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ai zd et wd92/f%768 aut omati c i nsertion of an el enment into aPBdMiLoagozgani st~
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http://ww. ai rwaycam com system ht M SUMVARY OF THE | NVENTI ON The present

invention seeks to provigergRR N@EQ'FO D AR AP automatic 25 i
30 insertion of an el enent 1|3nt I \S/(Tyéng or gani ém i Ee\%%\ggwsThere is thus

provi ded i Mprdicentdamrebywclkaim aprpray esfr énia@nmmmﬁpphaahoh hNeopl4Gehd filayenti on
an aut quat | al er a medi ca ce ,Jncluding an insertable
el ement %ﬁl“t%ﬁr%SZO%aﬁt‘ilagtépB@aﬁuﬁi:B’r ng'c%}d &%llﬁt PR ng organismin vivo, a

sunpace foll owi ng el enent, physically associated with the insertable
el ement and bei ng arranged to follow a physical surface within the living
organismin vivo, a dri \Bm@KQMEW&GFdﬁéEéNVENHON WO 02/ 57G8

PCT/ILOl/O],liléJT ho at ast Egrtla at;auto i cal % direct the insertable
el ement al ong t %WBWQ?C@ arg Briieyed 1 FrpTesehihe GurTH AL S #8m operative to
cont r ol6,24%1 1@ IGXQ%QBEUB%SDSm @a§@94§t6 Qﬁﬁ9@4 RAE03, 497, Y6, 02, 646D 8T 1081298 d
Iocatlon of the surface followi ng el ement along a reference pat hway st or ed

in t he GERAIP 00051835 988483 56, THbR8L:I & 183,690 o 1A, td 6, 19470 16d8AB87ni t h a
preker redseomod 0 r n P tive
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Reference is also made to: hitp://www.airwaycam.com/system.htm!

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 operative medical insertion device including an insertable
element which is adapted to be inserted within a living organism in vivo, 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 operative .



10 directing the insertable el enent along the physical surface and
controlling direction of the insertable el enment based at |east partially on
a percei w0 okasmBi on of the surface follow ng el ement al orrmLOEIARENCE

pat hway stored in the navigation 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
physi cal surface. Still further in accordance with a preferred enbodi nent
of the present i nvention the dr|V|n subsy P]is oper a iVﬁ to

aut omat!P llea5t BRfgalL PEEMmAGE lydfhlr%cétt feorie alonig b el gurtaes
physi cal,qsur n r nt of
TRes pr dadnt madfRiod SR “285%%*&?6 R R S R e

char actpartueﬂtyl om afperozited olvcatadnadf mh)e tsorfadee fqﬂwang adlersent f alorg far cafetehee

surface foI | owi ng el enent andﬂﬁjg?l oys the surface characteristic
+i nf or meRAEBYRY: Botsa i henavigaton +of the surface follow ng el enent al ong

the sref erenge pal BBYorofinE] &f agoycianw%ﬁya Jgeenﬁmfrﬁb%aﬁﬁérﬁtdf%é et i on

i ncludes surtface contour 25 information Itiona in accordance with a
pr ef er riedergiohadi avtomatizhlly hperphesmndlcalnnmmummmetﬂud whmch amdudﬂsamsdmgarst ic

f t d f hard f t th f
cont our MRRBIERIFER ISR 2 YR ERETBRar 1o ISP aA TSl f S Eont our

i nf or mei|8WirgSelbmBntdiv i e iiRahble 4lemeiPatdéausingGle B@Falcé f&IRkving dlbddentty t her

in accordance with a preferred enbodi nent of the present invention the
i nsert aiblleweﬂ plrpesieal isurfaceewidn thecheiag organisna il VW@eﬂ@Dma‘tl@ﬂﬂYpmdsﬂeMabéwr face

e RSPl bR SSERRr S  shokbaBp R e

el erfentmhéta@legééﬁaéﬁ)tslfd%@& afieskt \Wagially ont Hperbéived tehtiGiiof Beauifacd follesvisg!r f aces
of the intestine. Additionally in accordance with a preferred enbodi nent of

t he predementialengn federengecdathvwarsierpd in @e agpigationssulsysiithet er and wherein the
physi cal ‘sug(ace hnfcch%ﬁﬁ%e gxﬁtgré Eef@H%cI %@%ﬁ%e& g tflé tp%éﬁeﬁ% %{\Pénﬁ&'?ttﬁén 10

Furt her in accor ance erre resent 1 nvention

t he i nséivih® @ubis@b’ﬂemexs abeativewel fulle aumntadit slyediest n&txhwmb@eﬂanattcatongahe ative
|nage at |east a portion of the living organismand to generate the
ref\eiren @’Skfé& ®based at least partially on an inage generated thereby.

Preferably, %tﬁ}lg?urrt}?efr h GOGTFdARE M@Ya bREHAEBbdha A tEe PREERUAVIHERN the 2

portion of
driving subsystem is operative to automatically and selectably direct the insertable element

along the physical surface,
Additionally in accordance with a preferred embodiment of the present invention the
20  navigation subsystem receives surface characteristic information relating to the physical
surface from the surface following element and employs the surface characteristic
information to perceive the location of the surface following element along the reference
pathway.
Preferably, the surface characteristic information includes surface contour
25  information.
Additionally in accordance with a preferred embodiment of the present invention the
surface characteristic information includes surface hardness information.
Preferably, the surface contour information is three-dimensional,

Preferably, the surface contour information is two-dimensional.



15 human anatony. Further in accordance with a preferred enbodi nent of the
present invention the standard contour map is precisely adapted to a

speci fc pmbiogns768 Still further in accordance with a pref ercadiendiagh nent of
the present invention the standard contour map is automatically precisely
adapted to a specific patient. 20 Further in accordance with a preferred
enbodi nent of the present invention the reference pathway is operator
adaptabl e to designate at |east one inpedinment. Additionally in accordance
with a preferred enbodi nrent of the present invention the insertable el enent
i ncl udes a huothsi iy aceprdmmashwith alipsgferseld embedidrent iofighe yivesgat eventéon the

nout hpi ece tube . i.nserted th h the nmoufhpiece and.a flexible.quide
Jinsert e@s?rﬁpgaueéﬂn% % ?18“4%‘38%‘655 ﬁ'ﬁ’%saﬂa fwglfée"? CIPRFiSR S@Ff@ﬁ%wﬁ%ﬁ %faﬁ% nt ed
at a frefthe BRghxadndttheh@ili de. Preferably, the nouthpiece includes a curved
pi pe through which the tube is inserted and the driving subsystem operates
.to nove theSLifuther in aasqrdanee vhthprefesiediempodimeny agihe resenirinveatipn phe and

th h; ef | i Vi
sel ant abs e emefiiE srbateopt dfia RS R SESSRERBE! BhBRed Bt
el ement thefntegmgheout of the living organism 3 WO U21~S768 PCT/1L01I1 Ul121

Addi ti onal L‘K t.he driving subsystemis al so operative to selectably bend a
front end ofddiHangllysiaaceddancs| itk aprefeed srabodimenicelghe arrsentipyentian gheef er r ed
enbodi r; ' ' : l: oW . i.ncl udes
o tact | ToureBle gIRReRIES AN YT AL A SR Cort e 1AM (FROPRRsele

i ncl udesf the tirgulateryssystenncl uding a tip integrally formed at one end of a
shoyt rod having.a magnet on. jts other end, .the rod extends, through the
cent®r of af WHEF ip AFRaBTI Vit 4 BF SVGdCSWg?@‘é%tt ShetRIeseh dVepieThhadi sk
bei ng npUEieH decO ko & EHLARABELWACS el 13 a
front end olf theci ns%i ~t%blseaargl emedr%'gb.%l 10 F%ﬁeﬁ%@edls%&%gvgotr%cfgﬁgg%gﬁfﬁ%a

pr ef er r pettiembbdhie hiintg aganite apd és gerterate thentferance ipethway tmeetsatrleaat saotiallyc| udes
two Hall effect senso ich are nounted inside the cylinder on a support

and in 8?6%5"%&??%?@%%e ‘he magnet, the Hall effect sensors being spaced

in the planprefrablahé HRhtl SatRivay HRIUAES ¥ SEndirB QontoBEMapidl b pBitfoR IS tRENSOr
i ncludes electrical termnals operative to provide electric current

r eptesehdm#penaknyli st ance of the nmagnet 15 therefrom The tip sensor

operates su forece. i t n the tip along.an axis, of
oyt ry of M 3, G Refeq RIGTs pRorEE] LibaBld s, bB Be P GG né

causi ngstehdard@@n@lr ridp i@@m’cﬁb%ghadaﬁtédh@hkp@ﬁﬁ@pﬁtieﬁﬁnsorS and when a force is
exerted on the tip sideways in the plane of the Hal|l effect sensors, the

tip rotatesS@l Syt i pererdansy Wiker arefereedraebasimgenieaf the eresent inyendips khe

causi ng d@tﬁﬂ : . t I ect sensors and
20 cl osgttfl&%(r) t e&%)rtn&l@rlg g@ﬁ»ﬁ%@ﬂ?@&g@%%ﬁ sttgc%tsooir"%et%{ci Haﬁ&%rt her in

acczly dance Rither anprcedrenned wethbo gireferréd embotiengmt exfethe preseantinventidmehdr i vi ng
subsyst em oper a&\eﬁ, fol | owm ng@%abht i(g(iﬁ i nsertt' on of .the insertable el enent

i nt o t hEF'GPHIC PREY?YyS OPffa@é& g %t S{gg.at[e@ TG Igpediment; rection of the
trachea andsBRgfdnIRLinditcORlafideOn i RetRéd bmbO@MRHE SAGE ph@khCitvaffio! RNt
engages a surface of the tongue, whereby this 25 engagenent applies a force

to the #weabie clegtanbiiheiydes enwwsingAdivhichnisl Hisposed athe odriting esubdyisteny a
preferr %%uﬁmgl%%g,l ARiBE ir?sfertteg %hl%{lghs G mhﬁ%&%é ahd BQ‘Fexible 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.



.enmbodi nenh

navi gati on subsystemis operative to neasure the changes in the electrical
out puts produced by the Hall effect sensors indicating the direction in
whi ch t hewoiopi4sms bent . Moreover in accordance with a pref euredorehodi ment
of the present invention the 30 navigation subsystem operates to sense the
position of the tip and the past history of tip 4 WO 02/-t5768
PCT/1L01/ (11121 positions and to determ ne the location of the tip in the
living organismand relative to the reference pathway. Preferabl y, t he
navi gation subsystem operates to navigate the tip accordin
reference phddi Wlé(nﬂledb@ﬂmtselbs}tstﬁnﬁe&é@ oprantiveie seleptably hen §ff01?éeé¢1§f of the
t rough thfns%%tghl%elepleean' glottis. Further in accordance with a preferred

e present i nvention the navigation subsystemis operative
to sense t I@irtHehén tdcpordeagheih th preférped bmbbéinept @if ahé ipseseft idvienfion tlieer in
accordance w.th a preferred enbodi nent of the present invention the

Jnavi gatﬁ”&ﬁc%%Wﬁ@%ﬂ?@ﬁ@rlﬁ?lé@stad%téﬁ§@’Sirlfgaﬁ eHe- tip reached the first

cartsi I age of, ]gfep%1§rﬁféh§|ﬁ'fac£ ol &In ht nd1BdACE 05 ABERr WhiRdf pﬁeﬁ ”ed

enbodi nent resent 1nventi e navi gati on ‘subsyst em opér at
sense txhtegrallyefdrmpdraemh@hdtdfea shambmdd daving| agegoét ométstotberheral, thurrd)cher i n

accordance with referred enbodinent  of .t e prese inyention.th
vt gat SRS by B eien G TP PR Ab R BTN APTRRAS 15reH ARG b r

cartil Fnohped'on%ntereaa h8a-cy Pﬁ@ér%ﬁ@eymhetr hed n@moae%a QR SHESYSIeNRPer at es

to Ioad the reference path vvay roma nenory. Further in accordance wth a
preferrxesbrmh:tmdemam of the present invention the dri VI ng subsystemis

ratlvet ush the tube forward. 20 Sti furt her ccordangce with a
pr elrred e R AECOBFANCH & lgﬁ' %QE&?W’QG@}WS&IHW“E R Bﬁ Rr%eﬂ l%’ﬁﬁg%ﬁ?rﬁlp
i ncl udegngorf Al§§§nc[{Rfe§’EwWHaﬂrbf%@§éﬁs@§s WhigPareGhalited MR thhRyling@dn3d! e
el enrent forward or backward, a second notor which operates to selectably

bend t helppneeandab|céose|pe¢mmtyetndheen@gn¢toﬂied{dl eBesttsensosp beiagispaceddndbart r ol

theflr t he sec hof f 25

b ot o oRPYE S e BTSN e Rikfa PO, FaR JHUL 8o Rhndt Arihes ey 70 |
execut eteﬁnﬁfa(%‘g bEdthtiveN® Pfcﬂﬁfeaﬂb&ﬁe r@ifrfre\ﬂe réeseBtiig Ghe diearkce roft thandagreond
notors and the surface tollowng element and.-to insert and bend the

i nskY t atheeefiome Mhettin s§sQI OPemaies SUeh hat whepnmfoles isiespied pethedipel @ $H8 hway 5
WO 02/ oi%%r?r(rﬁ@cry of the cylinder, the tip is pushed against the spring disk, causing the magnet to

approach the Hall effect sensors and when a force is exerted on the tip sideways in the

plane of the Hall effect sensors, the tip rotates around a location where the rod engages the

spring disk, causing the magnet to rotate away from one of the Hall effect sensors and
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



PCT/1 LO1 /01121 Further in accordance with a preferred enbodi nent of the
present invention the driving subsystemis operative to neasure the

el ectri c woreasicsdrawn by at | east one of the first and seawandonetiors to
eval uate the position of the surface followng elenment. Still further in
accordance with a preferred enbodi nent of the present invention the S
reference pathway is operative to be at |east partially prepared before the
insertion process is activated. Preferably, the medical insertion device

i ncludes a, nedi cal i magi ng system wherei n . t.he nmedi cal | ing s stemis.

oper at | RRSIQRS and ﬁ%é@?ﬂ%&@ ?hea%lcefﬂ% @Sﬁ? Bpipdhe Uying @ﬁ%@@%@ﬂé\gﬁ?&w%o the

Pr eferaglf%encteg,gt%g,i'cal i magi ng subsy stemincludes at | east one of an
n n

.ultrasou ner, an X-ray inager, a CAT scan system and an MRl system
Further in RBetosdpnte navidatian pubsystane dperates do mamigats thehip pcasding to thent i on

the nedi cal imgi ng systemoperates_ to prepare the reference pathway by
«mar ki ng'™ ‘irell‘cédk"ﬁ“’ﬁ%'ea CERIPS (9F segge ﬁhé%@g t’@ﬁ@“ﬁ}eéé BITJ ?é}&‘elq‘l}‘gﬁé% ni sm

1 Sﬁdd{llgie?%t{ié{ in accordance with a preferred enbodi ment of the present
i nvention the nedical imging systemoperates to prepare the reference
pat hway by Ewrdatiingacaordansemtithoa pirefstredietribodinmeni|of thacprastinhgnentibedbe one

| nt 1 ucETGRAED U PRt SBRETUF et e PETP 2 Reh e Her) LSt bl o
el ement. 20S#WARE ih BeFERics 3NALa Profdhad HARIdRNERLHD PisERThvéitioh MRe

present invention the navigation subsKst.em is operative to control the
dri vi ngnaigaiipstsebsysteseepesttes wassnsgthntithetip yeaghedsthp irgtepridepd afdhe irephedf t he

surface fol l,qw.n r ding i [ ' [ tabl e
o v T
pr ef er r agvigaripacdutBysterd fopehtesploeseit thad ik tiporadted the sepaidatartikgeadithel
insertion device operates to at least partially store a log of a process of
i nserti BAChSR. t he insertable element and transnits the | og of a process of
insertion o 4.n e r [y: ] [ 1 ‘ ferred
enbodi nment ggﬁﬁelhp%gééd%? L?er\@gln%%\fefrgg eﬁ:ﬁc})ﬁr}ﬁlﬂ%‘%}ﬁ%};g’? g@’ég&g \gﬁgééélraggg e the
| ogs of navigitieesbsyiterh [is @ptiative @b sémde that ke tipbleactedede nhird cirtitapd dfahpr epare
the reference pathway based at |east partially on the aggregate. 6 WO
02/ 13 5788Ch8&T/ 1L.01/ 01121 Still further in accordance with a preferred
embodi Ment - efetdety PSRN ediBl SbhAknt BSEIRYT0EN the HIELS phiifay Hoff gnCe
pathway to the nedi cal 1 nSertion-~device.

memory.

e

Further in accordance with a preferred embodiment of the present invention the
driving subsystem is operative to push the tube forward.

20 Still further in accordance 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.

25 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



Further in accordance with a preferred enbodi mrent of the present invention
the insertable elenment includes a guiding elenment and a guided elenent. 5
Addi t i onavbyw2isreaccordance with a preferred enbodi ment of RdraLpresent
invention the driving subsystem operates to direct the guiding el enment and
the gui ded element at |east partially together. Further in accordance with
a preferred enbodi nent of the present invention the driving subsystem
operates to direct the guiding elenent and the guided el enment at |east 10
partially together. Still further in accordance with a preferred enbodi nment
of the pres&ither iy aseqrdancenwithta preferrel embediment of | the deessnk svaniiemithg and

Tong! t udiviaf SSTHERTa bRGAIE AL, SRR, Ll FRH O7% MRr B pridle’ 1l N0

-

accor dafigeand debordl iROBEEHIRaluGEhREp RGN Of the B@rfaee €slEoWwing Blemppent i on an
automatical |l y gperative nedical insertion device including an insertable

el enent whi ! futhss dpeegrdapee with pspyefestpd\gnabpdiment| of Jhe, preseny dnvestion dhsy vo, a
sur f;ace. .k i | . : ' [ i -'

ol crion LAt TR PR Flboct pRTRAT ARt bttt (REHSRRR i | g
or gani simattivatéd/o, a driving subsystem operative to at |east partially

aut omati cal direct the insertable elenent along the physical surface 20
and a navi g%%f%@'%uﬁ?y%@ﬁ&oﬁ@?%‘@v@vﬂ@ HEHoeS 2 gﬁé“’ﬂ‘r 1978188 SYPEYs #8%n based

at |eas tal by on; ' 4 f i ' | ement
2l ong o PEPI S TR HRDRE ST RRFRLVCR R 1ol Bty BEBal e FplcRace
i nsert apdtieway.enent preferably includes a disposabl e nout hpiece. There is

further proyided.in_ accordance with yet another preferred enbodi nent of the
25" 15 esent Vs ofieciieta orRet e F gl Bel0es Rolfedapms ACAR (N BIFOREL hod.
The et {endrned XA8 ihASS d CAT R sY4%h bAPhEMRISYSRI W thin a living
organismin _vivo, physically associating a surface follow ng elenment wth

t he i nsert abunthes|isnasqerdanes withsa pyeferred sobodineent aif| thei migsent amnsntion dhe ol | ow
a physical. surface within the livin rgani smin viv aut.omatically and
el vt attpyieRt alfi e Oheralss lontpite R SRe chialchy, RUURER 8 olieC " anc
30 cont gatbiurnd aflica@@nk @fpadfof thlivins 6fdagthe €l ement based at |east partially
on a perceived WO 02/ ~~7C8 PCT/T LO1 /01121 | ocation of the surface

folldwi ng efdditianally ragcerdprgecyvith e drefarpdambedisreatiof the presenkipy epiondhe
bsyst ems: ' f ' i B0
Y=t el RER AR o B R L ARl IR P B B on

t he spetisfructiuni table adudihgpativasabre ing@itioalinswatti®@s and shoul d not be construed
in any way as limting, values. 5 BRIEF SCRI PTI ON OF THE DRAW NGS D
APPENDI CES T17écrphlys dift insertian dpgricipr ingudesniagtuation do % dash sine fa@dendmor e

fully fromethg deal ipWhagiadRtpdh&d description, taken in conjunction with
t he drawi ngs and appendices in which: 10 Figs. 1 Ato 1 L are a series of
sinified Piharinatccotdanet mathi arpgefsfred gmiwclgnentodf the present invention the
navigation subsystem is operative to control the driving subsystem based at least partially
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 insertable 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.



enpl oying a preferred enbodi mrent of the present invention for the

i ntubation of a human;

Figs. 2A to 2F taken together are a flowchart

i Il ustratwo®2asfeseferred i npl enentation of the present inwventiLempiigperative
for an intubation process as shown in Figs. 1 Ato 1 L; Fig. 3is a
simplified illustration of the internal structure of a preferred enbodi nent
esent invention for intubation of a human; Fig. 4 is a
sinplified block diagramof a preferred enbodi nent of the present

i nvention; Fil?s. SA to SH are electrical schematics of a preferred

15 of the pr

enbodi nent f

to 6K a a
.enpl oyi %‘g“%‘“

S
e

furghep e gegprdangy avithi mprefesred; embasimetrofghe prasemtenvention thygs. 6A

retrgqiungﬁllitg]éhesri (Seléfi"%%’%&’“%ﬁ‘% ﬁr&i al ..i Llustrations of a process of
pr r e

%?dé%%msefth(\?e t16h for insertion of

an el ement FatlertiReadcoidastd Method pretBie@®Rmbotnent dfSthe meehelifwdtieiheli ment
of a table conprising instruction, operative in accordance with a preferred

.enbodi miWertable ¢lpmenirineludes 4 giidingiclsment and 4 gaided elemest an 25 el enent into
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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

associating a surface following element with the insertable element and causing the surface

following element to follow a physical surface within the living organism 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



25 As seen in Fig. 1 A an intubator assenbly 12, suitable for the

i ntubation of a human, is partially inserted into an oral cavity of a

pati ent. wWoe2usmesibat or assenbly 12 preferably conprises apoausingiid in
whi ch is disposed a guide driver 15, a nouthpiece 16, a tube 18 inserted

t hrough the nout hpi ece 16, a flexible guide 20 inserted through the tube
18, and tip sensor 11 nounted at the distal end of the guide 20. The
nout hpi ece 16 preferably 30 conprises a rigid curved pipe 24 through which
the tube 18 is inserted. Preferably the 9 WD 02/-457C8 PCT/ILQL/ U1121
cur ved lpaapen cof ghamsifasss followiing elgnent alaps aireflrenge teathway v&rgd iphthecur ved

pi pe 24 | i m e I . . S
Sompr i drtEefuL SRR EE: Thd inicuBRRGRLR piCtels b BN PishEHURBMER | o
tube 18 andt iheppreclateditkaethd Glistincthend Lingtes defevaiced Sn ithe apevifitatioa dnd nove
the guide 20 in and (i)ut of t(g& housi ng 14, through the,curveld i pe 24 and
.t hr oug/§laime are fpicalgvalugs and shopad ot ngteneddn gy, yay 98 HEtng Valiess el ect abl y
beng the distal end of the guide 20 clockw se and counterclockw se in the
pl ane of the curvature of the curved pipe 24 in the sense of Fig. 1 A
Ref erri ng now BRIER REACGRIFIREONM OB THEPRA WINER'OYD APPENDIGESeen that tip

11 f bl I ti 8 f ly int | f d at
one_end of hebhsdtt BueniGRnRYl 16 wiiniashed 2a8' efited enele A e Hebq 20
pr ef er apjlywist RdRdtREQ BN ’Qxﬁa& ?Etchguﬁ’étio% With t0d@inegsSthdadpehdicdd il y

connected thereto. The spring di is preferably nounted on one end of a
cyl i ndevhi8lé whose other end is nounted on the distal end of the guide 20.

P bly,_.the ti 11. al i two.Hal | .eff egt 38
ond0a0 whikiksarh' ® B e i et o Rohhb St el SE o BEPRAEE and i n
cl ose pigpibyihgY préfelr&EeBeifentod thd pRsdmlidveatidefor tikcina®atoBoBa Ritdart0 ar e

preferably spaced in the plane of the curvature of the curved pipe, 24.

Typi cal |y, HasRAH IF wkeeéqzethengey a Rawckarbdlusirating a proferresl wnplpaenfetione t o
R e R e S e

t herefro exer axi s of symetry
42 of cylirplgr3 36a sidkplified illigrafiSn iof tiuiskenhl agatinsd of fprefaddgmblodimedy,

causi ng the nagnet 32 to approach the Hall effect sensors 38 and 40. Since
t hdSdi stfdhe preprit wseptiohior inigbationf adWmagach of the Hall effect sensor's 38

and 40 decrggoasis Papild ok ke 38N 0TS piARdeABoRERAHGE B0 srighease 10

their output®©electric cturrent. orce is exerted on the ti
si dewayiavérionhe pl ane of the Hall effect sensors 38 and 40, the tip 28

rotates aroynd e |l ocatign where the, rod 30 25 en es the ring dj sk 34,
e s ahown B o SPhme dlratal sEhematns Shegelenss Pt BmeRico SR t ho
Hal | efif,e&tticnaos MtuBo@Bela RhA&@r to the Hall effect sensor 38. The output
el ectric current of the Hall effect sensor 40 i;lv)pi cally decreases and the

out2Put el ecligs.coButo~6Kt arefa tsprsesHaf [siraplifiesh pistomiabrllagrations e41q process of
ingly i T j he. appr eci i
F1 encnel) B irpGhER S EBod P of ik TR FRBE LA 0h PRln bSFrchd g e

and t hejpdiiftegsine@f a®lmkafr ce exerted on the tip 28 in the plane of the Hall
effect to WD 02/-45768 PCT/1L01/01121 sensors ;3 8 and 40 and tQ conpute
the orient afigorf if a Prefprred cebegiment j of s dabley SPMBFISIAR | IBATYGHENS ERYBEVE ih 28 i s

depr esSaec%t)rcfaﬁl:eawifﬁeatp%i‘eﬂgd PhhtodFhert SR Efres%t invention, for insertion of an
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



It is appreciated that sensors other than Hall effect sensors can be used
to neasure the direction and the anplitude of the force exerted on the tip
28, or otwenwmsesto neasure the 5 proximty and the ori entrativioni/efizt he

adj acent surface. During automatic operation of the system follow ng
partial insertion of the intubator assenbly 12 into the oral cavity, as
showmn in Fig. 1 A the guide driver 15 typically causes the guide 20 to
extend in the direction of the trachea 44 and bends the guide 20 cl ockw se
until the tip 28.enqa es a surface of the tongue 46. This engagenent

appl i es a fAwreadices di {9 3 progomppies Histings adiehy dakanptogethentfarme a preferred

Counters%ift%{‘ev‘érﬁl?odmgﬁtedfqh%ﬁk@f@ﬁ?ﬁ%ﬁt}&? approaches the Hall effect sensor
y ot shown

.38. Electronic circuitr I'nsi de the housing 14, which neasures
the changes in the electrical outputs produced by the Hall effect sensors

38 and 40, indicates that the tﬁkﬁ 28 i s bent clockw se. By sensing the

-position of the tpﬁTﬁ&%%Q Tmoga%REﬁEWR/EMBQD %@Sti ons, the 15
" 1 . . q ! ' I . P

5 the otarRhasitov MAB Bk ThAb ISl S P O il fib@rBeTECh

i n or deitluteatioay bfyasesterhend ntetivabdivgy dor the dmtugtionsofcelamudankie dedvedaice vattow.

Reference |s now made to.Fig. 1 B which illustrates a further step in the
i ntubat?@ﬁ{ei”ﬁ §H@gﬁﬁﬁ%8f§]et%ﬁe$ﬂgnﬁ?’g’§8nt invention. Fig. 1 B shows the

gui de 20 ext engarledidted B tRNgbnélhl LERBIIrATHAS @AE SFoule b BAcHAs BaRsalf the
tongue 46 and the epiglottis 48 of the patient. As seen in Fig. 1 C the

gui de 2ibe sxme fersalk hwmensrexceptviar differanices tnhesalel puchSast wtvetrmsant infangraickdid t he

t roygh neat h,the epiglottis . 48. As se in Fig, 1 th i de 20 bends
coun er%q%o%keﬁi@e ng{f‘d&iegqﬁ e‘énql%elﬁ%tﬂno%e@ﬁrﬂ‘r%e@gbl}veflﬁ@’ @pfﬁ@'ﬁ%’f‘? Icgr%tggr_ Then
the guiglep 20 dfahé AGinAnanbith tah@ trathéd R PMFISPEd I THE ARt dMNUO WSap? D) St bd €

contact between the tip 28 with the bottom surface of the epiglottis 48.
seen i nfurthey, precsely ladapjed tethe opecific patiest, brafetably antematicalp. Altgrnativedy, théie ti p

sensor r t;he _ti he- epi.al i.s 48 and.t the tip 28
oeae ¢ Shlcl ISR 1 0s hdALR BE bR BnP i Hp g 1S Wieinalte D,
48. 11 the\OBefadr chb §6RcPhE/sthld bf elihp A9, feampldby seldcting Behfechld elgild0
bends further counterclockw se, then extends forward and then bends

cl obkwi &l anadylt. (THereatisr sl scglecabthermep |ps rutamatisally edanterktoopizg0biths s 48.

