04:id ang_stat,#1 ; motor 2
sbit type_start,led ﬂags type 'start' at hne7 of led.
rbit enddata,flagsl
15 rbit stop2,aflags

v_stat? 05:1d a,check_sum ; load byte to transmit
X a,tbytel
20 e_r stat2:1d a,tbytel
ifeq trms_stat,#0
x a,tbuf
1d rec_stat,#0
rbit stuck,flagsl
25 jmpend _r stat

r_stat3: jmpend r stat

2

.sect datasend,rom

data_send:ifbit fix_t enl,flags2
jmp d_s0
ret

35 d_sO:rbit fix_t eni,.flags2
drsz data_cntr
jmp d_sl

; transmit s2 and s3
40 1d a,#13 ;13 is the sync. sign.
x a,tbuf  ; then send the data to the computer
1d a,buttons_flags
xa,b
1d a,t_check
45 id s,#2

T
bo



Id a,t_check ; conpute check sum x a,b Id a, [x+] . b=t c@eﬂmY 2085
currentl 25 add a,b ; a = currentl + b xa,b ;b=a a, [x+] add a,b x a,b
30 Id a,[x+] add a,b x a,b Id a,[x+] add a b 35 x a,bld a,[x+] add
a,b x awobzzsgx+] 40 add a,b x a,b Id a,[x+] add a, pepoLgd 45 1d
a,[x+] 64 PCT/1L01/01121 - 5 MAY 2005 5 10 WD 02/ 45768 add a,b x a,bld a,

[ x+]

a, [b-]

10

15

20

I~
wn

- 30

35

40

45

a =fl agsl
‘a, X X a,save_ptr jmp end_d_s d_s2:

d sl:

x a,05a

Id a,b

x a,05b

Id s,#1

1d a,05%

1d s,#0

x a0

itbit enddata,
ifbit enddata,flags]
rbit fix_t_en,flags?
Id ¢t check #0

ld trns_stat,#1

Id data_cntr,#21

id save ptr,#0

1d send_ptr,#0
sbit etl,enui
jmpend d s

ifeq data_cntr, #10
Id save ptr,#0

Id a,#11

ifgt a,data_cntr
jmpd_s2

Id b #flagsl
{d a,[b-]
push a

Id a,[b-]
push a

1d a,[b-]
push a

1d a,[b-]

; pls

. pusha

1d a,[b-]
push a
id a,[b-]
push a
Id a,[b-]
push a
1d a,[b-]
push a
1d a,[b-]
push a
Id a,save ptr
x a,b

, pls_
; pls_

s pls_:

adda, b ;a=flagsl+b Id
Id b,

; load data to stack.
; flagsl

vl

y0
x1

x0

; hall2
; halll
; current2
; currentl

: save data from stack,

x a,t check Id
I d

tcheck = a
| oad data to stack.

s, #0 ;
#flags | ;
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15 push a Id a,[b-] push a 1d a,[b-] push a 20 1d a,[b-]_ 5pg§\{];l ?ﬂﬁﬁld
a,[b-] push a 1da, [b-] 25 push a 1d a,[b-] push a 1da~b- push a
30 Id a,[b-] push a Id a,save ptr save data fromstack. x a,b Id a,b 35

X a,x |dwsydssigsop a  x a, [b+] pop a 40 x a,[b+] pop a permoilRidi pop a
x a, [b+] 45 pop a 65 PCT/I1LO V01121 - 5 MAY 2005 WD 02/ 45768 x a, [ b+]
pop a x a,[b+l pop a5 x a, [b+t] pop a

Id a,b
X a,X
Id s, #1
pop a
5 X &,[b+]
pop a
X 4,[b+t]
pop a
x a,[b+]
10 pop a
X a,[b+]
pop a
X a,[b+]
pop a
15 X a,[b+]
pop a
X a,[b+]
pop a
x a,fb+]
20 pop a
X a,[b+]
Id a,t_check ;compute check sum.
X a,b .
Id a,[x+] ; b=t_check, a = current]
25 add a,b ;a=currentl +b
xab :b=a
Id a,[x+]
add a,b
X a,b
. 30 1d a,[x+]
' add a,b
- Xab
id a,[x+]
add a,b
35 X a,b
ld a,[x+]
add a,b
xab
Id a,[x+]
40 add a,b
xab
id a,[x+]
add a,b
X 4,0
45 Id a,{x+]
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+] pop a x a,[b+] 10 Id a,tcheck ; conpute check sum g XAR, 05 d
; b=13, a= currents add a,b ; a = currentl + b xa,b";b a 15 Id
add a,b xa,b 1Id a,[x*] add a,b 20 x a,b Id a,[x+] add a,b x
a,W¥Rep/H43®8 add a,b x a,b Id a,[x+] add a,b x a, rc3arbroaz{ x+]
b x a,blda, [x+] add a,b 35 x a,b lda,[x+] ;a=flagsl add a,b ;
gsl + b lds,#0 ; t _check = a 40 x a,t_check Id a,x x a,saveptr end

S: ret 45 +*xFx %k * *X + * * X *x* K*x _ % X X*_***M ** **k* PC‘I‘/'LOl/OllZl
5 MAY 2005 WD 02/45768 PCT/1LOL/ 01121 '

add a,b : .
X a,b ‘
Id a,[x+] ;a=flagsl

add a,b ;a=flagsl +b

Qoc——o
X X -

—®» — + 4+
a——o

Q -

OO0 YO ®X
-
—

(o]
1

id s,#0 ;t check=a
x a,t check

id a,x

X a,save_pir

jmpend_d_ s

d_s2:1d b,#tlagsl ; load data to stack.

1d a,[b-}

15 ‘push a
1d a,[b-]
push a
ld a,[b-]
push a

20 ld a,[b-]
push a
1d a,[b-] '
push a
Id a,[b-]

25 pusha
Id a,[b-]
push a
Id a,[b-]
pusha

- 30 Id a,[b-]

pusha
Id a,save pir : save data from stack,
X a,b
idab

35 X a,X
id s,#2
pop a
X a,[b+]
pop a

40 X a,[b+]
por a
X a,[b+]
pop a
x a,[b+]

45 pop a
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.sect a2d_converter,rom a2d0OO rbit a2den,flags2 ; the a2d_ By Py gldcks
hal | | +2 and currentl +2 Id enad, #082 ; c=>adch8=b0O, 2=>psr=I=ntl k di vi de by
16. sbit adbsy,enad 5 a2dOL: ifbit adbsy,enad jnp a2d0l id a,adrsth x
a, hal I I MO 8H&EdsH092 ; c=>adch9=bl, 2=>psr=l=ntlk divi de RCTIBO1/0QOI sbi t
adbsy, enad a2d02: ifbit adbsy,enad jnp a2d02 Id a,adrsth x a,hal12 15 Id
enad, #0a2 ; c=>adch10=b2, 2=>psr=l=ntlk divide by 16, sbit adbsy, enad
a2d03: ifbit adbsy,enad jnp a2d03 Id a,adrsth” 20 x a,currentl 1Id
enad, #0b2 ; c=>adchl 1=b3, 2=>psr=l=ntlk divide by 16. sbit adbsy, enad
a2d04: if bi tﬁ%f)sy, enad jnp a2d04 25 Id a,adrsth x a,current2 ret .-~k
k#*8: >k k &3PG N #k~k#k. | . fi #akax#kok+k#* +k9e-Kk+k>' F*: k*k -k k k >k k K>k
k##tk 9%k >kPRBR . sect velosity cacul ation,rom 30 v_calc:
rbitenl _cak&lbfiags 1d a,t refO x a,0 35 1d a,t refl x a, | Id a,pthi
ifgt a,1 400pAp tooslow Id a,l if-,t a,pthi jnp toofast
5 X a,[b+]
pop &
X a,[bt]
pop a
X a,[bt]
10 Id a,t_check ;compute check sum.
X ab
Ida,[x+] :b=13, a=currenti
add a,b ;a=currentl + b
xab :b=a
15 1d a,{x+]
add a,b
X a,b
1d a,[x+]
add a,b
20 x ab
Id a,[x+]
add a,b
X a,b
id a,{x+]
25 add a,b
X a,b
Id a,[x+]
add a,b
X a,b
.30 Id a,[x+]
add a,b
x a,b
Id a,{x+]
add a,b
X a,b
Ida[x+] ;a=flagsl
add a,b ;a=flagsl +b

3
n

1d s,#0 ;t check=1a
40 x a,t_check

1d a,x

X a,save_ptr

end d s: ret
45 o sk o ok S oo o e o sk ot o ke o e of o o8 o o ok s o o e s e sk o o e ol e o e s o ok e e ke S 2ok ok o ok ok skl sl e
2
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Id a,ptlo 45 ifgt a0 67 - 5 MAY 2005 WO 02/ 45768 PCT/1LO / OL1@RYj 2995
tooslow Id a,0ifgt a,ptlo jnp toofast 5 ret ; if they are equal the
speed is ok tooslow se ; err= (pt - t_ref) _> (4,5 Id a,ptlo ;

i ft2ra+terWVORHODE t henpw=1000 (fastest): subc a,0 10 x a,BECWHoappehi  subc
a, I xabldat2ralo 15 x a,2 Id a,t2rahi x a,3 jsr nybyk 1d a,0 20 x
a,2 ldal xa3 Ida4 x a0251da,5 xa, | jnp end v _cale toofast:
sc err=(t_ref - pt) > (4,5)-301d a,0; if t2rb + err*k >1000 t hen pwn=0
(sl owest) subc a,ptlo x a,4 1d a,l subc a,pthi 35 x a,51d a,t2rblo x

a,2 1d g.% %ﬁg_hclonveﬁer,rdm
a2d00: rbit 22den,flags2 ; the a2d prog. checks hall1+2 and current1+2
ld enad,#082 ; e=>adch8=b0, 2=>psr=1=mclk divide by 16.
sbit adbsy,enad
5 a2d01: ifbit adbsy,enad
jmp a2d01
1d a,adrsth
X a,halll
ld enad,#092 ; e=>adch9=bl, 2=>psr=1=mclk divide by 16.
10 sbit adbsy,enad
az2d02: ifbit adbsy,enad
jmp a2d02
Id a,adrsth
x a,hall2
15 Id enad,#0a2 ; c=>adch10=b2, 2=>psr=1=mclk divide by 16.
sbit adbsy,enad
a2d03: ifbit adbsy,enad
jp a2d03
Id a,adrsth
20 X a,currentl :
1d enad #0b2 ; e=>adchl 1=b3, 2=>psr=1=mclk divide by 16.
sbit adbsy,enad
a2d04: ifbit adbsy,enad
jmp a2d04
25 ld a,adrsth
X a,current?
ret

.sect velosity_caculation,rom
v_cale: rbitenl calc,lflags

td a,t ref0
X a,0

35 1d a,t_refl
X a,l

Id a,pthi
ifgt a1

40 jmp tooslow
Id a,1
ifgt a,pthi
jmp toofast
1d a,ptlo

45 ifgt a0
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X a,3 40 jsr nybyk 1d a,4 x a,2 Id a5 x a,3 45 68 i - 5 wEYM28080020
02/ 45768 PCT/1L01/01121 end v calc:1d b,#t2ralo I1d x,#0 1d a,#1 Id
tnr2hi,#2 5 ;loop2: ifgt a,tnr2hi jp loop2 Id a,[x+] x a, [b+] Id a,[x+]
10 x a, [ DWP 02/4376%, [ x+] x a,[b+] 1d a,[x] x a,[b] 15 retPCIALéHbId21 r bi t
enl _calc2,aflags Id a,at_refO 20 x a,0 Id a,atrefl x a, | Id a,apthi 25
ifgt a,1 jnp atooslow 1Id a,1 ifgt a,apthi jnp atoofast 30 Id a,aptlo
~ifgt a,0 jnp atooslow 1Id a,0

jmp tooslow
1d a,0
ifgt a,ptlo
jmp toofast
5 ret ; if they are equal the speed is ok

tooslow: sc ; err= (pt - t_ref) => (4,5)

ldaptlo ;if t2ra + err*k >1000 ther pwm=1000 (fastest)
subc a,0

10 x a4

Id a,pthi

subc a, 1

X a5

Id a,t2rale

‘X a,2

ld a,t2rahi

xa3

Jstmybyk

1d a,0

20 X a2
Id a,1
X a3
1d a,4
X a,0

25 Ida,5
X a,l
Jmpend v calc

toofast: sc ; err= (t_ref - pt) => (4,5)
.30 [da,0 ;ift2rb + err*k >1000 then pwm=0 (slowest)
o subc a,ptlo
% a4
Id a,1
subc a,pthi
35 X a5
Id a,t2rblo
X a2
1d a,i2rbhi
X a,3
40 jsr mybyk
I1d a,4
x a2
Id a,3
X a,3
45
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ifgt a,aptlo 35 jnmp atoofast ret ; if they are equal the speed M&Yoﬂmﬁ
atooslow. sc ; err= (pt2 - at _ref) => (4,5 Id a,aptlo ; if t3 ra + err*lc
>1000 then pwre1000 (fastest) 40 subc a,0 x a,4 Id a,apthi subc a,1 x
a,5 45 | dVQ ®EFHWBo 69 - 5 MAY 2005 WO 02/ 45768 x a, 2 |d a RGHBI/NIR1A, 3 jSr
nybyk 51d a,0x a2 I1dal x a3 Ida410x a,0 Id a5 x a,l jnp
end_v2 calc 15 atoofast: sc ; err= (at_ref - pt2) => (4,5) Id a,0 ; if t3rb
+ err*k >1000 then pwn¥0 (slowest) subc a,aptlo x a,4 Id a,1 20 subc
a,apthi x a,51d a,t3rblo x a,2 Id a,t3rbhi 25 x a,3 jsr mybyk I1d a,4 x

a, 2 end_v_calc:ld b,#2ralo
1d x,#0
; 1d a,#1
; Id tmr2hi,#2
5 loop2: ifgt atmr2hi
i Jploop2
Id a,[x+]
X a,[b+]
Id a,[x+]
10 X a,]bt]
Id a,[x+]
X a,{b+]
Id a,[x]
X a,[b]
15 ret

v2_cale:rbit enl_cale2,aflags

id a,at_refd
20 x a0

ld a,at_refl

xXa,l

Id a,apthi
25 ifgt a,1
Jjmp atooslow
Id a,1
ifgt a,apthi
jmp atoofast
.30 ld a,aptlo
e ifgt 2,0
jmp atooslow
Id a,0
ifat a,aptlo
jmp atoofast
ret ; if they are equal the speed is ok

(W]
n

atoosiow: sc ; err= (pt2 - at_ref) => (4,5)

Id a,aptlo ; if t3ra + err*k >1000 then pwm=1000 (fastest)
40 subc a,0

X a4

1d a,apthi

subc a,l

X a,5
45 Id a,t3ralo
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ld a,5 30 x a,3 end_v2_calc:1d b,#t3ralo 1d x,#0 35 , |d-a #AYl ¢005
tnmr3hi,#2 ;loop'): -ifgt a,tnm3hi jp loop3 Id a,[x+] 40 x a,[b+] Id
a,[x+] x a,[b+] Ida, [x+] x a,[b+] 45 1d a,[x] PCT/I1LOL/ 01121 70 - 5
MAY 2005 WOWHE28 45768 PCT/I1L01/ 01121 x a, [b] ret .sect meatiLO1/01121
functions,rom nmybyk: Id cntr,#6 ; div. by 64 (=2"6) dvby2: re ld a,5 rre
a 10 xa,51d a,4 ITCa x a,4 drsz entr 15 jnp dvby2 rc ; 4,5 <- err*k +
t2 Id a,4 ado a,2 x a,4 20 1d a,5 ado a,3 x a,5 ifeq 5,#0

X a,2
1d a,t3rahi
X 2,3
Jjsr mybyk
5 1d a,0
- xa2
Id a,1
X a3
id a,4
10 x a0
1d a,3
x al
Jmpend_v2 calc

15 atoofast:sc , err= (at_ref - pt2) => (4,5)
Ida,0 ;if t3rb + err*k >1000 then pwm=0 (slowest)
subc a,aptlo
x a4
1d a,1

20 subc a,apthi
¥ a5
1d a,£3rblo
xaz2
id a,t3rbhi

25 X a3

~ jstmybyk
Id a,4
X a,2
Id a,5
. 30 x 3,3

end v2_cale:ld b.#t3ralo
Id x,#0
s ld a,#1
: Id tmr3hi #2
;loop3: ifgt a,tmr3hi
. jploop3
1d a,[x+]
40 X a,[b+]
1d a,[x+]
X a,{b+]
Id a,[x+]
X a,[b+]
45 Id a,{x]
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25 jnmp lowedge 1Id a,5 ifgt a,#high(980) nmp hi ghedge |d a, #high( 98 30