As seen_.neEl g, i S I, , j 5 iauous
Lot | oHEPiEE piork ole e dh SRR FHIAEoAL B BERTL o BB AWOLS
t rough oferdttieis emabhehtcldesigimts ead) or métegypichl binpediments, sutlhes:gaitdsogOa

extends fyrther forward pntil the tip 28 senses the second trough, qof the
trac heas‘ﬁal.rm%“é%éﬁ“?‘h g Yy §§lﬁ P‘ﬁ & lmwélraentd%efg@%gwsﬁa%afsm@ ©r

forwar dyatibh of R dehdraliap 10,

20 Fig. 1A shows the map 10 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
inserted through the mouthpiece 16, a flexible guide 20 inserted through the tube 18, and
tip sensor 11 mounted at the distal end of the guide 20. The mouthpiece 16 preferably

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



senses the trough of the third cartilage of the trachea 44. Then the guide
20 further extends, 10 typically for adults by 5 centineters, to ensure

t hat t he wobe/43®8reaches to the third cartilage. As seen iPCTHLg1/01121L, the
guide driver 15 is pulled out with the guide 20 |eaving the nouthpiece 16
and the tube 18 inside the patient's nmouth and trachea 44. Reference is now
made to Figs. 2A to 2F, which, taken together, are a flowhart of the
process of the intubation of a human shown in Fi gs 1 Ato 1l K 15 Fig. 2A
and 2B, taken, together, corresggnd to, th %@o he i nt ubat rocess
shown i FI¥EAGPIPE A CoPEses P S0t donrrash Sde. (AKCRHYsbA e ey i§s set
to perféy{nqqhht@g.ubati on. In step 102 the intubator Ioads an |ntubat| on
.pattern map 10 fromits nenory. In steps 104, 106 and 108 the i ntubator
enabl es t hdt d;epwmeoiated that eome Io’éthacedrm)mfenusIwn@ﬁsingtthbéntubﬂmlpwsemblry Yap to

the corres odin e of the sele etween an infant, a
child dﬂﬁyg f’ﬂ%{’lsé Izoﬁe§a(“élﬁ)1§ ﬂl‘gg}beel%?"g IEFTE é:lllg't ubat or enabl es the
opersat or t OTl?ed fe aheerl l@tlﬁlbgﬂ'aﬂ% RAkioQE @héTEIHdéQO I@aﬁd buPst Bk Houslung on
i npedi nent, pr ef erably ecting froma nenu. seen in Fi

menu t ytpi mhltlye pirvsd pdp@24 had thoarghttbe twbiet1. Tbuguld@dnwalIS is Iatsednpmnmto 25 an

el ect iS%ﬂ%?tﬁ%ﬁbﬁeI%ﬁgiStﬂ?Fnﬁl‘ngﬁﬁand%?ag‘% elgetie 208 Fo ButtlosRuBBab HelEin ran s
can be siaht b@damte d3hd NEVERD gégu iRtepesdcdfFigrigan. As seen in Fig. 2B,

steps 120, 122, 124, 126, 128 and 130 cause the guide 20 to extend in the
dl reCtl on oRelering mvod aa salasgemant M dlor spysensond Le Ktois e ehaidipi sensarel k i p

d

T, ARy SBRERE% RISkt SHERATS, Akl GRS <3y Wil by ensi o
st ep I Z&avxmgm nagneti 32gonl itsothed endpThé escdd prebédalilp grads tmoudhhihe extensi @n
limt is 2 centineter If the tip sor, i s depressed,  the
scal e Pl éflﬁhla‘ﬁ%ét‘? éﬁn&aqqnéﬁﬁeiﬁﬁr% ﬂse SpFiBg §ISEI§|4¢S apsderably ety a2) to
mat ch t I east
ne.of PO PLESYBRATIR, Fhilk FhASr is it B MERisREhERE o builk 207
messag ePneﬁerabI;zpihaymdseﬁm dp a1®4c)ompmise‘s veo Haﬂhdf&tzt samsqusp8& and U8, whichped .
Ref er ence i s ,now C, which corresponds to,Fi 1B and.1C. As
11 Gt ot Ay e Selifagiab o asutnart A 534 & ERRT Brmimite 0 Inasnf'égéps 140,
142, 1Aghapdi béfct s@n%ri 99 Bnd Wﬁ&'ﬁhﬁ%bﬁ?&ﬁd@e&ﬂpﬂie %Pdng%f A EdtbdthRSofitRd 0 the
patl ent's throat and al ong the throat surface, | owm ng the intubation
patter ncumpd Pipea?dl Keugillg cathe Hallpeffast semsoadies wietctnqaheermﬁnéu oberative $¢ eps
144, 146 ut el ect urrepts from ef fect sensors
38 and_ BTt Sr Rl RbtestifiB e ibrE ST e ST bielBit ne 1 75 28 has
reached thewaid aofordele ekértsdadh the nq;amalbhg tigpagd of §eméy 42he qgmhmr 3@:
engagenent bet ween t he tlgt 28 and the body is designated in Fi

r ef &t enthe tuisaqusheiagamgthe sariag 6¥Skt3ﬁecwﬁmgﬁb@ n@ﬁn?;a?@tf@rqppr@st? il H@H t hen
pr ef er abley.: WAL LY gﬁ’d gt @Hcé II% A&k cee etwed @8 Mmaet'sh léb& cht §gth]e4§mf 15
I gs. an E. As

Ref erence 1's now na correspords fo

seen lneﬁecg sez?slarﬁmargimwéeodﬂ:as@seboftBHaiéeffeatransmsamaﬂcBwO pidsicamd irktebse N a

| oop, ben g the distal end _of the guide 20 co eqpnfétmﬁkw se u t|| the tip
I

28 t oucHe etr I?é‘tl%‘;s elgFisicchaeng’ 4009 1s EXEREG e E)‘P’@fse‘i“é ¢ plags 45
degreesf t‘-herI-%Fé}?éét §L&R 3@%@1 4@”&%%@8 1‘&2&'&3&5% thb q’&%tl()ﬁ LiRrelBXod 3_@9

preferred point of engagenment between the tip 28 and the surface of
epi 2 ot engagey thesspulingi diskad b i in shown id Kig.blAr Eliiecewee theamagatt 356 ro&dte er

sensi nga\%gy T ?enﬁgltl e?te ct:tws%%sor 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
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the tip 28 and the surface of the epiglottis, the guide driver 15 perforns
steps 158, 160, 162, and 164 in a |loop, retracting the guide 20 further
(step 1 Sv@hzi4smasl i ncreasi ng the bendi ng of the guide 20 (pxtrapoi/d)y until
the tip of the guide reaches the tip of the epiglottis 48, designated in
Fig. 1 E by reference nuneral 165. Wen the tip 28 reaches the tip of the
25 epiglottis 48, the tip 28 is released and the output electric currents
fromboth Hall effect sensors decrease to a mninum Preferably the

i ntubati on tern map 10 is updated (step 166) to.match the patient's
or gan. SERUEL 3 8 FRRa irnpe s gripation §Y AisHTTaosESr QTSCR SBEPHGLHERES 1o
195 kPl o8 oS 889010, 9 e xACor Lfimgl ds, I ver 15 causes the gui de

.20 to nove above and aroun tthe 30" epiglottis 48 by causing the
gui de 20 t dt sepgrecmtett thaicdensdrswother thpn &l reffebt/sebyord baregmsed 40 mkdsure WO

02/ -LS7Cr8.PCT/)1.01/01121 then .to nove forward down the throat b

i 11 R Uon ! TRt 6 ek RS By BF Pt o BTy Fiseiy Bep
|70)5_- Tﬂ?@)ﬂlﬁ@%nﬁ%@@rig{téﬁ’cﬁfof]tﬁe &Fj&éeﬁ{iiﬁfaéé.GPS 172, 174 and 176 in a | oop,
bendi ng and éxtending (step 174) "unti|l the tip 28 of the guide touches the

upper surf ddwingf autdreatipopgratian of the systenyfollbwing @axtiarisievtion ¢fithe intpbasder abl y
of 1 centineter, or.a 5.bendin imt, preferabl vy, of .50 degre i S
 cachedReeaiiy dndn{S 8 G RO CY-3% Shi BLFRLTap aad SrvdP T PERTY oes of
engagengeguildeoasRxteng it i@ radfion bhtheaRicBbPU4 afid béndiahé gut 2l déekhiigs 1 F
by reference nuneral 177. Reference is now nade to Flng. 2F, which

cor r espovid shet b B8 gagagesatsyriage ofnbe senemeidfy. Fhig engrgement gpplids|aaigecectodin

counter, N' .i.s first I te Jhen ide i

oot rAmuvich dA e TR Efinl B RRERE, B Al 4 Shpdinetthe
sensor HMalp effect ednsar ¢ 8( Bieroh@2riralipPanbhehowif asideothet heusingadheavhich
preserving contact between the tip 28 and the surface of the trachea (steps

186 andmeasgies e changend) kg qlwgi%égatpegvtmgdqcaé)bYa@e Aedeldect sensprs; 1&@ndy cr est

( 189 i ' , : rtilage of the trachea 44 is |ocated
t he "ca{bt’lfOg%éeséPéggPéggt%%tjrsetr}ént?fsocll?vr\l,%?'errent ed (step 190), the tip 28 is

noved aboutBy kensorgethe pbSitips béfie titdhd ehdployih@Ghapabt hi®ry af diptgositioompgher ocess
repeats until .the third cartilage is |lpcated. T eg gﬁe Hui dﬁ 20 .furt her

ext endsSYSEPHPEHIe preposyt YRR diprmines the fosatipn of the HRSTHEPT Haft thee®®Ptine 16
reachesclaytd@ felithd ©afbi ha®a0. TR Beatth & MBloydd Intdgst & &eltRe t he
oper at or t%at the insertionis conpleted successfyully (step 200). Reference
i s now imtwbetor gomEeally, 85 deshiibéd heseinbedowpl i fied illustration of the internal

20 f f d. egbodi h i i ful f
"t abat | on TR R TRES 1E o Bor st Sube BARPR Pt il PER ¢ o'
housi ngackdrdahdtewitti tle pidsemeinvéntion. Fixe 1WOsHIWY Beeuide 20 betehdddefubber biid

flexi ble guide 20 inserted inside the tube 18 and the tip sensor 11 nounted
at *he wpdiing anyga Hetwase thpbase obthe tomzae 4p apf fhe epiglaBis8mif deccPatishpr i ses a
curved pipe . eferabl v., the i I I3 i not or
210 t hat dr'ﬁ%gesenéﬁgﬁj r L(g’xtﬂgféldte r#gtex?é(g}td g&@{%%ﬁwaéggg@%%ﬁ %4. u%kllle%ls%%ti ng
nut 216erdsofrtitimdegh loemebthehd bpiglattasdi8r od 214. As the notor 210 rotates the

according 169 oA Ul FaetiibrteRuidel) et SPeRe e e goihE BEooqom
operat| %Lﬁ' o o 1612{3%?@%%&% zgjﬁidér!ﬂ) RirR@s adiile Nl ftservife RYSIMPLS Pul |

;
t he guide 20. Wien th . 4s7fi 8 PCI/1LOL/ 01121 carfiage 218
t ouZhestaatilstcoptperbez@gen the tipt28pypitr the attemsutfase afithe bpigotiis4%age 218 al ong t he

bar 220 and,pushes the tube 18 f rd. ;A.second .notor, 2 IS connected to

a disk 226 f\g SEEN 1&115 g@ﬁgﬁe (géu%@{,l}%a&g fugther égm? the tip b8 o%zt]he fip sensor £
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.
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5 10 228 are attached at first end thereof. The guide angul ation wres 228
are threaded inside the guide 20 and their other ends are connected to the
di stal emsloobistse gui de just short of the tip sensor 11. \Ngamiphelieot or 224
rotates the disk 226 cl ockwi se one of the wires 228 is pulled and the
second wire is |loosened. The wire that is pulled pulls and bends the distal
end of the guide 20 counterclockwi se in the sense of Fig. 3. Accordingly,
when the notor 224 rotates counter-clockw se the second wire of the two
wires 228 is pulled and the first wire is |oosened. The wire that is pulled

pul I s andl béhgeen e Fig.sifl thenevide 2thbendsi futhep cenwferelackwisen thete eg@n@%dof
Fig. 3..Elegtronic Cikcyitly 229.i ' it hin t g i
or o er gy ey bl Hodwioe Bl e FR ¥ Eftihl Hbbly sEffactotabR dford e ! ©

di spl ay4®32, the notors 210 and 224 and to the Hal | effect sensors 3 8 and
40 (Fig. 1 A in the tip sensor 11. Preferably, the electronic circuitry
229 al so coftprededn Figr &ho@ﬁo&‘éé%@p, exipnddsaforyard; preseEng eontinyonytagiile The
programj . ted. r i i splay 232,
ot o o iR 34 SlNgREOR, iR P 28 sBinch B U GREBE RdrackBRu BT DY, %0
bend the guAsl@edniBi BigsalMiandnl, ciegguids R0 extearnisdunbert oraandr wddfthaeip 2p
until the tiEqu the guide reaches a destination point inside the living

or gani sTANS$1e¢ Ecapd Voﬁwfﬁhﬁgﬁmi‘@ operative to cause the tip 28 of the
gui de 20 't 0af QbdiOWt igh! PrRHd MRY LR HRAR R AAwAAIRIGhe k328 | VI NG
organi sm Preferably“program i s op&rative enploy tactile sensing to neasure
t he possemserthefrotgieot the thofd ¢anelageipfithertmichea 44 Then theegusde 2Gifiether getendst t he

livj i [t | iated that the t "m ".al
| nolliged Pl tonaduls by s GRS oomeuiehat e wbe Ib reichss BaRe B sartifes
shown) are RceE&f gPFY PLOMe ARG 5t ﬁ?pdi'l@&'%hf‘gzitila‘llthé %F]lﬁ:lépﬂj Yea®in@Ghé i C

power to the electrofiic circuitry, the ti'p sensor e notors 210 and
224, t hmodihpiEcay6 26@ theridbeali8linsidh ¢he patienénmoutfandimcheackent i nventi on t hat

consune elegtgicity. 1t i .eciyagt ed Lt hat. external sources of electricit
can al so beﬁgﬁ?‘fﬁnﬁ?i%n?% “@838?@%3%3&’ %% ‘f’alﬂgﬁi tﬁlqulbtgggtfleraggeeﬂgﬁylvcﬁﬁo 5 Vel/)
02/ . 1578 16hkd b0the 18Abn GOITHUAIRG BhowR i PigSr fAAGRIK N0t shown), "pref erabl y
enpl oying infra-red communi cati on technol ogy, is provided to enable

contfuni cat i Big. Wit anéxXBertaieen t@gethen resessnnndgiocthaisiepeat thepirdplatian| grocess
bal | oong :i?nf-nsFigrPA/i ded at the distal end of the tube 18 and a thin pipe 5
(not shown) is Phserted through the pipe 18 and is connected, through the
si de of thelpstpe]l00 of Fipe2 A aid intubator esetribin 1 Dispet epetfors istnbatjpar at or to
inflate the ballggn when the distal end of the pi ﬁg 18 reaches the

appr opri at elpitaR £07 thedpiubatenlopdsan infhation patferm map i Q AL IS MSMY of t he pi pe
to the traC@fae £eHLTRBCHR FOSRY ifRBStot endBléh the opdhitdittoi st theSichTR! bff thed
functi onal ocﬁ diagram of a 10 preferred enbodi nent of the guide driver 1
S d2cr irdebhtivereittembomap to Ithe Bogespdanding sipei ofethg atientdby welacting between ianers. A
| ongi tudi hal dr.iver, 24 referably conprises a notor 210, the gear 212, the
threadeb“fg‘&tdagkfiﬂvaridl'laé‘a%lugati ng nut 146 and the carriage 218 of Fig. 3. A
bendi ng gui qi@st@E$ Y€0, 144%nR" elehe PhiMbRONBHabERShE bFerilol @5 adat thd hfukshtisl 226
and wires 228 (Fig. 3). The longitudinal driver 240 and the bendi ng gui de
driver paterameapcidhoradypeef ibipbeien mpsdimentypreterably bi selpgiéng fem agnenu. As

| ongi t udi nal sof e dri . . 244 C . i | Lver
240 and T G ThE et Wil TR biges et G Suhi 15 Siat Al it

f ungs i oan2idfectidn,benshellthgs @f tustsreand! ian dnjugOabat fitth optibe dren@di sedecy vinge
driver 242 and conprises two fungtions: a bend countercl o%k%se, function
252 and IBPRERENE Mo Rppredated tat jvanousstypesrpfdmpgfisentsran e gletinagas s sypigaly 254
are oper, A opagation control 20 software nodul e 256. At the other
.end of tf%teg%g%‘lg%fg%n'the tip sensor 11 nmeasures the proximty and

ori ent ati on Axf sean iadjig.cit stepsr 120022 m24 126efl28 raad 180bherdserthet gaifle 2Beto

present invention the tip sensor 11 perfor he oximty .apnd orientation
.measur eﬁ}fFﬁ”g l%y‘erFB%H?l? thf ﬁﬂro W@élﬁﬂ[&ﬁe@gﬁy e‘éd F&E%(WSS u¥1f1€ﬁ18>}1pasegﬁﬂrf ace
of 3§ adj AepRlselliapatet the sutcs SN 1o@ht WRNAHEk¥Rior AndBeHifg A6Rits are
operative to receirve input signals fromthe tip sensor 11, provides two

i nput functions: a counterclockw se tip rotation function 262 and a

clockwise tip rotation function 264. The ngasurenents of the tip positions
as provided by the tip sensor software driver



nodul e 260 are collected and stored by a sensor |og nodule 266. The map 10
is loaded into nmenory and serves as an updatable nmap 268. A 30 conparator
270 conmpawedubmsaccunul at ed neasurenents fromthe tip serraviLatomet h t he
16 WO 02/5768 PCT/1L01/01121 updated reference map 268. The results of

t he conparisons axe cal cul ated by an update scale nodule 272 to provide a
scaling factor that is applied to update the updated map 268. Consequently
a navi gation nodul e 274 enpl oys the updated map information to instruct the
propagation control 256 to execute the next step of the insertion program

5 1t i sreaghededs aeandintsien 128, iebandingelimitds prefierablyet) dagreas gnd it exdensign by at

| east one.. of i i pal i d rive.a i.h i Lve can
oo sands RedebRRriafs Bihol tbibt iSBntRE TSRt fubhadt o

the ti ppaieiis@ap 1Ba$ prefiiablyi dpdaew (stesl€32)ao mhash tiepdrgcull, sculbiog BizaIof the aken
together, an electrical schematic of referred enbaodi nent .of the present

a
‘i nvent i BHbatedmatiento i gtleash ane 9ﬁth§fexs@nii@g Himihand s kandingdimy iveseehkedaan y made

to rgcr I o Ail I i r; . rafl perate a program
to (rzgontér)rg({r%tq‘%géggllsérarel@sﬁltaﬁ%wﬁieﬁ? %‘S%lgtlggr%%hss rfg?éySE ngs,té@ﬁgh as the operating
swi t ches 23Refetchee dé siplvanadd2o Ripe2€ptwhich 2d@esponad?fy Fidsi B a)d 1&hdAg he
Hal | effect sensors_38. and 40 in the tjp sensor 11 (Fi | A nd

per f or rﬁ“flﬁéat?cﬁtmﬁ'&t ?gnthﬁr&%%es%qveg&gweaf'gp%%eqﬁr:@@i§?§>§ e it e

her ei nahomBoiokbri1RiEAERA180S Qi 99 furd I AR RhenLhRIEREPalbfg RRMERLS 1O

Figs. 6A to 6K, are a rres of sinp Ied pictorial ustrations of
ten typswhke, sfolpwirigtha iprubstes patfere mupol) and keeping der tp iecbatditneith thd t he

D e S T A AL W b B B S Bl DR R ™
or gani smd4LindRASE, ahd MnAfdrctiaBunds (4Bp 192 Ah&Ck Sipf B reachb® theashdtdfehgrout h

and trachea system O her organs, such as the intestine system are
gener al rqughi ieheatbribe tpiglotidnds. Hbaweins o pngagement bativeen theHipr2st andghe badyr der

to enpl gy, t.h esent ,jpnvention to inser di ¢ devi ge. or I

rect o ng euE R EE IR 4 CTRCR B tpiePd 17, TRERAC Y TG FicR e BB Haf o o
the or gamis thén }bx@ﬁﬁabl% pated® MR YheRkivht Serdat! Binidturk igep €4B)l red | ocati on,
is Eéepared before the insertion ﬁrocess is 25 activated. The required map

i s bt ef er abRefepamep isrray Bipde tpFisy 2RgwWhishgppesmondateeFigbdile and [ Fradf 8§04/ st em
such as I : - [ &R a

vt R o5 2 HERRRBE RS Metunkd 6, 1SRG 138 1R 108 HnSHE YR ®
map as arnp?]bmei %i@ ) 40) i‘coﬁr’ftlerclimkwiséimtib tt@aﬂipdwymdhai the ép;'vglottisemi, bt astil me
system a three dinmensional, map is required. 17 WO 02/ .1S768

PCT/ | LoBgrelingplmfty prederably of do featpes Waﬁwﬁi(ﬁgaﬂéé} aﬂéageﬂw%lowt@s (&P er red
enmbodi ”?563, Phe plferRUGDRR of eAMRefidOdetwb QY thb'%i? J8lhdPhOanmct bAthe3pRI0AE | @bl e
in three dinensions i's simlar to the intubator assenbly 12, preferably

wi t B0 t his designaigl iy Fip diD by aeferanse npmera) 1heA fteibsengigg mayengagament hetd@eni t h a

differept .i rtable device: 5.{2). addi t,i.ona ui.de bendi st em

ol oy M Bl SyrbReled B shigiodin B B0 R BEL AR B B8 BT o
and nmouphEdeBT PRIVY| fotfadting/ the Quides2(f fuithbr Giept B38),indTBéressink2fhe bahdikig 224 and
wires 26, so that it is possible to bend the end of the guide in three

di mensi $esguife 20s(sigppteoi aplathertin of fheguide repdies by tinedfi e opiglothsi4S,

possi bl I, @i e ¢ 1 1 ti ensor
12 o of SrRfe i B (VY Sert hap el B TR the AR Rabidh o ECEST)
ti p228 kpiglomiees dhorips2®iksreldated sndaipranpuatebebitidafirrdrits fromposth iHdlkeeffert
operate the tip sensor in a three-dinensjonal space al so, by enpl Qqying three
Hal | ef F@EPISSIREEPSI0 3 minignuym. shyelgrmbl e ieanBpation pattarn shan wpwpéﬁte@éﬁggr s can
be enpl i and orientation of an adjacent surface
.in threg&gﬁﬂgﬁggﬁﬁg%kﬁghFﬁxg&g%%$%#¥ed enbodi ment of the present invention,
when t he guRdéer@eependwmmsicltokig. 2Edwhidh contesponds suEtgsatE iand éF 1 A9seenrin
retraction,.the quide .20 So perfore mal | apd relative fast.lateral
ot on. FihEe oAU SrSHf SRete iy 2 B Bevaabrw i iaii e oc e
sengpng hidfot§sing BYatding AR QLSRN0 kd) bédd ERinetrSBBIGHRE SoréRELbIE DY @5 tdegreet,t er
determ ne the |ocation of the tip sensor 11 in the organ and relative to
the map 10. 20 Due to limtations of the graphical representation, a

t wo- di mensi onal inmaging and map is shown i Figs. 6A to 6K As seen in Fig.
6A, a human organ, the intestine in this exanple, is inmaged, typically by a
CAT scan system 280, and an inage 282 of the internal structure of the
organ is produced. 25 In Fig. 6B the imge 282 of the organ is used to
create an insertion map 284. Typically the image 282 is displayed on a
conput er screen (not shown) and a pointing device, such as a conputer nouse
or a light pen, is used to draw a preferred path 286 that the tip of the

- . . g m— e Y T




30 reference to Figs. 1 Ato 1 K Alternatively, a preferred path is
created, such as path 286, not ie WO 02/.157G8 PCT/1L01/01121 necessarily
cont i nuowsOW2/ises owi ng the contours of the organ. As a fumridraLogétiger nati ve,
the map 10 or the path 286 is converted into a set of insertion steps as is
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 table 290 is provided for storage in a conputer nenory and for
processi ng by a conputer prqcessor. The table 290 contains rows 292,

wher ei He8a®hmoygy forysard dosre thgnhyoatobmp o mellimeters gad rther itoPend PJesdsn one
step i - r i I} i i [ b i-nt.Qqa
T vi g IR T Ssgfes (SREUTOE il e BREL fver (SRR BV A PR 17 AT
6K. Pr éfeimbllyoreaehding\wnd Rteadinpaisiep 17AE ustiiphe tip2 8/ af thesguide tdnehesathemal 10
val ues for the extension of an insertion, gujde sugh alts ?il de. 20, the
.bendi n§PBF stHacs ofdhs eniglattis S wakliap peersieimitepieteshln of & crntiRsten T py) |
ffect S ' : j h
or ez en TRGERIC ARy 88 5§ Bifteo iftenctiel APE AL ERAGTBGbT Bp 1781 17,
bend 2¥Mpetatedi printtofengadenent betwebe tidd tiyp 8t dnd theliepigldttioim desipnated ghFig.

positiqn, in.two perpendicul ar planes. 15 (b) Initial insertion 295
cont ai 3Ebé(r|ef?ﬁ?ﬁ°? H’!‘nﬁ‘&P%’gl ue for extending or retracting the guide in
centi net er Refdrbdce!ifhblhatQBI9E. ,%ﬂggf?&g%s?o@%%& AR ERPLEEE&A jgut put

val ues of four sensors such as four ect sensors, for exanple, Hall
ef f ect Fepridons caBilagectrekd cofintei ¥y 14 fisst ZFtoedi(step il 80). Jbns thes guidadriventht s 296

are.expected to be su . by the tinme the 2 iide_reaghes the.val ue of

£ ha0F nPEaIng it B Bl i hAEahT bl B RS St udi na
val ue fi@rward (€121 8B e @ipdthe Gudiice & thaGlatha 44@%1‘@51*\)@@ Coht&d MetwahQhé tip
Typically the initial sensor neasurenents 296 are expected to be preserved,

whi | e t28enguheiaurfase of thentdrchicn fstenst Ygomd d 88b Yy arrapasinggthe hend éstenn REE)FE t he

gui de. e i nal nsAr r 2 i X o) val ues
of the "%g%eg' g%%s%’ﬁ%agfeséﬁggr{%gfgg' ‘?‘ﬁgﬁlt’ 21’%&% C%gg%%o& tﬁ%grggéegqn%ﬁg i&%ag are
expect ek teutiagdre@sioattebYistih@einien®Rd t(§tep Yo0)d thel t§RLE eSmbhed Wsduy ehedéresthe
insert distance 297. It is appreciated that the path drawn in Fig. 6B can

be lénpl(@gRu 1Y Prlepgdpend 12| andothe; loap miueqertfepeats el dBe (thisd sanidigeols Fi g.

7. 30 i j: ' ' . il d
oot e a1 6 o8 o ERehds, Ko MU e TH A ASPLRUE 120,
oper at ithat thertulee p6 aehss o thentdud cartilagé. The guilsudriver NSothehesigmatsert thee of a
human as shovm i s. A to 6K, The flowhart of Fig. 8 is a preferred

n Fig
enbodi MPATAIGHNY (e BETHAR | g}péqtﬁ@éuchssgglye(ﬁtgeab% by a processor, such as
mi T Opr 0CeaEreRdBisHow hfhde 6 FiE OTPRHRAYs WipRA&! BlaiGTRP MR mAl  he
present invenilon, for insertion of an el enent 5 into a [ vi ng_or gani sm
pr @Per abiugtubyy ob approfgimad embodishent 2g0the Imyesent inyenkéayr nbdfeldfoni infubpidreoérace to
Fig. 7.

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

14



The preferred flowhart shown in Fig. 8 starts by loading the table (step
300) such as the map shown in Fig. 7. The programthen reads a first row
292 fromwOe2nEnes (step 302) and causes the distal end of thga/1{oi/ea2120 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
di stance 295 of the first rowin the map. The program conti nues to bend and
insert the guide 20 until output values of the sensors natch the expect ed

initial t 2 f th t 304, 306
:let i : aaca?"ie‘}qnﬁsecglg@‘é rbgssmn'en o ZE? g‘rersﬁﬂp%ﬁégﬁaéévgg‘%&gyﬁf Wﬂﬂggﬂﬁ z[ﬁ %g B}eogr am
i's stoppgdad §ﬁcﬁﬁusﬁb§)the e Ry #hk®i@P!I Y, the initial values of the sensors are

.nmeasured and then the program continues to extend or retract the guide 20
(step 312) Aumcadndtm@osé%tﬂ@npm@mmea disk 226 tawhichtyor guide asgulatioarwiges298

318} or Dt b bt Syt FERop o g R AR bihel 228 AR BB ung) ™

where t hgdPr@dr@ MeiSothéoa8 Grd sdrdRctdd @ thel disthinéhd bk gaRIe Qit sHBRDEERTENt S
298 val ues are 20 neasured the program Froceeds to step 320 and | oops

t hr oughtis sfmper B Whendtlg200tonR4 refates ¢ 1819\3%6 2ekwisetone of dhe wirag 328 1s
process t he r r am,di an. i rt i €, t he
ot ayPilsd B dne, AtBA RREI8OSReE et BEF iR bR BRED OFRAS RERSR, ' 00
Fi g. 6Crds tHek0RIci?® ddRnterclfdlfias mbhy sénéelmr«tig) ﬂ%&eﬂtﬁ@ﬁ,, wn@l ttheen&tsxft in

the plane of Fig. 6C and, while preserving contact with the left 25 side of
t he i nt &% fofses goymisgcdarliadse ibe second vdre ofke dwe wires a8 is puHed ardhtheriirst p

engapes, fhg. i ea;%grtefaatr 4l aGk ?{Tgl?lgﬁ% g@%ea%ktstﬁ' g‘?ﬁ‘g dithl aehdaofgﬁ%\%hgf rbfot he b

284 deS|gna erence nu icate
and Fi gclo@bvitdim tgelse:iﬂebﬁtheBt by up to 45 degr ees to the right in the pI ane
i cqont act, the |eft side.of t

of Fig. 6D and, while preservin 0
i ntestine, ﬁ‘«;ctée&l%nee&ﬂ@b %%8 %r%véﬁlﬁdl fathan stnerh%ma 1¢ han éﬁd%?t%ﬁbg’ does

not sen / e
1o ey el e Aabiarat BTN Btora b sl e

i ndi cat @dhbylatl@t\febtneﬁsars 3&iand 40 (Eagdlz&) lgthﬁﬁptsmsogdll Ryefesablgribe dyctrqmi¢ o 110
es to. the%z:geflt in the :gl ane of Sg and, while reserv@FQﬁ ntact
t hETFULEY 220 alse fCOPRIISET, e BYiGRRrOCE °rex‘1‘!p§FPa’é/8 19y SfecutEn i PREETt $5% poi nt
' the PRRrAS JQ@&%WB@ﬁt&b’torc‘%ﬁﬁBl@tﬁg‘§wﬁcHEé'§'3f)at%§ pldy DACHRAGHIDEE ad LN T OW
4 of Fig. 7 an the guide Is bent up to egreestotherlght
in the plaawl de Pﬁlbﬁff&t semrdry 38 exté@tdmutcbmsm emhbﬁmrbttergundﬁ ms1§©|aritv1mgt t he

map 284 desi nat ed.b ref eren nuner al., 33 i ndi. at ed, b S of
. 7 aiedny Soguing 1o, PESBAAT i (8 in, D heCelE 8o s ST he i n
t he pl apginoinsidedhe Hangifiganidin.| BefRtAHe ¢l frograitis aplerative kb tdire kiehy 28 bde of
the intestine, is extended by 4 centineters to a point in the map 284

des?@nathecewde P te fellove anpradéfined 3pgmahsontad; eh e @ranp ¢foie NiyiE omRamisy. 7 and
Fig. 6HP¥é?§raQ'§'pqgglja§1 0 %Bgrag% &Bpltog; tadiffe ge%gfnﬁeﬁ 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
“microcontroller”.