J

ifgt a,5 jnp end_nybyk ; not edge 1Id a,4 ifgt a,# ow980) jnp hi ghedge 35
40 jnp end_nybyk ; not edge highedge: Id 4,# owm980) I1d 5, #high(980) 1d
0,#20 Id tet lowedge: 1d a,4 45 ifgt a,#20 71 .- 5 WO
02/ 45768 ‘%‘gﬁ?’ﬁéﬁlonzl imp end_nybyk 1d 0,# ow 980) |dp¥,%’§h‘|ﬁg‘ﬁ?ﬁso) I d
4,#20 5 Id 5,#0 ret end_nybylcsc 1Id a,# ow1000) 10 subc a,4 x a,0 Id
a, #hi gh(1000) .subc a,5 x a, I 15 1d a,i ifgt a,#0 ret 1Id a,0

x a,[b]

ret

3

.sect math_functions,rom

mybyk: Id cntr,#6 | div. by 64 (=2"6)
dvby2: rc
Id 8,5
rre a
10 ' X a5
Id a,4
Irec a
x ad
drsz cntr
t5 jmp dvby2
Ic ;4.5 <-errfk + 2
I1d a,4
adc a,2
X a4
20 Id a,5
adc a,3
X a9

ifeq 5,#0
25 jmp lowedge
Id a,5
ifgt a,#high{980)
jmp highedge
ld a,#high(980)
.30 ifgt a,5
‘ jmp end mybyk ; notedge
I1d a,4
ifgt a,#low(980)
jmp highedge

jmp end_mybyk ; not edge

highedge: 1d 4,#low(980)
1d 5 #high(980)
40 Id 0,420
1d 1,40
ret

lowedge: 1d a4
45 ifgt a,#20
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ifgt a #20 20 ret Id 0,#20 Id 4, #1ow(980) I|d 5, #hi gh(980) . BetiAb5208H
*xxxxx EDVI68 - Fast 16 by 8 division subroutine ***x**x*kxxdxxsxxsx 490

instruction cycles maxi num - 245usec. dividend in [1,0] (dd) divisor in [3]

(dr)  Qqueyd Eis7in [1,0] (quot) remminder -in [2] (test fielpdidyvd@si |d
cntr,416 ; load entr with length of dividend field. 1d 2,#0 clear test

field. fdl68s: Id b,#0 fd1681: re 35 I1d a,[b] adc a,[b] left shift
dividend lo x a,[b+] Id a,[b] adc a,[b] ;left shift dividend hi 40 x a,
[b+] Id a,[b] adc a,[b] ; left shift test field x a,[b] Id a,[b+] ; test
field to ace 45 ife ; test if bit shiefted out of test field**** 72 - 5 MAY
2005 WO 02/ip 768 vk L01/ 01121 jp fdl 68b Sc subc a,[b] ; test subtract
di vi sor frad0Fst(980eld ifnc ; test if borrow fromsubtraction 5 jp fdl 68t
fdl 68r: |dibi#Rich(®abtraction result to test field x a,[b] Id b,#0 sbit
0,[b] ; setigquotient bit 10 drsz cntr ; dectenent and test cntr for zero
Jp §d1681 14540

ret

end mybyk:sc
id a,#low(1000)
10 subc a,4
x ad
1d a,#high(1000}
subc a,5
xa,l
15 I1d a,1
ifgt a,#0
ret
id a,0
ifgt a,#20
20 ret
1d 0,#20
ld 4,#low(980)
Id 5,#high(980)
ret

SkFFEEE FDV]68 - Fast 16 by 8 division subroutine %%k ssabudiiesior
; 490 instruction cycles maximum - 245usec.
; dividend in [1,0] (dd) divisorin [3] (dr)
; quotient in [1,0] (quot) remainder in [2] (test field)
30
fdv168: 1d enir,#16 ; load cntr with length of dividend field.
Id 2,#0 ; clear test field.
fd168s: Id b,#0
fd168l: re
35 1d a,[b]
ade a,[b]  : left shift dividend lo
x a,[b+]
id a,[b]
adc a,[b] ; left shift dividend hi
40 X a,[bt]
1d a,[b]
adc a,[b] ; left shift test field
X a,]b]
Id a,[b+} ;test{ield to ace
45 ife : test if bit shiefted out of test field™***
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ret ; return fromsubroutine td .168t: drsz cntr ; dectenent 3@% % cntr
for zero jp fdl68s 15 ret ; return fromsubroutine fd 1685&5 C g@%b] ;
subtract divisor fromtest field*** jp fdl 68r ******* BINDEC - Binary to
I%Cl ITH| , (:ID) RO R I b b b b b b b b b S bl I’ldEC td C 1 IndEC -
Bi nary téR@@QS%gF (packed BCD) 20 rc ; 856 cycles * 0.5 -ghggﬁﬁggFﬁs =
213usec. Id b,#1 ; binary in O => decinmal -in 1,2 bdl: td [b+],#0 ifbne
#3 jnp bdl 25 bd2: Id b,#0 bd3: 1d a,[b] adc a,[b] xa[b+] ifbne #1 30
jrmp bd3 bd4: Id a,[b] add a,#066 adc a,[b] dcor a 35 x a, [b+] ifbne
#3 jnp bd4 drsz cntr jnp bd2 40 ret .sect |ed_update,rom

updat el cd: ijhBatsghcdupdat e, fl ags2 j np updatel cd0 45 ifeq Icd_flags, #0 73 -
5 MAY 2005 MO 02/ 45768 PCT/ILOL/ 01121 ret jnp updatel cd4 updatel cdO rbit

| cdupdat e, 1,895 27 3 L d slifithef B fsof BOn! Haihidpd SXO

ifnc ; test if borrow from subtraction
5 jp fd168t
fd168r: 1d b,#2 ; subtraction result to test field
x a,[b]
1d b,#0
sbit 0,[b] ; set quotient bit
10 drsz entr  ; dectement and test cntr for zero
ipfdle8l
ret ; return from subroutine
fd168t: drszentr  ; dectement and test entr for zero
jp fd168s
15 ret ; return from subroutine
fd168b: subc a,[b] ; subtract divisor from test fie]ld**#*
Ip fd168r

;****-‘k** BINDEC . Binary to DeCimal (packed BCD) o o ok sk vk ofe o ok sk ok ek ok s sk kol ke ok ok
bindec: ld cntr,#8 ; Bindec - Binary to Decimal (packed BCD)
20 rc ; 856 cycles * 0,5 ~ 428 cycles = 213usec.
1d b#1 ; binary in 0 => decinmal in 1,2
bdl: id [b+],#0
ifbne #3
jmp bdl
25 bdZ: Id b,#0
bd3: 1d a,[b]
ade a,[b]
X a,[bt]
itbne #1
30 imp bd3
hd4: 1d a,[b]
add a,#066
adc a,[b]
dcor a
33 x a,[b+]
ifbne #3
jmp bd4
drsz cntr
jmp bd2
40 ret
sect led_update,rom
updateled:ifbit lcdupdate, flags2
jmp updatelcd0
45 ifeq led_flags,#0
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x a,0 1d a,pls_ xI x a,1 10 Id a, #l pul sepernm; I|inear pul s_eg gr{ @5 xa, 3
jsrfdvle8 ; mm= pls x/linear_pul ses per_mm jsr bindec 15 | @ , # ;
cursor home - address 0. jsr ledcomld a,2 and a,# O add a,# O 20 X
a,pd jsr g 1d a, |l swap a and a,#X 25 add a, #' 0 J,Sr

| ed_dat ‘%"ﬁq’é’,d‘?%%nd a,#0f 30 add a,# 0" x a,pd jsr ch_cra(i(r/ﬁ‘gpgg{z%% ;
cursor address 5. 35 jsr led comifbit epi,flagsl |jnp updatelcd5 ifbit
7,pls_yl 40 jrnp updatelcdl sc ; angel= - 08000-pls_y Id a,#0 subc ,
a,pls y0 x a,0 45 1d a,#080 74 - 5 MAY 2005 WD 02/45768 subc a,pls_y 1

ret
Jmp updatelcd4

updateled(:rbit lcdupdate,flags2
5 Id led_cntr,#50
Id a,pls x0
x a,0
ld a,pls x1
xal
10 Id a,#lpulsepermm ; linear pulses per mm
X 3,3 :
jsr fdv168 ; min = pls_x/linear_pulses per mm
jsr bindec

15 Id pd,#080 ; cursor home - address O.
jsrled_com
1d a,2
and a,#0f
add a,#'0'
20 x a,pd
jsr led_dat
1d a,1
swap a
and a,#0f
25 add a, #0'
x a,pd
jsrlcd dat
1d a,t
and a,#0f
- 30 add a,#0'
x a,pd
jsr led_dat

1d pd,#085  ; cursor address 3.
35 jsrled com

ifbit epi,flagsl

jmp updateleds

ifbit 7,pls_yt
40 jmp updateled]
sC ; angel=- 08000-pls_ vy
id a,#0
subc a,pls_y0
x a,0
45 fd a,#080
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xa,| 51d pd,# -' angel = +pls_y-03000 jnp updat el cd2 updag_e%"%ﬂg: hets
a,pls yl and a,#07f x a, | 0ld a,pls yO x a,0 Id pd,# + atel cd2:j sr
| ed_dat 51d cntr,#3 wupdatelcd3:rc I1da,lrrca xa, | 0ld a0 rrc a

xa, 0 drszygibfis7cb ™ updatel cd3 Id 1,#0 25jsr bindec 1d gl sveR3

sube a,pls vyl
xa,l
td pd,#-
jmp updateled?
5 updateledl:ld a,pls_yl ;angel=+pls_y-08000

and a,#07f
X a,1
ld a,pls_y0
x a,0

10 1d pd,#+'

updatelcd2:jsr led_dat
14 cntr,#3
: updatelcd3 e
15 1d a,1
rec a
X a,l
1d a,0
e a
20 xa,0
drsz cnir
jmp updatelcd3
1d 1,#0
Jsr bindec
25 Id a,1
swap a
and a,#0f
add a,#'0'
x a,pd
30 jsr led_dat
b Id a,1
and a,#0f
add a,#0'
X a,pd
35 jsrled dat
jmp updatelcd4
updatelcdS:1d pd,#e'
jsrled dat
Id pd,#p'
40 jsr led_dat
id pd #1'
jsrled_dat

updatelcd4:ifeq led flags,#0
45 ret
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and a,#0f Oadd a,# O x a,pd jsr lcd dat Id a,1 and a, #g !@agg%a, # O
X a,pd jsr icd dat jnp updatelcd4 wupdatelcd5:ld pd,# e = g"t‘ | éddat | d
pd,# p' jsr led dat Id pd,#i' |jsr lcd dat 45updatel cd4:ifeq |cd flags, #0
ret 75 P 0L, 01121 5 MAY 21; 05 WO 02/ 45768 PCT/ILOL/ 011 | £ bhi | f
R Hvulbugf

t _comman ns flags 1d led flags,#0 ifbit start_stop,bu ags 1d
|l ed flags,#0 5 ifeq led flags,#0 ret

itbit self t command,buttons_flags
Id lcd_flags,#0
ifbit start_stop,buttons flags
id led_flags,#0
5 ifeq led_flags,#0
ret

ifbit type_start,lcd_flags

Id temp,#low(wordstart); type 'start’ at line 2 of lcd.
10 itbit type_end,led_flags

Id temp,#low(wordend)

ifbit type Stuck,ed flags

1d temp,#low(wordstuck)

ifbit type_stop,led flags
15 Id temp #low(wordstop}

jsr type_stringl
Id Ied flags,#0

end_updatelcd:ret

3

.sect led_orders,rom
25  clean_led:ld pd,#01
jsrled com
jmp dell6é
; ret
30 type_string0:ld pd,#080 ; type string from the start of line 0.
- jsrled com
jmp type_string
type_stringl:1d pd,#0c0 ; type string from the start of line 0.
jstrled com
35  type string:ld a,temp
inca
X a,temp
jsr get_char
ifeq a,#'@'
40 ret
x a,pd
isrled_dat
jmp type_siring

45  jwwssEsEEE gubrutine to initialize led display
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ifbit type_ start,lcd flags Id tenp, #l owm(wordstart); type 'st grgmamglsi ne 2
of led. 10 ifbit type_end,lcd flags Id tenp, #l om wordend) " fbit
type Stuck,lcd flags 1Id tenp, #l om{wordstuck) ifbit type stop,led flags 15

ld tenp, fowyordstop) jsr type strin-1 1d |edflags,#0 29(:1"/1ng1/01121
.sect

. end update Cdret kkhhkkhkkhkkhhkkhkhhkhhkhkkhhkhhkhkhhkhhkhkhhkhkhkkhkhkkikkhkk*

| cd_orders,rom25 clean lcd:ld pd,#01 jsr led com jnp dell6 ret 30
type stringQ ld pd,#080 ; type string fromthe start of line 0. |jsr
| ed_com jnp type_string type_stringl:ld pd,#0cO ; type string fromthe
start of line 0. jsrled com35 typestring:ld a,tenp inc a x a,tenp jsr
get - Chanit_lcflelg agil®' @ 40 ret x a,pd jsr lcd dat jnp type_string 45
*xokk ok xAhitshebt ik idelé6t o initialize led display 76 - 5 MAY 2005 WO 02/ 4 768
init led: ldgkca, #10 init _lcd | :jsr del 16 dec a ifne a,#0
ifne a,#0
5 jp mit_led!

init_led2:1d pd,#01 ;display clear
jsrled com
jerdelié
10
Id pd,#06 ;increment cursor (cursor moves: left to right)
jsrlcd _com

. Id pd,#0c ;display on, cursor off
15 jsrlcd_com

1d pd,#03f ;8 bits
; jmp led_com

20 ret
gRAsksokEsRwk gubrutine to transfer command to Icd display
led_com: rbitrs,pa ;command
end_com_dat:

sbit ¢s_lcd,pa
25 rbit cs_led,pa
ld entr,#10
loopl: drszcntr
jp loopi
ret

30 wwsksssEERE* subrutine to transfer data to led display
led_dat: sbit rs,pa ;command

jmp end_com_dat

’=-==:==1= delay LEEES EEEEES ]

dell6: 1d cntr#2
del160: |d temp,#250 ;1.6 msec delay
dell61: drsz temp
Jjmp dell61
40 Id temp,#150
del162: drsz temp
jmp dell162
drsz entr
jmp del160
45 ret
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Sjpinit_lcdl 10 init_lcd2:1d pd, #01 ;display clear jsrledgommy 2815 del16
I d pd, #06 ;increnent cursor (cursor noves: left toright) jsr lcd comld
pd, #0c ; di splay on, cursor off 15 jsr lcd _comlId pd, #03f ;8 bits jnp
| cd_com r8lcse* * * * * * * * * gubrutine to transfer | ed
di spl ay %?géﬁgaﬁ$ rbit rs,pa ;command end_comdat: sbit §§ﬁ?@@ﬂ%§9125 rbit
cs lcd,pa Id cntr,#10 loopl: drszcntr jp loopl ret 30 *****kxkxx
subrutine to transfer data to led display |lcd dat: sbit rs,pa ;comand jnp
end_com dat 35 ;*****x** dg| gy ***x*k*xxkkxxkkxx4x del |16: |d cntr,#2 dell6O0:
Id tenp, #250 ;1.6 nsec delay dell6l: drsztenip jnp del 161 40 Id
tenp, #150 del 162: drsztenp jnp del 162 drsz entr jnp del160 45 ret
PCT/ | LOLHF O *E2 1 F * B+ MAY* 2005 + WD G 2# #5768+ PCT/ | LO1/ 01121 . sect
st ri ng_tabkeingofibicNPadRpage

get_char:laid

5 ret
; ok ok ok ascii table ok dskokokokokkm Rk ok ok ok
wordmm: db" mm @'

wordstart: .db 'start @'
wordstop: .db 'stop @'
10 wordpoweron:.db 'power on@'
- wordhome: .db home @'
wordstuck: .db 'stuck @'
wordend: .db'end @'
wordbottom: .db 'boitom @'
15 wordready: .db ready @'
wordselftest: .db 'selftest@’
wardautorun: .db 'autorun @'
wordinplace: .db 'in place@'

20  .endsect

.END 0
;end of program listing of intumed.asm
25
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get _char:laid 5 ret ~x ascii table ***x******x \wordmm . @QS
wordstart: .db'start @ wordstop: .db 'stop @ 10 V\ordpovve?'on db ' power
on@ wordhone: db '"honme @ wordstuck:. db 'stuck @ wordend: db end @
wor dbot t bottom @ 15 vvordready db 'ready @

'selftesﬁ%’ \Ajv%rdautorun db "autorun @ wordi npl ace: wcqﬁ’%’%@%‘t@ 2
endsect 25 .END O ;end of programlisting of intumed.asm 78 5 MA 2005 WO
02/ 45768 Appendi x 2 PCT/1L01/01121 This is c8cdr.inc

cal,toRrE s K KR ~FSKUK~K#%K X >Sk~e UK A YKk X %Kk xi cve* K~of | *x#ek ~k ~k ~k M-k

x. t >KUK ~F ~k' ; <8= ~k>KK* UK* * ~k>k >K % ek ~:kx 5 10 15 This file include
cop8cdr.inc, co‘bi?]o.eiﬂdc(,Z cop8c3r.inc, 8cdr.chp, ports. inc(shortcuts). ;port
definitions in cop8 with flash. pod=090; port e data (output); pe is

al ready taken byI'jaisicBydrdnabl e. pee=091; port e configuration pei =092; port
e input pf =094t y3ar ¢ alat (ot Hukt )« PG « 095 x4+ POk b S G ODf G HE Bl ON '
pfi s096:=**port f input 20 25

. ; This file include cop8cdrine, cop8.inc, cop8c3rine, 8cdr.chp,
ports.inc(shortcuts).