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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to the left in the plane of Fig. 6H and is extended by up to 3 centineters
or until the sensor | 5 tip engages the internal surface of the intestine
head on avoaxpdiesit in the nap 284 designated by reference hadieosd11340. 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. 61 and is extended by up to 1
centineter or until the sensor tip engages the internal surface of the
intestine with its right side in a point in the map 284 20 desi gnated by

reference meral. 342. As indicated by r No. f Fig. 7 and Fig. 6J the
guide is e %WBHICW“Up“PtSrlfgcelcezP?tnetsg?‘gn \é)vr Wﬁ%‘ﬁ’w h:ag@Blr‘r’é’B}g ti“lbg%'ﬁecféges
the i ntc%ﬂrﬂﬁﬁni@&{foﬁa%hMIO%}beisi PloSRicinN® Whidle | dotrn@ibatind /il eReit@l Matd N the

.map 284 designated by reterence nuneral 344. As indicated by row No.9 of

Fi g. 7 rancksfingeq@imenie gui de is bent by up to 45 degrees 25 to the right in

sonsbr 11 p REHING A WP P FRPOViie A thechist i S Be e Fhadle B ated, S n

in the @BPsiAHh) 46 Hserpt @rbug tﬁ@{:i_%@elf%%drlbl OBkRbted Mrodghthe sicRifeRd Bipe,
enbodi nent of the present invention the systemand the nethod are operative

for autterthe ballagpeThe thim pipalenablanian peerptor e inflatesba tballpere when thecdisfabend
ted. 30 || i di.ng, to.t N '
o | actddtp PRt ieathes e BERSuiael Biaif 4 B SRRl St 83 B o8 ¢ e

tip sengepipklo drdkrAad! i ng the operator to control manually the guide 20.
In another alternative part of the procedure is perforned automatically and

anot her parReferenpeismomnmadariential f.ywhieh is @simpbified fendiogel eckodiagram efea
. ! it . . . ' b
oDt ¢ Rk ThoGudn o I AUAFEIES s iRIEE PR SRe ik D dlidRdo D°

i nsertiigrirokn &) tivosiivesbieloakirudingl drivied 240 Ipteféralply orog@ptisesma snatbr 280, ahéiuman
body is preferably stored in an internal mepor f the present_jnyention

_ 0
and’ t ha@caf i3, fsghesaAchend Fithsthf dlasting guk lﬂ_ésapgéb?rﬁﬁ’fr@tg? 318 9isFiga g éti at ed
that t hﬁenﬁﬁ? %Lﬁﬁ’érHH{r&rM??Pe@%If%?:iée@?ﬁJ Eolof? 284 O#RSHRsK %ﬁaﬁ‘@i&é‘%@by
cont i nuous nmprove rel evant i1'nsertion pattern naps such as the standard
cont our (Fig®)1Dhe Bhegitwhiial driyerl0fandrthe bendintgoguidendrier 282 favr @nétoled byngwan

insertio rocess, th resent i.nvention is capable qf. | ing.a dat ed
e SouciPERS | SRR  toguR-ody TaREER | viste 858 Bedtieadlh Rt B¢
accumul ghefudiRfsirRer PP &RP SQApNes itWe ThldtRAS: madktd RIRBHQY 246 bl b MRfRYe the
al gorithmfor processing the maps, such as the al gorithnms shown and

descri bBuctipn B48.chdrending sobwarg drivaR50 omtrptedthei bpndig guide idnivetoded and

algorithmcan he 15 transmtted to. the .pr.esent .inv i e ry.
Aopend £aupies J% Apb Sy b8 s BiIGeREFe et FRnFE aclondlHBASRSY L.
Appendi Rinttio Q54 ATy fadlctidnks 246 R48TEXS2amin 2 54n2€ BEérsted: byC & piGiaghtigh Edrt@]
c8cdr.inc., Appendix 3: containing file raminc. 20 The method for providing
t he2&of safEvae madsieiZ®al ity of the microprocessor 278, in accordance with a
preferred e ' P Lhvent| (Mele e O

steps: 1. ng\?ﬁ%gﬁ%?\ eﬁétogﬁﬁgoélg%{?g’l g{écg SE’%&F 1\r/f\,i {nﬁgsg&?e{n}{éi %J%Qﬁl%ﬁﬂor

hi gher, ofdi&8MBrRAMn adjSupesurf4cé hom ptederrainenbodimeat dfathk @resent iavergmntthe 25 2.
Install M crosift W ndo 95 .0or M c¢rosoft W ndows 98 %eratin tem 3.

| nst al | iPRENSPES BEIAHMSIEG BFSHREN @R OfieRfalian BIFeWEETaRRs PY Hheasn pictal
Equi prreghy1ar 80§ @dckiftip Q&Oa MLEEEEL L %n HdfdePhtKGssuBUA| 6 Behsdr sBftwhiRl @pder MA
0821, U Ap 4. Connect a flash processor” | oadi ng device COPBEM Fl ash, COP8
I n T3 r cuiodulerdi0abperafivr toRleagive Burie dighalsiftdre shet @p s¢nsosdi i povisles twofinpuie

or ocese G batiFg  HEVIGeE s MTaRRaR A FPBACKERY bR CRiskbaRnes Ghettar "

2900 SenhsorkiugeNurddents 6F BeBaX pSHOR asSAbBlideLbirtBe tipAcBR? F3fBAR0drivdbA

module 260 are collected and stored by a sensor log module 266.
The map 10 is loaded into memory and serves as an updatable map 268. A

30  comparator 270 compares the accumulated measurements from the tip sensor 11 with the
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5. Place a COP8CDROHVA8 mi crocontrol |l er avail able from Nati onal

Sem conductors Corp., 2900 Sem conductor Dr., P.O Box 58090, Santa C ara,
CA 95052-809%94548A in the 5 COPBEM Fl ash. 6. Copy the fil exct/mbuemd: asm
c8edr.inc, and raminc, respectively | abel ed Appendix |, Appendix 2 and
Appendi x 3 to a tenporary directory. 7. Load the file intumed.asm by using
the operating software available with the COPBEM Fl ash device from Nati onal
Sem conductors. 10 8. To run the intuned.asm Install the COP8CDROHVAS

m crocontroller in its socket in the electrical circuit, which detailed

el ect r oibdated eplsrance crapa2eS. prhwvieadlts ohthei mpagaonsoars 1ealopsdeby ga update

hat e il 47 ATLAIRSC Rl G EIALE e BT incRl e bed BRRRPE.™ e

i mpl eneCdreeluient )R@Mhadvi @8idn GRdILIERIPD eihbldyerthe upbstesd dpiar@m@aesp en eidtractl S may,
generally, be inplemented in hardware, if desired, using conventional

-t echni ¢h@Broppgatios capispleldiode evequirsihe nevet sipprafitheinsertienpengradnt i npl enent ed by
t he AppendiyX:Jd S.4.0% } I i i sclosure
of - the. pr edbit ATAARF B iheskRuBhPYl B8 BT LhEHR diPbP ol FRCheP

appr ecith¢ éshgithdihalvguide ddvé enad teclsendingtduddd dnrentdaroaisovbéred agae infudto ¢Hear i ty,
described 20 in the contexts of, separate enbodi nents nmay al so be provi ded
in comﬁ%{ar%?f%ﬁ tgeﬁ‘lH@tPéhee?ﬁ?HH’Inﬁ?gﬁ?e.uKiﬁW@r sely, various features of the

i nvention viirGln&d & %JeVQ'%na%_etXilﬁé‘s. SIERE SHP G aleNBKER TS eéoén BleShiagl ©

enbodi mrent may al so provi ded-separately or in any suitable
subconbicherhatanof & tprefieirbd lbmbagiment ioé tleed pleyerp envamion siseful dot intubtiatien af'ta t hat

th resent tnyvention is ngt 25 lim,ted by wh has been particul arly shown
il e SR T5e RENFEor A5 prveialTEataNe 0 FHiGrORIOEsOn e/ ek SIBFIEALI, PRTA

i ncl udeg fHptdle GOBERA 1@ Bént?’c{ﬂhé WRAERMAR @fame%%a{ortéa@gmgi PUSudL Rl WS

descri bed herei nabove as wel as variations and nodi fications which woul d

occur tepepsing gwgtodkg RB@dthe isphay 232, thp amtersadiionand R4 $higcB,iandtthedlahd

whi ch ar ot in e prjor art. 23 2/ -157G3 ,PCT/1L0O1/ 01121 endi ces
1 e ouifechSnshf A" Baf 400t Ak sin Shsor TDARRL SR RRd Pk e I bRaRET Y
c8cdr . i fi6eesh, stitiPRAReARbecYetloh andlldEbdribed herdRthbold with @ ferencOigs. @A tost i ng.

: X 040 10 .CONTRL 3 ; 0O- disable all code alteration, 3- re-enable code

altbrat?®n. incld c8cdr.inc ; File that include all the definitions of
copBedr. | ek B A LS FNkA DLt ud DSenddrabhBeSRBRNAN" S
illustrations of ten typical steps in' a process of employing a preferred embodiment of the
present invention useful for insertion of an element into the intestine of a human.
It is appreciated that some of the organ systems of a living organism are generally
20  similar up to a scale factor, such as the mouth and trachea system. Other organs, such as the
intestine 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 organ, a 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.
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CONFI GURATI ON .sect option,conf .db
OlL ; 5=0 security dis, 2=0 wdog dis, 1=0 halt dis, 0=1 flex. 20 ; flex=1
- execut i omofoolsmesi ng reset will be fromflash nenory. fl exed/mLbl/@am nenory

is erased. execution following reset will be fromboot romw th the
mctowire plus isp routines.
25 .sect begin rst,romabs=0 reset: rpnd ; Cl ear nenory

ld s,#0 ; d ean segnento 0-6fH. 30 Id b, #0 : Id a, #06f
; Cleans the nenory between st 00: b+], ; btoaifgt a, jmp st00 ;
35 LD SP, #0ltds apmediated poat pndpsarigr wmélpg @A, prerﬁqeecétembndm@f the PrESEDt (| ast

I d O1 o) . s and 0 ld O
1 Dwor Rt for B ! GBn b ark bl B e oBNnsigh R AmilgP T IMdGhRIS 1
o 7f H. metlabmz pteierablﬁamth t,he%twaghhﬁhmﬁ@ﬁy between st01: |d [b+],# b

toaifgt ab : VWD 02/ -t st0l ; ld s, #2 ; Oean s2 0-7fh. |a
b, #0 ; 5 1d13, #@W tube@m&qrﬁ@a@mﬁ@aﬁéfmmw@ue devicgih+] ,#0 ; b to a

5 o, Abdgh L RO el LS 150 o 220
every 1ékngé¢and I\mree\zeﬁ ¥s @@iekt%d%omﬂe&pékﬁe@lh@ﬂ)dfgsto%e girftydye®mi ¢f mbtoand 10

in s2. t of the packet there is 1 - byte of check sum and then
the 2 bﬁ%sfp §? 52‘9 angywies 28, §p fhatgif ds apsahleﬁ%md ttw endyok thepguide i dhree

gﬁ; 'm”éfj Hf?l'ﬂeglglotn ﬁaée&%algt dftﬁ%t pttédﬂe&tt@hgoﬂ{agmggaeﬁggg gg&fm %ts‘agté 0s0 1 d

pl c, #05€rnbhbyptgtitfa'eforhrd)r@hmtd#@mti b0-3 = a2d(in), b5-7 =1limt sw tches(l n)
| d , #0f 17 .25 pac, #Of f a, #03 ----- ART initjalization ------------
I'd Ehu, #0 Gﬁ I,Eﬂ? i sengpr il Prﬁgqrablwonaﬂem O%cﬁqﬁ Fitti Sees 10 sqnsgithy it

QZ ﬁgczélnmgg Z)g%’i bg%‘ggi rng![ttggé(dgﬁ%gfroﬁs rl??seéﬁf)‘?ec'tﬁéd tl'ﬂt 7[ :EL’ ggssiﬁl?té op%r)gte tge fj_ o
LCD i ni tipaehseatin @rthree-dimensional spane alm b[lem;bloylng three Hall effect sensors. It is
also appreciated that other types of sensors can be employed to measure the proximity and
orientation of an adjacent surface in three dimensions,

15 In a preferred embodiment of the present invention, when the guide 20 performs
longitudinal motion, such as insertion or retraction, the guide 20 also performs a small and
relatively fast lateral motion. The combined longitudinal and lateral motions are useful for
sensing the surface of the organ in three dimensions and hence to better determine the
location of the tip sensor 11 in the organ and relative to the map 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 internal 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. 1A to 1 K. Alternatively, a preferred path is created, such as path 286, not
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Id tenp, # om{ wordnm); type in line 1 of lcd " mm", in the left side there
Is jsr type string0 ; space for 3 digits of mm and in the right side 3
spaces f ow04945768li rection (+/- up/down) and 2 digits of nwamenin1ikd
t enp, #l owm wor dpoweron) j sr type string 1 ----- PWM TO, i nt erupts
initialization ---------- 45 25 WD 02/57&8 PCT/I LO1 /01121 Id cntrl, #080
timer 1 - pwnnode - stopped. |Id a,#0f ; tinmer 1 would be used in
capture node, neaning that pulse x a,tnrl to ; received fromlinear notor
will capture the value of tinerl |Id a,#Of ; in timer 1 auto reload A

(tlrahi 1769@)3%1%&0%11@@8*% Eostie thercoptoursot thelgigan. Ao Sirthen alterpativen fing | 0}.
ldt2 {. t
.3 C%%g ’lﬁtpf’i%m}} 6 [?)Spceogw\@f% ? g}tgége,t%?q&eenglbqq Iasﬁgejglﬁow%r@rdeasnlggﬁ ockI irr:ar

by putthem@nﬁblwwmﬁn’efaﬁé:ﬂchQFﬂgNshit t3a, pl ; enable angular notor and | ock
it by puttlng%o in control 3,4. shit t2hs,h tcr shit t3hs, hstcr |d
centri, #060 ReTerepes ispnow SbﬁS‘Pd?élngd@getilsr Wit Fig) B qag wighFias. é‘ﬁltﬁ 6K. As

tle b | r &9pt;y
tl ena s‘EB%v;B in: £ nﬁ a %a(‘:b;e tzgrge1 9‘?5 ﬁg?‘ﬁfo s? Jorr{ptuéeerﬂggl?l?ﬁf%cgrfﬁgz
i nst. cgrod:a‘ssng b4, aoe&npmtespmcessme I‘Th@ thisle @90 wohtinsr fovis 290p mdheteimtsdh ki t

tOen,ic start tinmer0., ----- Programinitialization ---------- 25 shit
7.pl's yﬂ)f prefrably compriats a\igstrustion $o a%qrmwsa%met 8 REPCE¥FoREinsstionsoffegat i ve

angel rlngdlgﬁtl eFit adtrck 15&5’% 1v§g§ Bfggﬁ% 2 XP%§ Slé%v%ghrlﬁc% 814[5?1%8%&8\9@}1 LdtbRASe Shit

stopl,lflags shit en calc,]|
en, i M tosF 4. aigbtoBGKsHrdferhbhyeeacbmmzmmhtmthéIeagected]valu@' e, thevnaximahbl e -

Int upt R R R S b bk Sk Rk R b Rk S b S R ARk Ik I S b b b Sk kS I R

%JE*}D the Estensian af an fasertionjgyidesugh asgyidp2Pthe bgpding of thejipgertion, hegg

' t b' t Séu%é a8d @R BlebtiRMSodth@gSHrdt® the $lall2&iFRE Yerkof! 88 e‘aﬁd i) Fl%\q AR/n1p768
i fbit stop command, buttons flags jsr stop operation 5 |tb| ttons”t

en, but t paBned gg@oﬁgmenb aof therpgeserisnvention the row 292 contains five sets of values:

(a) Initial bend 294 contains two values for bending the guide from a stra1ght

position, in two perpendicular planes.
15 (b) Initial insertion 295 contains a longitudinal value for extending or retracting the
guide in centimeters.

(c) 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.
1A. 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 (¢) 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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i fbit home_conmand, buttons_flags jsr homep states 10 ifbit self t

command, buttons flags jnp self t states mainO: jnp linear states ; |inear
states + wogulusmesstates. 15 main 1. j sr updatelcd ifbit aRdemoefdrgs2 jsr
a2d00 20 Id a,#0 add a,linear_stat add a, ang scat add a, autorun_stat add
a,selft_stat 25 add a, hone_stat ifeq a,#0 sbit enddata, fl agsl a2d check.
PCT/1LUL/U 1121 if 2 notors are stopped, set enddata bit to stop
transmtting to PC. Id a,buttons flags 30 and a,#09e ; if one of the
commands flags is set, reset enddata bit. ifgt a,#0 rbit enddata, fl| agsl

i tbit @mlattqusnt@gsowratmetfog@enr@cesaﬁ afjissertion iof Bn elament inte Ahg indestine p€a dat a
send | iR Wi m' Fl . 6A’f "Eo*g**"Ik“l’;gﬁ(’;***a’;'t*gf*f**g;s***r’é?e’;;e’a*e* abodiment oig - sect
.aut or ui stglagglixo r‘om |ﬁ page autorun_s a}% es: Idg BFih st At add ow(j np
a r st gkggraimdoperptige tpdig, dxatuted by aifbocktor] Suchs I?ﬁi'Efdprcbxﬁ?.sdr QT8 2T Higns A r

stat:.addr a r0O,arl,ar2,ar3,ard4,arb,a.r6,a r7ar8ar9ar|0a
11, a_rcpmpriged inga prefeved prbpdimens of the gltea@résn\é?npo foy inggrtion;ofanglemenis. | np

a rsst j e 6
oS PO R A e i gy el 9 o
Jrrparre&tr@bbﬂnlﬁgaﬂ 11: j nmp a_r_stat 1lar 12 : | np a_r_stat 12ar13
J WE* ? —:r*f i* | fpxe emd ﬂewchaﬂshomfniﬁgfgstg&gbg? lc{égir{grti}ﬁt%i%séep 300glsgﬁlbas| d

;"‘Ut or Ur{héhﬁheﬁ%\glr}?% E%‘“?ut@“% % cfé??:gﬁhépﬂehdshé’ﬁ?st OB G dak i O f(été’19§023 i -stat

cithit s ret 30 I'd linear_stat, #1 nove ‘| i near
f or war dmd|amses|the distal ehd #ﬁ&hc g@l,d& 21’)=t©:bea¢eaecbrdmg3:o]1he dnitielcbendmgf valuesr ds

4T BB TRNSE et P e 30 A LR st AR 26 B ™

:t Ll: Egilpﬁéﬁém&%{mé 395Ritthd Fifsk b bn B hdpTThe pfdgpis chitidues t@Wndl dnldagsert40 rbit
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 Preferably, 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
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 point 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
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ar statl 2abit fix t en,flags2 jnp end_a r stat ar stat2:ifeq

linear _stat,#0 ; wait until linear notor conplete mssion. 45 -jnp ar
stat2_0 2¥0 02M0692/ - 1578 jnp end a_r stat a r_stat2_O | dramabieiix a, zero
li 1 S1d a,hall2 x a,zero_h2 rbit hone,t7agsl Id ang stat,#1 ; nove
angul ar down 2000 pulses. |Id rbyte 1,#010 ; 0,1, 2=0= speed 1 ; 3=0=
direction down 10 Id rbyte2, #1 ow{ 2000) 1d rbyte3, #hi gh(2000) rbit
stop2,aflags | d autorun_stat, #3 rbit stuck flagsl 15 jnp a r statl 2
PCT/IL01/01121 4=1= angul ar, npt or. at3:1d linear_stat,#1 ; nove

| i near SHERRIAaS MGRFHRC flp PYptig the I#eBYSZF éeS1gr@£Q§1 Vtigéeaence numeial 338 r ect i on

o e, S RBAIEHEt14, L%, U R 5 S0

stat 4: jis rtheetmft mfthe lpldte 6f FigbbE avd) whilagsésenvnﬁg)c@tactsirﬂi thelleftf st of the

| i neal -, st at, r stat?,0 jnp end a r_stat 30 check if epiglotis
.sensed INGSHnE, t?né’it'fg:?qear@'a? cﬁBtﬂ‘B?t%Eﬂ"rﬁ)Ip@%’% Inithe MeR. 284 designgted by Tederpnsear
st at, # piyed/BYE | i near backwards 6nm Id rbytel ,#0 ~ ; 0, 1,2=0= speed| ;
3=0= di rectlon backwards ; 4=0= linear notor. I d rbyte2, #/ om( 816) 35 Id

r byt e3, #hi gtn@&*mglancﬁmrth 1366 of Fig. femdHig 0BG guidt i3 went bynup tads 4egreep a r

vt ur I 6 e i of i inaendsn tF seigietes T p&r#aﬁgmz?ﬁ.ﬁp f *rove

angul ardesipnat@d By kéte®encd Aurh&¥t g6, #018 ; 0, 1, 2=0= speed| ; direction up
, 4=1= angul ar notor. 45 ld rbyte2, #70 29
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 by 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. 6] the guide is bent by up to 45 degrees
to the right in the plane of Fig. 61 and is extended by up to 1 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 up to 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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WO 02/-45768 |1 d rbyte3,#0 Id autorun_stat,#6 rbit stop2,aflags jnp ar

statl 2 10 a_~-stat6 Orbit epi,flagsl ar-stat6:ifeq ang stat,#0 j np ar
stat6_0 jwpoemsies r stat wait until angul ar notor conpl et @Qmissi/@n21 wai t
until linear notor conplete mssion. 4=0= linear notor. |Id linear_stat, #1 ;

nove linear forwards |1Om |d rbytel,#08 ; 0,1, 2=0= speedl ; 3=1= direction
forwards | d rbyte2, #l om 1360) |d rbyte3, #hi gh(1360) ; 1 Omr 136pul se per
nm = 1360. 15 Id autorun stat, #7 jrrp ar statl 1 ar_stat7:ifeq

| inear_stat,#0 jnmp ar stat? end a r st 25 30 .35 4 r
stat 7_@n¢ apasﬁ@s%ﬂatanﬁ epa m&eamq\tarr t%mroé@muaiu éf@sguldagipbgl ﬁ%?om :

Py o2 BeARTER0p PR Terthbie SR MY bk S AU OR Bt o

j mp a malﬁiaEly Horzxmaple] tHeOduid D20 2daydbelmsarted Husomatizhldy and armediel 8hey1IceI
| i near stat #1 ;. nove I{)near forwards 50mm ;I1d rbytel ,#08 ; 0,1, 2=0=
.speedl| 5”03391 the dihed & mapnds weergddeanyayyr byt e2, #1 ow( 8160) ;1 d

rbyses, #hi g @#@9% aé &3@1)%!75 lm odie oms€rt1§§g@an h&eﬂhﬁg%ﬁﬁ&tﬂt@% 6800)

Id pls cntr pu se per = 6800

di r ect iloing bf@gsm; SLtch ras animiroan bodyvaasr pisfetrdtbly stchxDut ac nttetnakemot af e r bi t
cont rol 2,§a shit.contr

a0t or urpreteat magecad) fetahis 33 cah be ygRIniGR g p hoskspramHicta 1 s Spup iy | ¢
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 following
steps:

1.  Provide an Intel compatible computer with a Pentium II CPU or higher, 128MB
RAM, a Super VGA monitor and an available serial poft.

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 COPS8EM Flash, COP8 In Circuit Emulator
for Flash Based Families to the serial port of the Intel compatible computer. The COP8EM
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ar_stat9:ifed linear stat,#0 jnp ai-stat9 O jnp end_a r_stat wait until

| i near notor conplete mission. PCT/1L01101121 a r”stat9 0:1d ang_stat, # ‘1;
nove anguwean2uiye2000 pul ses. | d rbytel ,#018 ; 0,1, 2=0= speed/iLp1/Gir

direction up ; 4=1= angular notor. 10 |d rbyte2, #/ owm( 2000) Id

rbyte3, #hi gh(2000) I d autorun_stat,# 10 rbit stop2,aflags jnp a r statl 2
15 ar_statlO:;ld linear_stat,#1 ; nove linear forwards 74mm ;| d

rbytel #08 ; 0,1, 2=0= speedl ; 3=1= direction forwards ; 4=0= Iinear not or .
;1 d rby e2, #l owm( 9520)  ;1d rbyte3, #hi gh(9520) ,; 70mt 136pul se_per

9520. 2 SPdPrBF%SS‘érnﬂqaél%l é%b('@‘ﬂsmi‘vqllﬁb% Ogh Flo%l%’(ﬂgm‘flmﬁ ﬂﬂ%zﬁ%pul se
per mm | | f r rds rbit

.t2c0,t Z%erll]??%%ﬁ'g%s?t?rt ﬁ%;ﬁb&lﬁr@gé §a§%ﬁ€tlarar g:A 8?8;0 cgir{ ,pa I d linear

st at , #65.30 Rldcamt(hbﬁﬁCBl&@HVMlm;crqxoahollesrtaa/tallaﬂle dram NaabhaIISeniiécﬁmluctors

i near_st at wai t unti r ete stat 11
035] _é @§80 §ew%031§?°tarb st’&ﬁo&%@ Sagq %%?Wa%@‘-‘?&"?b Igg‘é”ﬁlé%trl 40
shi ts tS@Ongm@Stpontrol 3,pa ; turn off notor 2 sbit control4,pa ;ld

| i near stat #1 ; nove linear forwards SOmm 45 ;1d rbytel,#08 ; 0,1, 2= 0—

speed| 3—@&p>dﬁh|eet‘dcs ofuriesk.asar, d&cd;r idcs @nd kamaa, respeajrvelysmbele&\ﬂpﬁenlchx 7168 o

r byt e2 | o ld rb 6 ;. SOmr 136pul se per mm = 6800. I d
pls cnttb 9\%8&/\?%&56 %“dﬂ’égg% ?’FQ(WEHP ﬂ{y6800) : SOm* 136pul se per mm =
6800. shit diddeeeid e lihtud@d asmt by Nusi) o ogéf'ﬁﬁﬁgssow&e ta%ﬁﬁ)abtle?%m lihebi t

t2a,pl rbit control 2, pa 10 shit controll I near st at
aut or unCOPEEM#lagh ﬂwwfr@mé‘{a&mhalBeﬂ:ﬁconduotors

10 8.  To run the intumed.asm; Install the COP8CDR9HVAS8 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 numeral 278.

It is appreciated that the software components of the present invention may, if

desired, be implemented in ROM (read-only memory) form. The software components
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 extremely detailed disclosure of the present invention and is not
intended to be limiting,

It is appreciated that various features of the invention which are, for clarity, described

20  in the contexts of separate embodiments may also be provided in combination in a single
embodiment. Conversely, various features of the invention which are, for brevity, described
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 present 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.
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a rstatl2:ifeq linear_stat,#0 ; wait until linear notor conplete m ssion.
jmp ar_statl2 O jnp end a_i-stat 20 a r_statl2 O1ld autorun_stat,#0 jsr

st op2not av@ 02Ms™m8 en cal c, | flags rbit start_stop, buttons”f PegaLobieii21
stuck,flagsl 25 1d tenp, #l om wordi npl ace) jsr type~stringl jnp end a r stat

.-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k*********************** 30 epl ChECk . | d a #4
;ifgt a,pls xI ;ret sc Id a,halll 35 ifgt a,zero_hl jnp epi checkO,1 1 d
a, zero_ h 1 subc a, hall I jnp epi checkO 2 40 epi checkO | aubc a, zero_hl

epi “check0 _2:ifgt a, #20 shit 32@ fla s 1 sc 45 1d a,hall2 PCT/I LO I /01121
3z WD 027 - t 576wendiges lathseueh harepapfoliawsTchecko 3 1d a, zero_h2 subc a, hal | 2
5 jnp epi checkO 4 epi”~checkO 3 aubc a,zero_h2 epi checkO_4:ifgt a,#20 sbit
ep| fl@ t 10 ;************************************************* SeCt

I

1l s se a inear states:|ld a,linear_stat adda#low(jrrplstat)
]Id ; jn'ﬂ)]ef)cdn%’ b g“ rﬁ'Bchgfrif’g“Fé%Cdr 1 s0,1 sl,l s2,1 s3,1 s4,1 s5,1 s6 1
, rrgw’!f ~st jmp Istatl20 1 s2: j np 1stat21_s3: jnp | stat31 s4:
er'p| AR SEjrrplstat51 s6: jnp lstat625 end 1 stat:jnp angul ar states

-**********%m *’******************** Sect ||near States1rom 30 | Stato
itbit pul seTIflEgstumedp 1 stat0 01 jnp a 1 stat0 the notor nade anot her
pul se aft erLEopifor degomgletstistifg. O ; X'®iot pul se, | flags 35

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

.incld c8cdr.inc ; File that include all the definitions of cop8cdr.
dincld ram.inc  ; File that include all the variables, constants, registers and
; bits definitions.
15
jrmmmm—————— 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

jrmmmmmm e Clear memory
1d s,#0 ; Clean segment0 0-6fH.

30 1d b,#0 ;
Id a,#06f ; Cleans the memory between
st00: 1d [b+],#0 :btoa
ifgt a,b ;
jmpst00
35

LD SP,#01e ; Stack Pointer in Memory 1eH. The stack works in LIFO (last
1d 01e,#0ff ; in first out) with "push a" and "pop a" instructions.
1d O1f,#0ff ; The stack starts from 1eH until 0H.

40 1d s,#1 ; Clean s1 0-7fH.
Id b,#0 :
Id a,#07f ; Cleans the memory between
stOl: 1d [b+],#0 ;btoa
ifgta,b ;
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ifbit direction,Iflags ; x update jnp 1 statO 03 ; x forwards Id a,pls xI ;
before decreasing pls”x, check if pls x>1 40 ifne a,#0 jnp 1 stat0_02 |d
a, pl s x0 woor/4sie80 jnp | stat0_02 45 ifeq pls x0,#0 PCT/| P@¥/10004@12833 5
10 15 20 25 30 35 40 45 WD 02/5768 jnp a 1 statO; do not decrease pls x if
0.1 stat0 02 acld a, pl s_x0; x downwardssubc a,# 1x a,pls x0ld a, pl s_x 1subc
a, #0x a,pls x 1jnp a 1 statOl stat0 03:rc; x forwardsld a, pls x0Oadc a,# 11x
a, pls x0ld a,pls xladc a,#0x a,pls x 1le | statO:jnp end lstat ;

_>O *******.************************************1 Stat 1 Itblt

direction, WMPaER! ; icheck the previous direction.jnp 1 statl 02 the
direction was backwards. ifbit new direction,rbytel ; check the new
direction. lgsmd 1 st@eans20k7flnp 1 stat3 1 stat 1 O :1d nxt_|_stat,#4 ;

change dirddti#n tqg forwards. jnp 1 statl_OS the direction was forwards. 1

st atdl _02: i fibiaf#onew_di;r@edrisais mbyibsl bétwedieck the new direction. jnp 1 stat4

1d a, plgoxlid;bPefor.e whangi ng diretion to backwards ifne a, #0 ; check if

pl s_x=0. jr’qutja’},stat;l 04 ; if not then... Id a,pls xO ifne a,#0 j np | stat

104 1 stat .0 d.linear stat,#0 ; if O then just stop nmotor. 34 PCT/1 LO1
/01121 V\CJ)WZ 68 shit stopl,lflags ; stop nmotor 1. rbit stop,flagsl sbhit
limts c en,limts flags sc 5 ithit stop2,aflags rc ifc jnp 1 staffl _06

10 ; ! ) -
I’bllt start, tl |0 shit end,flagsl shit type end,|cd fl ags | -stat 1
06 15 20 24d 0%9,%’E' ; when the pc send moqrsmg commanal,%le cop transnﬁ{t pac eté ofm)

1d 05d,#D' ; information every 160 msec, in every packet We have 10 blockes of
; 9 bytes in s1 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.
1d s,#0
;--- port definitions --- see ram.inc for bits definitions.
Id pge,#033; clkdly enabled ; g2=t1b=cha2,g3=tla=chal - inputs
20 Id pg,#0 ; sk idle phase=0
1d plc,#057
Id pl,#0af
1d pbc,#010; b0-3 = a2d(in), b5-7 = limit switches(in)
Id pb,#0£0
25 |d pac,#0ff
id pa,#03

} UART initialization ====«=s=-e=n-
1d enu,#0 ; no parity, 8 bit data
30 Id enur,#0
1d enui,#022 ; 1 stop bit, Asynch. mode,psr+baud clock
; enable receive int.,disable trans, int.
Id baud,#4 ;38400 baud rate.
Id psr,#060  ; 10MHz*2 /(16*(4+1)*6.5)
35
j - LCD initialization ===e=n==ceu--
jsrinit_led
Id temp,#low(wordmm); type in line 1 of led " mm ", in the left side there is
jsr type_string0 ; space for 3 digits of mm, and in the right side 3 spaces for
40 ; direction (+/- up/down) and 2 digits of movement,
1d temp,#low(wordpoweron)
jsr type_string]

45
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stat | 04:1d nxt_| stat,#3 ; stop notor, wait and then change direction to
backwards. hstatl _Ob:1d linear stat,#2 Id cd dly,#020 1 statl _06:rbit

t 2c0, t 2crwolo2s4mes t 2a, pl rbit controll,pa ; stop notor 1. PeGmibi/éQdr /01121
rbit control 2,pajnp end 1 stat;

_>O *********************************************************************1

stat2: ifeq cd_dly, #0; del ay before changing direction.jnp 1 stat2 OLj np
end 1 stat; ->0 stat2 A :ld a,nxt_1 statx a,linear statjnp end 1 stat;
->0 30 | stat3 Id a,pls x| ifne a, #0 1 stat3 OL Id a,pls xO0 35 ifne
a, #0 jmp 1 ldenil0se | tlmeéﬂapmmoﬁﬁeS{?PP%U on is still backwards. check
if pls_x=0ldaHAbt thenmerhWOUde bérasedjinseptateapodepmsaniagdhatgulsen to |inear
.stat 0. 40 xla,urdt3 O, receiviod frohohimeak hmitar, il capwpe theshedfdizngrhp 1 stat! 03 1
st at 3_02: r bd & #0ffr ect i; ontilmbl hgstordload BAeRakiAcydrd pudse fdrhtangar p1 t urn not or

backwar ds. x3htmr [ M0 OZW@H@llbhp@t rol 1,pa shit control2,pa rbit t2a,npl
jmp 1 stat4 02 1 stat4: ;1d a,pls_xl ; 255m1T128pu| seper m=7f 80H ;i f gt

, HOF - f 1 statl 03 tbtbtt

R e i %;o g ol o Bl o
stopl,ltla %ttc 1 i Sf Y es reﬁlonlflagsturn not or
forwards r f R0, tZSWf uge&;fn (f s%hit control i

pdlrbit tZRIEER st afRaRiSangylar mefot loc%ié’ﬁ’é’ﬁ‘gé‘ H‘a"toé‘r? apls cntr0 Id

a,r byt e3 )
sbit t2hs,hster

sbit t3hs,hster
1d cntr],#060 ; timer 1 - capture mode.
15
rbit t1pndb,icntrl
sbit tlenb,icntrl ; timer 1 - capture mode, t2enB=1
rbit t1 pnda,psw
sbit tlena,psw ; timer 1 - capture mode, t2enA=1
20 sbit itsel0,itmr; 8,192 inst. cycles - 4,096 m. sec timer 0 interrupts.
rbit tOpnd,icntrl
sbit t0en,icntrl ; start timer0.

§ - Program initialization -=-e--v---

sbit 7,pls_yl ; pls_y=08000H
; over 80 is positive angle and under 80 is negative angel.
Id data_cntr,#21
sbit stop2,aflags
30 sbit direction,lflags
sbit stopl,lflags
sbit en_calc,iflags
1d pls_x1,#068
sbit limits_c_en,limits_£flags
35 sbit home_command,buttons_flags
sbit gie,psw ; enable interupts.
jmp main

o ok 3 sde ok ok ok sfe ok ok sk ok sfe s ok 3k s sk ok she o ok o ok ok ok 3k obe sk sie s sk ok ok ofe ok sk ok otk sk oo o sk sde ok ek 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
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25 x a,pls_cntrl 1d a,rbytel ; velosity update and a,#7 ifne a,#0 jnp 1
stat4 03 30 Id t refO,# ow 1000) Id t refl,#high{1000) jnp end | _ stat4

| stat4 Ggobfismsa, # 1 jnp 1 stat4 04 35 1d t refl?, # ow 2QGAxLo1/¢h 121

refl, #hi gh(2000) jnp end | stat4 1 stat4 04:ifne a,#2 jnp 1 stat4 05 40 Id
t refO,# ow(3000) Id t_refl,#high(3000} (jnp end | stat4 | _stat4 05:ifne
a,#3 ) np end 1 stat4 45 !d t refO, #l om( 4000} 1000 -> 500u per pul se 2000
-> 1000u per pul se 3000 -> 1500u per pul se 4000 -> 2000u per pul se PCT/|I
LIl 1 /01121 36 WO 021-47G&8 Id t refl, #hi gh(4000) end 1 stat4:

**************************************************** I StatS |fb|t

i2c0,t2cnt rifbit sto_covmmandbuitsnsaflagsady on. jnp e 1 stat5 rbit
first_pul sgsistdppoperation t 2cl ,t2cntrl ; turn off the toggle output. 10 rhbit
t2a,pl !'d ptlhi,#020 Id pt2hi,#080 15 Id tnr2lo, #0ff Id tnr2hi,#Of Id

t 2r gl o, #O flﬂzJuObdu%ﬁq@hl er#gtfongqlgggr bl o, #O f 20 |d t2rbhi, #O f r bi t
.t 2pndb, tZCWEJButt%HEtte§ZCO t2cntrl ; start timer 2 - pwn | stat5_OL:ifbit

t2pndb, t2cntrl jp 1 stat5 02 25 jp 1 stat5~ OL | stat5 02:rbit t2cO,t2cntrl

; stop tine #250; 250->t2. |d tnr2hi,#0 |d
t2ral o, #Io mg%"g‘?é’g&g S0P ¢ 2r ahi |, #hi gh(400) 1 d t2r 610, # ow( 600) :
600 >r2b g 00) rbit t2a, pI

1t se omman buttons ﬂags

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

itbit a2den,flags2  ; a2d check.
jsra2d00

20 Id a,#0
add a,linear_stat
add a,ang_stat
add a,autorun_stat
add a,selft_stat
25 add a,home_stat
ifeq a,#0
sbit enddata,flags1 ; if 2 motors are stopped, set enddata bit to stop transmitting
to PC.
Id a,buttons_flags
30 and a,#09% ; if one of the commands flags is set, reset enddata bit.
ifgt a,#0
rbit enddata,flags]
itbit enddata,flagsl
rbit start,flags]
35 ifbit fix_t_en,flags2
jsr data_send

jmp main
;*************************************************
40  .sect autorun_select,rom,inpage
autorun_states:1d a,autorun_stat
add a,#low(jmp_a _r_stat)
jid ; jmp pecu,[a]
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1 x a,pls_cntrO0 Id a,pls cntrl subc a,#0 x a,pls cntrl 25 1d a,pls_cntrl

shit t2cl,t2cntrl ; turn on the toggle output. 35 sbit t2c0O,t2cntrl ; start
timer 2 - pwn rbit stopl,Iflags a 1 stat5:1d a,int cntr sc subc a,#20 40 x
a, nol pul sgoneidstest |imts c_en, limts~flags |d |inear_statpcifiLbdot121

nxt 1 stat,#0 jnp end_1 stat ; ->0 45 PCT/ILO 1 /01121 37 WO 02/-1768
PCT/ I LOL/ 01121

E R S b b b kS S S R S b b b Sk Sk S S S R Rk Sk Sk S S S R Rk Ik S Sk S S b b b S S S I I S S R R St at 6

ifbit pulse,Iflags j np | stat6_ O1 5 1d a,nolpulsetmr ifne a,int_cntr jnp
1 stat6_OS shit stopl,lt7ags sbit stuck,t7agsl 10 jnp 1 stat6 OS |

stat 6_OMPrhirtstPuladd | flags |d a,int cntr sc 15 subc a, #20 x a, nol pul set nr
sbit T ianfQa rhagid,a e réef152g26.807;a_the 1981 8 0@ntil 4 gl 2anrB.a6t4 0 20 subc a, #
check iaf rpljspant s ifne a,#0 j np 1 stat6 02 Id a,pls_cntrO ifne a,#0 30
jps1l st at:6mP2 shiatl stopl,Iflags 1 stat6 02:;ifbit first-pulse,|flags sbhit

-en cal cgf};f;lqugsa"g"@ta@i t first pulse,lflags ifbit direction,Iflags ; x update

j M | Stats,04 Igea, pls x 1 ; check if pls x> 140 ifne a,#0 jnp 1 stat6
03 1d %Tp4:§m>§%=l.75[a@; a,#0 jnp | stat6_03 45 ; |Id pls x0,#0 38
a_r5: jmp a_r_stats
10 a_r6: jmpa_r_stat6
a_r7: jmpa_r_stat7
a_r8: jmp a_r_stat8
a_r9: jmpa_r_stat9
a r10: jmpa r statl0
15 arll: jmpa_ r statll
a rl2: jmpa_r_statl2
;a_rl3: jmpa_r_statl3
;a_rl4: jmpa_r statl4

20 end a r_statiret
2

.sect autorun,rom
a_r_statO:1d autorun_stat,#1
Id home_stat,#0
25 sbit home command,buttons_flags

a_r_statl:ifbit home_command,buttons_flags

ret

30 Id linear_stat,#1 ; move linear forwards Imm.
Id rbytel,#08  ;0,1,2=0=speedl ;3=1= direction forwards ; 4=0= linear motor.
Id rbyte2,#136

1d rbyte3,#0 ; Imm™*136pulse per mm = 136 pulses.
Id autorun_stat,#2

35 Id temp,#low(wordautorun)
jsr type_stringl

a_r_statl_l:rbit limits_c_en,limits_flags
rbit stopl,iflags
40 rbit stuck,flagsl
a_r_stat]_2:sbit fix_t_en,flags2
jmp end_a_r_stat

a_r_stat2:ifeq linear_stat,#0 ; wait until linear motor complete mission.
45 jmp a_r_stat2_0
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WO 02/-157G8 PCT/I1LOL/ 01121 shit stopl,lflags Id nxt 1 stat,#0 jnp | stathb
05 1 stat6_03 ac ; x_downwards |Id a,pls x0 subc a,#1 x a,pls”*x0 10 Id

a, pl s_xI wolbe4s7680 x a,pls x 1 jnp 1 stat6 05 t_stat 6_04: reCT/ILAI/6A2ZWAr dS 15
ld a,pls x0 adc a,# 11 x a,pls_ x0 Id a,pls xI adc a,#0 20 x a,pls x| ifgt

a, #08b ; the lcd can show only 256 mm (= 256*136=34816=08800H). shit
stopl,lflags 1 stat6 _05:ifbit stopl,Iflags 25 jnp e | _stat6 ifbit

enl _calc,Iflags j sr v calc j np end_I stat ; ->030 a 1 stat6:rbit

t 2c0, t2cntr| shiit t2a,pl rbit control |,pa ; turn off notor 2. rbit
control 2, pdMPEnd h¥sSta stat 35 x a,linear _stat itbit stop2, aflags jnp

e_I_stat6 Oi mp end 1 stat ; ->0a 1 stat6 Orbit start,flagsl 40 rbit
st op, f laaystatd Ogidta.hedllf t conmand, buttons flags j np end 1 stat ; ->Oifbit
start_stopxnagerods flags jnmp end 1'stat ; ->0 45 ifbit home command, buttons

flags 39 14\haR2-457G& jnmp end 1 stat ; ->0 shit type end,lcd flags shit
-end, fl ags| x& jom® 12nd_1"stat ; ->0

**********B{{Eé‘)ﬁ]—{é*t ********************************* Sect a S

select rom an tat 10 adda#low(jrrpastat)
ke %%éﬁa aai s R Ry O

sO JII Statflas a-stat?2 at 3as4:

r’rﬂﬁa st at % stat5a36 jmp a stat6as7 jnmp a stat7 end a
Ehysg #hljg

Stat Jrrp Q)c**************************** SECt

angul ar std?‘é§topgﬁﬂ§g%tat0 ifbit pulse2 aflags jnmp a stat0 OL
Id autorun_staf;#3

rbit stuck,flagsl
15 jmp a_r statl_2

a_r_stat3:ld linear_stat,#1 ; move linear forwards 40mm.
Id rbyte1,#08  ;0,1,2=0=speedl ;3=1= direction forwards ; 4=0= linear motor.
1d rbyte2,#low(5440)
20 Id rbyte3,#high(5440) ; 40mm*136pulse per mm = 5440,
Id autorun_stat,#4
jmpa_r statl 1

a_r_statd;jsr epi_check ; check if epiglotis sensed.
25 ifbit epi,flagsl
jmpa_r_stat4_0
ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmpa_r_stat7_0
jmpend_a_r_stat
30
a_r_stat4_0:ld linear_stat,#1 ; move linear backwards 6mm.
Id rbytel,#0 ; 0,1,2=0=speedl ; 3=0= direction backwards ; 4=0= linear
motor.
Id rbyte2, #low(816)
35 1d rbyte3,#high(816); 6mm*136pulse per mm = 816.
1d autorun_stat,#5
jmpa_r_statl 1

a_r_stat5: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.

Id rbyte1,#018  ;0,1,2=0=speed]l ;3=1= direction up ; 4=1= angular motor.
45 Id rbyte2 #70
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] nmp a a stat0 30 a stat0_01:rbit pulse2,aflags ifbit direction2,aflags ; y
update jnp a stat0_02 jnp a*stat0”03 35 a stat0 02 ac ; y down Id a,pls-y0
subc a, # wox2asmeBs_y0 40 | d a,pls_y 1 subc a,#0 x a, pl s~ gr/mpreiia stato
45 a_stat0 03:rc ; y up PCT/I1LOL/01121 40 WO 02/57G8 5 Id a,pls_y0 adc
a,# 1 x a,pls_y0 Id a,pls_y 1 adc a,#0 x a,pls”™y 1 a a statO:jnp end a stat
; _>O .**************.__*.__:***************** 10 a Stat 1 PC‘I‘/ 1L01 /01121 |d
a,pls .y 1, check if the the probe is not too high or to low ifgt a, #094] np
a stat 10015 ; Id a,#066ifgt a,pls-y 1) np a star 101jnp a statl03;a_statl
Q0 ifbit nerhyedd#dion, rbytel : if too high enable only down movrent.20 ; |
mp a stat 1daoRjrunystab#6tat 1 03;a_stat 1 Ol :ifbit newdirection,rbytel ;
i f too | ow mnabdp?,aflagsyy up nmovment..j np a stat 1 _03jnp a statl 0225, ;a
statl 02: ldingng rsdt@it ,#0 ; just stop notor. Id nxt a_stat,#0 shit

stop2, aflags ; stop notor 2. sbit type_end,flags2 30 ; jnp a statl 08
.a_statl ik OF o N0 : rexi:aus direction. jnp a
stat | C%Qgs%ég%.k? e&tﬁf{gﬁfﬁ?r’@%&ﬂﬂr@ﬁ%lgﬁg%g ﬁ&ern@ie%er@é:ﬂgﬁ' was down-check the
new direction. 7R stat 1 04 ,jnp a stat3 a stat 1 04:1d nxt_a_stat, #4
; stop not dln,lpﬂ—'/lgi—?—ra%%f t hen change direction to up. 40 ] np a stat 1 07

a statl OS:.ifbjt new.direction, rbytel ; the direction was up-check the new
di rlé)ctiﬁr‘i.—s?tﬁpbzéb“s‘?péﬁﬁgﬂS a stat 1 06:1d nxt a stat,#3 ; stop notor, wait
and then chidgeaidpteith ianovedingaiforwards 10myn.02/ €768 PCT/ 11101/ 01121 a

stat| _07: 1dldahytes#88 | #2:0, 430y sgesd] t Hé=hBdirection fonkards ; dofiplisecar nsatop. | d cd
dly, # 17a_sltdabyteBlowfi36()3c0, t 3cntrl 5 shit t3a, plshit control 3,pa ; stop
mot or 2. sbi id ropteB #bigh( 138D 1€atn Bl 3Spalse per mm = 1360.
_>Q_5*******I:H*Eﬁlfd&,ﬁﬁ'*Sfazt,ﬁ7**************************************************10
a_stat2: ifegpgd gy, #0; del ay before changing direction.jnp a stat2_OLjnp

end a stat; ->Ca stat2 A:1d a,nxt a statx a,ang statl5 jnp end a stat,
_>Q kkkhkkhkhkkhkhkhkkkhkkhkhkkkkhkhkhhkhkhkhhhkhkhhkhkhkhkkhkhkhhhkhkhhhkhkhhhk khkhkdhk khkhkkhk khkkkhk khkkk k kkk k,kkk k,k*k%

a stat 3?-%%? tt7 :l?ﬁqum&[ ri-StﬁtZ#Oaf;I“éagltsur%mthﬁl?ar{ nrlrct’)tf) %?On%%%tf\%‘?%gp' rbit t3cO,t3cntrl
sbij, t 3a, pR%FETE 'eontrol 3, pa shit control 4, pa rbit t3a,pl
20 jmpend a_r_stat

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

Id rbytel #010 ; 0,1,2=0=speed]l ; 3=0= direction down ; 4=1= angular motor.
25 1d rbyte2,#low(2000)

Id rbyte3,#high(2000)

1d autorun_stat,#8

rbit stop2,aflags

rbit stuck,flagsl
30 jmpa_r_statl 2

a_r_stat8:;ld linear_stat,#1 ; move linear forwards 50mm.
:1d rbytel #08  ; 0,1,2=0=speed]l ;3=1= direction forwards ; 4=0= linear motor,
;1d rbyte2,#low(8160)
35 ;1d rbyte3,#high(8160) ; 50mm* 136pulse per mm = 6800.
1d pls_cntr0,#low(6800)
Id pls_cntr1,#high(6800) ; 50mm*136pulse per mm = 6800,
sbit direction,lflags ; turn motor forwards
rbit t2¢0,t2¢ntrl
40 sbit t2a,pl
rbit control2,pa
sbit control1,pa
1d linear_stat,#6
rbit en_calc,lflags
45 Id autorun_stat,#9
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j n-p a Stat4 01 .-k-k_,_:-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k*********************** 25 a Stat4
shit direction2,aflags ; turn notor forwards rbit t3cO,t3cntrl sbit t3a,pl
rbit contwoloz/4ye8 sbit control 3, pa 30 rbit t3a,pl a stagOl:POd/iaprénee? ;

di stanse update x a,plsy cntrO Id a,rbyte3 x a,plsy cntrl 35 1d a,rbyte 1
vel osity update and a,#7 ifne a,#0 jnp a stat4_02 40 I1d at refU, #l om 6000)
;6000 -> 3000u per pulse |d at refl, #hi gh(6000) j np end a stat4

a stat4 02:ifne a,#1 jnp a stat4_03 45 1d at refl ~, #Iow(?OOO) ; 7000 ->
3500u per pul se 42 WO 02/.157G&8 | d at refl, #high(7000) j np end_a stat4 a
stat4 03:i f®P &9 by a stat4 04 5 Id at red, # ow(8000) : 8000 -> 4000u
per pulse Id at refl, #hi gh(8000) Jj mp end_a stat4 a stat4_04:ifne a,#3 jnp
.end_a s2 at dat@oferdingar-sigt G| ;ovai00010 JinpargO@Or complBeOmisgien. pul se | d at

refl, #hi gh(jaqoO)_wx@ & stat4:1d nxt a Stat, #6
.-k-k-kyc-k-k-k***]Wérfa*_éjj‘c—gféf***-k-k-k************************ 15 a Stat5 ,|fb|t
t3c0,t3cntrl ; if notor 2 is already on. ;,1111p a a~stat5 Id apt 1 hi,#020
20 | d apt2hi,#080 rbit firsty- pulse aflags rbit t3cl,t3cntrl ; turn off the

U B e D e

t3c t3cntr| pwm asatd% rmet artr§tﬁrl jp a
stat5 02 35 %}@astatS 02:rbit t3c0,t3cntrl ; stop timer 3 -
pwm 1d tmr§|r Y‘ﬁ% 1>t3. (d tnr3hi,#0 Id t3ral o, # ow(500) ; 500->r3a.
40 | d t3rahid agar Ol'd t3rbl o, #l ow( 500) : 500->r3b. |d

t 3rbhi , #hi glﬂ?(t %ﬂ@gﬁ t3a,pl shit t3cl,t3cntrl ; turn on the toggle
outlpsut. 45 joip a_rt 3ot 230ntr| ; start timer 3 - pwn PCT/1L01 /01121
a_r_stat10:;ld linear_stat#1 ; move linear forwards 70mm.
;1d rbytel #08  ; 0,1,2=0=speed1l ; 3=1= direction forwards ; 4=0= linear motor.
;1d rbyte2,#low(9520)
;1d rbyte3,#high(9520) ; 70mm* 136pulse per mm = 9520.
20
Id pls_cntr0,#low(9520) ‘
Id pls_cntrl,#high(9520) ; 70mm*136pulse per mm = 9520,
sbit direction,!flags ; turn motor forwards
rbit t2¢0,t2¢ntrl
25 sbit t2a,pl
rbit control2,pa
sbit control1,pa
Id linear_stat, #6

30 Id autorun_stat,#11
jmpa_r statl 1

a_r_statl1:ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmpa_r_statll 0
35 jmpend_a r stat

a_r_statl1_0:sbit stop2,aflags
rbit t3¢0,t3cntrl
40 sbit t3a,pl
sbit control3,pa ; turn off motor 2
sbit control4,pa

;1d linear_stat,#1 ; move linear forwards 50mm.
45 ;id rbytel,#08  ;0,1,2=0=speed! ; 3=1= direction forwards ; 4=0= linear motor.
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43 WO 02/ ~s7G8 e_a_statS:;ld a,int cntr ;sc ;subc a,#SO ; x a, noapul setnr
S1d a, nxt a stat x a,ang stat |d nxt_a stat,#0 jnp end a stat ; ->0
RERE KKK AWONRAFTER T K F x F kR kxkxkxkxkkk 10 a _stat6: ifbit pul sEAy/@mbi/egs jnmp a
stat6 Ol ;ld a, noapulsetnr ;ifne a,int_cntr 1 S ;jnp a_stat6_06 ;sbit
stop2,afl ags ;sbit stuck,t7agsl jnp a stat6 06 20 a stat6 A :rbit
pul se2,aflags ;Id a,int cntr ;sc ;subc a,#SO ;x a,noapulsetmr 2 S sc ; dec.
plsy cntr |Id a, plsy cntrO subc a,# 11 x a,plsy cntrO Id a,plsy cntrl 30
subc a, #0 X@B@%y cnéé ld a, plsy cntrl ; check if plsy cntr=0 ifne a, #0
jrrpastatﬁv l cntr0|fnea#0 a stat6_02 shit
st op2, af | agld mbyted ihigh( ﬁ #@Wlé Byl ﬁ@r@@*‘l 80 firsty pul se, afl ags sbit
.en cal c2, afl ags sbit ftrsty pul se,aflags 4S ithit direction2,aflags ; vy
updat e 44 RGP chtOl#b0(E8D0) WO 02/.1~7~g 1' CT/ILA /01121 jnp a stat6 04 Id
a, plss_y 1 _ldiplgtntal #igh@p0@ stamm A36pillsd pestnap2 é80gs | d nxt a stat,#0 .Jnp
‘a stat6 06 sbit direction,lflags ; turn motor forwards

rbit t2¢0,t2cntrl

sbit t2a,pl

rbit control2,pa

10 sbit control1,pa
Id linear_stat,#6

Id autorun_stat,#12
jmpa r_statl 1
15
' a_r_statl2:ifeq linear_stat,#0 ; wait until linear motor complete mission.
jmpa_r_statl2 0
jmpend a r stat

20 a_r statl2 0:ld autorun_stat,#0
jsr stop2motors
sbit en_calc,lflags
rbit start_stop,buttons_flags
rbit stuck,flagsl

25 Id temp,#low(wordinplace)
jsr type_stringl
jmpend a r_stat

o 3 o o sk ok sfe ok st ok sk sk o s sk s ok st o ok ok e sk ok s i ok st ok ok ofe ake ok sk ke ok sk st ok ook sk Aok s ookesk ook ok
3