10
;port definitions in cop8 with flash,
ped =090 ; port e data (output); pe is already taken by parity enable,
pec =091 ; port e configuration

15 ' pei =092 ; porteinput
pf =094 ; port f data (output)
pfe =095 ; port f configuration
pfi=096  ; port f input

20
pa=0a0 ;porta data (output)
pac =0al ; porta configuration
pai =0a2 ;portainput

25 pb=0a4  ; port b data (outpur)
pbc =0a5 ; portb configuration
pbi =0a6 ;portbinput

.30 pl =0d0  ; port ! data (output)

plc =0d1 ; port! configuration
pli=0d2 ; port!linput

pg=0d4  ; port g data (output)

35 pgc =0d5 ;port g configuration
pgi =046 ;portginput

pc =0d8 ; port ¢ data (output)

40 pecc =0d9 | port ¢ configuration
pci  =0da  ;portc input
pd=0dc ; port d data (output)

45

79




30 35 40 pa =0a0; port a data (output) pac=0al; port a confi ggi?tms
pai =0a2; port a input pb =0a4 ; port b data (output) pbc = t b
configuration pbi =0a6 ; port b igput pl :0?0_; port 1ogata (out put)t pl c
=l figuration pfi=0d2 ; port I nput pg=( Apk, ata
(out put) pgc}(jﬁg9 port g configuration pgi=0d6; port g in &ﬁ%@{""gag port
c data (output) pcc=0d9; port c configuration pci=Cda; port c input pd =Cdc
, port d data (output) 45 79 - 5 NAY 2005 5 WO 02/ 43768 PCT/IL01101121 Thi s
is cop8.inc ;* Primary Chip Nanes with Designators ANYCOP = 0 10 COP912C =
1; Basic Famly - COP820 = 2 COP840 = 3 (COP880 = 4 (COP820CJ) = 5 15
COP840CJ = 6 COP8620 = 7 (COP8640 = 8 (COP8720 9 (COP8780 = 10 20 COP943

=1 125 30 35

: This is cop8.inc
= h e e sk sk o ok sk o e s sl sk e ol ofe s s s o ok s ol s ok ol sl i ok ofe o ofe ke ok sk sl ke ok sk ok sk o sl ok o o ok ol e ok o ook ok oleoke ok ok R ok ok o

5 *$$$*****/

;¥ Primary Chip Names with Designators
o 36 e e ok o e e okt ok ool ook ok ok e ok ofe ol e ol ook ok o ok ol ok o ok o sl ok o ol ok ot i oo o koot s ol ol o ool o s o o ok sk e e e ol ok
k]

ANYCOP =0
10 COP912C = 1 ; Basic Family
COP820 = 2
COP840 = 3
COP880 = 4
- COP820CI= 5
15 COP840CI= 6
COP8620 = 7
COPB640 = 8
COP8720 = 9
COP8780 =10
20 COP9%43 =11

COP8BSCF =20 ; Feature Family
COP888CG =21
COP888CL =22
25 COP888CS =23
COPRBSEG =24
COP888EK =25
COPSACC =26
COP888BC =27
30 COPS88LEB =28
' COPSSSEW =29
COPS8S8FH = 30
COP888GD =31
COPRBBGG =32
35 COPB8EGW =~ 33
COPS88HG =34
COP888KG =33
COPSSAA =36
COPSSAB =37
40 COP8SAC =38
COPSSGR =39
COP8SGE =40
COPBSEC =41
COPSSER =42
45 COPSAIC =43
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40 45 COP888CF
= 23 COP888EG
28 COP888EW =

20 ; Feature Family COP888CG = 21 copsssch MAL208oPssscs
24 COP88SEK = 25 COPSACC = 26 (COP888BC = 27 COP888EB =
29 COPS88FH = 30 COP888GD = 31 (COP888GG = 32 COP888GW =

33 COP883himseé COPBBBKG = 35 COPSSAA =36 COP8SAB =3 5@@%@8‘1: 38

COP8SGR =39 (COPSSCGE = 40 COP8SEC =41 . COMER = 42 COPS

5 MAY

2095 WO 02/ 45768 PCT/ 1L01/01121 COPBAKC = 44 5 10 15 20 25 30 35 40 45

10

15

20

25

30

35

40

45

FIl ash based devices from here on COP8CBR =60

COPBAKC =44

R Flash based devices from here on
COPSCRR =60

COP8CCR =61

COPBCDR =62

COPRSBR =63

COP8SCR =64

COP8SDR =65

COPy8 =99

U End of COPS.INC

AR R e okl e R R ROR S o ok sl e ok sl sk Rk o sk ek ke ok ook KR o

COPCHIP = COP8CDR  ; Chip Definition

; This is cop8C3R.inc

; PLEASE: Consider update for CBR,CDR, and CCR..

; Predeclare I/0 and control registers frequently used by COPS8 programmer.
.macro setopt

.mloc sec,wd, halt_flex

b @1 ;ifnull

sec = 0 ; default value (not secure)
else

sec = @l

.endif

b @2 ifnull

wd = 0 ; default value (Watchdog enabled)
.else

wd = @2

endif

ifb @3 ;ifnull

halt = 0 ; default value (HALT enabled)

.else

halt = @3

.endif

b @4 ;ifnull .
flex = 1 ;default value (Execute from Flash)
£lse
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COPBCCR =61 COPBCDR = 62 COPSSBR = 63 COP8SCR = 64 COPSSBR4EY 6mpcOPy8 =
99 ; - End of COPS. INC --------mmmmmm e o
COPCHI P = COPSCDR ; Chip Definition ; This is cop8C3R inc PLEASE: Consi der
update f , and CCR Predeclare I/0O and control regi I

frequent ?@0%{53 y COPS programrer. .nmacro setopt .nmloc ?gg,ﬁ%@fﬁglt,flex
ifb @ ; ifnuil see = 0 ;default value (not secure) .else sec = @

.endif ifb @ ; if null wd = 0 ;default value (Watchdog enabled) .else wd
=@ .endif .ifb @ ; if null halt = 0 ; default value (HALT enabl ed)
.else halt = @ .endif .ifb @ ; if null flex =1 ; default value (Execute
fromFl ash) .édlese=81g4 5 MAY 2005 WD 02/45768 PCT/ 1L01/01121 flex = @
.endif 5.sect CEHiION, CONF CONFIG .db ((see shl 3 or wd) shl 1 or halt)

shl 1 or flex .endm10----------------- End of setecon Macro Definition

"""""""" .Sect "OPTION, CONF .

A CONFIG: db " {(secshl3orwd)shl 1 orhaltyshllorflex
.endm

10 ;-
; SFR Names and Register Bit Names Agree with the Feature Family User's
; Manual Redundant names match corresponding functions on Basic Family
; Documentation
15 ’
PORTED = 0x90:BYTE ; Port E Data
PORTEC = 0x91:BYTE ; Port E Configuration
PORTEP = 0x92:BYTE ; Port E input pins (read only)
20 PORTFD = 0x94:BYTE ; Port ¥ Data
PORTFC = 0x953.BYTE ; Port F Configuration
PORTFP = 0x96:BYTE ; Port F input pins (read only)
PORTAD = 0xAO0:BYTE ; Port A Data
25 PORTAC = O0xAI:BYTE ; Port A Configuration
PORTAP = O0xAZ:BYTE ; Port A input pins (read only)
PORTBD = 0xA4:BYTE ; Port B Data
PORTBC = 0OxAS:BYTE ; Port B Configuration
- 30 PORTBP = 0xA6:BYTE ; Port B input pins (read only)
ISPADLO = OxA8:BYTE ; ISP Address Register Low Byte
ISPADHI = 0xA9:BYTE ; ISP Address Register High Byte
ISPRD = 0xAA:BYTE ; ISP Read Data Register
35 ISPWR = OxAB:BYTE ; ISP Write Data Register
TINTA = 0(xAD:BYTE : High Speed Timers Interrupt A
TINTB = O0xAE:BYTE ; High Speed Timers Interrupt B
HSTCR = 0xAF:BYTE ; High Speed Timers Control Register
40 ;
' TMR3LO = 0xBO:BYTE ; Timer 3 low byte
TMR3HI = OxBL:BYTE ; Timer 3 high byte
T3RALO = OxB2:BYTE ; Timer 3 RA register low byte
T3RAHI = OxB3:BYTE ; Timer 3 RA register high byte
45 T3RBLO = 0xB4:BYTE : Timer 3 RB register low byte
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SFR Nanes and Regi ster Bit Nanes Agree with the Feature Faml éJg
Manual Redundant nanmes match correspondi ng functions on Bast & H r'n{"y”
Docunent ati on 15 PORTED = 0x90: BYTE Port E Data OPORTEC = Q<9I BYTE Port E
Confi gur EP = 0x92: BYTE Port E input p| ns (read FD
=0x94: BY%%%?/#P%ta PORTFC = 0x95: BYTE Port Conflguratlon gE%FP
0x96: BYTE Port F input pins (read only) PORTAD = OxAO BYTE Port A Data
PORTAC =OxAl : BYTEPort A Configuration PORTAP = OxAQ BYTE Port A input pins
(read only) OPORTED = OxA4: BYTE Port B Data PORTBC = OxA5: BYTE Port B
Confi gurati on PORTBP =OxA6: BYTEPort B input pins (read only) |ISPADLO =
OxA8: BYTE ; | SP AJBRESKI Regh:x @B YITOW By{ Tinddr SFABMgiste IADLRYTE ; | SP

Addr ess Regl ster HINBRLe: | GRIBYTEXAA BYker RnReast akra Regi ster |SPUR =
OxAB: BYTEI SP Wite Data Register

TBUF = 0xBS§:BYTE ; UART transmit buffer

5 RBUF = 0xB9:BYTE ; UART receive buffer

ENU = OxBA:BYTE ; UART control and status register
ENUR = 0xBB:BYTE ; UART receive control and status reg.
ENUI = OxBC:BYTE ; UART interrupt and clock source reg.
BAUD = 0xBD:BYTE ; BAUD register

10 PSR = OxBE:BYTE ; UART prescaler select register
TMR2LO = 0xCO:BYTE ; Timer 2 low byte
TMR2ZHI = 0xC1:BYTE ; Timer 2 high byte
T2RALO = 0xC2:BYTE ; Timer 2 RA register low byte

15 T2RAHI = 0xC3:BYTE ; Timer 2 RA register high byte
T2RBLO = 0xC4.BYTE ; Timer 2 RB register low byte
T2RBHI = 0xC5:BYTE ; Timer 2 RB register high byte

T2CNTRL = 0xC6:BYTE ; Timer 2 control register
20 WDSVR = OxC7:BYTE ; Watch dog service register

WKEDG = 0xC8:BYTE ; MIWU edge select register
WKEN = 0xC9:BYTE ; MIWU enable register

WKPND = 0xCA:BYTE ; MIWU pending register
25 ;
ENAD = OxCB: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
30 ITMR = OxCF:BYTE ; Idle Timer Control Register
PORTLD = 0xDO:BYTE : Port L data
PORTLC = 0xDIL:BYTE ; Port I configuration
PORTLP = 0xD2:BYTE ; Port L pin
35 ;
PORTGD = 0xD4:BYTE ; Port G data
PORTGC = 0xD3:BYTE ; Port G configuration
PORTGP = 0xD6:BYTE : Port G pin
40 PORTCD = 0xD8:BYTE ; Port C data
PORTCC = 0xD9:BYTE ; Port C configuration
PORTCP = (xDABYTE ; Port C pin
PORTD = OxDC:BYTE ; Port D
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TI NTA = OxAD: BYTE H gh Speed Tiners Interrupt A OTINTB = OXAE: BYTE Hi gh
Speed Tinmers Interrupt B HSTCR = OxAF: BYTEH gh Speed Ti nmers RCHitr ohgs
Regi ster TMR3LO = OxBO BYTE ; Tiner 3 | ow byte TI\/RS:-II :bOXBI : BYTE ; IT| mer
3 highb O = OxB2: BYTE; Tinmer 3 RA register |ow R =
O(BS?BYT)IQW?(%}?S@? 3 RA register high byte T3RBLO = OxB4: B E/l?ﬁllll mer 3 RB
regi ster low byte 82 - 5 MAY ?0 5 WD 02/ 45768 PCT/1L01/01121 T3RBH =
OxB5: BYTE Tinmer. 3 RB regi ster high byte T3CNTRL = OxB6: BYTETi ner 3 control
regi ster 5TBUF = OxBS: BYTE UART transmt buffer RBUF = OxB9: BYTEUART

recei ve buffer ENU = OxBA: BYTE UART control and status register ENUR =
OxBB: BYTE UART R@d@iIMe <<dMBIBYERd St gEland Blgsh Wik TEniseBGRYGIE UART

interrupt and CIlSQKEYS&urOS{EﬁEEﬂTEBAQQS?Ké‘I}B@é EBAUD regi ster 10PSR =
OxBE: BYTEUART prescal er sel ect register O = OxCO. BYTE Tinier 2 | ow

T oy s BE T IREGR LD bYsuldRek Qg B BIE TLer 2 A
reggster |ow byte {g@ﬁl& g(@& 3 i neﬁ%erlﬁ%g%isttgrrhig %%q;byte

ICNTRL = 0xE8:BYTE : Interrupt control register
SIOR = OxE9:BYTE ; 1O shift register
10 SIO = OxE9BYTE ; SIO shift register

TMRILO = OxFA:BYTE ; Timer 1 low byte

TMRI1HI = OxEB:BYTE ; Timer 1 high byte

TIRALO = OxEC:BYTE ; Timer 1 RA register low byte
5 TiRAHI = OxED:BYTE ; Timer 1 RA register high byte

CNTRL = OxEE:BYTE ; control register
PSW = (xEF:BYTE ; PSW register

20 BYTECOUNTLO = O0xFI:BYTE ; When JSRB Boot Rom used

3 = OxFF:BYTE ; Segment register, only COP888CG/CS!