30  epi_check:;ld a,#4
;ifgt a,pls_x1
sret
sc
1d a,halll
35 ifgt a,zero_hl
jmp epi_check0_1
Id a,zero_hl
subc a,halll
jmp epi_check0_2
40  epi_check0_1:subc a,zero_hl
epi_check0_2:ifgt a,#20
sbit epi,flags1

s
45 1d a,hall2
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a stat6°03 ac 10 Id a,pls~y0 subc a,#1 x a,pls_y0 Id a,pls_y 1 subc a,#0 1
Sx a-wplsy 1l jnp a stat6 06 a _stat6 04:1d a,#0Of ifgt a,pls .y I 20 jnmp a
st at 6_0S woioe/i4steep2, afl ags |d nxt a stat,#0 j np a stat6 ®€TARO1/01121

a stat6_OS:rc |d a,pls_y0 adc a,# 1 x a,pls yO Id a,pls_yl 30 adc a, #0 x
a,pls_y 1 check if pls y>6500H 06S Y down 096 a y_up a~stat6 06:ifbit
stop2,a~ags Jnp e _a stat6 35 ifbit en | calc2,aflags jsr v? calc jnp end_a
stat ; >p a a~stat6: 40 T rbit t3cO,t3cntrl sbit t3a,pl sbit control 3, pa ;
turn off mptor 2 shit control4,pa Id a,nxt a stat 4S x a,ang star s WO
02/-15768 itZHREeR 8hl , It~lags jnp a a stat6 O jnp end_a stat ; ->O e~a
stat 6_O rbijmpsparcheddlags 1 5 rbit stop,flagsl ifbit self t command, buttons
flags jnp dtd,zaroshat ; ->Oiibit start-stop,buttons flags jnp end a stat
->0 i 0 ifbubc hhai2 command, buttons flags jnp end 1 stat ; ->0 shit

endsf | ags am‘pbipi_dhycﬂ@_@nd, lcd flags | 5 ifbit stuck,flags 1 shit type

‘st uck, |e‘§dc bAX@S 3isubda, 86 1@ stat ; ->0 o

. ******epfﬁcfléc B?th*lfkg’{va:#ié*?****f********************** 20 a St at 7 i fbl t

pul se2, aft ags pﬁ%%lstat 7 0L j np aastat7 a stat7_OL:rbit pul se2, afl ags
25 ithit dirgtec ron2,aflags ; y update j np a stat0 03

10 ;*************************************************

.sect |_s_select,rom,inpage
linear_states:ld a,linear_stat
add a,#low(jmp_| stat)
jid ; jmp peu,[a]
15
jmp_1 stat: .addr 1 _s0,1 s1,] s2,1 s3,1 s4,1 s5,1 s6

1 s0: jmp 1 _stat0
1_s1: jmp1_statl
20 1.s2: jmpl _stat2
1_s3: jmp |_stat3
| s4: jmp|_stat4
1 s5: jmp 1 _stat5
| s6: jmp|_stat6

end_| stat;jmp angular_states
o 3k ke sk ke ofe ok ok ok ok ok ok sk ok ok ook ok sk sk ok sk sk ok ook skl ok kol skoskeokok

.sect linear_states,rom

30 1 statO: itbit pulse,lflags
jmp 1 stat0_01 ; the motor made another pulse after stop order.
jmp e_l_stat0

|_stat0_01:rbit pulse,lflags
35
ifbit direction,lflags ; x update
jmp 1_stat0_03 ; x forwards

Id a,pls_x1 ; before decreasing pls_x, check if pls_x>1
40 ifhe a,#0
jmp | stat0_02
; Id a,pls_x0
; ifgt a,#0
jmp 1 _stat0_02
45 ifeq pls_x0,#0
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a stat7_02ac ; y down Id a,pls_y0 30 subc a,#1 x a,pls_y0 Id a,pls~ | subc
a,#0 x a,pls_. y 1 35 jnp a a stat7 a stat7 03:rc ; y up Id a,pls_y0 adc a, #
| 40 x a,wbandedd a,pls_y 1 adc a,#0 x a,pls_y 1 45 a a Faarijmp2end a
stat ; ->OPCT/ILO 1 /U 1121 46 WO 02/ .~~7C8

R b b b b b b P R S b b b b i b I S R b b b b b R Ik b b S S kb b b b b S Sk Sect
st op_subrouti nes,rom stop2notorsabit stopl,lflags ; turn off notor 1 rbit
t2c0,t2cntrl 5 sbhit t2a,pl rbit control | ,pa rbit control2,pa |d |linear

stat,#0 Id nxt 1 stat,#Q 10 shit stop2,aflags ; turn off notor 2 rbit
t 3¢0, t 3cnt iMP$ph tail3a pdo ek decreaps PlaIBif¥a sbit control 4, pa 15 Id
ang stat,#0 Id nxt a stat,#0 ret stop operation:rbit stop
.command, #atft@ns fl ags jsr stop2notors 20 shit en calc,|flags sbhit
fix_t_en,t71agpR xbit enddatvaptddgsl rbit stai~t,flags 1 rbit end,flags 1 25
sbi§ stop, fshiegg#l shit type stop,lcd_flags rbit self_t command, buttons
.flags Id sg(lg,tglsg(toat,#o rbit start_stop, buttons flags 30 | d autorun_stat, #0
rbit hone g ingd; pc, buttons_flags rbit home command, buttons_flags Id
horre_stat1% ’££035 _***************************************************
.sect st sxe‘Peldt rominpage self t states:ld a,selft_stat add a, # owm(j np_st
stqé) jid 0T )ﬂc [a] 40 jnp_st stat: .addr s tO,s tl,s t2,s t3,s
t48 t5 s BPE LS ny self test0 s t 1: j np self test 1 45 s t2: jnp
self-test?2

|_stat0_03:rc ; x forwards

1d a,pls_x0
adc a,#1

15 X a,pls_x0
Id a,pls_x1
adc a,#0
x a,pls_x1

20 el statO:jmpend | stat ; ->0

o 3k s e o sk o ofe fe e ok ok o o sde sk ok e sk ok ode ook ofe ok ok sk e ok sl oo sk ok oo ok ok e ke ok ke sk sl e ok
*

1 statl: ifbit direction,lflags ; check the previous direction.
jmp 1 _stat] 02

25
; the direction was backwards.
ifbit new_direction,rbytel ; check the new direction.
jmp |_statl 01
jmp |_stat3
30
| statl_01:1d nxt 1 stat,#4 ; change direction to forwards.
jmp | _statt 05
; the direction was forwards.
35 | _statl_02:ifbit new_direction,rbytel ; check the new direction.
jmp |_stat4
Id 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
ifhe a,#0
jmp |_statl_04
45 | _stat]_03:1d linear_stat,#0 ; if O then just stop motor.
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PCT/ 1 LOL/ 01121 47 WO 02/5718 s t3: jnp self _test3 s t4: jnp self _testd s
t5: jnp self tests s t6: jnp self test6 end st stat:jnp nain0
-********W0:0§ﬁ§%§********************* SeCt Se|f_teSt,r0mC3\ﬂ|Lf)1/013510|d
tenmp, #l owm(wordsel ftest) 10 jsr type stringl ifbit honme limt,pbi jnp

self _test0O O ; 1-mcro switch open - not in honme position. rbit hone
command, buttons flags Id hone_stat,#0 15 jnp self testl 0 ; O-mcro switch
closed - in hone position. self-test0 O sbit hone command, buttons flags |d
hone_stat,#0.1d selft stat,# 1 20_j np end st stat self testl:ifhit honme
command, butPEsONLIEaSs | np sERdNeter St at 25 sel f testl_Qld linear stat,#1 ;
nove | i nearrbitetapsflags! SOrm | d rbytel ,#08 ; 0, 1, 2=0= speedl ; 3=1= direction
forwards | csbitdimig? cH¢mplvaB83REs | d r byt e3, #hi gh(6850) ; SOm* 136pul se per nm
= 6800. Idselft _stat,#2 30 self _testl Il:rbit limts c en,limts _flags rbit
stopl , | f| agshisabp2 bsls! 2:jnmp end st_stat self_test2:ifeq |linear_stat,#0 35
Jnmp self tegt2 O jnp end st stat PCT/1L01/01121 4=0= linear notor. wait

unti | Iineaiﬁ notor conplete mssion. self test2 Old ang stat,#1 ; nove
angul ar up CSO‘ g%hfﬁg Ld rbytel,#018 ; 0,1, 2=0= speedl ; 3=1= direction up
40 | d rbyte’%’p#lg-a rbyte3,#0 I d selft stat,#3 rbit stop2, aflags shit
en_cal c2, af PHg g@%:égé'p sel f testl 2 4=1= angular motor. 48 WD 02/as7C8 5

10 15 seli _Slb_étset" ang stat,#0; jnp self test3 0
sbit type_end,lcd_flags

jmp |_statl 06

1_statl 04:1d nxt_1 stat,#3 ; stop motor, wait and then
15 ; change direction to backwards.
I_statl 05:1d linear_stat,#2
Id cd_dly,#020
1_stat]_06:rbit t2c0,t2cntrl

sbit t2a,pl
20 rbit controll,pa ; stop motor 1.
rbit control2,pa
jmpend_| stat ; >0
;*********************************************************************
| stat2: ifeqcd_dly,#0 ; delay before changing direction.
25 jmp |_stat2 01
jmpend_|_stat ;>0

|_stat2_01:1d a,nxt_| stat
x a,linear_stat

jmp end_1 stat ; >0
30
I_stat3: Id a,pls_xl1 ; the direction is still backwards.
ifne a,#0 ; check if pls_x=0
jmp 1_stat3 01 ; if not then...
Id a,pls_x0
35 ifne a,#0
jmp 1_stat3 01
jmp 1_statl 03 ; if 0 then just stop motor and

; return to linear stat 0.

40 1 _stat3_01:ifbit home_limit,pbi
jmp 1_stat3 02
jmp 1_statl 03
| _stat3_02:rbit direction,Iflags ; turn motor backwards.
rbit t2¢0,t2¢ntrl
45 sbit t2a,pl
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jmp end st stat wait until angular notor conplete mssion. self test3 Obit
en_cal c2,aflags I d ang~stat,#1 ; nove angul ar down 400 pul ses. Id

rbyt el , #0480 02/48768 , 2=0= speedl ; 3=0= direction down |d rby@EaLs/oemgB800) |d
rbyt e3, #hi gh(300) |d selft_stat,#4 rbit stop2,aflags jnp self testl 2
PCT/ 1 LOL/ 01121 4=1= angul ar notor. self_test4:ifeq ang_stat,#0 ; wait until
angul ar notor conplete mssion. jnp self test4 O jnp end st stat 20

self test4 Old ang stat,#1 ; nove angular again up 150 pulses. Id rbhyte
1,#018 ; 0, 1,2=0= speed 1 ; 3=1= direction up ; 4=1= angular notor. |d
rbyte2,#|56miﬁﬁﬂ BB #0 1d selft_stat,#5 25 rbit stop2, atlags sbit
en_cal c2, afbihgentfoibpasel f test]l 2 self test~ifeq ang stat,#0 ; wait until
.angul ar notroit t2aghpl ete mission. 30 jnp self tests 0 Jlllp end st stat

sel f _test 5 jfpilstdtd €02 cal c2,aflags 35 Id linear_stat,#1 ; nove |inear
backwards SOmm Id rbytel,#0 ; 0,1, 2=0= speedl ; 3=0= direction backwards ;
14=0= | iingan: matagils xhd 1 bybe@nikongRlRRdml-7eB0I e3, #hi gh(6850) 40 Id

sel ft_stat,.#6 JM0. Sel f. {6l hoa®fl thod 69b Gadtd@a | i near _stat, #0 jnp sel f
test6_0 45 ff ,Elﬂa 5% étf?? SOomt 13%pulge per mm = 6800. wait until |inear

mot or conpligte—m Ssi.on. .99 WD 112/-457C8 self test6 Old selft stat, #0
rbillb sel fj%é?jfﬁ? ﬁlgﬁttlfbéns_f l ags rbit stuck,tlagsl 1d tenp, # ow( wor dready)
_,gstat];l*

jsritype stfP end st stat 10
-*********ﬂm}p' x EAR IR I I b b b R S S I R S b S I S SECt h,.,_
sel ect ,ir om!d peagestaidfed states:1d a, home_stat add a, #l ow(jnp h'stat) 15 jid
. jnp pcu, [sait sjopp.lflegst at : . addr h-pO0, h-p
; jmp end_|_stat
15
1 _stat4 Ol:sbit direction,lflags ; turh motor forwards
tbit t2¢0,t2cntrl
sbit t2a,pl
rbit control2,pa
20 sbit control1,pa
rbit t2a,pl
| _stat4_02:1d a,rbyte2 ; distanse update
x a,pls_cntr0
ld a,rbyte3
25 x a,pls_cntrl
1d a,rbytel ; velosity update
and a,#7
ithe a,#0
jmp |_statd 03
30 Id t_ref0,#low(1000) ; 1000 -> 500u per pulse
Id t_refl,#high(1000)
jmp end_1_stat4
1 stat4 03:ifne a,#1
jmp |_stat4_04
35 Id t_ref0,#low(2000) ;2000 -> 1000u per pulse
Id t_refl,#high(2000)
jmpend_1_stat4
| stat4_O4:ifne a,#2
jmp |_stat4_05
40 1d t_ref0,#low(3000) ;3000 -> 1500u per pulse
1d t_refl,#high(3000)
jmp end_1_stat4
| stat4_05:ifne a,#3
jmp end_]_stat4 :
45 1d t_ref0,#low(4000) ; 4000 -> 2000u per pulse
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h_pO: jnp hone_pO 20 11°p | : j nmp honme_p 1 PCT/I LO1 /01121
'*************************************************************************
** _sect wWOomR4P®si tioning,rom 25 home-p0: ifbit hone |im teqraiLot/01@21mi cro
switch closed - in hone position, jnp home-p0O 2 ; 1-mcro switch open - not
in home position. j np honed 1 O hone_pO 2:jsr stop2notors 30 |d

| cd_flags,#0 rbit direction,lflags ; so the bottomwoul dn't shut down the
notor. |Id linear_stat,#1 ; nove |linear backwards 200mm 1d rbytel, #0
0,1, 2=0= speedl ; 3=0= direction backwards ; 4=0= linear notor. 3S |d
rbyt e2, # o 272D hig(4Pet e3, #hi gh( 27200) : 200mt 136pul se per mm = 27200.
rbit stopl | flags shit fix t en,flags2 rbit start,flags 1 40 rbit
_stop,flezmg_s_]__slram:t end, flags 1 rbit enddat a,flags 1 Id home_stat,# 1 ifbit
sel f_t ;Eoiremil ot ¢ g oo gk spSe kp ok aS@ ok AN R4 8768 | d

t emg, #llowhmsorighiome), ticat] tYPRowE iingkedagmm. pl : ifeq linear stat,#0 5 ,jnp

-horre_pl 70 gt pél\@.l atgmtll | i near notor conplete m ssion. hone_pl 0:1d
hone_st at, #0 1(Trb|t hone_command, buttons flags rbit epi,flags 1 ifbit

st uck, flag ‘ﬁg‘?fﬁﬁ 11d pls x0,#0 15 Id pls_x 1,#0 Id pls-y0,#0 Id
pl s yI #08 1 Di t g‘?llet t conma d, buttons~f|ags ret 20 PCT/1L01
/(1130121 |fbr ﬁmfla’ég |f %gfl% ow(wordready) jsr type stringl 25
ret ******r ************************************** SeCt

Ilmts _check, romllmts check:1d a,pbi ; general limts check (limts =

b5, b6, b7). @idlhi#9860 ;: 0e0 - if the angular linmit switch is on. 30 ifne
a, #060 jrrp Hlmih1§08&eck0 O rbit hone,flags 1 ; signal to the pc that we are
not in honme position. rbit bottomtlags 1 ; signal to the pc that we are
notisi n but tidmmpRisi#oron. ret
1d tmr2hi,#0ff
1d t2ralo,#0ff
1d t2rahi,#0ff
Id t2rblo, #0ff
20 Id t2rbhi,#0ff
rbit t2pndb,t2cntrl
sbit t2¢0,t2cntrl ; start timer 2 - pwm.
1_stat5_01:ifbit t2pndb,t2cntrl
jp 1 _stat5_02

25 jp 1 stat5 01
| stat5_02:rbit t2c0,t2cntrl  ; stop timer 2 - pwm.

1d tmr2lo,#250 ; 250->12,

Id tmr2hi, #0

1d 2ralo,#low(400)  ; 400->r2a.
30 1d t2rahi,#high(400)

ld 2rblo,#low(600)  ; 600->12b.

1d t2rbhi,#high(600)

rbit t2a,pl

sbit t2¢1,t2cntrl ; turn on the toggle output.
35 sbit t2¢0,t2cntrl ; start timer 2 - pwm,

; rbit stop1,1flags
e 1_stat5:1d 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_l stat ;->0
45
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35 limts checkO_Ox a,b ifbit honme imt,b jnp limts_checkl 0 40 sbit
hone, fl agsl ; signal to the po that we are in hone position. rbit

bott om f IwQ®b/45768i gnal to the pc that we are not in buttomcrasovelont. itbit
direction,Iflags jnmp limts_checkO_1 shit stopl,lflags ; turn off notor 1
45 rbit t2cO,t2cntrl 51 WD 02/.157G8 shit t2a,pl rbit control | ,pa rbit
control2,pa Id linear_stat,#0 itbhit stop2,atlags rbit start,flagsl Id
tenp, #l owm( wor dready) jsr type stringl limts checkO 1: 10 Id pls xI,#0 Id
pls_x0,#0 |Id pls y0 #0 |d pls yl, 6 #080 ] i.m ch n

PCT/ | LIﬁ*ff"ﬁ’fL*f%T* |*r”ﬁs"f”é**é‘ﬁég’f(’li**&’E"i*t*%ﬁ"bqu’?eq??’}*a’{‘gl‘s%%‘;**ék?’g*ﬁ‘él*}f%*% he pc that we
are not in hone position. ifbit bottomlimt,b jnp limts check2 O shit
.bot t omlfstags ifbit pulsgAddgst o the pc that we are in buttom position. 20 ifbit
direction, ihpagstérd |imts checkl _1 jnmp Iimts checkl_2 Iimts checkl |

. ] S5 st op2ndh,aclpukbinitbi t start,flagsl |d tenp, #/l om( wordbottom) j sr type
string 1 limbhgnichaekl 2:1d pls_xI,#066 ; to be calibrated. 30 Id pls

x0, #088 | hnkdig @yheck2_1 limts check2 Orbit bottomflagsl ; signal to
the pc.t hgzmbi L_gﬁf’ﬁi&gt in buttomposition. limts check2 |: 35 ;ifbit

angul ar_li . :

bu;éons_t eg%lt:tﬁ il{t’ﬁ S‘tltons t en,buttons flags Id a,pli and a,#0a0 x a,b ifeq

b, #8a0 25 PHP BB B 52 WO U2/.1S7C8 jnp b t0 03 b, t0 O : ifeq ritut,#0
no

key was pressed. (j bt00251d a,ritut dec a
e 0 P s

Id a,int_cntr
sC
15 subc a,#20
X a,nolpulsetmr
sbit limits_c_en,limits_flags

kkhhkkhkkhkkhhkhkhhkhhkhkhhkhhkhkhhkhhkhkhhkhhhkhhkhkihkhhkkihkikkhkkikhkkikkikk* 40

s¢ ; dec. pls_cntr
ld a,pls_cntr0
20 subc a,#1

x a,pls_cntr0
Id a,pls_cntrl
subc a,#0
X a,pls_cntrl

25 Id a,pls_cntrl  ; check if pls_cntr=0
ifne a,#0
jmp |_stat6_02
Id a,pls_cntr0
ifne a,#0

30 jmp 1_stat6_02
sbit stop1,1flags

|_stat6_02:;ifbit first_pulse,iflags
sbit en_calc,lflags
35 sbit first_pulse,lflags

ifbit direction,lflags ; x_update

jmp 1_stat6_04

1d a,pls_x1 ; check if pls_x>1
40 ifne a,#0

jmp |_stat6_03

Id a,pls_x0

ifgt a,#0

jmp |_stat6_03
45 Id pls_x0,#0
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X aritut b t0O 02: |Id start stopcntr,#0 |Id home-position cntr,#0 10 jnp end
b test PCT/I1LUL/U1121 b t0 03: ifeq ritut,#0 ; a key was pressed. ritut
checks i fwotozis76a real press on jnmp b tl 00 ; a key, or justr/movofieation of
the key. b t0 04: Id ritut,#5 15 ; |d start_stop cntr,#0 Id home~osition
cntr,#0 j nmp b t0”02 b t1 00: ifbit start_stop,b 20 jnp b t2 00 ;
start-stop key was not pressed. ifbit stai-t_stop,buttons flags ;
start-stop key was pressed to stop operatio. jnp b tl-02 ifbit hone
command, buttons flags jnp b t1 02 25 ifbit self_t_comrand, buttons_flags jnp
b tl 02 Idshltﬁ%?rlt]f_légsop cntr ; start-stop key was pressed to start
operation. lgmxglstdH#8tart stop cntr 30 ifgt a, # 50 jnp b t1 01 jnmp b t2° 00
R L jmp-1- statbabi / st op aut orun key was pressed ----------------- b/t |

OL: ifbit start_stop, buttons™flags 35 jnmp b tl 02 shit

staist _stop, buttons_flags ; start button was pressed to start operation. |d

-autorun gh@teo# ] m b t004odBwitat 1 _02: shit stop commaend, buttons flags;
start bUttq‘avt@ssx@ressed again to stop operation. rbit

start, stop, ; s flags Id autorun_stat,#0 jnp b t0-04 45 53 WD
02/ -157&3 é’ﬁ%ﬁ/OllZl b t2 00: itbit honme-position,b jnp end_b test Id
a, hame~posit#Bi-Entr inc a 5 X a, hone-position cntr ifgt a,# 50 jnp b t2 OL
j end b @l xl . home positon/self test key was pressed
----------- subca#0 10 b t2 O1: ifbit home linmit,pbi ; O-mcro switch closed
- in home posblsidh, jll1p b t2 03 b t2 02: rbit home~command, buttons fl ags
; not in hgmp lpgsitt Pbn - go to hone position. sbit self t_conmmand, buttons
fl ags Ildsta@él O4:rst at , #0 15 xshurtvadfdisx t en,flags2 1d data cntr,#21 |d
savié_ptr, #0dlaplsedd- ptr, #0 rbit enddata, fl agsl

adc a,#1

X a,pls_x0

Id a,pls_x1

adc a,#0

20 x a,pls_xl
ifgt a,#086 ; the lcd can show only 256 mm (= 256*136=34816=08800H).
sbit stopl,lflags

1 _stat6_05:ifbit stopl,lflags
25 jmpe | stat6
ifbit enl_calc,lflags
jsrv_calc
jmpend_| stat ;->0

30 e 1 stat6:rbit t2¢0,t2cntrl
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_l_stat6_0
jmpend_|_stat ;->0
e_l_stat6_O:rbit start,flags!
40 rbit stop,flags]
ifbit self t command,buttons_flags
jmpend | stat ;->0
ifbit start_stop,buttons_flags
jmpend | stat ;->0
45 ifbit home_command,buttons_flags
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20 rbit start,flags 1 rbit end,flags 1 rbit stop,flagsl jnp b t0O 04 25 b t2
03: Ida,pls xOifgt a,#0 ) np b t2 04 ifeq pls xI-,#0 jnp b t2 02 30 b
t2_04: shwpobkasmsconmand, buttons flags ; not in home positRcLe1/gn2t o hone
position. 1d home stat,#0 sbit fix t en,flags2 |d data _cntr,#21 | d
save-ptr,#0 35 |Id send~tr,#0 rbit enddata,flagsl rbit start,flags 1 rbit
end, flagsl rbit stop,flagsl 40 jnp b t0"04 end b test:ret

EOERE b b o Sk kI Ik S R ARk Ik Sk S R I b R R IR kI S S b b b Sk b S S R R SeCt

|nterups rom ab interrupts address 45 push a 54 WD 02/.157C8 |Id a,s
pLI sh a Id@pﬁ“gdsﬂata 57 § a,x push a Id a, psw push a Id s,#0 10 vis
end_intr : rc rbit hc, psw pop al5and a, #0cO; save only c and heor a, pswx
., pswpop a2bi tenexpushledxflagsbpop ax a, s25pop
areti . ****sbitend flagsl** xxx*xxx*4xx*x gect jnt_addres, rom abs=0 eo. addrw
resét; vis Vimpladtl stay i;r+@rrupt 30. addrw reset; port 1 or wake up
dinterupts.addrw reset;t3 b.addrw reset;t3 a.addrw reset;t2 b.addrw reset;t2
a35. addrw ik RSOk anewi b+ add kw8 ek eaivexadedsw reset ; reserved. addrw
reset; ng [Q \A/gerlgct%;gr% Ib tnrl ;tlb40.addrw tnrla;tnrl ;tla.addrw tnrO0;
ti rrerO a?e%%aea i nterrupt-g0.addrw reset; reserved' . addrw reset;
Sof V\B.I’e Z} ************************ 55 PC‘I‘/'LOl/ U1121 V\D
o0 e 398& ?W@%Peaﬁ PCT/ 1 LUL/ U1121 . trr0: rbit tOpnd,icntrl drsz
I cd_cntr ; J1%d count®P PeB:l@nabl e 1 cd update every O lsec (25*4msec). 5 np
tnmr0 01 sblt | cdupdate,flags2 tnr0_OLl: Id a,int cntr ; timerO interrupts
count erimpugestptt gd q%eq_pO,m&haagZazﬂ % Fhkacé@ 86,2 fransmit, and other actions
according to tinmer0O cycles. 10 ~: a,int cntr ifbit Olnt cntr; odd - ;
endbl e 4 sk jmpanstait . jnp tm0_A 1 sbit a2den,flags2 ; even - ; enable a2d.
jmp tmrds03mbs wtarl0 011: shit fix_t enl,flags2 sbit buttons t en, buttons
flags tdak® jpa kfabit stopl,lflags jnp tnr0 04 20 ifbit en_calc,Iflags jnp
tnr0 03; g3 jmp a_stat3

a_s4: jmp a_stat4

20 a_s5:jmp a_statS
a_s6: jmp a_stat6
a_s7: jmp a_stat7

end_a stat;jmp mainl
.sect angular_states,rom
a_stat0: ifbit pulse2,aflags
jmp a_stat0_01
jmp e_a_stat0
30
a_stat0_01:rbit pulse2,aflags
ifbit direction2,aflags ;y update
jmp a_stat0_02
jmp a_stat0_03
35
a_stat0_02:sc ; y down
Id a,pls_y0
subc a,#1
x a,pls_y0
40 Id a,pls_yl
subc a,#0
x a,pls_yl
jmp e_a_stat0

45  a_stat0_03:rc ;yup
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J] mp tnmr0 04 25 tnmr0_03: sc ; pt=pt2-ptl =tinme per pulse Id a, pt2lo subc
a,pt 1 tox a,ptlo Id a,pt2hi 30 subc a,ptlhi a: a,pthi sbit enl

calc, | fl ageo03ps7%ker0 04: ifbit stop2,aflags jnp tm 0 06 if wictr/aLo1/e1121
en_calc2,aflags jnmp tntO OS 40 jnp tnr0_06 tnmr0_O06: sc ; pt=pt2-ptl =tinme
per pulse |Id a,apt2lo subc a,aptl to 45 x a,aptlo 56 WO U2/ ~57~8 | d

a, apt 2hi subc a,apt 1 hi x a,apthi 5 shit en 1 calc2,aflags tllll'O 06: end
tnr0: Id a,cd _dly ; delay before changing direction. ifne a,#0 10 dec a x
a,cd dly drsz uart tnr jnp end intr |d rec_stat,#0 15 jnp end intr

.********** E5d Sc_)}/@********************************** Sect tln-erl rom 20

tnr 1 a: rbideafll cO,cntrl ifbit tlpnda,pswjnp tnrlal j nmp end tnr 1 a 25
.tnrlal: rbita,plspyda, psw ld a,ptllo x a,pt2lo Id a,pt 1 hi x a,pt2hi 30 Id
a,tlralo xlaapld ko Id a,tlrahi x a,ptlhi shit pulse,Iflags 35 end tnr 1 a:

j n-E end !%6a;#p‘o*-k-k:k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k******************:}c*****
tnrlb: rbity fhRndb,icntrl 1d a aptilo 40 x a,apt2lo Id a apt 1 hi x
a,apt2hi ld a, tTrblo x a,aptllo 45 Id a,t 1 rbhi PCT/1L111101121 57 WO
02/57( %_ﬁ_&at@ﬁltnp]engla_stat ; >0

o 6 00 ok sk ok sk e ok ofe ok ofe ok ok s sl ok ol sl sk sk s sk sk s sk sl e s ko sk sk ok
»
10  a_statl:

; Id a,pls_y! ; check if the the probe is not too high or to low.

; ifgt a,#094

; jmp a_stat]l 00
15 Id a,#066

; ifgt a,pls_yl

; jmp a_statl_01

; jmp a_statl_03

;a_statl_00:ifbit new_direction,rbytel; if too high enable only down movment.
20 jmp a_statl 02

; jmp a_statl_03

;a_statl O1:ifbit new_direction,rbytel; if too low enable only up movment.