25 - -

2

; Bit Constant Declarations.

jmmn- Alternate function bit definitions on port G

30 INT =0 ; Interrupt input

INTR = 0 ; Interrupt tnput
WDOUT = 1 ; Watchdog output
TIB = 2 ; Timer T1B output
TIA =3 ; Timer T1A output

35 SO =4 ; Seriell output
SK =5 : Seriell clock
ST =6 ; Seriell input
CKO =7 ; Halt,restart input

4 — Alternate function bit definitions on port L
CKX =1 ; ext. clock [/O-pin/UART
™mX = 2 ; transmit data/UART
RDX =3 ; receive data/UART
T2A = 4 ; Timer T2A output

45 T2B = 3 ; Timer T2B output
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T2RBLO = OxC4: BYTE Tinmer 2 RB register | ow byte T2RBH = O ﬁg‘?% Timer 2
RB regi ster high byte T2CNTRL =OxC6: BYTETi nier 2 control reglst FONDSVR =
OxC7: BYTEWAt ch dog service regi ster WKEDG = OxCS: BYTE M WU edge sel ect
regi st er WoKENs8 O<C9: BYTE M WU enabl e regi ster VKPND =Ox Gy dfzih WU
pendi ng regi ster ENAD = OxCB: BYTE ; A/ D Converter Control register ADRSTH =
OXCC. BYTE ; A/D Converter Result Register H gh Byte ADRSTL = OxCD:. BYTE, A/D
Converter Result Register Low Byte 301l TMR = OxCF: BYTE ; Idle Tinmer Control
Regi ster PORTLD = OxDG BYTE Port L data 5PORTLC = OxD : BYTE Port L
configuration PORTLP =OxD2: BYTEPort L pin PORTGD = OxD4: BYTE Port G data
OPORTLC = OxD5: BYTE#ort 6 conf;iljmeaiBAmuBORTGP = OxD6: BYTE Port G pin
PORTCD =OxD8: BYTEPBIE C=ddta PORT@E:r F3BxuBYTE Port C configurati on PORTCP
=OxDA: BYTEPort ;C pin

:  Alternate function bit definitions on port A

5 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
10 ACHS = 35 ; A/D-Channel 5
ACH6 = 6 ; A/D-Channel 6
ACH7 =7 ; A/D-Channel] 7
. ;  Alternate function bit definitions on port B
15 ACH8 = 0 ; A/D-Channel 8
ACH9 = 1 ; A/D-Channei 9
ACH10 = 2 ; A/D-Channel 10
ACHI1 = 3 ; A/D-Channel 11
ACH12 = 4 ; A/D-Channel 12
20 ACHI3 = 35 ; A/D-Channel 13
MUXOQUTN = 5 ; A/D Mux Negative Output
ACH14 = 6 ; A/D-Channel 14
MUXOQUTP = 5 ; A/D Mux Positive Output
ACHI5 = 7 ; A/D-Channel 15
25 ADIN =7 ; A/D Converter Input
jme— Bit definitions CNTRL register
TIC3 = 7 ; Timer 1 mode control
TCl = TIC3 ; COP880/840/820 control signal name
30 TIC2 = 6 ; Timer 1 mode control .
. TC2 = TIC2  ; COP880/340/820 control signal name ‘
TIClT = 35 ; Timer | mode control
TC3 = TiCl ; COP880/840/820 control signal name
TICO = 4 ; Start/Stop timer in modes 1 and 2
35 ; 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
SLT =1 ; Microwire clock divide select
46 SLO = ¢ ; Microwire clock divide select
jmm—- Bit definitions PSW register
HC = 7 ; Half Historical Redundant carry flag -
C =6 ; Carry flag
45 TIPNDA = 5 ; Timer T1A interrupt pending
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45PORTD = OxDC: BYTE; Port D 83 - 5 MAY 2005 WO 02/ 45768 PCT/1L01/01121

PGVITI M = OxELl: BYTE ; E2 and Flash Wite Tim ng Register |SPKEMY=2{B6E2: BYTE
; ISP Key Register 5 10 15 20 25 TIRBLO = OxE6: BYTE TIRBH = OxE7: BYTE

| CNTRL = #ER34B¥%EE SI OR = OxE9: BYTE Sl O = OxE9: BYTE TMRI L@t BYTE
TMRIH = OxEB:BYTE TIRALO = OXEC: BYTE TIRAH = OxED: BYTE CNTRL =

OxEE: BYTE Timer | RB register low byte Tinmer | RB register high byte ;
Interrupt control register ; SIOshift register SIOshift register Tiner 1
| ow byte Tinmer 1 high byte Timer 1 RA register |ow byte Tinmer | RA

regi ster high byte ; control register PSW= OxEF: BYTE ; PSWregister
BYTECOUNTLO = OxFI TBYPE = MABNDJSRB; BotiricRbRedimeldnS = OxFF: BYTE ; Segnent

regi ster, only COPBBBC& esl4 ; Timer T1A interrupt enable , _
""""""""" ENT{'“'TI'ENA""'HrstorrcalRedlmdanr"""""""""""'
Bit Constant Decl apgPNONSs 3---- @xie%{d?%tgrrﬁﬁ%hﬁﬁ% bit definitions on por t
G 3@ 35 40 IPND = EXPND ; Historical Redundant
BUSY = 2 ; Microwire busy shifting
EXEN = 1 ; External interurpt enable
ENI = EXEN ; Historical Redundant
GIE = 0 ; Global interr. enable
10 ;
jmmmme Bit definitions [CNTRL register
LPEN = ¢ ; L-Port interr. enable
TOPND = 35 ; Timer T0 interr. pending
TOEN = 4 ; Timer TO interr. enable
15 WPND = 3 ; Microwire interr. pending
WEN = 2 ; Microwire interr. enable
TIPNDB = 1| ; Timer T1B interr. pending flag
TIENB = 0 ; Timer T1B interr. enable
20 jmm—— Bit definitions T2CNTRL register
T2C3 = 7 ; Timer T2 mode control
T2C2 = 6 ; Timer T2 mode control
T2C1 = 5 ; Timer T2 mode control
T2C0 = 4 ; Timer T2A start/stop
25 T2PNDA = 3 ; Timer T2A interr. pending flag
TZENA = 2 ; Timer T2A interr. enable
T2PNDB = 1 ; Timer T2B interr. pending flag
T2ENB = 0 : Timer T2B interr. enable
o+ 30 e Bit definitions T3CNTRL register
A T3C3 = 7 ; Timer T3 mode control
T3C2 = 6 ; Timer T3 mode control
T3C1 = 5 ; Timer T3 mode control
T3CO = 4 ; Timer T3 A start/stop
35 T3PNDA = 3 ; Timer T3A interr. pending flag
T3ENA = 2 ; Timer T3A interr. enable
T3PNDB = 1 : Timer T3B interr. pending flag
T3ENB = 0 ; Timer T3B interr. enable
40 Bit definitions HSTCR register
T9HS = 7 ; Timer T9 High Speed Enable
T8HS = 6 ; Timer T8 High Speed Enable
T/HS =5 ; Timer T7 High Speed Enable
T6HS = 4 ; Timer T6 High Speed Enable
45 T5HS 3 ; Timer T5 High Speed Enable
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45 INT = 0 ; Interrupt input INTR =0 ; Interrupt input ”W =R
Wat chdog output TIB = 2 ;TinmerTIB output T1A = 3 ; Tinmer "T1A output SO =
4 ; Seriell output SK =5 Seriell clock SI =6 ; Seriell input CKO =7 ;
Hal t, r estyao b2/daapit - - - - - Alternate function bit definitiopsr@iagis L CKX
=1 ; ext. clock I/OpinfUART TDX = 2 transmt data/ UART RDX = 3 receive
data/ UART T2A = 4 ; Timer T2A output T2B =5 ; Tinmer T2B output 84 5 MAY
2005 WO 02/45768 PCT/1LOL/ 01121 T3A = 6 ; Tiner T3A output T3B =7 ; Tiner
T3B output Alternate function bit definitions on port A 10 15 20 25 30 35
40 45 ACHO ACH ACH2 ACH3 ACH4 ACHs ACH6 ACH7 0 =1 2

T4HS = 2 ; Timer T4 High Speed Enable
T3HS = 1 ; Timer T3 High Speed Enable
T2HS 0 ; Timer T2 High Speed Enable
5 ;  Bit definitions TINTA register

TOINTA= 7 ; Timer 9 Interrupt A
T8INTA= 6 ; Timer 8 Interrupt A
T7INTA= 5 ; Timer 7 Interrupt A
T6INTA= 4 ; Timer 6 Interrupt A

10 TSINTA= 3 ; Timer 5 Interrupt A
T4INTA= 2 ; Timer 4 Interrupt A
T3INTA= 1 ; Timer 3 Interrupt A

3

: ,  Bitdefinitions TINTB register
15 TOINTB= 7 ; Timer 9 Interrupt B
TS8INTB= 6 ; Timer 8 Interrupt B
T7INTB= 5 ; Timer 7 Interrupt B
T6INTB= 4 ; Timer 6 Interrupt B
TSINTB= 3 ; Timer 5 Interrupt B
20 T4INTB= 2 ; Timer 4 Interrupt B
T3INTB= 1 ; Timer 3 Interrupt B

;  DBit definitions ENAD register

ADCH3 = 7 ; A/D Convertor Channel Select bit 3

25 ADCH2= 6 ; A/D Convertor Channel Select bit 2
ADCHI = 5 ; A/D Convertor Channel Select bit 1
ADCHO = 4 ; A/D Convertor Channel Select bit 0
ADMOD= 3 ; A/D Convertor Mode Select bit
ADMUX = 2 ; A/D Mux Out Control
- 30 PSC = 1 ; A/D Convertor Prescale Select bit

ADBSY= 0 ; A/D Convertor Busy Bit

jmmme Bit definitions ENU register
PEN =7 ; Parity enable

35 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
40 ERR = 2 ; Error flag
RBFL =1 ; Received character
TBMT = 0 : Transmited character

jmm- Bit definitions ENUR register
45 DOE = 7 ; Data overrun error
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3 4=5 6 7 ADChannel 0 A/ D-Channel | A/ D Channel gﬁﬂﬂ@ﬂ&ﬁmel 3
Al D- Channel 4 A/ D Channel 5 A/ D Channel 6 A/ D Channel ternate
function bit definitions on port B ACH8 = 0 ; A/DChanneI 8 ACH9 =1 ;
A D- Channgd 09457#8HL1O = 2 ; AID-Channel 10 ACH I 1 = 3 ; Ady&hspnel 11
ACH12 = 4 ;" AID-Channel 12 ACH13 =5 ; A/ D Channel 13 MUXQUTN = 5 ; AID
Mux Negative Qutput ACH14 = 6 ; A/ D Channel 14 MJXOUTP = 5 ; AID Mix
Positive Qutput ACHL5 = 7 ; A/D-Channel 15 ADIN = 7 ; AID Converter |nput
----- Bit definitions CNTRL register TIC3 = 7 ; Tiner 1 node control TCl =
TI C3 K COP880/ 840/ 820 control signal nanme TIC2 = 6 Tiner 1 node control '
TC2 = TIC2 ; COPSSHE 8467 20 confmuviingérgpral name TICL = 5 ; Tiner | node
control TC3 = T1CIPE CEP8&80/ 840PHirPerrontrol signal name Ti CO =4 ;
Start/ Stop ti mer iBDrodes 1 Baguk RetectUnderflow i nterrupt pending in node 3
TRUN = TI CO ; @BR§80~84D/ 820, comhingkhesiifhali: 3dEpit Mrkbny= 3 ; Enable
Mcsowire | EDG = ZATTﬁelgcbs ext.edlioh BgEr - edge pol arlty SL1 =1 ;

M crow re cl ock d| sel gct St | ock divide select -----
Bit definitions Méggl ster HC & C} lfgf: mg eﬂorélfngal Redundant carry flag
e Bit definition ENUT register
10 STP2 = 7 ; Select number of stop bits
BRK = 6§ ; Holds TDX low to Generate a BREAK
ETDX =5 ; Select transmit-pin 12
SSELL = 4 ; Select UART-mode
XRCLK = 3 ; Select clock source for the receiver
15 XTCLK = 2 ; Select clock source for the transmitter
ERI =1 ; Enable mterr, from the receiver
ETIT = 0 ; enable interr. from the transmitter

;  Bit Definitions for [TMR Register
20 LSON = 7 ; Low Speed Oscillator Enable
HSON = 6 : High Speed Oscillator Enable
DCEN = 5 ; Dual Clock Enable - Switches T0 To
; Low Speed Clock
CCKSEL = 4 ; Core Clock Select - Switches Instr
25 ; Execution To Low Speed Clock
ITSEL2 = 2 ; IDLE Timer Period Select bit 2
ITSEL1= 1 ; IDLE Timer Period Select bit 1
ITSELO= 0 » IDLE Timer Period Select bit 0

30 KEY = 0x98 ; Required Value for ISP Key

S End of COPSC3R.INC

35 ok ook

; This is 8cdr.chip

.CHIP SCDR ; specifies max. ROM address 7FFF
; RAM = 1K

40

;CHIP_SPEC (chip_table) for COPSCDRIxxxx parts

; PLEASE: Consider also update of files for CBR and CCR when modifying

this file.

45 ; 0 value if undefined, address value otherwise

88




C=6; Carry flag TIPNDA = 5 ; Tinmer T1A interrupt pendi ngq,%‘r“h'&‘(SZW&Y 2005
5 10 15 20 75 30 35 40 45 WD 02/ 45768 TPND = TI PNDA ; Historical Redundant
TIENA = 4 ; Timer T 1 Ainterrupt enable ENTI TIENA ; Historical Redundant
EXPND = 3wyp okgginal interrupt pending |PND = EXPND ; Hi $afiLealiiHedundant
BUSY = 2 ; Mcrowire busy shifting EXEN = 1 ; External interurpt enable
ENI = EXEN Historical Redundant G E = 0 ; dobal intern enable ----- Bit
‘definitions CNTRL register LPEN = 6 ; L-Port intern enable TOPND = 5 ;
Timer TOintern pending TCEN = 4 ; Tinmer TOinterr. enable WPND = 3 ;
Mcrowire interr. pending WEN =2 ; Mcrowire inter, enable TIPNDB =1 ;
Timer T1B intermolependitig flag TIENB = 0 ; Tinmer TIB interr. enable -----
Bit definitionsronRCNTRLONEEH0 st er ; RREBsize7 ; Tinmer T2 node control T2C2
; Tinmer T2 noderaggit=+ ol 0xBFCl = $seglgddP0high adiZRNDA = 3 T2ENA = 2 T2PN
| T2ENB = O Tiges R npde con{dhlhip ecrom range

6

gll

5 eehi = 0

t3lo = OxBO ; timer 3 registers
t3hi = 0xB6
comp =(} ; comparator
uartlo = 0xBS§ ; uart registers

10 uarthi =  0xBE
2lc = 0xCO ; timer 2 registers
t2hi = O0xCé6
wdog =  OxC7 ; watch dog service register

4 miwulo = 0xC8 ; miwu registers

15 miwuhi = (xCA
a2dlo = O0xCB ; a/d registers
a2dhi = 0xCD
portio = 0xDO0 ; 1 port registers
iporthi = 0xD2

20 gportlo = 0xD4 ; g port registers
gporthi = 0xD6
iport = 0 ; 1 port
cportlo = 0xD8§ , ¢ port
cporthi = OxDA

25 dport = (xDC ; d port
eecr = (. ; eerom control register
gromdr = 0 ; eerom data register
eeatlo = 0 ; eerom address registers
eeathi = 0

30 dentrl = O0xES ; ientrl register , already defined

microwire = 0xE9 ; uWire SIO
tlalo = OxEé§ ;11 auto 1d t1rb
tlahi = OxE7
tlblo = OxEA ;tlreg

35 tibhi = O0xED
;entrl = OxEE ;enfrlreg  ; already defined
;psw = OXEF ; PSw reg ; already defined
mioc = 0xF0 ; RAM reg range
mhi = 0OxFF

40 segramlo = 0x0100 : segments low to high
segramhi = Ox077F
entrl2 = 0

wdogctr = ()

modrel = 0

45 econ = Ox7FFF ; econ hex-file location
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Timer T2A start/stop Timer T2A intern. pending flag Tiner T%gihb%r%ﬁs
enable Tinmer T2B intern pending flag Tinmer T2B interr. enable ----- Bit
definitions T3CNTRL register T3C3 = 7 ; Timer T3 node control T3C2 = 6 ;
Timer T3 wodedswatrol T3Cl = 5 T3CO = 4 T3PNDA = 3  T3ENAF103PNDB = |
T3ENB = O Tinmer T3 node control Tinmer T3 A start/stop Tinmer T3A interr.
pending flag Tinmer T3A interr. enable Tinmer T3B inter. pending flag Tiner
T3B intern enable Bit definitions HSTCR register TOHS = 7 Tinmer T9 High :
Speed Enable TSHS = 6 ; Tiner T8 Hi gh Speed Enable T7HS =5 ; Tinier T7
Hi gh Speed Enable T6HS = 4 ; Tinmer T6 H gh Speed Enable TSHS = 3 ; Tiner
T5 Hi gh .Speed Ed&HEe PAT/ | LO /;ctapdrrg6eeladsirdddy 2005 WO 02/ 45768 :
PCT/1L01/01121 T4HS = 2 ; Timer T4 Hi gh Speed Enable T3HS = 1 ; Timer T3
H gh Speed Enable T2HS = 0 ; Tinmer T2 Hi gh Speed Enable 5 10 15 20 25 30

35 4;0 ‘ ;family = 0 for basic family, family = 1 for feature family

family = 1
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45 Bit definitions TINTA register TOINTA= 7 ; Tinmer 9 InterruptMa gﬁﬁrl\ﬂ'A:
6 ; Timer 8 Interrupt A T7INTA= 5 ; Timer 7 Interrupt A T6INTA= 4 I mer
6 Interrupt A TS5INTA= 3 ; Tiner 5 Interrupt A T4INTA= 2 ; Tiner 4
Interrupt A T3INTA= | ; Timer 3 Interrupt A Bit definitions TI NTB regi ster
TOINTB= 7 ; Tinmer 9 Interrupt B TSINTB= 6 ; Tinmer 8 Interrupt B T7INIB=5
; Timer 7 Interrupt B T6INTB= 4 ; Tinmer 6 Interrupt B T5INIB= 3 ; Tinmer 5
Interrupt B T4INTB= 2 ; Timer 4 Interrupt B T3INITB= 1 ; Timer 3 Interrupt
B Bit definitions ENAD register ADCH3 = 7 ; A/ D Convertor Channel Sel ect
bit 3 ADCH2 = 6 ; A/D Convertor Channel Select bit 2 ADCHL =5 ; A/D
Convertor Channely bit 1 ADCHO = 4 A/D Convertor Channel Select bit
0O ADMOD = 3 ; A Convertor Mode Select bit ADMUX = 2 ; A/D Mux Qut
Control BSG « tor. . Pr ADBSY= 0 ; A/D
Converto . 3?,,1 él’k?ﬁ&’nc? fo %QQLQ**§§L§ r*gg%iter PEN = 7 ; Parity
enabl **** 136Parl’t % ct i})mf.arﬁ&‘rlﬁetﬂﬁr%{lect XBIT9 = 5
gth t¥ansm s 0n tR‘?%StQ‘b{P?ﬁ@HP&S ’Fﬁ)*d‘ék**ﬁ—’ﬂff* % . Select character frane
format CHLO =08 . S@Itéléﬁt character frane format ERR = 2 ; Error flag RBFL
= 1 ; Resatved=eHar actsed as ®BMVew:Ach ddg awben §adturhagcasttreceiving-stBi)tto 0.
def i ni ti drse ENUR=08gi stremtaOef byfés to Bateeeiwedr run error 87 5 MAY 2005 5
tbyte_num =0f3  ; number of bytes to be transmitted.