; jmp a_stat]l_03

; jmp a_statl_02

25
;a_statl 02:1d ang_stat,#0 ; just stop motor.
; Id nxt_a_stat,#0
; sbit stop2,aflags  ; stop motor 2.
; sbit type_end,flags2
30 jmp a_statl_08
a_stat] 03:ifbit direction2,aflags ; check the previous direction.
jmp a_statl 05
35 ifbit new_direction,rbytel ; the direction was down-check the new direction.
jmp a_stat] 04
jmp a_stat3
a_statl_04:ld nxt_a_stat,#4 ; stop motor, wait and then change direction to up.
40 jmp a_statl_07
a_statl_05:ifbit new_direction,rbytel ; the direction was up-check the new direction,
jmp a_stat4
45  a_statl_06:1d nxt_a_stat,#3 ; stop motor, wait and then change direction to down.
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shit pulse2,aflags 5 end tnrlib:jnp end intr

PUEEE S Sk Sk Ik Sk I b Sk S I kS b R Sk S S S b b b S Sk S S S I kS Sk I S SeCt Cal’t

iransmt,wormzmmsage trnsO: Id a,trns_stat 10 add a, # ow(j mETViLet/edir1 jid ;
jmp pcu,[a] jnmp t stat: .addr t sO,t sl 15t sO: j npt statOt s 1: j np
t,stat 1 end t stat:jnp end intr

R S b b S S kS Sk S b b R Rk Sk I S b b b b S S S S S R IRk kS Sk S I S S R Rk S S I S 20 t Stato

rbit eti,enui Id trns stat,#0 jnp end t stat 25t statl : |Id a,send ptr
ifgt a,#89 ; 0-89 => 90 bytes j npt_stat 1 01 Id a,send-ptr x a,b 30 Id
s,#1 Id a,[b+] x a,tbuf Id s,#0 Id a,b 35 x a,send_ptr jnp end t stat

t _statla_ghatli Pgld angrs88#2 90-deiag ferthemobyrtte saeke plvomptatsstbp.ags) +1 ('t

.check) +2{"' EDcf <ENB]Y 40 jnp end_t statl |d a,send~tr sc subc a,#90 x a,b 45
I d s, #2 Baill/ 08.4Wit 3t023cn®h8 WO 02/ a5768 Id a,[b+] x a,tbuf Id s, #0 Id a,b 5
add sa, #90 )gga,t;eagﬂd_ptr jmp end t-stat end t statl:ld send_ptr,#0 10 rbit

eti,enul | dphlcheeaBah, #0 lsdpiRogps t stat

kkhkhkhkhkkhkkkkkkhkhkhkk*k*x B R A e o R R R R R R R R R 15 SeCt

' . sbit control4,pa . . :

uart _receiv &%gdégi@ge recO.~ld a,rbuf ; receive interrupt. x a,b Id
T i

a, check g B A o e Bron G ® *lkQ*ﬁw&?&w@k@h*%gg*&*glppmw__r stat)
jlg . Jmp Bguf[a\] g.]rS%}rrp_l-.sdt%t: a c{}r r.sO.r sl,r s2,r s3r sO: jnpr
st dto ja_ste 41 CﬁiF Y ot 3 dglgy peloge ¢ apging digegtion., s3: jnpr stat3 end r
St at J rrp edalpl%—ﬁtla 2._071*********************************
jmpend_a_stat ; >0
a_stat2_01:1d a,nxt_a_stat
X a,ang_stat
15 jmpend_a stat ,->0
,***************vk*******************************************************
a_stat3: rbit direction2,aflags ; turn motor backwards,
rbit t3c0,t3cntrl
sbit t3a,pl
20 rbit control3,pa
sbit control4,pa
rbit t3a,pl
jmp a_stat4 01
;*******************************************
25  a_statd: sbit direction2,aflags ; turn motor forwards
rbit t3¢0,t3cntrl
sbit t3a,pl
rbit control4,pa
sbit control3,pa
30 rbit t3a,pl
a_stat4_01:ld a,rbyte2 ; distanse update
x a,plsy_cntr0
Id a,rbyte3
x a,plsy_cnirl
35
ld a,rbytel ; velosity update
and a,#7
ifne a,#0
jmp a_statd 02
40 1d at_ref0,#low(6000) ; 6000 -> 3000u per pulse
Id at_refl,#high(6000)
jmpend_a_stat4
a_stat4_02:ifne a,#1
jmp a_stat4_03
45 1d at_ref0,#low(7000) ; 7000 -> 3500u per pulse
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35 .sect receive states,romr statO: |d check sum#0 Id a,b ifne a, #0f5 40
jnmp ar statO Id rec_stat,#1 | d check-sum #0f5 a i _statO:ld uart,tnr, #Of
45 | np emgdoe/i4steat PCT/ 1 LO1 /01121 59 WD 02/-15768 r strati/moisehizy bi f eq
a,# A ; (041 ) ; Advance - noving conmand.jnp r stat2 005 ifeq a,# S ; Stop
command.jnp r statlOlifeq a,# H ; Hone position command.JI |l p r statl02ifeq
a,# T ; Self Test command. 10 jnp r statl43ifeq a,# O; Qperate auto run
command.j np r_stat 104ifeq a,# P'; Ping (test conmunication) conmand.jnp r
statl _OSI Sid rec stat,#0j np end rstat r stat 1 O 1 obit stop
command, butlﬁl@hﬁeffll#ﬁﬁ(mm}s - Stop. |d thytel ,#0f5 20 jnp a r stat2 r statl
02abi t honerrmndamdtaMJttons _flags ; '"H - Home position. Id hone_stat,#0 a
.r stat d sthth OByfne ali2#0f5 25 sbit fia t en,flags2 Id data_cntr,#21 |d
saveptr, #0 jhp SenegYpsr, #0 rbit enddat a, flagsl 30 rbit stai~t,flags 1 rbit
endgsf | ags hdrablrgfogﬁ]@p(,gbb@gs 8@)00 SO pebhag 3 5 r stat 1 03 obit self_t
.command, butlggp%{fl#ﬁ OOI Sel f Test ld selft stat,#0 jnp a r statl r
stat| _04abi battons flags ;'O - Qperate auto run conmand. 40
| d aut%{g%ﬁsg %f rrp a r statl r stat 1 05:1d tbyte 1,#0f5 ; 'P - Ping.
| d pb, stat2 PCT/ 1101101121 60 WD 02/.157G8 r stat2_Q0:1d
rec stat, # m[poe r%ﬁs t UM o er of bytes to be received | d receive
pt rl #rbyte Qag_rf 9)st=§909' %\QO“PeFBuléerecel ve_ptr ; rbuf ->
[ r ecei veVptlgpt el #ighP®0d ; receive_ptr + 1 -> receive~tr x a, [x+] 10 Id
a, X X a,receive_ptr drsz rbyte num.jnp end_r stat sbit start,flagsl 15
rbit steznd,_a_lsaagﬁ:lld mhi 4 Semgof | agsl shit fix t_en,flags2 ifeq trns_stat,#1 jnp
rst at 2_’@1**************************************************

15 a_stat5: ;ifbit t3c0,t3cntrl ; if motor 2 is already on.

;jmp e_a_statS

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

; rbit firsty pulse,aflags
rbit t3c1,t3centrl ; turn off the toggle output.
rbit t3a,pl
25 id tmr3lo,#0ff
Id tmr3hi,#0ff
1d t3ralo,#0ff
Id t3rahi,#0ff
1d t3rblo,#0ff
30 1d t3rbhi,#0ff
rbit t3pndb,t3cntrl
sbit t3c0,t3cntr]l ; start timer 3 - pwm,
a_stat5_01:ifbit t3pndb,t3cntrl
jp a_stat5_02

35 jp a_stat5 01
a_stat5_02:rbit t3c0,t3cntrl  ; stop timer 3 - pwm,

Id tmr3lo,#250 ; 250->t3.

Id tmr3hi,#0

Id t3ralo,#low(500)  ; 500->13a.
40 1d t3rahi,#high(500)

1d t3rblo,#low(500)  ; 500->r3b.

1d t3rbhi,#high(500)

rbit t3a,pl

sbit t3c1,t3cntrl ; turn on the toggle output.
45 sbit t3c0,t3cntrl ; start timer 3 - pwm.

43



20 | d data_cntr, #21 ; *****x*x*x*%xx | d gsave-ptr,#0 Id send~tr,#0 r stat2
A:ifbit nmotor,rbytel ; O-notorl, 1-notor2. jnmp r stat2 03 zs |Id a,rbyte3 ;
notor 1 iwOo®2as5m® jnp r~stat2 02 |d a,rbyte2 30 ifgt a, #0 gamaLoi/etiat 2 02
shit stopl,Iflags ; distance=0 ->Stop notor!! rbit start,flags 1 shit
end,flags 1 35 Id nxt_1 stat,#0 |d linear_stat,#6 jnp r stat2 05

r stat2 02:1d linear_stat,#1 shit type start, ch _flags; type 'start' at
ITne 2 of lcd. 40 rbit linits c _en,limts flags rbit enddata, flagsl rbit
stopl, | fl ags g‘p stat2 05 45 r stat2 03:1d a,rbyte3 ; motor 2
PCT/ILGEL?G%@EL B41_CHPD 02/57G8 ifne a, #0 jnp r stat2 04 |1d a, rbyte2 ifgt
a,#0 S jlIL¥ r stat2 04 sbit stop2,aflags ; distance=0 ->Stop motor! ! rbit
start, fl agssubceiiS0 end, flags 1 Id nxt a stat,#0 10 |d ang_stat,#6 .jnp r
stat2 05 r ;saab@pudsktrhd ang stat,#1 ; notor 2 sbit type start, ch_flags;
typé' start'ld ajnxt anga?2 of | cd. rbit enddat a,flags 1 15 rbhit stop2,af|ags r
-stat2_05: 1d(aaarpghg@{< sum; load byte to transmt x a,tbyte 1 20 a r stat2:1d
a, t byt el |f1@gxtt5r§a1%t0at #0 x a,tbuf Id rec stat,#0 rbit stuck,flagsl 25 jnp

egg*i*fifiij&lgepghfé‘giaf J*i?i: Dg*i*f}c?}c******************* d d
. S o o o o o o ok o o S o o o ********* . sect datasend, rom

dat%—SénFta fhLt fix.t_en I f ags2 jnp d_sO ret 35 d sO: rhit

fix Fa é@u&?e%?ﬂ& cntr

jmpa_stat6

;1d a,noapulsetmr
;ifne a,int_cntr
15 Jmp a_stat6_06
;sbit stop2,aflags
;sbit stuck,flags]
jmp a_stat6_06

20 a_stat6_01:rbit pulse2,aflags
;1d a,int_cntr
iS¢
;subc a,#50
;X a,noapulsetmr
25 s ; dec. plsy_cntr
Id a,plsy_cntr0
subc a,#1
x a,plsy_cntr0
1d a,plsy_cnirl
30 subc a,#0
X a,plsy_cntrl
Id a,plsy_cntrl ; check if plsy_entr=0
ifne a,#0
jmp a_stat6_02
35 Id a,plsy_cntr0
ifne a,#0
jmp a_stat6_02
sbit stop2,aflags
Id nxt_a_stat,#0

40
a_stat6_02:;ifbit firsty _pulse,aflags
: sbit en_calc2,aflags
sbit firsty _pulse,aflags
45 ifbit direction2,aflags ;y_update
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] np d_s 1 transmt s2 and s3 40 Id a,#13 ; 13 is the sync. sign. X
a,tbuf ; then send the data to the conputer Id a, buttons,flags x a,b ' Id
a,t checkwo®24876¢8, #2 PCT/ 1 L01101121 62 WD 02/.157G8 x @CdIBaoi/eiian b x
a,0sb Id s,#1 51d a,059 " Id s,#0 x a,0 itbhit enddata, 0 ifbit
enddata,flagsl 10 rbit tix t_en,flags2 Id t_check,#0 Id trns stat,# 1 Id
data cntr,#21 1d save-ptr,#0 15 | d send~tr,#0 sbit eti,enui jnp end d s d-~s
1: i feq data_ cntr # 10 20 1d save~tr,#0 |d a,#11 ifgt a,data™cntr jnp d s2
~ 1d b, #H%? : 4 ad data to stack Id a,[b-] ; flagsl push a Id a,[b-] ;
plsylpus’ paa-éﬁl 4a, [b-] ush a Id a,[b-] ; pls_xI push a ld
a,[b-] : plldam@sas pushcaeqkdfa L_b> 50 all2 push ald a, [b-] ; halll push a
40 1d a, [b-igta#urrent 2086sh a I d a, [b ] ; currentl push a ' Id a,save-ptr
. save dat gnigomrstasé #k. 45 x a, b 63 PCT/|1LOL/ 01121 WO 02/ a~7G8 | d a, bx
a, xI5d s, #1psht &R, #lagf b+] pop ax a, [b+]pop ax a, [b+]10pop ax a, [b+]pop ax
-a, [ b+] pop alimt & kfardop ax a, [b+)pop ax a,[b+]20pop ax a, [b+]ld
a, t_checl < j JFQ%P&&'G @scheck sumx a, bld a, [x+] , b=t _check, a =
currentl25ad = currentl + bxa,b ;b=ald a,[x+]add a, bx a, b30ld
a, [ x+] bId a, [x+ d a, b35x a,bld a,[x+]add a, bx a, bld
a, [fb+] Z%aggg*a Ef)% % bld a, )glﬁlﬁ dd a, bx a,b45ld a,[x+] 64 PCT/I LO1 /0l 121
subca#l
x a,pls_y0
ld a,pls_y1
subc a,#0
15 x a,pls_yl
jmp a_stato_06

a_stat6_04:1d a,#0ff ; 096
ifgt a,pls_yl
20 jmp a_stat6 05
sbit stop2,aflags
Id nxt_a_stat,#0
jmp a_stat6_06

25  a_stat6_05:rc s y_up
1d a,pls_y0
adc a,#1
x a,pls_y0
ld a,pls_y1
30 adc a,#0
x a,pls_yl

a_stat6_06:ifbit stop2,aflags
jmpe_a_stat6
35 ifbit enl_calc2,aflags
jsr v2_calc
jmp end_a_stat ; >0

e_a_stat6:
40 rbit t3¢0,t3cntrl
sbit t3a,pl
sbit control3,pa ; turn off motor 2
sbit control4,pa
Id a,nxt_a_stat
45 X a,ang_stat
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WO 02157(8 add a,b x a,b Id a,[x+] ; a =flags 1 add a,b ; a =flags 1 + b
51ds,#0 ; t check = a x a,t_checlc Id a,x x a,save~tr 10 jnp end d s 15
20 25 308604057845 d _s2: |d b,#tlags 1 ; |load data to stackviLbdo@az{ b-]
push a |d a,[b-] push ald a,[b-] push a ld a,[b-] push a ld a,[b-] ' push
alda,[b-] push ald a,[b-] push a |Id a, push a Id a,[b-] push a Id
a, save_ptr ; save data fromstack. x a,b b x a,xids,#2 pop a x

|
[ b-
I d
a,[b+] pop a x a, [b+] pop a x a, [b+] pop

a x a,[b+] pop a 65
PCT/1LUL/ 111121 lﬁ 10 Id a, [x+] ; b=13 , a = current 1 add a,b ; a =
current| +U5SPR.ITIRES, 15 20 25 30 35 WD 02/57G8 x a, [b+] pop a x a, [b+]

pap a x a, J'BE}AFEH0D

jmpend_a stat ; >0
e_a_stat6_0:rbit start,flagsl
5 rbit stop,flagsl

ifbit self t command,buttons_flags
jmpend a stat 3 =>0
ifbit start_stop,buttons_flags
jmpend_a_stat ; >0

10 ifbit home_command,buttons flags
jmpend | stat ;->0

sbit end,flagsl
sbit type _end,lcd_flags
15 ifbit stuck,flagsl
sbit type_stuck,lcd flags
jmpend_a_stat ; >0

o 3 2ol sl ol e sk o sk ok o sk sk ske sk sle s ok ke sk sk ke sk ke ol sk sk sk sk ok ok sk o ok e sk e ok o ok ook ok skl sk sk ke sk ok
*

20  a_stat7: ifbit pulse2,aflags
jmp a_stat7 01
jmp e_a_stat7

a_stat7_01:rbit pulse2,aflags
25 ifbit direction2,aflags ;y update
jmp a_stat0 03

a_stat7_02:sc ; y down
Id a,pls y0
30 subc a,#1
x a,pls_y0
Id a,pls_y1
subc a,#0
x a,pls_y1
35 jmp e_a_stat7

a_stat7_03:rc sy up
1d a,pls_y0
adc a,#1
40 X a,pls_y0
Id a,pls_yl
adc a,#0
x a,pls_yl

45 e a stat7;jmpend_a stat ;->O
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x a, [b+] pop a x a,[b+] Id a,t_checl: x a,b |Id a,[x+] add a,b x a,b Id
a,[x+] add a,b x a,b Id a,[x+] add a,b x a,b Id a,[x+] add a,b x a,b Id

a, [ x+] addoazhsnsa,b |d a,[x+] add a,b x a,b |d a,[x+] ad@cauhouon.b 1d a,
[ x+] add a,b conpute check sum a =flags 1 a =flags 1 + b Id s, #0 ;

t check = a 40 x a,t check Id a,x x a,save_ptr end d s: ret 45

EE R S b b b b S S Sk Sk S Rk Sk Sk Sk S S S S Rk Sk S S S b b S Sk S S S b b S 66 PC'I'/ I Lol /01121

WO 02/-17C8 sect a2d_converter,rom a2d00 rbit a2den,flags2 ; the a2d

pr og. C%?*% h ****Jr . QQ* curren tl+2 1d ena *#082 . C= >adch8 bO,
2=>psr =1l KV He By TE I SBi e  BaB 8  EAE 5 *45H01: ifbit adbsy, enad jnp
a2do1l |$Fcastamsgbn@uun%s rhmll | 1d enad, #092 . c=>adch9=bl, 2=>psr=1=ntl k

.di vi de stoyp2fi®iord:Qbis ktop1 Hlﬁlgsytwmaﬂ‘m@tdﬂ?: i fbit adbsy, enad jnmp a2d02 |d

a, adrsth x rhit t&l0lt2entd | d enad, #0a2 ; c=>adchl 0=b2, 2=>psr=1=ntl k di vi de by
16. 5shit adbiygslad a2d03: ifbit adbsy,enad jnp a2d03 Id a,adrsth 20 x

-a, current| b comad #9Pb2 ; c=>adchl |=b3, 2=>psr=1=ntlk divide by 16. sbit

adbsy, enad rﬁgg%roli,&”t adbsy,enad j np a2d04 25 | d a,adrsth x a,current?2

ret kkkkkhkkikikkkikkk*k*x kkhkkhkkhkkhkhkkhhkhkkhhkkhhkhkkhhkhkkhkhkkhhkhkhkhkkhhkikkhkkhkkhkkikkikkikk*

Id linear_stat,#0 .sect velosity

4 nxt |_stat,#0
10 sbit stop2,aflags ; turn off motor 2
rbit t3¢0,t3cntrl
sbit t3a,pl
sbit control3,pa
sbit control4,pa
15 Id ang_stat,#0
Id nxt_a_stat,#0
ret
stop_operation:rbit stop_command,buttons_flags
jsr stop2motors
20 sbit en_calc,lflags
sbit fix_t_en,flags2
rbit enddata,flags1
rbit start,flagsl
rbit end,flagsl
25 sbit stop,flagsl
sbit type_stop,lcd_flags
rbit self_t_command,buttons_flags
Id selft_stat,#0
rbit start_stop,buttons_flags
30 Id autorun_stat,#0
; rbit home_command_pe,buttons_flags
rbit home_command,buttons_flags
Id home_stat,#0

ret
35 3% ok ok o sk ot ofe sk sk sk ok sk ofe ok ofe s ok ok sl sk 2k sk sk ok sk sk ke dfc dfe ofe sk sk sfe ol s ok 3K ok ok 3¢ ok ok ok ok ok ok ok sk o s ok
¥

cacul ati on

.sect s_t_select,rom,inpage
self_t_states:ld a,selft stat
add a,#low(jmp_st_stat)
Jid ; Jmp peu,[a]
40
jmp_st_stat: .addr s_t0,s_tl,s t2,s t3,s td,s t5,5 t6

s_t0: jmp self_test0

s _tl: jmp self_testl
45 s t2: jmp self_test2
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30 v calc: rbit en 1 calc,Iflags Id a,t_retb x a,0 351d a,t refl x a, | Id
a,pthi ifgt a, I 40 jnp tooslow |ld a,| ifgt a, pthi j np toofast |d a,ptlo
45 ifgt ay0 oRGFkd LO1/ 01121 67 WD 02/-467G8 jnp toosl owpcd/meDoiitgt
a,ptlo jnp toofast 5 ret ; if they are equal the speed is ok Y tooslow sc
;err= (pt - t_refj => (4,5 Id a,ptlo; if t2ra + err*k >1000 then
pwr=1000 (fastest) subc a,0 10 x a,4 Id a,pthi subc a, | x a, Sld a,t2ralo
15 x a,2 Id a,t2rahi x a,3 jsr nybyk Id a,0 20 x a,2 ld a, | x a,3 1d a,4 x
a,0 25 1d a,5 x a, | jnp end v calc toofast: sc ; err= (t ref - pt) _>
{4,5) 30t3 dng,self;tepB t2rb + err*k >/ 000 then pwn=0 (sl owest) subc a,ptlo x
a, 4 1dsatd: |jmpubld @msdthi 35 x a,5 1d a,t2rblo x a,2 Id a,t2rbhi x a,3 40 jsr

nybyk sl th: mé selfate@sl d a, 5 x a, 3 45 PCT/I LO1 /01121

s_t6: jmp self _test6
5
end_st_stat;jmp main0
.sect self test,rom
self_test0:1d temp,#low(wordselftest)
10 jsr type_stringl
ifbit home_limit,pbi
jmp self test0 0  ; 1-micro switch open - not in home position.
rbit home_command,buttons_flags
Id 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
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.
1d rbyte1,#08 ; 0,1,2=0=speedl ; 3=1= direction forwards ; 4=0= linear motor.
Id rbyte2,#low(6850)
1d rbyte3,#high(6850) ; SOmm*136pulse per mm = 6800.
Id selft_stat,#2
30  self_testl_1:rbit limits_c_en,limits flags
rbit stopl,lflags
self testl 2:jmp end_st_stat

self_test2:ifeq linear_stat,#0 ; wait until linear motor complete mission.
35 jmp self_test2 0
jmp end_st_stat

self_test2_0:ld ang_stat,#1 ; move angular up 150 pulses.

Id rbyte1,#018 ;0,1,2=0=speed] ;3=1= direction up ; 4=1= angular motor.
40 1d rbyte2 #150

Id rbyte3 #0

1d selft_stat,#3

rbit stop2,aflags

sbit en_calc2,aflags
45 jmp self_testl 2
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GS WD 02/-45768 end v calc:ld b,#t2ralo |d x,#0 Id a,#1 |Id tnr2hi,#2 5
;loop2: ifgt a,tmr2hi jp loop2 Id a,[x+] x a,[b+] Id a,[x+] 10 x a,[b+] Id

a, [ x+] x woloba#j7é8d a,[x] x a, [b] 15 ret PCT/IL01/01121
_******************************************************* V2 CalC I‘blt enl
calc2,aflags |d a,at refs 20 x a,0 Id a,at_refl x a, | |Id a,apthi 25 ifgt

a,l jnp atooslow Id a,| ifgt a,apthi jnp atoofast 30 |Id a,aptlo ifgt a,0
jmp atooslow Id a,0 ifgt a,aptio 35 ,1111p atoofast ret ; if they are equal
the speed is ok atooslow. sc ; err= (pt2 - at”ref) > (4,5) Id a,aptlo ; if
t3ra + err*k >1000 then pwm=1000 (fastest) 40 subc a,0 x a,4 |Id a, apthi
subc a,self_trstdifsq a8g Istht 40t SntiluptibggRET Mat@ cbimpletd tidsion. WD 02/ . 157t 8 PC~% LO
.1/01121 x ampskld test33rahi ' x a,3 jsr mybyk Id a,0 x a,2 Id a,] x a,3 10 Id
a,4 x a, Ojmgeadtstar, | jnp end~v? calc 15 atoof'ast: sc ; err (at ref -
pt2y > (4~5)
self test3 O:rbiten_calc2,aflags

1d ang_stat,#1 ; move angular down 400 pulses.

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

Id rbyte2,#low(300)

10 Id rbyte3,#high(300)

Id selft_stat,#4

rbit stop2,aflags

jmp self testl 2

15
self_test4:ifeq ang_stat,#0 ; wait until angular motor complete mission.
jmp self test4 0
jmp end_st_stat

20  self _test4 0:1d ang stat,#1 ; move angular again up 150 pulses.
Id rbytel,#018 ; 0,1,2=0=speed] ; 3=1= direction up ; 4=1= angular motor.
Id rbyte2,#150
ld rbyte3 #0
Id selft_stat,#5
25 rbit stop2,aflags
sbit en_calc2,aflags
jmp self_testl 2

self_test5:ifeq ang_stat,#0 ; wait until angular motor complete mission.

30 jmp self _test5 0
jmp end_st_stat

self testS_0:rbit en_calc2,aflags

35 Id linear_stat,#1 ; move linear backwards 50mm.
Id rbytel,#0 ; 0,1,2=0=speedl ; 3=0= direction backwards ; 4=0= linear
motor,
Id rbyte2,#low(6850)
Id rbyte3,#high(6850) ; S0mm*136pulse per mm = 6800.
40 Id selft_stat,#6

jmp self_testl_1
self test6:ifeq linear_stat,#0 ; wait until linear motor complete mission.

jmp self test6 0
45 jmp end_st_stat
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ld a,0 ; if t3rb + err*k >1000 they pwr=0 (slowest subc a,aptlo ) x a,4 Id
a,l 20 subc a,apthi x a,5 1d a,t3rblo x a,2 Id a,t3rbhi 25 x a,3 jsr nybyk
ld a,4 x wod2hshes, 5 30 x a,3 end_v2 calc:ld b,#t3ralo | d »ctaLdborrzd d a, #1
ld tnr3hi,#2 ;loop3: ifgt a,tm3hi jploop3 1 d a, [x+~ 40 x a,[b+ Id

a,[x+ x a, [b+t+~1d a,[x+~ x a,[b+] 45 1d a,[x~ ~0 WO 02/-157&8 x a, [Db]

ret EE R S b b b Sk S S Sk Sk S Rk kS Sk S S S S Rk Ik S Sk S S S b b bk S Sk S S S I R SeCt

mat h_functions,rom5 nybyk: Id cntr,#6 ; div. by 64 (=276) dvby2: rc Id a,5
rrc a 10 x a,51d a,4 iTCa X a,4 drsz cntr 15 jnmp dvby2 rc ; 4, 5 <- err*
k +t21d a,4 adc a,2 x a,4 20 1d a,5 adc a,3 x a,5 ifeq 5,#0 25 jnp
| omedge Id a,5 ifgt a,#high(980) jnp highedge |d a, #hi gh(980) 30 ifgt a,5
j mp endelfytbstl 0:1dwetft edy@0l d a,4 ifgt a, #l ow(980) jnp hi ghedge 35 jnp end
nybyk ; notbigede thicunesaEbutods 4latk ow 980) 1d 5, #hi gh(980) 40 Id 0,#20 Id
1, #9 ret | quedQek fhgsia, 4 45 ifgt a, #20
' 1d temp,#low(wordready)

jst type_stringl

jmp end_st_stat

10
;***************************************************
.sect h_p_select,rom,inpage
home_p_states:ld a,home_stat
add a,#low(jmp_h_stat)
15 jid ; jmp peu,[a]

jmp_h_stat: .addr h_p0,h pl

h_p0:jmp home_p0
20  h_pl:jmp home pl

;*************************************************************************
% %

.sect home_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 stop2motors
30 Id led_flags,#0
rbit direction,lflags ; so the bottom wouldn't shut down the motor.
Id linear_stat,#1 ; move linear backwards 200mm.
Id rbytel,#0 ; 0,1,2=0=speedl ; 3=0= direction backwards ; 4=0= linear
motor.
35 1d rbyte2,#low(27200)
Id rbyte3,#high(27200) ; 200mm* 136pulse per mm = 27200.
rbit stopl,lflags
sbit fix_t_en,flags2
rbit start,flagsl
40 rbit stop,flags]
rbit end,flags!
rbit enddata,flags1
ld home_stat,#1
ifbit self_t command,buttons flags
45 ret
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PCT/1L111/111121 71 WD 02/.15768 jnp end nmybyk |d 0, # ow(980) |d

1, #high(980) Id 4,#20 5 |1d 5,#0 ' ret end nybykac Id a, #l ow( 1000) 10 subc

a,4 x a, woad2as#ki gh( 1000) subc a,5 x a, | 15 1d a,| ifgteca/ibiogr1 | d a, 0
ifgt a,#20 20 ret Id 0,#20 Id 4, #l om(980) I1d 5, #hi gh(980) ret 25 PCT/I LO 1
/01121 ****** FDV168 - Fast 16 by 8 diVviSion subroutine ****x*xkkkkskxkxkkix
490 instruction cycles maxi mum - 245usec. dividend in [1,0] (dd) divisor in
[3] (dr) quotient in[1, 0] (quot) renmminder in [2] (test field) 30fdv 168:

ld cntr, #ilcg Iﬁﬁad cntE1 ith length of dividend field.ld 2,#0; clear test

field fd I [6g@p.Alewiordhema)sg1: rc35 Id a, [bladc a, [b]; |eft shift dividend
tox a, [b+T&re._ fEtB]‘&Hc a,[b]; left shift dividend hi40 x a, [b+] Id

.a,[bladc a,[b]; left shift test fieldx a, [b]ld a,[b+]; test field to acc45

ifc ; themb_lblf: Ifl:d] liatur efistgl) outvaintildgteaf inetod tompkete mWBIdD2/ . 157G8 PCT/I LO 1
/015121 jpjhplh6@b sic 0subc a,[b] ; test subtract divisor fromtest field

.ifnc ; tesierl f borrow fromsubtraction 5 jp fd168t fd 168r: Id b, #2 ;

subtraction result to test field x a, [b] Id b,#0 sbit 0,[b] ; set quotient
bit 10 drsz cntr ; dectenment and test cntr for zero jp fdl681 ret ; return
froms 6 rsz cntr ; dectenent and test cntr for zero jp
%?@%r%}*%drhg ér%g if'(:(}lm su out| ne fd 168b: subc a,[Db] ; subtract
f@?@d“ B8r **~ ***x BINDEC - Binary to Deci mal
************** bindec: Id cntr,#8 ; Bindec - Binary to

sor frd
(packed BCH)
Deci malb (pd Eéﬂlch(ﬂﬁ
; jmp home _p 1
Id pls_x0,#0
15 1d pls_x1,#0
Id pls_y0,#0
Id pls_y1,#080
home_pl1_1:ifbit self t command,buttons_{flags
ret

ifbit stuck,flagsl
ret
Id temp,#low(wordready)
jsr type_stringl
25 ret
;***************************************************
.sect limits_check,rom
limits_check:1d a,pbi ; general limits check (limits = b5,b6,b7).
and a,#060  ; 0e0 - if the angular limit switch is on.
30 ifne a,#060
jmp limits_check0 0
rbit home,flagsl ; signal to the pc that we are not in home position,
rbit bottom,flagsl ; signal to the pc that we are not in buttom position.
ret
35
limits_check0_0:x a,b
ifbit home_limit,b
jmp limits_checkl 0