10 temp =0f4 used for temporary calculations as variable or counter,
; =0f5 ; not used :
cntr =0f6  ; used for temporary calculations as counter.
led_cntr =0f7  ; used to refresh led every 0.1 sec (according to timer0 - 25*4msec)
f8 =0f ;notused
15  data_cntr =0f% ; used to count 20 data packets.
fa =0fa ;notused

fb  =0ib ; not used

sokssoRicRkkk bite definitions % F R sk ko ok kR

rs=2 ; pa ; determines if the LCD gets command(0) or data(l).
20 cs_led=3 ;i pa ; send the information in the led data pins upon rise and fall( A ) of
cs_led.
controll=4 ; pa A\
control2=5 ; pa ; / control 1+2 determine the direction of motor 1
control3=6 ; pa A
25 control4=7 ; pa ; / control 3+4 determine the direction of motor 2

;home_position=5; pl
;start_stop=7 ; pl
home_limit=5 ; pb
bottom_limit=6 ; pb
30  angular_limit=7; pb
direction=0; lflags ; direction of motor 1
first_pulse=t ;lflags ; if set then there was already 1 pulse.
en_calc=2  ;lflags ;enables calculation of time per pulse.
35  enl_cale=3;Iflags ; enables calculation of velosity every,
stopl=4  ;lflags ; signals that motorl sould be stopped
pulse=3  ;lflags ; signals that there was a pulse from motor 1

direction2=0 ; aflags ; direction of motor 2
40  firsty_pulse=I; aflags ; if set then there was already 1 pulse.
en_calc2=2; aflags ; enables calculation of time per pulse.
enl_calc2=3 ;aflags ; enables calculation of velosity every.
stop2=4  ;aflags ; signals that motor2 sould be stopped
pulse2=5 ; aflags ; signals that there was a pulse from motor 2
45
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10 15 20 25 30 35 FE = 6 ; Franming error PE = 5 ; Parity er+& MABD2GESS
Break Detect RBIT9 = 3 ; Contains the ninth bit (nine bit. frame!) ATIN = 2
, Attention nmpde XMIG = 1 ; indicate transmitting node RCVG = 0 ; indicate
framng error ---- Bit definition ENU register STP2 = 7 ; Sel ect .nunber of -
stop bits BRK = 6 ; Holds TDX low to Generate a BREAK ETDX = 5 ; Sel ect
transmt-pin 12 SSEL = 4 ; Sel ect UART-npbde XRCLK = 3 ; Sel ect clock source
for the receiver - XTCLK = 2 ; Select clock source for the transmtter ERI
=1 ; Enable intern fromthe receiver ETI = 0 ; enable intern fromthe
transmtter Bit Definitions for ITIVR Regi ster LSON = 7 ; Low Speed

GCscillatg abl e dCEm | at
d ock Ene%ftEﬁ g? es liv&ﬁ Stal;k CF ‘f%lkg %%_coﬁlma%%e lésﬁdock
Sel oot - BORET L oo Fag rili&ﬁo %‘5’@@8 isciegpd:® when - | pLE
Ti er PePP%iH Sel ect bi t 2’| TSELI =1 ; | DLE Ti mer Period Select bit 1
| TSELO =bpftemTaLE Tflagsl pdrvhsa beep@i:rtg miaro ewikghy(NOPisssed, Retjiirepgnval ue f or
| SP K%y epi=3. - ; flagsl- 5 1-wheBdipiglhtheOPsmsHl. | NC
--------stop=4 - - - 5 flagsl- 5 {-when-stop-commdrhi is réce8d 00 whhi part ChinkhaBCBR ssued.
speci f i esndveX. R%@ddﬁe%eﬁ%edm&r&@, 45 WD 02/ 45768 PCT/1L01/01121
this filewuck=6 ;flagsl ;1 when amotor is stuck.

enddata=7 ; flags1 ; additional bit for the PC to know when the micro stops sending -

10 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 Smsec by timer0.
aZden=2  ; flags2 ; enables a/d

15 ledupdate=3 ;flags2 ; being set every 0.1sec by timer 0 to refresh led.

type_start=0 ;lcd_flags ; if set led sould type "start" in line2.

type_stop=1 ;lcd_flags ;if set lcd sould type "stop” in line2.
20 type_end=2; lcd_flags ; if set lcd sould type "end"” in line2.

type_stuck=3 ;lcd_flags ; if set [cd sould type “stuck” in line2.

new_direction=3; rbytel ; the new direction for the motors as received from the pec.
motor=4  ;rbytel ; 0 -motorl, 1 - motor2.
25

buttons_t_en=0 ; buttons_flags

home_command=1 ; buttons_flags

home_command pc=2 ; buttons_flags
30 self t command=3 ;buttons flags

stop_command=4 ; buttons_flags
home_position=5; buttons flags + pl
start_stop=7 ; buttons_flags  + pl
35  limits ¢ en=0; limits_flags to be shifted if it is the only bit in this
byte.

;skai-ﬂ-*** S:O **A*a‘:**bytes deﬁnltlons o 7K sk o e ok o s e o o sl o ok o e o ok s ook sk ek ok ok
Iflags=020 ; flags that belongs to linear motor (motor1).
£

aflags =021 ; flags that belongs to angular motor (motor2).
40  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_entr0=024 ; Isb ; angular distance that motor 2 sould do in start command.

plsy_cntri=025 ; msb

pls_cntr0 =026  ;Isb ; linear distance that motor 1 sould do in start command.
45 pls_entrl =027 ;msb -
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; CHI P SPEC (chip_t abl e) for COPSCDRIxxxx parts PLEASE: Consi %eﬁ gl g@éupdate
of files for CBR and CCR when nodifying 0 value if undefined, aé r val ue
otherwise 88 i! ( ZzOU5 5 10 15 20 25 30 35 40 45 WD 02/45768 nole = 0

romsi ze = 0x8000 ramhi = Ox6F eelo = 0 eehi =0 t3lo = XBO t3 hi =
xB6 conp =0 wuartlo = OxB8 wuarthi = OxBE t2lo = OxCO t2hi = OxC6 wdog
= XC7 mwiulo = OxC8. mwiuhi = OxCA a2dlo = OxCB a2dhi = OxCD iportlo =
OxDO Iporthi = OxD2 gportlo = OxD4 gporthi = OxD6 iport = 0 cportlo =
OxDS Iporthi = OxDA dport = OxDC eecr =0

linear_stat=028 . linear motor work states, ,

nxt_[_stat=029 ; save the next linear_stat that come after a subroutine or an linear_stat.

tflags2 =02a ; save flags of led, a/d and fix_t en. ,

cd_dly =02b ;delay before changing direction to alow the motor to reach a complete

5  stop.

rec_stat =02¢c  ; usart receiving work state,

trns_stat=02d  ; usart transmitting work state.

int_cntr =02e  ; counter to help with timming. decreased by 1 every 4msec.

10 currentl =030 ; digital current from motor 1.

current2 =031  ; digital current from motor 2.

halll =032 ; digital hall senssor from motor 1.

hall2 =033 ; digital hall senssor from motor 2.

pls_ x0 =034 ;1sb ;total linear distance in pulses.

15  pls x1 =035 ;msb

pls_ y0 =036 ;lsb ;total angular distance in pulses.

pls y1 =037 ;msb

flagst =038 ;

t_check =039 ; check sum of 1 packet of 20 blocks of currentl+...+flagsl

20 check_sum=03a
save_ptr=03b
blocks (s1,s2).
send_ptr=03c¢
20 blocks (s1,s2).

25  zero_hl =03d
zero_h2 =03e

; check sum of received bytes in | command from the pe.
; pointer to show where the next byte should be saved in the packet of 20

; pointer to show from where the next byte should be sent in the packet of

ptllo =040  ;Isb ; save the capture time of motor 1 last pulse. ; timer 1a
ptlhi =041 ; msb
30 pt2lo=042 ;Isb ; save the capture time of [ pulse before motor 1 last pulse.
pi2hi =043  ; msb
ptlo =044  ;lsb ; save the time between the last 2 pulses of motor 1. calculated in
~ timer(.
pthi =045 ;msb
35 t_refd =046 ;lIsb ;the desired time between pulses of motor 1 as received from the
pe.
t_refl =047 ;msb
aptllo =048  ;lsb ; save the capture time of motor 2 last pulse. ; timer 1b
40 aptihi =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. :

45 apthi =04d  ; msb
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er omdr

alo =
OxEF

=0 eearlo =0 eearhi =0 ;icntrl = OXES micrower & MAOES |
OxE6 tlahi = OxE7 tlblo = OXEA tibhi = OXED ;cntrl = OXEE ;psw =
rnlo = OXFO rnhi = OxFF segramlo = OxAQ OO segranmhi = 0x077F

cntrl2 = 0 wdogctr = 0 nodrel = 0 econ = Ox7FFF PCT/1LOL1/ 01121 ROM si ze
segnent O high address on-chip eeromrange tinmer 3 registers conparator
uart registers tinmer 2 registers watch dog service register mw registers
a/d registers | port registers g port registers port c port d port eerom

control
register

10

15

20

-30

regi ster eeromdata register eerom address registers icntrl
; already defined uWre SIOtl auto Id tlrb

at_ref0 =04e  ;Isb ;the desired time between pulses of motor 2 as received from the

pc.

at_refl =04f ;msb

receive_ptr=050 ; pointer where to store the bjfte that will be received next,
rbytel =051

rbyte2 =052 ; received bytes.

rbyte3 =053 ;

rbyted =054

rbyte5 =055

trns_ptr =056  ; pointer where the next byte to be transmitted is stored.
tbytel =057 ;

thyte2 =058 ; bytesto be transmitted.
tbyted =059 ;

tbyte4 =05a

tbyte5 =05b

tbyte6 =05¢ ;

tbyte7 =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.

nolpl?lseth068 ; timer to turn off motor if no pulses received - assuming the motor is
stuck. '
noapulsetmr=06%

home_stat=06a ; work states of home position.
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tl reg cntrl reg ; already defined pswreg ; already def| ne§ PF\W\EEIGEQ
range segnents |ow to high econ hex-file |location 89 -

02/ 45768 PCT/1LO /01121 cfgsize =1 ; econ array cell adgrlesgo _fgmNp\/( 2085.
for basic famly, famly = 1 for feature famlx**iircn*i}k/*;********

Appendi x 3 ***x**x*x*x*x% Constants definitions .

| pul sepermm=136 ; 16 * 22 / 2.54 = 138.58 = Ilnsfi*ggl se p(Erocg’m_ ot used
rkkhkkkhkkhkkkhkhkkhkkhkkkk Reg| Stel’ [bf| nltlons *kkkkkhkkhkkkk* fo e :

uart _tnr=Cfl ; used as receive watch dog - when 0, return

i Vi 70f 2 ; nunber of bytes to be
rec_stat(receiving state) to 0. rb ; _ A ® 4
recei ved. tbyte num =0f3 ; number Ft]gAt es ‘%ro be transmtted. 10 np

RQY ter. =0f5 ; not used
y d faor te ns_a vrlable or. coun _ .
E:n;J fe_Ofg . used ?‘E‘?““%‘?r%gg 2“&93%@8310 MEHEOR devise peraptisingd entr =0f 7 ;

* 2. =0f 8
used to refreshn Ium&rtekrlereyenﬁbnlu&ﬁ&]i(s%ﬁ(eg t@%etxgﬁﬂgﬁﬁggﬁg @ﬁf}feég Stoahis
: t use 15 data _cntr =0f9 ; used to count ********‘I‘C**}‘I*la***
ho?oused ﬁ@ =0fb : nNot used ******xxxxx pjtsg deflnltlons *xx

es or, data(l). 20 cs_Ilcd=3 ;

o pgnéj ?ﬁtee?%or rraf?lﬁ%‘kngl%r?t Y ’Iphgsﬁgﬁ%a 99;5’6*?41 ’Fqlégélsalfﬁ@lﬁf aflemmltr]]andf

bs | cd m ne the
BERE papRged to follove o !thS)d:ﬂ Fﬁrfacepﬂthm/saiQQMﬂ U%ﬁi%mqﬁrvﬁfo,

glsrleg'?| on of P ntrol 3=6 ; pa ; \ 25 cont ]i a; |/ control

3+4 determ ne he{vd?tr é@g?yéﬁnbff’?ﬁ’@t“@i? D at Hease protiltyi (anteﬁnatmiﬂly stiRtf salt op=7
, pt insertable element along said physical surface; and

10 a navigation subsystem operative to control sajd driving subsystem based at least
( partially on a perceived location of said surface following element along a reference

pathway stored in said navigation subsystem.

2. An automatically operative medical insertion device according claim 1 and

I3 wherein said driving subsystem is operative to fully automatically direct said insertable

element along said physical surface.

-

3. An automatically operative medical insertion device according to claim 1 and

wherein said driving subsystem is' operative to automatically and selectably direct said
20 insertable element along said physical surface.

4, An automatically operative medical insertion device according to any of the
preceding claims and wherein sajd navigation subsystem receives surface characteristic
information relating to said physical surface from said surface following element and
25 employs said surface characteristic information to perceive the location of said surface

tollowmU 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 and

85




honme linmt=5; pb bottom limt=6 ; pb 30 angular limt=7; pb ******xxxx

fl ags R R R R R R R R E R R E R E R R E R E R EEE X R R R R R directi OnZZO; 5|5 leSZUDS
direction of notor 1 first pulse=1; Iflags ; if set then there was al ready
1 pulse. en_calc=2 Iflags ; enables calculation of tinme per pulse. 35

enl _cal c=3; |flags; enables calculation of velosity every, stop 1=4 ;
Iflags ; signals that notorl sould be stopped 1 pulse=5; Iflags; signals
that there was a pulse fromnotor direction2=0 ; aflags ; direction of
notor 2 40 firsty pulse=l ; aflags ; if set then there was already 1 pul se.
en_cal c2=2; .aflags . enables.calcul ation of tinme per | se.. ~enl.cal c2=3 ;
afl ags ;Wlé‘?ﬁ%éﬂﬁég Bgfl?ﬁﬁq?farcgws II\’#QFIBQFWO&PQSW surga[cghgééges,s IHfoFgauon.” o nal s
that notor2 sould be stopped pulse2=5; aflags ; ‘signals that there was a
pul se fromnotor 2 45 91 - 5 MAY 2005 start=0 ; flagsl ; | when start
command 1.s rectl wetmaticalie mpstative coedieal dnsestins davide achonding to clpimgspnd 1
when ho m.cro. . switch (Normally O os is closed, o when open. bottoms2
: flagsrr‘ghe,rmf1 S@\Héﬁrftﬁ?ﬁ?O%de#%?%o%wﬁg%ﬁ'd(mﬁq ‘cl osed, o when open. 5
epi =8 ; flagsl ; | when Epiglottis is sensed. stop=4 ; flags | ; 1 when
stop conmand is received, 0 when start command is issued, end=5; flags 1
© 1 wherS-pl annwl aiiosftienlle mpsrative yprdienl; inartiegp device pogprdingatneledr 4 godt uck.
enddat a=/;. . ..{ | , WP it..f . . o know when the micro

st ops se‘znla‘:ir%% Sg‘%%ug%?ea&q]gﬁf lﬁf}ggrl?%ﬁg)% lsftﬁrrgb&sug‘%;l%g%eat}fer atl enabl e for saving
and transmtting the blockes of data. fix_t_enl=1; flags2 ; enable 1

bl ock saving, and set every Smsec by tinmer0O,, a2den=2 ; f]ags2 ; enables
ai d 15 I%tdupdate=ytomaticaly opergisiengicdivpl apertipnodevdes apserdingeo 8% @1 BFr esh

| ed.ipty =103 s I g & ahd HeRER-
typals! BEeRURlY Flms AFEhbRE sig Hachibic FEnd0 1 d lBaciEh e b v
t ype_endsizi pHyatal duaiyse comprisatsutfeckssdiedatwgend emadieal n | i ne2. type_stuck=3
; lcd flags ; if set led sould type "stuck” in line2.