40 sbit home,flagsl  ; signal to the pc that we are in home position.
rbit bottom,flags1 ; signal to the pc that we are not in buttom position.
itbit direction,lflags
jmp limits_check0_1
sbit stopl,lflags ; turn off motor 1
45 rbit t2¢0,t2cntrl
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20 rc ; 856 cycles * 0.5 ~ 428 cycles = 213usec. |Id b,#1 ; binary in 0 =>
decinmal in 1,2 bd 1: Id [b+],#0 ifbne #3 jnp bdl 25 bd2: Id b,#0 bd3: |d
a,[b] adoveophizes a, [b+] ifbne #1 30 jnp bd3 bd4: |d a, [ FCTadot/@12066 adc
a,[b] dcor a 3 5 x a, [b+] ifbne #3 .jnp bd4 drsz cntr jnp bd2 40 ret
.*******************************_,_:************** SECt |Cd update1rom
updatel cd:ifbit | cdupdate,flags2 jnp updatel cdO 45 ifeq lcd flags,#0 73
WO 02/.157G8 ret jnp updatel cd4 updatel cdO:rbit |cdupdate,flags2 5 I1d
ch_cntr,#gsg.‘ ld a,pls x0 x a,0 Id a,pls xI x a, | 10 Id a,#l pul sepernm ;
li near pul s@¥t Pl mm x a,3 jsr fdvle8 ; mm = pls_x/linear~ul ses~er nmmj sr
bi ndec 15 Il'bltﬁﬁlﬂﬁﬁ@éﬂ?a; cursor hone - address 0, jsr lcd comld a,2 and
.a, #OF add abi'contrald.pg a, pd jsr lcd dat Id a,| swap a and a, #X 25 add
a,# 0' x a,lddinesr sthigh) dat 1d a, | and a,#Of 30 add a,# 0' x a,pd jsr
| cdsdat | d ifilt ##0FRatlagesur sor address 5. 35 jsr lcd_comifbit epi,tlagsl jnp
-updat el cdS rbftldrt,flagal s_y 1 40 jnp updatelcdl - sc ; angel= - 08000-pls_y Id
a, #0 subc aqrRésip¥w(wdrdledty)! d a, #080 PCT/ 1101101121 74 5
jsr type_stringl
limits_check0_1:
10 Id pls_x1,#0
Id pls_x0,#0
1d pls_y0,#0
1d pls_y1,#080
jmp limits_check2_1

15
limits_check1_0:rbit home,flagsl ; signal to the pc that we are not in home position.
ifbit bottom_limit,b
jmp limits_check2 0
sbit bottom,flags] ; signal to the pc that we are in buttom position.
20 ifbit direction,!flags

jmp limits_check! 1
jmp limits_checkl 2

limits_check!_1:jsr stop2motors

25 rbit start,flags]
1d temp,#low(wordbottom)

jsr type_stringl

limits_check!l_2:1d pls_x1,#066 ; to be calibrated.
30 1d pls_x0,#088
jmp limits_check2 1

limits_check2_0:rbit bottom,flagsl ; signal to the pc that we are not in buttom position.
limits_check? 1:
35 ;1fbit angular_limit,b
ret

o 3 sk o ke ok ok ot sk ok ok ok ok s ok ok ok ok ok ok ok sk ok ok b sk sk sk sk ok sk oo sk sk ook skl sk sksdesdolkok st ok ok ok
s

40  buttons_test:rbit buttons_t_en,buttons_flags
Id a,pli
and a,#0a0
X a,b
ifeq b,#0a0
45 jmp b _t0 01
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10 15 20 25 30 35 40 WD 02/-tS7(8 subc a,pls~y 1 x a,| |d pd,# -" jnp
updat el cd2 updatelcd | :Id a,pls_.y 1 and a,#07f x a, | |Id a,pls_y0 x a,0 |Id
pd, # +' umpOates®82: jsr lcd dat |1d cntr,#3 updatel cd3:rc | ;a/moreaze x a, |
ld a,0 rrc a x a,0 drsz cntr jnp updatelcd3 |Id 1,#0 jsr bindec Id a,| swap
a and a,#0 add a,# 0" x a,pd jsr lcd dat Id a, | and a,# 0O add a,# 0" x
a, pd jsr lcd dat jnp updatel cd4 updatelcd5:1d pd,# e jsr lcd dat Id
pd,# p' jsr lcd dat Id pd,# i' jsr |Icd _dat angel = + pls_y-08000
updat el cd4:.i fgq ;! Zﬂ flags,#0 45 ret 75 PCT/1L01 /111121 WO 02/ -457&3
ithit self JPP d,buttons flags Id lcd flags,#0 ifbit start_stop, buttons
flags 1d lcd t7ags,#0 5 ifeq lcd_flags,#0 ret ifbit type start,lcd_flags |d
tenp, # LR Wi ddfedrrttyt.#Q y paroseesnnds peessed.ne 2 of Icd. 10 ithit type
end, | cd_f| dgw H_&0 t08np, #| ow(wordend) ifbit type Stuck,lcd flags Id
t enp, #| owm( vidmggttuck) ifbit type,stop,lcd flags
g dec a

X a,ritut

b_t0_02: Id start_stop_cntr,#0
Id home_position_cntr,#0
10 jmpend_ b test

b_t0 _03: ifeqritut,#0 ;akey was pressed. ritut checks if it is a real press on
jmp b_tl_00 ; akey, or just a vibration of the key.
b_t0_04: 1d ritut,#5
15 ld start_stop_cntr,#0
; 1d home_position_cntr,#0
jmp b_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_tl 02
ifbit home_command,buttons_flags
jmpb_tl 02
25 ifbit self_t command,buttons_flags
jmp b_t1_02
Id a,start_stop_cntr ; start-stop key was pressed to start operation.
inc a
X a,start_stop_cntr
30 ifgt a,#150
jmp b_tl_01
jmpb_t2_00
jmrmm e start/stop autorun key was pressed -------=s~-we-u--
b tl_01: ifbit start_stop,buttons_flags
35 jmpb_t1_02
sbit start_stop,buttons_flags ; start button was pressed to start operation,
1d autorun_stat,#0
jmp b_t0_04

40 b _tl_02: 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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1 SId tenp,# owm(wordstop) jsr type stringl Id lcd flags,#0 20

end’updatel Cdl’et '*******************************A*************** SeCt

| cd_ordersQnoous7a® clean lcd:|ld pd,#0L jsr |cd _comjnp del®emvieninii2i
. R S b b b b b b b b I I b R R R S I b b b b b S R I b b b S S S 30 type Stl‘l ngo | d pd1 #080 1
type string fromthe start of line 0. jsr lcd comjnp type string type
stringl :1d pd,#0cO ; type string fromthe start of line 0. jsr lcd com 35
type string:ld a,tenp inc a x a,tenp jsr get char ifed a,# @ 40 ret x a, pd
j Sr string 45 ;******** gyprutine to initialize Icd
Jdl spl a&&@?Pl LO@‘%&I‘MOS?‘B‘?nbV\D 021s768 init lcd: Id a,# 1 O init lcdl:jsr
de116 dec dMprend_titesd S jp init lcdl init_Icd2:1d pd, #O :display clear jsr
lcd comjsrld@é@m ngpitic 9’@1‘#06 i ncrenent cursor (cursor noves: left to
right) jsr ihcd_com | d pd, #Cc d| splay on , cursor off 15 jsr lcd_comld
pd, #03f ; 8 xbd,ham¢ mppsitical_cpem 20 ; ret * * ¥k ox ¥ k% % % subrutine to
-transfer cafgmamdseo |cd display Icd_com rbit rs,pa ;command end_com dat:
shit cs Icqm?ao@onblt cs_lcd,pa Id cntr, #10 Ioop 1: drsz cntr ,jp |oopl
ret 3 0 * Bmlpend bltest * ¥ T subrutine to trans£S£*gf£? to I cd display
LRI SILEL R R 0 o O Rl - el o
10 b_t2 01: ifbif 10 1m1t ,pbi 0 micrd switch closed - in home position,
jmp b _t2 03
b_t2 02: rbit home_command,buttons_flags ; not in home position - go to home position.
sbit self_t_command,buttons_flags
Id selft_stat,#0
15 sbit fix_t_en,flags2
1d data_cntr,#21
1d save_ptr,#0
Id send_ptr,#0
rbit enddata,flags1
20 rbit start,flagsl
rbit end,flags!
rbit stop,flagsl
jmp b_t0_04

25  b_t2 03: Idapls _x0
ifgt a,#0
jmp b_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.
Id home_stat,#0
sbit fix_t_en,flags2
Id data_cntr,#21
ld save_ptr,#0

35 Id send_ptr,#0
rbit enddata,flags1
rbit start,flags]
rbit end,flags]
rbit stop,flags]

40 jmp b t0 04

end_b_test:ret
o s e s sk sk e ok ok ke o s ok ok s ok ok ok o s o ook sk e ok ke sk ke ok sk ot ke sk ok ok ok e o o sk sk ok ok o ok o ok o ok ok
*

.sect interups,rom,abs=0ff ;interrupts address
45 push a
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del160: |d tenp, #250 ;1.6 nsec delay del 161: drsz tenp jnp dell6l 40 Id
tenp, #1 50 del 162: drsz tenp jnp dell62 drsz cntr jnp dell60 45 ret

PCT/ | LOL/WOD245768 WO 02/ 5768 . **x %k Kk kokskokkokok ok sk ok ok sk ok ok & % X S pOTIRLOT/O PR * * * * *
,sect string”table,rominpage get char:laid 5 ret .***** ascii table

FrRE Rk kkkxkxkkkkxkxkxk wordmm .db ' mm @ wordstart: .db'start @ wordstop:
.db "stop @ 10 wordpoweron: .db 'power on@ wordhone: .db 'honme @'
wordstuclc: .db 'stuck @ wordend: .db 'end @ wordbottom .db 'bottom @
15 mordreadg:.db'ready @ wordselftest: .db 'selftest@ wordautorun: .db
"autorun @ @Sr di npl ace: .db 'in place@ 20 .endsect END 0 25 ; end of
program | i pusig of intunmed.asm PCTI | LO1 /01121 WO 02/.15768
.PCT/1LOL/01d2b Appendi x 2 This is c8cdr.inc
_**********rﬁléﬁﬁ************************************************* * % k% ThIS
filg includgagop8cdr.inc, cop8.inc, cop8c3r.inc, 8cdr.chp,
~ports.inc{§ﬁ@55cuts). 10 ; port definitions in cop8 wwth flash. ped =090 ;
port a datgygoutput); pe is already taken by parity enable pec =091; port a
configuratiq@ pei =092; port a inputpf =094; port f data (output)pfc =095;
port f conﬁ?gg@ationpfi:096; port f input20pa =0a0; port a data (output)pac
=0al; port g nfigurationpai =0a2; port a input25pb =0a4; port b data

(out’put ) pbc'®:0a5; port b configurationpbi =0a6; port b input30pl =0d0; port
| data (output)plc =0dl; port 1 configurationpli=0d2; port 1 inputpg =0d4;
port g Sdtitg oudeput)35pgc =0d5; port g configurationpgi =0d6; port g

i nput pc =0d8ithopsw ¢ data (output)40pcc =0d9; port c configurationpci =Qda;
port c inpuyiogpch =Cdc; port d data (output) 45 79 WO 02/-15768

PCT/51L01/ 0lehdla #0R0S i;save@dBy & Bed he

kkhhkkhkkhkkhhkhkhhkihkhkkihkhhhkkhhkhkhhkhhkhhhkhhkhkhhkhkhhkhhkhk hkhhkhk hkhkhhk khkhkk hkhhkk kk%*x * . *kkkhkki*k*k
. .

X a,psw

pop a
20 X a,X
pop a
X a,b
pop a
X a,8
25 pop a
reti
ks ol o ok ok ok ok ookl ook oo

.sect int_addres,rom,abs=01e(

.addrw reset ;vis without any interrupt
30  .addrw reset ;port | or wake up interupts

.addrw reset i3 b

.addrw reset 3 a

.addrw reset 20

.addrw reset 12 a
35 .addrw trns0 stransmit

.addrw recO0  ;receive

.addrw reset ;reserved

.addrw reset ;micro wire

, .addrw tmrlb ;tmrl it1b
40  .addrwtmrla ;tmrl itla

.addrw tmr0 stimerQ

.addrw reset ;external interrupt-g0

.addrw reset ;reserved

.addrw reset ;software intr interrupt
45 ;************************
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;* Primary Chip Names with Designators
kkkhkkhkhkkkhkhkhhkhkhkhkhkhkhhkhkhkhhkhkhkhhkhkhkhhkhkhkhhkhkhkhhkhkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkkhkikik* *kkk,kkk** _
ANYCOP =WwWoh406P912C = 1 COP820 = 2 COP840 = 3 COP880 = 4Cca@p8iRé@dh = 5 15
COP840CJ = 6 COP8620 = 7 COP8640 = 8 COP8720 = 9 COP8780 = 10 20 COP943 =
11 25 30 35 40 45 COP888CF = 20 COP888CG = 21 COP888CL = 22 COP888CS = 23
COP88BEG = 24 COP88BEK = 25 COP8BACC = 26 COP888BC = 27 COP888EB = 28
COP88BEW = 29 COP888FH = 30 COP888CD = 31 COP888GG = 32 COP888GW = 33
003888HG = 34 003888KG = 35 COPBSAA = 36 COPBSAB = 37 COPBSAC = 38 COPBSGR

39 COPHSRErSroMm COPBSEC = 41 COPBSER = 42 COPSA. 1C = 43 Basic Fanmi| y
Feature Fam |y 80 WO 02/.tS7G8 COPBAKC = 44 -------------- Fl ash based
.devi cetmiflx thit thpndsiconl COPSCBR= 605 COPBCCR= 61' COPBCDR= 62COPBSBR=
GBCODBSCR=d£54®@EBSDR= A6d 00\ @DEB enalél® lcd update every 0.1sec (2 Franseé). COPS. | NC

S jmp tmr0, 01 PCT/1L(I1/01121 15
,'**********blfcrcaupdkafe*ﬂa*g*sz******************************** COPCHI P = COPBCDR
; Chip Definition 20; This is cop8C3R i ncPLEASE: Consi der update for

CBR, CDRy, (29 D eflC! ar &iht@ iaReupRRbEAL:, b gl Qpa y used by
GOP8 priogr fr 25 w%}}%mt 350 g8 i &ﬁhe@g ’% " if nullsec -

def aul value(n ;i f nullwd - O
b%faun VA %‘} %ﬁgl 35. el.sewd - @. endif. |fb @ ; if nullhalt
- 0 ; defatitt ( 'I'e e‘g%'ﬁ?}is&”sehalt - @.endif.ifb @ ; if
nul | flex -Jjmp tm@ephhl t value (Execute from Flash)45. el se al WD 02/ - 4S768
PCT/ I LI | | / 8hit @2dendlegs? FVEREN, er@ble2d. CONFI G . db ((sec shl 3 or wd) shl 1
or halt) shhpimdy02lex .endm----------------- End of setecon Macro
Det 5 ni tmetn 041+ sbi’eﬁx-t-enl—ﬂang---lO :

sbit buttons t en,buttons_flags SFR
Nanes and Register Bit Nanes Agree with the Feature Family User's Manual

Redundq.mo CbIT'l %respondl ng functions on Basic Fam |y Docunentation
15 flex %p @mqgio D = Ox90: BYTE PORTEC = Ox9l : BYTE PORTEP =
O(%é BYTE 5 35 40 45 PORTBD = O0xA4: BYTE PORTBC = OxAS:. BYTE PORTBP =

- BYTE ifbit en_calc,Iflags

jmp tmr0 03
jmp tmr0_04

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

sbit enl_calc,lflags

35 tmr0_04: ifbit stop2,aflags
jmp tmr0_06

ifbit en_calc2,aflags
jmp tmr0_05
40 jmp tmr0_06

tmr0_05: sc ; pt=pt2-ptl =time per pulse
1d a,apt2lo
subc a,aptllo
45 X a,aptlo
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| SPADLO= OxAI ; : BYTElI SPADHI - OxA9: BYTEI SPRD =OxAA: BYTEI SPWWR =OxAB: BYTETI NTA
=OxAD: BYTETI NTB =OxAE: BYTEHSTCR =OxAF: BYTE PORTFD = Ox94: BYTE PORTFC =
Ox95: BYTEWO@R#F88 = Ox96: BYTE PORTAD = OxAC BYTE PORTAC = @CAVLBNYIER2PORTAP
OxA2: BYTE Port E Data Port E Configuration Port E input pins (read only)
Port F Data Port F Configuration Port F input pins (read only) Port A Data
Port A Configuration Port A input pins (read only) Port B Data Port B
Configuration Port B input pins (read only) ISP Address Regi ster Low Byte
| SP Address Register H gh Byte | SP Read Data Register ISP Wite Data
Regi st er Hilg@-aB d Tiners Interrupt A High Speed Tiners Interrupt B High
Speed Ti ners$baApilBi Regi ster TMR3LO= OxBQO BYTETMR3HI =OxBl : BYTET3RALO
.=OxB2: BYTETGRAMhi =OxB3: BYTET3RBLO =OxB4: BYTE Tinmer 3 |low byte Tinmer 3 high
byte Tinmer 3 RA register low byte Tiner 3 RA register high byte Tinmer 3 RB
regisster | abitleyl ecafi2,aflags 10 15 20 25 30 35 40 45 WO 02/.17(r8 T3RBH =
-0xB5: BYTE T3CNTRL = OxB6: BYTE TBUF- 0xB8: BYTERBUF- OxB9: BYTEENU
- OxBA: BY{iEENJR- OxBB: BYTEENUI - OxBC:. BYTEBAUD- OxBD: BYTEPSR - OxBE: BYTE
TMR2LO B l. = ; — : BYTET2RAHI =0xC3: BYTET2RBLO
D drsrp vl E%@O%g%g:’é@%%%ﬁggca&%@%gmsm = OxC7: BYTE WKEDG -
OxCR: BYTE -7 OxC9: BYTE WKPND - OxCA: BYTE PCTJILO1/111121 Tinmer 3 RB
register hi a(?yhe Timer 3 control register UART transmt buffer UART
recei ve buf¥&Ff control and status regi ster DART receive control and
st at us reg.F‘rEZAW_@therrupt and cl ock source reg. BAUD register UART
prescal er sgipeend_pdgi ster Timer 2 low byte Tiner 2 high byte
Id rec_stat,#0
15 jmp end_intr
;***************************************************

.sect timerl,rom

tmrla: rbit tlcO,cntrl
20
ifbit t1pnda,psw
jmp tmrlial
jmp end_tmrla

25 tmrlal; rbit tlpnda,psw
Id a,ptllo
x a,pt2lo
Id a,ptlhi
x a,pt2hi
30 Id a,tlralo
X a,ptilo
1d a,t1rahi
X a,ptlhi
sbit pulse,lflags
35
end_tmrla:jmp end_intr
;*******************************************************
tmrlb: rbit t1pndb,icntrl
Id a,aptllo
40 x a,apt2lo
Id a,aptlhi
X a,apt2hi
ld a,t1rblo
X a,aptllo
45 1d a,t1rbhi
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Timer 2 RAregister low byte Tinmer 2 RA register high byte Tiner 2 RB
register low byte Tinmer 2 RB register high byte Tinmer 2 control register
Wat ch dogveeenswe regi ster MWJ edge sel ect register MWpemabbeomegi st er

M WU pendi ng regi ster ENAD - OxCB: BYTE ADRSTH - OxCC. BYTE ADRSTL -

OxCD: BYTE | TMR - OxCF: BYTE A/D Converter Control register A/D Converter
Result Register High Byte A/D Converter Result Register Low Byte Idle Tiner
Control Regi ster PORTLD = OxDO BYTE PORTLC = O0xDI : BYTE PORTLP = OxD2: BYTE
PORTGD = OxD4: BYTE PORTGC = OxDS: BYTE PORTGP = OxD6: BYTE PORTCD = OxDB: BYTE
PORTCC = OXBFPHYTE PORTCP = OxDA: BYTE PORTD - OxDC: BYTE Port L data Port L
configuration Port L pin Port G data Port G configuration Port G pin Port C

data Port ¢bitpwiséZgpdlagsi on Port C pin Port D 83 WO 02/.4768 PCT/|LOL

/01121 PGMTI M =OxEl : BYTE; E2 and Flash Wite Tim ng Registerl SPKEY =
OxE2: BYAE tinr It5fh<end_Regi st er TLRBLO= OxE6: BYTE; Tiner 1 RB register |ow

Dyt €5 T HRB-hics * EET-F BYFRE + T4 v p e sRBr piergy i Stwesm + b gt xby t el ONTRL= OKES: BYTE:

I nterr upt GeNthQmit, A8, Hpgges! OR - OXE9: BYTE; SI O shift registerl0 SIO
- OxE9: BYTE SIO shift regrster TMRLLO= OxEA BYTE; Tinmer 1 |ow byteTMR1HI =
O(EB B hi gh byt eT1RALO= OxEC: BYTE; Tinmer 1 RA register |ow
q—é %\EEW Tlrrer 1 RAregister high byte CNTRL - OXEE: BYTE ;
roI re ?g - BYTE ; PSWregister 20 BYTECOUNTLO = OxFl : BYTE
; V\hen JSR dBoot ROWH% S - OxFF:BYTE : Segment register, only
COP888CH CS!  25;
jmp_t stat: addrt sO,t sl Bi t
Const ant Decl arations.----- Alternate function bit definitions on port
G30BNT t-s00jmpntseatd upt i nput I NTR - O; Interrupt input\WDOUT - 1; Watchdog
output T sll: Bmp t&tatTimer T 1 B outputT 1 A - 3; Timer T 1 A out put 35S0 - 4;
Seriell outputSK - 5; Seriell clockSl - 6; Seriell inputCKO- 7,
Hal t, 1 @888 LtadjiipiddOintr - -- Al ternate function bit definitions on port LCKX
- I; ex;***c;wd&*umpwmwmx***»&mmmsmmdmmu&m@x - 3; receive
Ag‘l;é Ti.mer T2A output45T2B - 5; Tinmer T2B output B4 WO
T2 ‘1“&? /01121 T3A -6 ; Timer T3A outputT3B -7 : Tiner T3B
out putAIterl |on bit definitions on port ASACHO 0 ; A/ D Channel
0ACH 1- 1 imBrepdinsifnel 1ACH2- 2 ; A/ D Channel 2ACH3- 3 ; A/ D-Channel
3ACH4- 4 ; A/ D Channel 410ACHS- 5 ; A/ D-Channel 5ACH6- 6 ; A/ D-Channel
6ACH7- 7 ; AIDChannel 7Alternate function bit definitions on port B15ACHS-
0 25A/ D-Ehdnniéh,s@ACEB- 1 ; A/ D- Channel 9ACH 10- 2 ; A/ D-Channel 10ACH 11- 3
. A/ D- Channdt a 3 8ACH 12-894=> 90\bPBeChannel 1220ACH 13- 5 ; A/ D- Channel
13MUXQUTN- jmp;t 4dtD 0Mux Negative CQut put ACH 14- 6 ; A/ D Channel 14MJXOUTP- 5
. A/ D Mux F?@a;sénd/_ptrmt put ACH 15- 7 ; A/ D Channel 1525ADIN - 7; A/D
Converter ILynpyt---- Bit definitions CNTRL registerT1C3 -7 ; Tiner 1 node
co for ol TC 34kl C3 ; COP880/ 840/ 820 control signal name30T1C2 -6 ; Tinmer 1
e contr 'g’ T1C2 ; COP880/840/820 control signal naneT 1 C 1 -5 ;
T| mer 1 no e &rol TC3 -T1Cl ; COP880/840/820 control signal naneTl00 -4 ;
Start/ St op r in modes 1 and 235; Underflow interrupt pending in node

3TRUN- Tl(ﬂd 880/ 840/ 820 control signal nameMSEL- 3 ; Enable
McrowireléEl)@bZ ; Selects external interr. edge polaritySLl1 -1 ; Mcrowre
cl ¢k di vi dea,s@Kdepf 40SLO -0 ; Mcrowire clock divide select----- Bit

definiti ongmPSNdriegiat er HC -7 ; Half Historical Redundant carry flagC -6 ;
Carry flag45T1 PNDA = 5 ; Tirner T1A interrupt pending
t statl_0l:ifgta#183  ;90-179=>90
bytes+1(buttons_flags)+1(t_check)+2('ED'[FEND])
40 jmp end_t_stat]
1d a,send_ptr
sC
subc a,#90
X ab
45 Id s,#2
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85 WO U2/ -15768 TPND - T1PNDA ; Historical Redundant TIENA -4 ; Tiner T1A

i nterrupt enabl eENTI -T1ENA ; Hi storical Redundant EXPND- 3 ; External

i nt erruptwpends7ag5l PND - EXPND ; Hi storical Redundant BUSY -PZT/ILM/€mnowi r e
busy shiftingEXEN -1 ; External interurpt enabl eENl -EXEN ; Hi storical
Redundant 3 E -0 ; dobal intern. enablelO;----- Bit definitions | CNTRL
registerLPEN -6 ; L-Port intern. enabl eTOPND- 5 ; Tinmer TO intern.

pendi ngTCEN -4 ; Timer TO intern. enabl el5SWPND- 3 ; Mcrowire intern.

pendi ngViEEN - 2 Mcrowire intern. enableT 1 PNDB= 1 ; Tiner T 1 B intern.
pendi ng fl éfb‘T bI*]ENB- ; Timer T 1 Bintern. enabl e20;----- Bit definitions
T2CNTRL reglastb@?TZCS 7 ; Timer T2 node control T2C2 -6 ; Tinmer T2 node

.control T2Cldis,#05 : Tinmer T2 node control T2C0 -4 : Tinmer T2A

start/st op2BLBPNDA= 3 ; Tinmer T2A intern. pending flagT2ENA-- 2 ; Tinmer T2A
i ntern. ena@de'#QE’NDB— 1; Tinmer T2B intern. pending flagT2ENB- O ; Ti ner

‘T2B mternxaeg@g@ ----- Bit definitions T3CNTRL registerT3C3 -7 ; Tiner

T3 node cont, f)% cgaf , Timer T3 node control T3C1 -S ; Tinmer T3 node
control TBGS ,_ Tinmer T3A start/stop35T3PNDA= 3 ; Tinmer T3A intern,
pend| n Ia rrer T3A intern. enabl eT3PNDB= 1 ; Tinmer T3B
%L@Rn%né ;ﬁ?rgwfncsfggEB ; Timer T3B intern. enable40; Bit definitions
reg|§ 7; Timer T9 H gh Speed Enabl eTBHS - 6; Tinmer T8 High
Speed Enabl'¢ F2iS at#g Ti mer T7 High Speed Enabl eT6HS - 4; Timer T6 High
Speed Enabli®asmdHsstat 3: Tinmer TS Hi gh Speed Enable PCT/ILUL/UL121 86 WD
02/ -157&8 T4HS -2; Tinmer T4 H gh Speed Enabl eT3HS -1; Tinmer T3 Hi gh Speed
Enabl eT’?’\‘—‘B**B**’*’I"f“h’é"f**‘f‘2*1—’ﬁ*§ﬁ*’@‘ﬁ‘ééﬁ"”ﬂﬁéﬁ’l"@%‘***ﬁ*i“*def| nitions TINTA
redbst esctOudd AectiveJromeinp&eel nt errupt AT8I NTA=6; Tinmer 8 Interrupt AT7| NTA=5;
Timer 7 Interrupt AT6INTA=4; Tinmer 6 Interrupt AL1O0 TSI NTA=3; Tinmer ~
| nt err yado: Ad 4 rbIIA=2; -FédEﬂ,l’elﬂtehﬁ rrupt AT3INTA=1; Tinmer 3 Interrupt A, Bit
de finit igns,TINIB regl ster15 TOINTB=7; Tinmer 9 Interrupt BTBINTB=6; Ti nmer
8 Int er rupt ﬁ'ggg,&ggf Timer 7 Interrupt BT6INTB=4; Tinmer 6 Interrupt
BTS|\NTB=3; q‘ nterrupt B20 T4I NTB=2; Tinmer 4 Interrupt B T3INIB= 1 ;
Timer 3 Int élflhﬁ:p B PCT/1 LO1 /111121 Bit definitions ENAD regi ster ADCH3= 7
. A/D Convéﬁ@’r el Select bit 325ADCH2 = 6; A/ D Convertor Channel
Sel ect bit ISAMRHSEE 5 . A/ D Convertor Channel Select bit 1ADCHO= 4 ; A/D
Convertor CGedmdowgametstahit OADMOD= 3 ; A/ D Convertor Mbde Sel ect bit ADMUX
-2 ; A'D MK Qut Canmpgce8f#HSC -1 ; A/D Convertor Prescal e Sel ect bitADBSY=
0; 28/ D Convertor Busy Bit----- Bit definitions ENU registerPEN --7 ; Parity
enabl e3bRSELstat: .6ddr rPs0.1 sY,r sBlredt PSELO- 5 ; Parity selectXBIT9- 5 ; 9th
transm ssion bit in 9bit data nodeCHL 1 -4 ; Select character frame
f or mat GHs@® jmp r; stoffl ect character frame format40ERR -2 ; Error flagRBFL- 1 ;