10. An automatically operative medical insertion device according to any of claims 1 -

§ and wherein said insertable element is a gastroscope and wherein said physical surface

15 comprises surfaces of the intestine.

. An automaticaily 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.

20
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.

25

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.
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new direction=3; rbytel ; the new direction for the notors as regeﬁgeddgom
the pc. notor=4 ; rbytel ; 0 - notorl, 1 - notor2. 25 buttonst H‘b 200
‘buttons _flags honme_conmand=l ; buttons-flags homecommand _pc=2 : buttons
flags 30 self t__command=3 ; buttons-flags stop_command=4 ; buttons -

- flags hone_position=5; buttons flags +pl start_stop=7 ; buttons-flags

+pl 35 1limts c en=0 ; limts-flags to be shifted if it is the only bit in
thIS byte ****** sS= 0 *******bytes defl nItIOI’]S kkkkhkhkkkhkhkhkhkkhkhkhkkkhkhkhkhkkhkikikkkhkhkik*k
| flags =020 ; flags that belongs to linear notor (notorl). aflags =021 ;

flags that belongs to angular notor (notor-1). 40 ang_stat =022 ; angul ar

ot or Work st ahfSwididticallP optraflldd medB@N Gndddor ﬁéﬁc@'ﬁ@w‘%&ﬁ% tb h:?ilmc oRnaf ter

a subroutine or an ang stat. plsy cntr0=024 ; Isb ; angular distance that
not or 2 YBepid @i stwdgrcgmntmmnaprecgﬂekyya@rptqdlta@zssec;lﬁmpmqnts cntr0 =026 ;
Isb ; linear distance that notor 1 sould do in start command. 45 pls_cntrl

=027 ; nmsb 92 - 5 MAY 2005 linear stat=028 nxtlstat=029 flags2 =02a

cd_dly =0Rb SAstapomatRaBY dperd@iRe mediBASindértioh 2bvideMccbitidg FORimi NPk
nmot or. work states. : save the next |inear _stat that cone after a subroutine

or ar | ey Idrad wheseinaaid dyedasd cprigur 1ap rrntamnaticalli precishaydanisbiea

changi n to alow the notor to reach a conplete usart receiving
wor k stgstpghmg}ta é;[‘?'transm'tti ng work state. counter to help with rimm-ng.
decreased by 1 every 4nsec. 10 currentl =030 ; digital current from notor

1. ; di g{6tal c{grrent frommotor 2. ; digital hall senssor from notor 1.
. n antomatically operative medical insertion device according to any of claims 12

to 15 and wherein said reference pathway is operator adaptable to designate at least one

10 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 is
disposed said driving subsystem; a mouthpiece, a tube inserted through the mouthpiece and
15  aflexible 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.

20
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.

25 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,
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. digital hall senssor fromnotor 2. pls_x0 =034 ; Isb ; totalj IMiieddlh

di stance in pulses. 15 pls xI =035 :nsb pls_yO =036 ; Isb ; total angul ar
di stance in pulses. pls_yl =037 ; msb flagsl =038 t_check =039 ; check sum
of 1 packet of 20 blocks of currentl+...+flags 1 20 checksum =03a ; .check
sum of received bytes in 1 command fromthe pc. save ptr=03b ; pointer to
show where the next byte should be saved in the packet of 20 bl ocks
(sl,s2). send _ptr=03c ; pointer to show fromwhere the next byte should be
sent :in the packet of 20 blocks (sl,s2). 25 zero-hl =03d zero h2 =03e
ptllo =040 ; Isb ; save the capture tine of notor 1 last pulse. ; timer la

ptthi =031 ; nzh ‘ﬁﬁorﬂhﬁ&a‘l’ly—gﬁ&atwel gedicaB ®¥ertione deAd %E&)r&'ngetooﬁnﬁ oBufhge
before notor 1 |ast pulse. pt2hi =043 ; nsb ptlo =044 ; |sb save t he

time betReesding elaims and wheteie gaiddriviigorubaystera it opereiée formovd said @sepeble =045
; nmsb 35, f. L he ired tinme between pul ses of notor |. as
voo PSR Aa ARt of v lyint BRI

received from nsb aptl to =048 ; Isb ; save the
capture tine of notor 2 last pulse. ; timer Ib 40 apt | hi =049 ; nsb
apt2lo =04a ; |sb ; save _the capturetlrre of I pulse befogre notor 2 | ast
pul se t 2hi ARoUomatellyappqraeomedical disertiogadeviehactqrige viet it e | ast

05 1° rre LA pE GRS ang aR S R e o BRI NS

tine betimedrenpof sad inferable@ieninas received fromthe pc. =04fnsb at refl 5
recei ve_ptr=050

23. An automatically operative medical insertion device according to any of the
" 10  preceding claims and wherein said surface following element comprises a tactile sensing

element.

24, An automatically operative medical insertioﬁ device according to any of the
preceding claims and wherein said surface following element comprises a tip sensor
15 including a tip integrally formed at one end of a short rod having a magnet on its other end,
said rod extends through the center of a spring disk and is firmly connected thereto, said
spring disk being mounted on one end of a cylinder whose other end is mounted on a front

end of said insertable element.

20 25, An automatically operative medical insertion device according to claim 24 and
| - wherein said tip sensor also comprises two Hall effect sensors which 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

25  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 satd rod engages said spring disk, causing said magnet to rotate away from one of

30 said Hall effect sensors and closer to the other of the Hall effect sensors.
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rbytel =051 rbyte2 =052 rbyte3 =053 rbyte4 =054 10 rbyteéEFU@ﬁ zmﬁns_ptr
=056 tbytel =057 tbyte2 =058 tbyte3 =059 15 tbyted4 =05a. tbyte5 =05b

t byte6 =05c tbyte7 =05d pointer where to store the byte that wll- be

recei ved next, received bytes, pointer where the next byte to be
transmtted is stored. bytes to be transmtted. 20 packet_cntr=05f ; counts
t he-packets that are send every 160nsec untill the mcro returns. to work
state 0. limts flags=060 ; mcro(limt) switches - normally cl osed.
buttons flags =061 ; buttons - normally closed. 25 ritut =062 ; ritut -
counter to prevent buttons vibrations, only 3sec push 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. 30

aut or uns2éat =066 swekatktadly esperdtivaunedicalninsdrtion fdbvigs 20&7ding| toccléibng? andi f

set, sonefhing shoul d be.typed.. nol pul se =068 : .ti.ner .to turn.off tor
TF o’ purbaet sdd e Sl s PRB I mith e of S el S5
home_st atrRfat intdviHelorsit ALVRS, 10fcah@ e RARIc!h eRten®fh the AWV O0Be Gatiddand AN
automatical |y operative nedical insertion device conprising: an insertable

el emént Qe He suidelgpckyiseonsid seits sprfasd fallowing eehenti gngagesganidasc of the
vVivo; a r f ] el e . i.cally.associ - W id
i nsert abﬁ)g1 gfel‘fa’gsn%eﬁ?é))a{r?llg &%%ger%érrgr% %lﬁeg?df% f(%q?(% IFSI\JNI%%C pfﬁggﬁlélgl etl%ﬁer%?'ace wi-t hi n
said living organismin vivo; a driving subsystem operative to at |east
partiallxautorraticall direct said . . . . .
7. An automafically operative medical insertion device according to claim 25 and
wherein said navigation subsystem is operative to measure the changes in the electrical

10 outputs produced by the Hall effect sensors indicating the direction in which the tip is bent.

28. An automatically operative medical insertion device according to claim 27 and
wherein said navigation subsystem is operative to sense the position of said tip and the past
history of tip positions and to determine the location of said tip in said living organism and

15 relative to said reference pathway.
29. An automatically operative medical insertion device according to claim 27 and
wherein said navigation subsystem is operative to navigate said tip according to said

reference pathway,

20 30. An automatically operative medical insertion device according to claim 29 and
| wherein said navigation subsystem is operative to sense that said tip fouches the end of the-

trough beneath the epiglottis.

31. An automatically operative medical insertion device according to claim 27 and
25  wherein said navigation subsystem is operative to sense that said tip reaches the tip of the

" epiglofttis.

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

30  cartilage of the trachea.
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i nsertabl e el enent al ong sai d physical surface; and 10 a nawisdﬂﬂbﬁmﬂ5
subsystem operative to control said driving subsystem based at | east
partially on a perceived |location of said surface follow ng el enment along a
reference pathway stored in said navigation subsystem 2. An autonmatically -
operative nedical insertion device according claiml1l and 15 wherein said
driving subsystemis operative to fully automatically direct said
insertable elenment along said physical surface. 3. An automatically
operative nedical insertion device according to claiml1l and wherein said
driving subsystemis operative to automatically and selectably direct said
20 insertable elenent along said physical surface. 4. An automatically

operati vg medi gal insertjon device according to any of the preceding
clainms antt whef8i HUQREFaHN\APGHRVS Amalingd yaseain dedry escosdingdoeclaim 32 and
char act efhsiel - i ti - Sal ical surface.fyom said
surface folétfez)rgmsaﬁ%q%ﬁ{egge&% gg%sg%@ 15:%13%213?@3??588%?@;?5 ilﬂé?%c q rtfl%tgf’%ond

i nf or mat ¢avhlage opthedeichen. t he | ocati on of said surface follow ng el ement

al ong§ said reference pathway. 5. An automatically operative nedical
insertion device according to claim4 and wherein said surface

charact egd sticah ' | : SUE cont-our i nf.ormation .30 6. An
automatical ly opeq}ug(gl?%édaﬁgﬁ g{ép% ?]‘rgegl}c;[?x?g%s@ Vi géylg%g%drog@lﬁéqﬁo&%ha?%a %rand
95 5 MAYWhEEH sdhiérnaivigation dubsysfeac e opantiet 6 iseisecthantios tpt jeachedompr thi@s
surface &?,tr.dneststhi gfo mation. 7. An automatically operative nedical

i nsertion é‘&%‘?Se Sc@6PY ng to claim4 and wherein said surface contour
information is three-dinmensional. 5 8 An autonmatically operative nedical
insertion device according to claim4 and wherein said surface contour

i nf ofdhmtion i sARvsLtematically omsrative. madicaluinsentivi cddilise aperdingvie medicfathe

i nserti i I . ny. of .the. 10 pr.ecedin | ai and_ wherein
sai d i neorr e AaRar BBl Rty Ranbre ooy el Sraetmner & fred3afaepryiecal
sur f ace moinpsy fes Smefmapges of the larynx and trachea. 10. An automatically
operative nedical insertion device according to any of clains 1 - 8 and
wherein said insertable elenent is a gastroscope and wherein said physical
surface 3gl5 cogpr,; : i tine .11  An..autongticall

per at v modi Ch ARy 8683 medtal DB o dk ae R e
wher i n whgreinispidairiving s:bey were it oficsative taphti @id aibd fodverr€i N sai d physi cal
surface conprises interior surfaces of the circulatory system 20 12. An
automatically operative nedical insertion device according to any of the
precedi mg. cl aiAw arshalcsRy CRRRIS igtitn SEEHBACKAY DUBYLAENE! ALPTof the
operative to image at |east a portion of said I'iving organism né’ to
gener at PTESANe e Eand avhsraim oy dtiving qubsystesastmprisst | al |y on an i mage

generated thereRys motor operative to selectably move said insertable clement forward or
20 backward;
a second motor operative to selectably bend said insertable element; and

“electronic circuitry operative to control said first motor, said second motor and

said surface following element.

25 38. An automatically operative medical insertion device according to claim 37 and
wherein said electronic circuitry comprises a microcontroller 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 pathw’ay:

30
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25 13. An autonmmtically operative medical insertion device acgdffl 2§0% o,
claim 12 and wherein said reference pathway conprises a standard contour
map of a portion of the human anatony. 96 - 5 MAY 2005 14. An ‘ ,
automatical ly operative nedical insertion device according to claim 13 and
wherein said standard contour map is precisely adapted to a specific '
patient. 15. An automatically operative nedical insertion device according
to claim13 or 5 claim 14 and wherein said standard contour nap is
automatically precisely adapted to a specific patient. 16. An
automatically operative nedical insertion device according to any of clains
12 to 1.and mhen@inthiRald JpeffReNaediPatl R¥aoh HeREr Alofdias aPtRhEI T @r
designate at |east one 10 inpedinment. 17. An automatically operative

medi cal ¢lake Bt iand whewit saidoboriog wgbsysteamis aferative topnessert thg eddcaionsursand

wherein said.insertabl e _el. nt conprises, a housjng in whji.ch is.. disposed
sai d dr i G BB eSO S i A SER T g, AR hE PRIGUDA T faBe
-mout hpi egglodth didmentf | exi bl e guide inserted through the tube, said surface
foll owi ng el enent being mounted at a front end of said guide. 18. An
autorfatical |y operative medical insertion device according to claim17 and
wherein id thpi e omprises a _gurved pipe.through i C | detibe is
Mneerted?020 1o ARVEERATE ARG Bedital PhsRiRetle Htutiech B B8
accor di ngret@lied alaisléhdndereiheligirefesaicd pdilindyng pehsivetierbe & lepepatialle to
nove said guide in and out of said hqusing, through said curved pipe and
t hr ough BEP#eE befere the ipgrtionpregesoiperctiveiedy operative nedical insertion
device according to claim19 and wherein said driving subsystemis also
ogerative to selectably bend a front end of said guide. 97 - 5 MAY 2005
21. Wh ad#it.onmat Acaktonaipellwbvpuative diahdal iinseidn devickewtoediagdordiimg4d andny of
the preceding clai nd wherein said driving subsystemis operative to
move Sai HOFRECFAL Bl MISHRIGH GTiCen PTRRItSoDF ANERl FIABIRE SYRm ASfwEsros.  An
aut omat i g3k leRReidlabie SRUSLAL bpsarld en afQVISE §aREHR" Hicdbred Sai@ ¥fepdncbhe
precedi ng clains and wher'ein said driving subsystemis also operative to
sel ect abbathwyend a front end of said insertable elenent. 23. An
automatically operative nedical insertion device according to any of the
10 preceding clains and wherein said surface follow ng el enent conprises a
tactij e $Ensi ngn @i@nRREly 2berafine avddiem tiheafidy dowes atdorbingedi ddln #haadt i on
devi ce according to _any of the preceding clains and wherein said surface
fol | owi nUh@]e@r@Fﬁ m@gq%lr mga@glgasqhsbstglgr@&pnses at least one of an ultrasound scanner,

-an X-ray imager, a CAT scan system and an MRI system.

43. An automatically operative medical insertion device according to claim 40 and
20 wherein said medical imaging system is operative to prepare said reference pathway by

marking at least one contour of at least one organ of said living organism.

44, An automatically operative medical insertion device according to claim 41 and
wherein said medical imaging system is operative to prepare said reference pathway by

25  creating an insertion instruction table comprising at least one insertion instruction.
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.
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15 including a tip integrally forned at one end of a short rodfhgﬁﬁnémg
magnet on its other end, said rod extends through the center of a spring
disk and is firmy connected thereto, said spring disk being nounted on
one end of a cylinder whose other end is nmounted on a front end of said
insertable elenent. 20 25. An automatically operative nedical insertion
devi ce according to claim?24 and wherein said tip sensor also conprises
two Hall effect sensors which are nmounted inside said cylinder on a
support and in close proximty to said magnet, said Hall effect sensors
bei ng spaced in the plane of the curvature of the curved pipe, each Hal

ef fect sémsor havdulgnat@aBgtdpefalive iRERNIhSrORLHA LY Sodofi B | B ChpEhl! C
current representing the distance of the 25 magnet t%ere om said tirp
sensor b¥l§NoIRG Revigaticahstsem inbparative toratrbksak driving subsyisteen bhsed @l ong

an axis r f id | iL.nder., said.tip.is.pushed agajnst said
spring d@%ﬁsﬁép{({:@gs%ng pg%:l%ldfecrirgé%gpntog Sﬁ'ﬁ%%%‘%?%llﬂvﬂgﬁlﬁ ey g’é‘iﬁc%oé 88r'8 and
when a faicmsérsionxettiedoronblestired tr Ridhaewaws sibsykfg. pl ane of said Hall
effe%t sensors, said tip rotates around a locati on where said rod engages
said-spring disk, causing said magnet to rotate away fromone of 30 said
Hal | effgect se Aane..6l.o . ofther of the Hall effect sensors. 98
5 MW 2006 26, Ap-iof on&ﬁiycg‘?%ﬁ%/&‘%p@?g‘tcglfxlensﬁlé‘@i“c%‘*rv“fené%‘ipf&&% et ot the
accor di myeeeding daimskindanicreinbait @peratiaé ehedichVinBeisn BSNSS BBpkRHOPES AlkYe,

foll ow r}%t’f’a@&ti al insertion of said insertable elenent into the oral

cavi ty, PO EYcaes gir geocess of inserépn of seidangsriebletdlonemss the trachea and 5
bend the guide clockw se until said surface follow ng el enent engages a
surface of.the tongue, whereby this engagenent applies a force to said

sur flice 480l | ovhmguehetieally opFatihAn nedicabbisanl JeveResrRbidig: B dieal 44 Ra@rtion
devi ce agcordi nggto clai.m 25 and, wherei,n said navigation subsystemis
oper at i VBt o kS Mg doseH N SeVise ComBrisss et compuer #ad ovhasein saist swdicall by
Lhe Pal linetdarie seBQieatiof ke Rlidi L1010 S DIt 6l 48id IRedrubent
28. An automatically operative nedical 1"hsertion device according to claim
27 and %i n said navigation subsystemis operative to sense the
position of said tip and the past history of tip positions and to
determne the location of said tip in said living organismand 15 relative
to $ai d4Pef er enceupataivally op@atiRnnrdicaNbistgiah! devRREIRbINE; FPEIaGAl 49 RErtion
device according to clai.m?27 and wherein said navigation subsystemis
oper at | V& TB" i3V QHRRHE 4 APHRpvatcceasarsaty sad dgshf arpesss of énssrtiomelysaid®0 30.
An aut otk lyenaRer ati ve nedi cal insertion device according to claim29
and wherein said navigation subsystemis operative to sense that said tip
touches the end of the trough beneath the epiglottis. 31. An automatically
~operati ¥§ madiAcaIuti nsgrti’%on devi ce accordi n,g to claim27 and A 25 wherein
sai d navigati of SUBEGEERl PRETEpE: merigal ingeriian devich Accarding 19 plakm Adhaad t he
Li paOf - therci@all obinpfiter 3. oplfhtid 8MBlebER! daly QBRIGLL YRIMRAY Gled BSGLH ON
device according to claim27 and wherein said navigdtion- subsystemis

oper at i Patielly oa5aid aggragatehe tip reached the first 30 cartil-age of the
trachea.

S1. An automatically operative medical insertion device according to claim 50 and

wherein said computer transmits said reference pathway to said medical insertion device.
- 25

52, An automatically operative medical insertion device according to claim 1 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

30 wherein said driving subsystem is operative to direct said guiding element and said guided
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99 5 MM 2005 33. An automatically operative nedical inserti0ﬂ5d39¥cam6
according to claim32 and wherein said navigation subsystemis operative
to sense that the tip reached the second cartilage of the trachea, 5 34.
An automatically operative nedical insertion device according to claim 33
and wherein said navigation subsystemis operative to sense that the tip
reached the third cartilage of the trachea. 10 35. An automati.cally
operative nedical insertion device according to any of the preceding
claims and wherein said navigation subsystemis operative to |load said
reference pathway froma nmenory. 36. An automatically operative nedica

i nserti ofegleN £ eREFALIHINGdethes! 2l M 17 and 15 wherein said driving
subsystemis operative to push said tube forward. 37. An automatically

operative nedical insertion device according to any of the preceding
clains apgd wherein sai.d driving subsyst.em conpri.ses: a.first notor

oper ati Vit o cer MR el b Ay S R e BN iSRS d or 20
backward; a seg0hteNEHIOIDRA 3tHidtListaasel @6 bakhtrteeRaihsah tvidisebialhen
el ement; and electronic circuitry operative to control said first notor,

sai d secti® notor and said surface follow ng elenent. 25 38. An

coie: d said surface followng ¥ . |
wherain sai d of Sts oo el AP RLhA0 ARFN IaR e S1BLTeAd 2T

execut e beingaegiged) to Sallclv prphgsiashsaffecsalbithvia shid [Band si@hnikiedn Siogd first and
second notors and,said _surface follow rég el enent and to insert and bend
sai d insert abl @ @RS UOSY SR ORSERIEVE fqyi8hdeashrppstitlbmagiomagically direek srignce

pat hway %Q%Iéa@ﬁ)e élege%\faﬁ%géggg}éﬁi%j%&%&g%ﬁ cally operative nedical

i nsertion i ce accor claim 38 and wherein said
drivithg subsyss envigstiapeulsyitem dperatvadocentrbicsarl édting culssysteanbasediaplenstby at

| east one of said first a second, nptors. to. eval.uate the positiop of said
St noo PEBRIE A BTG Todtge ot quaaa FUMIYE SRR | et drRagce

i nserti oputkkgYY 6@rACHALM REidMoANbIseke preceding claims and wherein said
reference pathway |s operative to be at |least partially prepared before

the insertion gpidtessalls elomeany aeroprises @ disposahle motthpiecé.cal | y operative
medi cal insertion device according to claim40 and wherein said nedical
insertion device conprises a nedical inmaging systemand wherein said

medi LRl §3ragi ngnsysbeaicAlyoppiratives tetiRaninskRidEt dPddel habldin® e RRE B aind
reference_  pathway. . . . ) . ) . .
whereln said ‘driving subsystem is- operative to at least partially automatically direct said

guide in a combined motion comprising a longitudinal motion and lateral motion.

56. An automatically operative medical insertion method comprising:
20 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 said living
organism in vivo;
automatically and selectably directing said insertable e¢lement along said physical
25  surface; and
controlling direction of said insertable element based at least partially on a
perceived location of said surface following element along a reference pathway stored in

said navigation subsystem.

30 57 An automatically operative medical insertion method according to claim 56 and
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15 42. An autonmtically operative nedical insertion device acedt Hivg 206
claim4l and wherein said nedical inmaging subsystem conpri ses at | east one
of an ultrasound scanner, an x-ray imager, a CAT scan system and an MRl .
system 43. An automatically operative nedical insertion device according .
to claim40 and 20 wherein said nedical inmaging systemis operative to
prepare said reference pathway by marking at |east one contour of at |east
one organ of said living organism 44. An automatically operative nedical

i nsertion device according to claim41l and wherein said nmedical imaging
systemis operative to prepare said reference pathway by 25 creating an

| nser ti onwhastr st tanrllay GorfRMERE isdohin@ buk 28 ThaQBRribA BitbhARidNRIAIE 1, ON-
45. An auto ically operative nedical insertion device according to-claim
44 and méfﬁm S1e3 | Yriepes diom aidi sufacedollowingostpmentesnd eatpleidng Gaidt urfice

| east one nd. bend said jnsertable.elenent. 30 101 5
MAY 2005 %k%?acﬁérﬁisgﬂ%%‘;“?%gﬁw%%cﬁ vedir @’%Gaﬁ@a Pt%ﬁlgisﬁgg‘?et folAwiRg Flewen aora; ng
to cl ai m shid sfictenastpetteiay. sai d navi gation subsystemis operative to control

said driving subsystem based at |east partially on a perceived | ocation of
sai d Surface fol | ow ng el ement and according to said insertion instruction

table stosged i nagald,RaV Lon-su em 47, An, aut onmati cal |, erative
medi cal insertion de{}{laceélg)gé%e?%?‘zeg %gl%éln}‘f}s?{goq st ciﬁjr%%f’é’&%ﬁé tEIcéﬁl%’B?‘gﬁHg
wher ei n sehadeivperdauifee drdictaistié hFfemation cIRYHES susfaOPEIRbIMafdrRafbn. east
partially store a log of a process of insertion of said insertable el enent.
10 48. An automatically operative nedical insertion device according to
claim46 snd wWiehgbmaiail WeRl mblsarihion [ ises a.computer
and wherein said nmedical lq/i <I'[r91§,~:\ﬂgrti on g@@i 1%%69?@1%%@?0% igév%gpc{%gt%? a?ffg]ﬁi ﬁ‘})ga d

| og of a ‘pheseiasaidsaripgesbatactnisod indainthtion semprtdseurfat e ttess 1oARatid)
automatically operative nedical insertion device according to claim48 and
wherein said conputer is operative to aggregate said |ogs of a process of
insertiomelof saiautbmeeeadiabdRralRMBBdical I 0zertiih At G T

medi cal insertion device gcc%r di ng to cla mA4o an@ﬁ%&gﬁ%@%’é@%ﬁé&%ﬁ’%d
conput er VTGP &Rid sprfecetconious pfpranationds thedeedierosgiopdt hway based at | east
partially on said aggregate. 51. An autonmtically operative nedical
insertion device according to claim50 and wherein said conputer transmts

sai d1§ ef &l ence AatittvaytidallySeeehtivedhedibal RS RRIRBAVALE:diRD 1 2LaiAS8 and
dingto clai meand

automatical |y operative nedical insertion device accor

wher ei n ?31&6‘%{? ﬁ@gﬁ?rgaf?ﬁéo%qoéﬁ@ﬁ‘?n%ﬁﬁﬁﬁ Bewsdigegsipuilng el enent and -a gui ded
el enment. 53. An automatically operative medical insertion device according
to claim52 and 30 wherein said driving subsystemis operative to direct
sai d gui 8Png elPenwiemativdlly aipdragive desllichD Zhsertion method according to any of claims

36 to 61 and wherein said insertable element is an endotracheal tube and wherein said

20 physical surface comprises surfaces of the larynx and trachea.

63. An automatically operative medical insertion method according to any of claims
56 to 61 and wherein said insertable element is a gastroscope and wherein said physical

surface comprises surfaces of the intestine.

25
- 64, An automatically operative medical insertion method according to any of claims
56 to 61 and wherein said insertable element is a catheter and wherein said physical surface
comprises interior surfaces of the circulatory system.
30 65, An automatically operative medical insertion method according to any of the
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- 5 MM 20S el enent at least partially together. 54. An aut omed it/ 12685
operative nedical insertion device conprising: an insertable el enment which
is adapted to be inserted within a living organismin vivo; a surface
followi ng el enent, physically associated with said insertable element and .
being arranged to follow a physical surface within said living organismin
vivo; a driving subsystem operative to at |least partially automatically
direct insertable elenent along said physical surface; and said 10 a

navi gati on subsystem operative to control said driving subsystem based at

| east partially on a perceived |ocation of said surface follow ng el enent

al ong act@rhersencess pat Me¥osbREiss cbReridhg ré@f@n@@bh@l@va?'{gsﬁatg%{g aSRhE a
i nsertabl e, el epent. conprises a di sposabl e nout hpi ece. 15 55.7 An

.

‘aut omat PEEiNy oh sEifakiVive areeivalaningeeriting daidi téreneopativiay thesad af heedt and
wher ein ' vi ) mis.operative to at |east partially

.aut omat ip%gflaﬁy%hia}éé%tggéggngy&ég{?yd%mﬁl HB%gIE%'mi ned notion conprising a

.longi tudinal notion and lateral notion. 56. An autonatically operative
medi cal insertion nmethod conprising: 20 inserting an insertable el enent
withtn 801 vi Ag avlgmatieallyi pparrting; medips! érdertjonnswtizidantaotding dardnzicef the

fol |l ow pg: t < 1 d 1 r I | enen nd causing said.surface
fol |l ow E%mg% gﬁ%t 6¥VloatnfB oﬁﬁ?&ogv‘”ég%??‘?% ?%ea mglll}gf %aéci: rﬁ%{%c?. pélg]vﬁa%l F?}présm%ragani sm
i n Vi vostanderd nattovamby ofingorsioh € thallumah smaeimpg sai d i nsertabl e el ement

al ong said physical 25 surface; and controlling direction of said

i nsertabl e el enent based at |east partially on a perceived |ocation of

sai d sugface hel iy @ QNG A ; 0 i id
navi gati on subs'y.steé%ln%ggkgd%@ﬁkxéaut oﬁﬁtlﬁ%ﬁ%rgﬂ%gle@g%&é@ﬁgﬂ (%lgﬁniéﬁsaerfd?i on
net hod alse oewprising prasisalynadaptimnchid 3ndarn200mapies epazifiapatieniont r ol | i ng
conprises receiving surface characteristic information relating to said
physi cal surface fromsaid surface follow ng el ement and enpl oyi ng said
sur f acegg char agt RAbRLGIY foRfaed nRid0 iRQES&I ﬁﬁtﬁolaeadcefa%{%ﬂﬁclﬁfm %A £hd
surface followi ng el enent along said reference pathway. 58. An

aut onat plsalcpypsis@gautareativetly pedcisehs adantiog sait boudand coningapdod sperifE? and
wherein sal d surface characteristic information conprises surface contour

i nfor mef7on. 59. An autonatical | y operative nedical insertion method
accb¥ding to claim57 and 10 wherein said surface characteristic

i nfor ma%/%on conpri ses. surface hardness information. 60. An automatically
oper ati V& medi @A GHEERLY Shetivh swdicat srsarting methe sicperdimgaiapuywieslaims sai d

sur f acesg @fteQUin QE&%&%EQHg iaﬁaﬁtﬁfgefzﬁ&i PRSI0 rb%{hway to designate at least one

impediment by an operator. )

20 70. An automatically operative medical insertion method according to any of claims
56 to 69 and also comprising:
' providing:
a flexible guide, said surface following element being mounted at a front end of

said flexible guide;

25 a housing in which is disposed said driving subsystem;
a mouthpiece and a tube;
inserting said flexible guide through said tube;
inserting said tube trough said mouthpiece; and
| driving said flexible gnide employing said driving subsystem.
30
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15 61. An automatically operative nmedical insertion nethod acgangh r@(ﬁo
claim58 and wherein said surface contour information is two-dinensional.
62. An automatically operative nedical insertion nethod according to any" of
claimse 56 to 61 and wherein said insertable elenent is an endotracheal
tube and wherein said 20 physical surface conprises surfaces of the |arynx
and trachea. 63. An automatically operative nedical insertion nethod
according to any of clains 56 to 61 and wherein said insertable elenent is
a gastroscope and wherein said physical surface conprises surfaces of the
intestineg, 25 64. An automatically operative nedical insertion nethod

accor di ng't o afiy aptorsititatly ofeeative ddienl dnsstsremethsdi fcoiagfy foadlhitn ehepgnt is

a cat het rein.said physical surface conprises interior surfaces
of the c%%%ﬂ%%&@%%ﬁe@wg@%r%@aw iBerrouehl which paid sebove insertidc al
insertion nethod according to any of the 104 5 MAY 2005 clains 56 to 64 and
al so corrlrf)ii sing generating reference.pathway by inmaging at |least a portion

of said [4vi ng Bregtamaivalin dpgetisr atédig smetdionehehed cecpdinpwayciias et aal

| easts p. j : 1 ma nerated by sajd imaging. 5 66. An

aut onat i %éff F‘?fﬁé%sé'?éf;‘t“?\g@gr%gf@g& i O s hefesines Sz eh #rid prvedhpiperand he
cl ai ms Srdugh6bidanist ethployGRRId &ividg 98Re&@hi ng said reference pat hway

conprising a, standard contour map of a portion of the hunman anatony.: 67.
An autonatically operative nedical insertion nethod according to claim®66

and 10 a.so ¢ IS ARG eci adapting said standard contour nmap to a
speci fic pati e%??ﬁﬂé)g{.ﬁ%‘%lﬁ)}é&ﬁ (E)%gw&ﬁ%f(%} BB%FIQPW@EW@&F%‘% g e lamo e aed hod
accor di regset eompasing GEleatbly HefdingOAFFoniend @}ugfﬁ)@%ﬁ@@leh%l(%l’i%isg@ Yiafapting
s;\aio[ stangar contour map to a specific patient.” 15 69. An Gtomati ¢ 1y
opergti ve HEttal insertion nethod accor di ng to any of clains 56 to 68 and

al so conprising adapting said reference pathway to designate at | east one
i npedi ment by an operator. 20 70. An autonmatically operative medical

i nserti ot net Hotawoustidilhy operativey mefiicel Merson BRethadl HRoANEy % 59 6PBRAILSI NO:
provi di ng: toaﬂ Ia (?aaPl e cg]l_l,ll de, said surface follow ng el enent be€ing nounted
at a front efid 20t *CafUPIERe FReYIRg Sed, msestahlendemeriging andihitcpf said divémpsed
sai d driwgm@nsaﬂagmﬁﬁ%@aid éﬁmgtsﬁﬁ?é%@feﬁland a tube; inserting said flexible
gui 35 t hrough said tube; insérting said tube trough said nouthpi ece; and
driving said flexible guide enploying said driving subsystem 30

75. An aufomatically operative medical insertion method according to any of claims

56 to 74 and also comprising selectably bending a front end of said insertable element,

76, An automatically operative medical insertion method according to any of claims

20 56 to 75 and wherein said surface following element comprises a tactile sensing element.

77. An automatically operative medical insertion method according to any of claims
56 to 77 and wherein said physically associating a surface following element with said
insertable element comprises:
25 integrally forming a tip at one end of a short rod having a magnet on its other end;
extending said rod through the center of a spring disk;
firmly connecting said spring disk to said rod;
- mounting said spring disk on one end of a cylinder;

mounting another end of said eylinder on a front end of said insertable element.
30
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105 - 5 MAY 2005 71. An automatically operative nedical inserbiﬁnﬁﬁ%tﬁwa
according to claim70 and wherein said nouthpiece conprises a curved pipe
t hrough which said tube is inserted. 72. An automatically operative nedical
insertion nmethod according to claim71 and 5 also conprising noving said-
guide in and out of said housing, through said curved pipe and through
said tube enploying said driving subsystem 73. An automatically operative
medi cal insertion nethod according to claim72 and also conprising

sel ectably bending a front end of said guide enploying said driving. 10
subsystem 74. An automatically operative nedical insertion method
according, to @nwyaﬁ&mﬁﬁ@algﬁolae‘éﬁixreomz&cﬁnﬂsahgﬁ N ARoREnERY kR SR ghd
insertable elenent in and out of said living organismenploying said

.dri vi ng vhebsy seidraurfase f8lowing slenwmhelse abmprisiseivar el efifiecli teakors,neaeh tHabdin

met hod agcording to.any of. glains ,56 to 74 and.al so conprisjng sel.ectably
bendi ng CHSF SRttt e e RrbPels e e de Aroidrs S TS e AT
oper at i vig: diBeh&df tho 8RRt ARerbRbMNOMhd AR UoHpigink® any of clainms 20 56 to 75
and wherein said surface followi ng el enent conprises a tactile sensing

el endnt. 77. MPuitingsaidi dall effeerpiensars vesidresri¢ 4V 1indes amt & SHPRAEL #skina®le®r di ng

to any . tag (7 and wherein said physically associating a
surface%%ﬁ%lln%qﬁaalg%leaﬁglﬁtf with said insertable elenment conprises: 25:

integral ly forspadhg suid Hallaffeorwensesielirothe dlasib of thercuednae ioff gheccummgigpe;on i ts
ot her end; extending said rod through the center of a sdgri ng di ?k; firmy
connect i ng saiS#ddiprSeAPr feig apsradiye qutodat WhB i ¢rgis SEPIEeSHt thR PR¥E Bn one

end of g, C\rishHRlet DA B RARPT i ' | ngdain o i gnd of |
said i ns}é]r t abspe eﬁtrgrrent ?d %1@86 S-Q E{SUW %&%@%ﬁﬁlﬁﬁa toﬁaﬁ f:g%]{s%sger ative
medi¢al magsetr to appuretihesidabelbradfeny stisoed andnvitidnam dorcahier &derted aindsasdirtipace
foll own ch Hall effect

el enent al.so conprises two Hall effect sensors,. e
sensor RAGTAGS B HECHRE0 T08 FA o0 BRRSRS VA £8 TBIHGR, BT BTAHED Sliefont
repr eseriiyngd chedisal apes: GhkINEARIREmINE! RiHRM AL BLACoUIRAIISIAD: 5
mounting said Il effect Sensors 1nside said cylinder on a support and in

cl ose pHoxisaisops el Jajed tthgresher of fecilalyeffedt denidaisl ef f ect sensors in the

pl ane of the curvature of the curved pipe; said tip sensor being operative
such that when a force is exerted on the tip along an axis of symetry of

sai ds cyl7zonder Ars aitemhtigallySopsishedmadiaainsberioh theslidd Agoelisk to Chiikai Togaxhi d 10
magnet to approach said Hall effect sensors and when a force is exerted on

said tipiSOSPHWHENE: i n the plane of said Hall effect sensors, said tip

rotates around,a; loGakl gggﬁe fSertifd Sefnlfk S 8&kif-spring di sk, causing
; aftial rt Q&ﬁ? 1 ;
sai d magnet t rlotgte g% romone of sgﬁ% Ha ? 1%/
causing the insertable element to extend in the direction of the trachea;
bending the guide clockwise until said surface following element engages a
20 surface of the tongue, whereby this engagement applies a force to said surface following

element.

80. An automatically operative medical insertion method according to claim 77 and
also comprising measuring the changes in the electrical outputs produced by the Hall effect
25  sensors indicating the direction in which the tip is bent by employing said navigation

subsystem.

81. An automatically operative medical insertion method according to claim 80 and

also comprising sensing the position of said tip and determining the location of said tip in
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effect sensors and closer to the other of the Hall effect sensdy $iAY1300R9.
An automatically operative medical insertion nethod according to .claim70
and also conprising: partially inserting said insertable elenment into the
oral cavity; causing the insertable element to extend in the direction of
the trachea; bending the guide clockw se until said surface foll ow ng

el ement engages a 20 surface of the tongue, whereby this engagenent
applies a force to said surface following elenment. 80. An automatically
operative nedical insertion nmethod according to claim77 and also-
conprising measuring the changes in the electrical outputs produced by the
Hal | ef fsaut lidifig sepasiensaridi@ianiat itd Gail Refe@hb @ 5ith ARy biseitiCihetis: Lkl §¢ENt by
enpl oyi ng said navigation subsystem 81. An automatically operative

medi cal HOA4%@REi on met hod according to claim80 and also conprising sensing
the position of said tip and determning the | ocation of said tip in 107 -
5 MAY 2005 said living organismand relative to said reference pat hway

based of2t he pastuthinatiedly oferitiye mP@SAItheRGon %mﬁnaﬁa@ﬂgtt& calihysPRed ative

medi cal insertion nethod according to claim80 and 5 al so conprising

navi gat iy LIRS NEEEBING e tip acapidingetoesaich cefersactnathveryptmylomings siidi

navi gat ingfisa4bsyskaMn,83. An automatically operative nmedical insertion

nmet hod according to cTai m 82 and also sensing said tip touching the end of
the trough beneath the epiglottis. 10 84. An automatically operative

medi cal ¢hnsert, on tm&\t hoaﬂ according to claim80 and also conprising sensing
said tip-reachtmitoRatically eperative medigal dnserton Bsthodacgondinets claim82omet at i ve
medi cal alsBSeidnORidBh MREnRASGRL i j nd_ .15 _al so conpri sing
sensing the ti pé)gr&eac%i ng rt%%e #ig{rd;(?ftégtrrﬂl@ a%@élg%ﬁ]tl%%mtg]?)g&sr‘lea. 86. An

aut it i cal | y operative nmedical insertion nethod according to claim385 and

al so senging the tip reaching the second cartilage of the trachea, 20 87.
An aut oﬁ%'t i caﬁ%ya%%rg?téctaﬁyeoﬂ?gaaﬁveépecﬁ??gé?ﬁem metheg reserddndiineletms &) andn 86
and al aksosem@rigiggtgé}giﬂg:g@id@lapga{;mg_ttmiﬁ@tﬁge @ldiid age of the trachea. 88.

An automatically operative nedical insertion nmgthod according to any of
clains 56 to 87 and al so | oading said reference pathway froma nenory to

said nagkgati ap 29, S 89, An-autgomatical Ly operative pedjcal

i nsertion net E‘oofl acc%#%‘ﬁ%gogjt% %Qtlcgé?#%l 10D, OBL?é:ﬁ&ﬁb‘l%m Eﬂa{%%@ %k war d
enplooyi Algo seingrigng vémngshb sy séRAIng kIS irst Sarlh¥e 308 tBRheAN aut omatical |y
operative nedical insertion nethod according to claimany of clains 56 to

89 and wherein said driving subsystem conprises a first notor operative to
86. An automatically operative medical insertion method according to claim 85 and

also sensing the tip reaching the second cartilage of the trachea,

20 87. An automatically operative medical insertion method according to claim 86 and

also sensing the tip reaching the third cartilage of the trachea.

38. An automatically operative medical insertion method according to any of claims

56 to 87 and also loading said reference pathway from a memory to said navigation

25 subsystem.

89. An automatically operative medical insertion method according to claim 70 and

also pushing said tube forward employing said driving subsystem.
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sel ectably nove said insertable el enent forward or backward and&alg¢cHiid
not or operative to selectably bend said insertable elenent; and 5
controlling said first notor, said second notor and said surface follow ng
el ement by enploying said electronic circuitry. 91. An automatically '
operative nedical insertion nethod according to claim90 and . wherein said
el ectronic circuitry conprises a mcroprocessor and al so conpri si ng
executing 10 a program said executing a program conprising: controlling
said first and second notors and said surface follow ng el enent; and
inserting and bending said insertable elenent inside said |iving organism
al ong i d refer : 15 . i call rat ;v.e nmedi cal

i nserti ﬁ' met h%lg aﬁ@%%ﬁlgiﬁhgg\ﬁ%a% aPlr%maiSBﬁglP %E:)ﬁa%? ér%hé% ag%oa&%%st(g é(%%lm) A% ioﬁg:
“measur i rfpitheSbetoe’d and whereirestid drizing Spsasterh @88iprioaiea rstSbtdr fopesitive sl

second tors; and eval uating the position of said surface follow n
el enent ;5¢%¢ @gg’ymeﬁf'p%%%a@é? %ﬂ@ﬁ}l@f%%é)@%lfw apd a SAﬁomwsapp@@tigsy

oper at i g oiTBAkEIglbehd SR sReiIB bAREAAGEET di ng Lo any of claims 56 to 92 and

al so conprising preparing said reference pathway at |least partially before
the 5inserti orcopirolting saiddirstiahotoatseitl se2ondrhotodand utidnmtfacafdllowipg eRirieve

medi cal i nserlti.on ; trod according to claim93 and wherein said nedical

i nserti O TRRYHE SHH5ISCERLIC GHEWIRT ng a nedi cal i magi ng system and  al 5o
conprising preparing said reference pathway at |east partially by enploying
said nedical imging system 30 109 - 5 MAY 2005 95. An automatically

oper at i Va. nedifvakutongsealiyorpersiveodedicdanstirtion tetialdaadro2iingne cladhed®wmd sai d
nmedi cal _j ing ,subsystem conprises at | east one of an ultrasound sg¢anner,
an x-r ay IRy ERd e BT STy oM S AR ORI RS Ao RpTiage Sxeonting

aut oot laGRb ¢rytmQ paid @kdécvbngB GrRhmicBaRkkingn et hod according to claim 93 and
wherein al so conprising preparing said reference pathway by marking at

| east one contOlrolling sad firs a8¢ senead orajern and saidisurfidefoHgwingeemsnt a87. An
automatical ly: I i s i.on_nethod.according to clai 56 to
96 10 and al Sl%‘%@é:%éér}ﬁ?ﬁ{fg%ﬂ{ﬁ? %ﬁ%#ﬁ%g{a Ig; ettt ega%aﬁﬁ yorﬁ?uﬁrpeagg’i‘%g an
i nserti cmdiretange pathwayt abl e conprising at | east one insertion instruction.
98. An autonmatically operative nedical insertion nethod according to claim
97 and wherein said insertion instruction conprises instruction to at

| east ome of . - be Al d.. A r el e . An
automati cal | y%gggﬁaegéu%aﬂiseégmi Ir?%glrc ftﬂl glge%e% ﬂ%‘!‘c‘iﬂ‘z‘géz%?‘g{dﬁ’é too C aig"nq9 81‘7 and
wher ei nchiin @l codpisosiomprisiogt r ol | i ng sai d driving subsystem based at | east

artially on : . ) .
P y ?neasurmg the electric current drawn by at least one of said first and second
motors; and
evaluating the position of said surface following element;

20 by employing said driving subsystem.

93. An automatically operative medical insertion method according to any of claims

56 to 92 and also comprising preparing said reference pathway at least partially before the

insertion process is activated.

25
o4, An automatically operative medical insertion method according to claim 93 and
wherein said medical insertion method comprises providing a medical imaging system and
also comprising preparing said reference pathway at least partially by employing said
medical imaging system. |
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percei ved | ocation of said surface follow ng el enent and accor?iﬂm tzggssai d
insertion 20 instruction table stored in said navigation subs em 100.
An automatically operative medical insertion nethod according to any of
clainms 56 to 99 and al so conprising storing at |east partially a log of a
process of insertion of said insertable elenent. 25 101. An automatically
operative nedi cal insertion method according to claim 100 and wherein said
medi cal insertion nethod conprises providing a conputer and al so

conprising transmtting said | og of a process of insertion of said

i nsert abl%- el eneheuipmaiedlly omvarpiteedidl hidtion el 20081idD% cAin 94 and

aut omat i | rati.ve.nmedi cal. insertion method according to claim 101 and
aggr egat ﬁﬂ%rés‘lg%gl%l %%Cbcagflmﬁglﬁg SLRystest compryesiab ieash onsaolar Rlbwseug! ssamsiesment
by empl ovingragaindget QURHR sy Rerhdd AW ORI cal Ly operative medi cal
insertion nmethod according to claim1l a al so conprising preparing said
reference pat hway based at | east partially on said aggregate., 104, An

automati ggl |y e ive di cal. insertiaqn nmethod according to claim103 and
al son%orr%?i si ng é‘gés%ﬁl%‘aﬂ?n@eﬁﬁ‘fa m@*@iéﬂﬁgl%mﬁw Feperingatogclesmdstand t o
sai d medwdetein 480 icos@fitih Mh€ 8aid i L i cal
insertion rrtgt hod accgrldli %gr%g a%yalo?rgl?f%lé@gﬁgﬁgng%géﬁ%yr%oaﬁquf’?g% g?ng&% sai d
i nser t abPE2idpashant ongenpf sadliviaggugatiisny el enent and a  gui ded el enent, .15

106. An automatically operative nedical insertion nmethod according to claim
105 and wherein said driving subsystemis operative to direct said guiding

el ement 8hd a daiatongicaied opdrenRiineaical iﬁ?e?fiorpﬁa%g'joﬁlaké/orgﬂl%e& N&fims 38 (§ 04 AN
auto tlé:%:l l\s/ ogerat,l ve nedi cal insertion method accordifig to clarm and
wher €1 n & #SQCPRBTIFIRG PERPNE Said relrrenretratinidyybamdatied en timsetiondinstendtiong

sai d i ns@blahnGristlamat: d R ; i ned _notion conprising a | ongitudinal
notion and | a'ltn!fa‘prr ]asl “not | %tn§£é§seﬁ§@1ns§9ctlon,

98. An automatically operative medical insertion method according to claim 97 and

wherein said insertion instruction comprises instruction to at least one of extend, retract and

15 bend said insertable element.

99. An automatically operative medical insertion method according to claim 97 and
wherein also comprising controlling said driving subsystem based at least partially on a
perceived location of said surface following element and according to said insertion

20 instruction table stored in said navigation subsystem.

100.  An amtomatically operative medical insertion method according to any of claims

56 to 99 and also comprising storing at least partially a log of a process of insertion of said
insertable element,

25
101.  An automatically operative medical insertion method according to claim 100 and
wherein said medical insertion’ method comprises providing a computer and also
comprising transmitting said log of a process of insertion of said insertable element to said
computer
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102, An automatically operative medical insertion method according to claim 101 and
aggregating said logs of a process of insertion of said insertable element by employing said

computer.

103.  An automatically operative medical insertion method according to claim 102 and

also comprising preparing said reference pathway based at least partially on said aggregate.,

104, An automatically operative medical insertion method according to claim 103 and

“also comprising transmitting said reference pathway from said computer to said medical

insertion device,

105. An automatically operative medical insertion method according to any of the
claims 56 to 104 and wherein said insertable element comprises a guiding element and a

guid'ed element,

106. An automatically operative medical insertion method according to claim 105 and
wherein said driving subSystem is operative to direct said guiding element and a said

guided element at least partially together.
107. An automatically operative medical insertion method according to claim 60 and

wherein said directing comprises automatically and ‘selectably directing said insertable

element in a combined motion comprising a longitudinal motion and lateral motion.
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