Recei vedschatacCt@f TBMI- 0 ; Transnited character----- Bit definitions ENUR
regigst 67 4p r éai2 Data overrun error WO 112/ ~s7(~8 5 10 15 FE - 6 PE - 5
BD = 4 ROl %mr TTN XMI'G RCVG Framng error Parity ei TOr Break Detect
Cont ai ns"t He nrnt bit (nine bit frane!) Z ; Attention node 1 ; indicate
transme‘%ntdi?ggﬂim.)de/e(i gndi cate fram ng erro;b----]: Bi t dgfinition ENUI -
regi st ect nunber of stop bitsBRK = 6; Holds
TDX | ow* T o™ *ﬁ!‘e%tg %? ﬁ&?é‘fﬁy*,**gﬂ Sel ect transmt-pin 12SSEL - 4; Sel ect

UARP- npaesKREEeRe. states,88hect cl ock source for the recei ver XTCLK - 2: Sel ect
clock source for the transmtterERl - 1; Enable intern. fromthe

recei ver EBI0: -ldGhednabing?0i ntern. fromthe transmitter Bit Definitions for

| TMR Regi stidra,20 LSON - 7 ; Low Speed Oscillator Enable HSON - 6 ; High
Speed Osci Iif@é@#gﬁnabl e DCEN - 5 ; Dual Cock Enable - Switches TO To Low
Spegd Clockng%( ;, Core Clock Select - Switches Instr 25 ; Execution
To Low Speed CI‘OEk ITSEL2 =2 ; IDLE Timer Period Select bit 2 ITSEL 1 =1

" I DLE Ti rregxlg s'teﬁ%lsel ect bit 1 ITSELO =0 ; IDLE Tiner Period Select bit

0 30 KEY =
eck_sum

e_r_stat0:ld uart_tmr,#Off
45 jmp end_r_stat

Qihck ed Value for |ISP Key
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End of COPS8C3R I NC 35
*xxxkxk 40 this file.
. ********Wbini,&g%g****************************************Wmﬁf/()l;lj'hi S | S
8cdr.chip CH P 8CDR ; specifies max. ROM address 7FFF ; RAMF1K ; CHI P SPEC
(chip table) for COP8CDRIxxxx parts PLEASE: Consider also update of files
for CBR and CCR when nodifying 45 ; O value if undefined, address val ue
ot herwi se 88 WO (12/~S7G& PCT/1L01/111121 nole -0ronsi ze = 0x8000; ROM
si zeramhi =Ox6F; segment O high addresseelo -0; on-chip eeromrangeb5eehi
-0t3lo -OxBO, tinmer 3 registerst3hi -OxB6conp= 0; conparatoruartlo- OxBS;
uart rdgstetleddaduarthi- OxBEt 2l o -OxCO, tiner 2 registerst2hi - OxCéwdog-
.OXC7; wat chfedagt Aer vi; €84 1) e gidstvenesi -wndong @amdandyi wu r egi st er s15m wuhi -
OxCAa2dl o- japCBstatd/ 00 r egi st er sa2dhi - OxCDl portl o =OxDO;, 1 port
regisst er sl geygtahy's’- Ok DB2PEdnhBand, gpOxD4 ; g port regi st ersgporthi =0xD6i port
-0; i portg%rrtétgtlzgym; Cc portcport hi ;jO<DA25dport -O<D|C; d porteecr -0;
eerom cont riql  regi Ste n‘?é*%ﬁ" ' ata registereearlo- 0; eerom
addr ess reéﬁ%{éﬁgﬁe@%’%ﬁ 0 Os;ltllc%ncior -é}{g}(EB; icntrl register ; already
defi nedm c 0 'rgf. Gx,%; '{e S&lgx alo -OxE6; tl auto Id tlrbt 1 abhi
- 7t1blo = , L 5% R EED; ent 1 - OKEE; cntrl reg ; already
def'i“ned,; psvl/m-pdeﬁﬁt,l—héw reg! ; already definedrnlo -OxFG RAM reg ranger nhi
- OxFF405egr}§‘?ﬂiad#:00x01&Pe,ra§é‘&ﬁéWﬂ SOIPBRG-0 hi ghsegr amhi = 0x077Fcntr| 2-
Owdogctr - Jowodstell-0945econ - Ox7FFF; econ hex-file location 89 WO
02/ - 15768 cifagsd, #B' = 1 Ping@ent cammupicetivn) caddransls. ;family = 0 for basic
fam |y, fanmpr stafl O6r feature famly famly PCT/1LOL/01121 90 WO
U2/15l STG8 Adpendiax#@ PCT/ I L111 /01121 *****x**x**x*x* Congtants definitions
***********j’fﬁ‘p*e*ﬁ’a*f"‘sta,t | pul sepermm=136 ; 16 * 22 / 2.54 = 138.58 = |linear
pul se per nTnS ;*‘*“k********** Regl Stel’ [bf'n't'ons kkkkhkhkkkkhkhkkkkikhkkkk*% fb
=0f 0 ; uged:, = : s.ieceiVe watch dog - when 0, return
rec sta{lg{rate1 6?\%@"9{0 #&?%319%%b%@“§‘§%g§_ﬁusﬁ1 gb 2 ; nunber of bytes to be
ref@' ved. tDYTE-NONC=0f3 ; nunber of bytes to be transmtted. 10 tenp =0f4
; ed for #¢ cal culations as variable or counter. =0f5 ; not used
cntr =0f6 ; used for tenporary calcul ations as counter. lcd cntr =0f7 ;
used t ofstetl 831bit bamecommandibustoas (flage o ridli-fépme PesiiRe-0 - 25 *4nmsec) f8 -
=0f 8 ; not lddwene_stat,#0
e_r_statl:ld tbytel,#0fS
25 sbit fix_t_en,flags2
ld data_cntr,#21
Id save_ptr,#0
1d send_ptr,#0
rbit enddata,flagsl
30 rbit start,flagsl
rbit end,flags1
rbit stop,flags!
jmp e_r_stat2

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 1d autorun_stat,#0
jmpe_r_statl

r_stat]l_05:1d tbytel,#0f5 ; 'P' - Ping.

Id pb,#0f0
45 jmp e_r_stat2
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15 data cntr =OF"7 ; used to count 20 data packets. fa =Cfa ; not used tb
=OFb ; not used *******x**x hitg definitions *****xxkxkkxkkx*x*x rg=2 : pa ;
det er m nagoiob/4t16¢ LCD gets command(0) or data( 1 ). 20 cs PcagEBre1ipe ; send
the information in the Icd data pins upon rise and fall(_/\~ of cs_Icd.
controll=4 ; pa; \ control2=5; pa; / control 1+2 determne the direction
of notor 1 control3=6 ; pa ; \ 2S control4=7 ; pa ; / control 3+4 determ ne
the direction of notor 2 ; hone_position=5; pl ;start stop=7 ; pl

honme |imt=5; pb bottomlimt=6 ; pb 30 angular limt=7; pb . ***¥**xx**xxx
fla S R b b b b b b b b S S b R R b b b b b b b b b S R b b S b dl I’ECtIOI’IZO , |f|ags ,

di rectirQﬁa@f_OQrfdﬂmc_ﬁatf#ert_pul se=1 ; Iflags ; if set then there was already
1 pul se. eild rogkconin 4| f |;aymber eftnibésds beabeivedt i on of tinme per pulse. 35 en
| calc=3 ; lifrtmpz pirgembéles cal cul ation of velosity every. stopl=4 ; I|flags
, sisgnal s tjhatendof @tk soul d be stopped pulse=5 ; |flags ; signals that

‘there waga@: nulaagcgw@ 10t Qi -SliffeR6ive GRA=0 ; aflags ; direction of notor 2

40 firsty_pujge=1; affags ; if set then there was already 1 pul se.
en_cal c2= 2 af | ags ;. W §.+Cfi|>c#ca§,é of time per pulse. enl_cal c2=3 ;
05|t§ﬁevery stop2=4 ; aflags ; signals

aflags ; %gﬁg cal cu at| of ve

not or ul"d be stopped pul se2=5 ; aflags ; signals that there was a
puI e from %r,2 45 91 WO 02/57G8 PCT/1L01/01121 start=0 ; flags 1 ; 1
when start tOMENG-PE received, 0 when stop conmand is issued. hone=1 ;
flagsl ; 1 WRerPYHRMEMY cro swi tch (Normally Closed) is closed, o when open.
bottomF2 ; jipegsl st when bottoming mcro switch (NO is closed, o when
open. 5 episbi starf,flaggd 1 ; 1 when Epiglottis is sensed. stop=4 ; flagsl ; 1
whers st op coirseadflagirecei ved, 0 when start command is issued. end=5 ;
flags 1 ; Lbphed, e%:';mned m ssion ends. stuck=6 ; flags 1 ; 1 when a notor

is stuck. egbqtd@,gq fladsbags 1 ; additional bit for the PC to know when the
mcro stops ggggg data. tix t en=0 ; flags2 ; generatl enable for
aV| ng and ; ?g? t)ing the blockes of data. tix_t_enl=1; flags2 ; enable

giock sa and:#ift evaLY SIEee. LY tiner0. a2den=2 ; flags2 ; enables
al 015 chu&g | ags2 ; being set every O sec by timer O to refresh
| cd. type s e:d’”%fcd _flags ; if set lcd sould type "start" in |ine2.

type stop= 11dse}‘l‘é_d31f,#% s ; if set lcd sould type "stop" in line2. 20 type
end=2; Lé@tz_ﬁég@ltmpﬁor@éﬁell dbmetarl dl-mpps2: end” in 1ine2. typerstuck=3"; Icd
flags ; if paprists 8ul d type "stuck” in line2. new direction=3; rbytel ;
the2hhew direction for the notors as received fromthe pc. notor=4 ; rbytel
, 0 - not orlid a,byte3not omdior25 buttons t en=0 ; buttons~flags home conmmand=1
, buttons_f{m@g#bome command_pc=2 ; buttons_flags 30 self t~command=3 ;
buttons flags, sty @@nmand=4 ; buttons flags hone-position=5 ; buttons
flags + pl ﬁitaagyeszt‘op:? ; buttons flags + pl 35 limts”c en=0 ;

rri(is fl agg, pe shifted if it is the only bit in this byte. ****** s=0
* k% -k-}cbyteS?P %tdqons kkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk*%x |f|ags 020 , flags

ar tor t],ags =021 : flags that belongs to
TSt gafls : 9

ey O”E v%% Bihos

angul ar notor work states. nxt_a

stat =023 ; ext ang stat that conme after a subroutine or an ang
stat. plsy 1 sp angul ar di stance that notor 2 sould do in
st a#d conunmt_lpﬁ@y#(bntrl =025 ; nsb pls _cntr0 =026 ; |Isb ; |inear distance

t hat notor Id Bwar tad#6i n start command. 45 pls_cntrl =027 ; msb 92
jmp r_stat2 05
r_stat2_02:ld linear_stat,#1
sbit type_start,lcd_flags; type 'start’ at line 2 of lcd.
40 rbit limits_c_en,limits _flags
rbit enddata,flagsl
rbit stop1,lflags
jmp r_stat2_05

45 r_stat2_03:1d a,rbyte3 ; motor 2
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WO 02/ 5768 PCT/I1LOL/ 01121 |inear stat=028; |inear notor work
states. nxt ! stat=029; save the next linear_stat that cone after a
subrout i ngo@b/4emeg! | near _stat.tlags2 =02a; save flags of | egrmaddo@asd fi X
t _en.cd dly =02b; delay before changing direction to alow the notor to
reach a conpl ete5 stop.rec”stat =02c; usart receiving work state.trns
stat=02d; usart transmtting work state.int cntr =02e; counter to help with
ti mm ng. decreased by 1 every 4nsec. 10 currentl =030; digital current from
motor 1.current2 =031; digital current fromnotor 2.hall | =032; digital
hal | senssdfiefa#m motor 1. hall2 =033; digital hall senssor from motor 2.pls
x0 =034; | gimp;r statad4 | i near di stance in pulses.15 pls'x 1 =035; nsbpls_y0
=036; |sb ldhpbﬁkZangular di stance in pulses.pls_y 1 =037; nsbflags 1 =03
8;t check sfg9#0check sum of 1 packet of 20 bl ocks of currentl+ . +f 1 agsl 20
chegk sum QF@ ﬂmgh@ﬁk sum of received bytes in 1 comuand from the

sb

-pc. save~tr : aﬁg pt %'ist&rfae§di10$5ééfﬂ%&oﬁhe next byte should be saved in

t he packet .send_ptr=03c; pointer to show from where the
next byte s sent |n the packet of 20 bl ocks (sl,s2).25 zero_hl
=03dzero h o =040; Isb ; save the capture tinme of notor 1 |ast

pul se. ; hi =041; nsb30 pt2lo =042; |sb ; save the capture
tind of 1 o ag%_ é@re motor 1 |ast pul se.pt2hi =043; msbptlo =044; Isb ;
save the tiJfP heeReln the |ast 2 pul ses of nmotor 1. calcul ated

|nt|nerOﬁ@th4£bWEL§W§ﬁBSIﬂm@éio =046; Isb ; the desired tine between

pul ses of nabitaypel stast,lcddtrgsiipé istant athp@ aflef| =047; msb aptl to =048; |sb
; save the iphddeaflagd of notor 2 |last pulse. ; timer |b40 aptl hi =049;
tIIﬁbaptZIqbﬁQ&@Qamggs, save the capture tine of 1 pulse before notor 2

| ast pul se. apt 2hi —04b nmsbapt| o =04c; Isb ; save the tinme between the | ast
2 pul ses of notor 2. calculated intinmer0.45 apthi =04d; nsb 93 5 10 15 20

25 30 3 / 7 a ef 04f ; msb receive_ptr=050;

poi nt ergv\ﬁl\/\@r-egldg {%gk E‘frﬁ &:b){tﬁkf_{rﬁ{shlt be received next.rbytel =0S 1;
rbyg§2 =052% E%vive byt es. rbyte3 =053; rbyt e4 =054;rbyte5 =055;trns ptr
=05 BiTasiail’] She next byte to be transmitted is stored.tbytel =057;
t byt e2 =058Heq &80 pe transmitted. t byt e3 =059t byt e4 =05a; t byt 5 =05b;
t byt e6 =05cX e#fufe7 =05d: packet cntr=05f ; counts the packets that are send
every 160nsBoegstat #0 the mcro returns to work state O. limts_flags=060 ;
m cro(lim tbitsstadkcftewsl - normal ly cl osed. buttons flags =061 ; buttons -
norpml Iy cl psgend kidtatt =062 ; ritut - counter to prevent buttons
vibrations, only 3sec push is considered a prese. start_stop cntr=063 ;
counterrq$u§ fRSend1@MRa0Si tion cntr=064 ; counter of 3 sec. selft_stat=065
~ ; wor k*x&kmﬁs*N*Es?elk>f=*al*esi***auim*wm_@t*ahaﬁﬁs*#*mwk* states of auto run.

| cd fIa “@%aé d flags - if set, something should be typed.

nol gl Imer to turn off notor if no pul ses received - assum ng
t he t s ?oaﬁ%%gganr =069 hone stat=06a ; work states of hone
positio at -"6& 7“!—4-_66 3121 Isb ; the desired tine between pul ses of
motor 2 as PBEQJ— ed fromthe 94 WD 02/-L57G8 CLAIMS 1. An automatically
operative nmEdical insertion device conprising: PCT/1L01/01121

35 d_sO:rbit fix_t_enl,flags2
drsz data_cntr
jmp d_sl

; transmit s2 and s3
40 Id a,#13 ;13 is the sync. sign.
x a,itbuf  ; then send the data to the computer
1d a,buttons_{flags
xab
1d a,t_check
45 1d s,#2
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an insertable elenment which is adapted to be inserted within a living
organismin 5 vivo; a surface follow ng el enent, physically associated with
sai d i nsewbablygree! enment and being arranged to foll ow a physgitg@bi/eusf ace
within said living organismin vivo; a driving subsystem operative to at

| east partially automatically direct said insertable elenent along said
physi cal surface; and 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 element along a reference pathway stored in said

navi gati on %&@8ystem 2. An automatically operative nedical insertion

devi ce accolddimg claim 1 and 15 wherein said driving subsystemis operative
to fully autefébically direct said insertable elenment al ong said physical
surface. 3.ldAglautomatically operative medical insertion device according
to ¢l aim1 @ngossherein said driving subsystemis operative to automatically
:and sel ect allalsy#(ﬂl rect said 20 insertable el enment al ong said physical
surface. 4. automatical ly operative nedical insertion device according
to any of t gléacp ddng clainms and wherein said navigation subsystem

recei ves suj % f\e}ﬁac eristic information relating to said physical

surf ace fro\ﬂ? 5t e following elenent and 25 enpl oys said surface
chat®ct eri sEtE_ArowiAgss on to perceive the |location of said surface

foll owi ng elddnehtekdPong said reference pathway. 5, An automatically

oper ati ve nldinsaptaiHiserti on device according to claim4 and wherein said
surface chaldattechg#2t i nformation conprises surface contour informtion.

30 6, An auldmawm¢ iptig#d y operative nedical insertion device according to

cl aidn 4 andid%end pi#®2/ - 467G8 PCT/ 1 LO1 /01121 wherein said surface

char act eri sgditeti,&f@r mati on conprises surface hardness information. 7, An
aut omat i cal ny gmprdagl ve nedical insertion device according to claim4 and
wher ei n sal surf‘aCe contour information is three-dinmensional. 5 8. An
automatl }{g gﬁera #/1 medi cal insertion device according to claim4 and

=D

ntour information is two-dinensional. 9. An
aut t| cal 9ve nmedi cal insertion device according to any of the 10
pr ecedi ng cl and wherein said insertable elenent is a endotracheal tube
and wher ei nlfgbadlat&tﬂ}'lﬁl cal surface conprises surfaces of the larynx and
trachea. 10jmpd_siutomatical ly operative nedical insertion device according
to any of claims 1 8 and wherein said insertable el ement is a gastroscope
and2swher ei nidsl#flaghy s load dawrd staek. 15 conpri ses surfaces of the intestine.
11. An aut opmdjepl Iy o@@rsatlve medi cal insertion device according to any of
clainms 1 8padhth Wherein said insertable element is a catheter and wherein
sai d physicy,glfface, genprises interior surfaces of the circulatory

system push a
30 Id a,[b-] : pls_y0
push a
Id a,[b-] ; pls_x1
push a
1d a,[b-] s pls_x0
35 push a
id a,[b-] ; hall2
push a
1d a,[b-] ; halll
push a
40 1d a,[b-] ; current2
push a
1d a,[b-] ; currentl
push a
Id a,save ptr ; save data from stack.
45 X a,b
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20 12. An automatically operative nedical insertion device according to any
of the preceding clains and al so conprising a reference pathway generator
oper ati vewommsmge at | east a portion of said |iving orgamcamLanciizp
generate said reference pathway based at |east partially on an inmage
generated thereby. 25 13. An automatically operative nmedical insertion

devi ce according to claim 12 and wherein said reference pathway conprises a
standard contour map of a portion of the human anatony. 96 WO 02/ -LS768
PCT/ILC&/O%&Z 14. An automatically operative nedical insertion device
according t'623 ai m 13 and wherein said standard contour map is precisely
adapted to *@%pecific patient. 15. An automatically operative nedical

insertion désifde according to claim 13 or 5 claim 14 and wherein said

standard cawpaur map is automatically precisely adapted to a specific
patisent. 16 a,]autonmatically operative nedical insertion device according

‘to any of cﬂ g8 12 to 15 and wherein said reference pathway is operator

adapt abl e t,paﬁﬁji ghate at | east one 10 inpedinent. 17. An autonatically
operative gac insertion device according to any of the preceding clains
and wher ei ﬂ)(i insertable el enent conprises a housing in which is

di Sﬁ)ﬁsed sdl atari vi ng subsystem a nout hpiece, a tube inserted through the
nmout hpi ece RRE :]5 a filexible guide inserted through the tube, said surface
fol | owi ng e?f%ﬁtﬁ“t bei ng nounted at a front end of said guide. 18. An

aut omat i cal 9P perati ve nedical insertion device according to claim17 and
wher ei n saitabut hpi ece conprises a curved pi pe through which said tube is
inserted. 2®pl®. An automatically operative nedical insertion device

acchy di ng toafhi m 18 and wherein said driving subsystemis operative to
nove said gpdpe in and out of said housing, through said curved pipe and
through saigafwhe. 25 20. An automatically operative nedical insertion

devi ce accolgcqj fg to claim19 and wherein said driving subsystemis also
operative t)g iﬁleCt ably bend a front end of said guide. 97 WO 02/ -~S7&B
PCT%¢ LOL/ 01 03’ aﬂl. An automatically operative nmedical insertion device
accordi ng t%é’i@_y of the preceding clainms and wherein said driving subsystem

is operativ® e said inserfabl e
P Id a,t_cl!;rg:\{( ; compute check sum,

X a,b
Id a,[x+] ; b=t_check, a = currentl
25 add a,b ;a=currentl +b
xab ;b=a
Id a,[x+]
add a,b
X a,b
30 Id a,[x+]
add a,b
Xa,b
Id a,[x+]
add a,b
35 X a,b
1d a,[x+]
add a,b
X a,b
Id a,[x+]
40 add a,b
xab
1d a,[x+]
add a,b
X ab
45 Id a,[x+]
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el ement in and out of said living organism 5 22. An automatically
operative nedical insertion device according to any of the preceding clains
and wher avoogas7ds dri vi ng subsystemis al so operative to selcaaLedy2ibend a
tcont end of said insertable elenment. 23. An autonatically operative
medi cal insertion device according to any of the 10 preceding clains and
wherein said surface follow ng el ement conprises a tactile sensing el enent.
24. An automatically operative nedical insertion device according to any of
the preceding clainms and wherein said surface foll ow ng el enent conprises a
tip sensoraﬂgaﬁhcluding atipintegrally formed at one end of a short r.bd
having a neghet on its other end, said rod extends through the center of a
.spring di skdajst] s ;irfldggl connected thereto, said spring di sk being nounted
on one end adfl ad cyl;iardidagsiidse ot her end is nounted on a front end of said
insertable elenent. 20 25. An automatically operative nedical insertion
‘devi ce accqgdi#0g t ot Ghaty=34 and wherein said tip sensor also conprises two
Hal | ef fecty serpis Which are nounted inside said cylinder on a support and
in close pqg%@ﬂlty to said nagnet, said Hall effect sensors being spaced in
the plane of the curvature of the curved pipe, each Hall effect sensor
havi.ng el ect ¥ 85% Y er ni nal s operative to provide electric current
redpesenting th i stance of the 25 nagnet therefrom said tip sensor being
operative JUPHFELaALS when a force is exerted on the tip along an axis of
symmetry of said cylinder, said tip is pushed agai nst said spring disk,
causi ngd_s3ild bittpget  t; doaglpintotackackai d Hal | ef fect sensors and when a force
is exerted Idm,[bdid tip sideways in the plane of said Hall effect sensors,
saild@ tip rohwshas around a | ocation where said rod engages said spring disk
causing saild afegnet to rotate away fromone of 30 said Hall effect sensors
and closer hapthe other of the Hall effect sensors. 98 WO 021 -1s768
PCT/ILOl/OQ&%HP§6. An automatically operative nmedical insertion device
according t Sﬁa im17 and wherein said driving subsystemis operative,
fob*Pmﬁng dg% 'gl insertion of said insertable elenent into the oral
cavity ég% the guide to extend in the direction of the trachea and 5
b

, to

bend the guf'th | ockwi se until said surface follow ng el enent engages a
surface of i@ tlongue, whereby this engagenent applies a force to said
surface fol Peiiang el ement. 27. An automatically operative medical insertion
devi ce accolddilbgl to claim 25 and wherein said navigation subsystemis
opeXsati ve tpustmasure the changes in the electrical 10 outputs produced by
the Hall efldegb-jsensors indicating the direction in which the tip is bent.
28. An aut opmhiacal | y operative medical insertion device according to claim
27 and mherghﬂﬂﬁpid navi gati on subsystemis operative to sense the position
of said tipmﬁmq the past history of tip positions and to determ ne the
quﬁ}ion Ofkﬁ%&gbtip in said living organismand 15 relative to said
reference paLtlS ey . 29. An automatically operative nedical insertion device
accordi ng tF @Iain127 and wgﬁr?in sai,d navi gati on subsystemis operative to
navi gat e sal‘d1AVE-RIE cor'diPNg 990 TR 2%kt er ence pat hway. 20 30. An

aut omati cal ¥ prerative medi cal insertion device according to claim?29 and
wher ei n sai f havi gati on subsystemis operative to sense that said tip

t outhes theX@id of the trough beneath the epiglottis. 31. An automatically
operative nBbi,€al insertion device according to claim 27 and 25 wherein
sai d navi gapopa subsystemis operative to sense that said tip reaches the
tip of the gpi[ptpttis. 32. An automatically operative nedical insertion
device accopghag to claim27 and wherein said navigation subsystemis
opej@tive tQ,ggppe that the tip reached the first

- popa
x a,[bt]

pop a
x a,[b+]
45 popa
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30 cartilage of the trachea. 99 WO 02/-15768 PCTII L111 /01121 33. An
automatically operative nedical insertion device according to claim 32 and
wher ei n smOd2/msneés gat i on subsystemis operative to sense t kpatr/iLoeoti2p
reached the second cartilage of the trachea. 5 34. An automatically
operative nedical insertion device according to claim 33 and wherein said
navi gati on subsystemis operative to sense that the tip reached the third
cartilage of the trachea. 10 35. An autonmmtically operative nedi cal
insertion device according to any of the preceding clains and wherein said
navi gati on &%B’S‘S}st emis operative to |load said reference pathway from a
menory. 36.pofrd automatically operative nedical insertion device according
o claim1%&afed]1l5 wherein said driving subsystemis operative to push said
tube forwarghpa37. An automatically operative nedical insertion device
accar di ng t,pafem] of the preceding clains and wherein said driving subsystem
~conpri ses: st notor operative to selectably nove said insertable
el enent for ]or 20 backward; a second notor operative to selectably bend
sai d insertpgﬁ eel ement; and el ectronic’circui try operative to control said
fi rst not or d second notor and said surface follow ng elenent. 25 38.
An omatl QJJ operative di.cal insertion device according to claim 37
and erelﬂ @’él- neek e GPBIRNEE QRFH®r v conprises a mcrocontrol | er operative
t o execut e ®%Program said program operative to control the said first and
second not dd&[&hg sdi=d3saFfcaenti ol | owi ng el ement and to insert and bend
sai d i nser taldlagh el gmenturras] dtd said |iving organi smal ong said reference
pathway 30 x@b ;WG-@21.1s768 PCT/1L01/01121 39. An automatically operative
mediscal i nsi@rt[ken device according to claim37 or claim38 and wherein said
driving sub‘ﬁw%t@m is operative to neasure the electric current drawn by at
| east one gaid first and second notors to evaluate the position of said
surface fo V]&n? elenent. 5 40. An automatically operative nedical
i nsertion dey, according to any of the preceding clains and wherein said
ref.erence paé‘tdgi\%y is operative to be at least partially prepared before the
in tion ss is activated. 10 41. An automatically operative nedical
i nsertion d1 \?r &l accor di ng to claim40 and wherein said nedical insertion
devi ce conpiddsels a nedical i magi ng system and wherein sai d nedical inaging
systemis opabative to at |east partially prepare said reference pathway.
1d a,{x+]
25 add a,b
xa,b
1d a,[x+]
add a,b
X ab
30 1d a,[x+]
add a,b
xab
1d a,[x+]
add a,b
35 X a,b
Id a,[x+] ;a={flagsl
adda,b  ;a=flagsl+b

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

1d a,x

X a,save_ptr

end d _s: ret
45 o b o obe o o ofe sk e 3k sk s st sfe o she ok s s ke o ke ok o ok ok sk s sl ofe v oo o ok 2l sk ok ok ot ok sk ke s o ok oo ke ofe ok ok sk ook ok
k]
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15 42. An automatically operative nedical insertion device according to
claim4l and wherein said nedical inmging subsystem conprises at |east one
of an ul twaesousms scanner, an x-ray imager, a c,alT scan sy¥cameneiizn tvrRl
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 nmarking at | east one contour of at |east
one organ of said living organism 44. An automatically operative nedi cal
insertion device according to claim41l and wherein said nedical imging
system'ﬁ%Cté%rcaﬂYWr’fQ}n repare said reference pathway by 25 creating an
i nser t i P40Pnsubitgddérsfiagsabithe a2shprop sibagksdtalll 2 8td ereenthidler t i on i nst ruct i on.
«45. An aut oidenad#082 operabdo®=hed=Cakr=lrmetkt dividedgvibce according to claim
44 and wherghitadbsy,ehadnsertion instruction conprises instruction to at |east
one 50f £d0endifbit adbspehadind bend said insertable el enent. 30 zaz WO
v02/-(S768 y dddoh 1 /1) 1121 46. An automatically operative nmedical insertion
devi ce accoy ',a{agsut,o cl aim 44 and wherein said navigation subsystemis
operative tPa,‘ﬁ?ﬁ‘l”Ol said driving subsystem based at |east partially on a
ca %

per cei ved | f sall AR follow n I nt. and according to said
insertion i (szo t’acbggg 903@’?'@?8%— i"ﬁmﬁ‘a@?’gjgﬁ)ly ‘subsystem 5 47. An

1’0

aut'omat i cal {3t 4 ’%ﬁ%‘}ve medi cal insertion device according to any of the
pr ecedi??d] 3] P ASW-S0REr ei n sai d operative medical insertion device is
operative tinma2d0@ast partially store a log of a process of insertion of
sai d insertlidtairghenent. 10 48. An automatical ly operative medical

i nsertion deahek? according to claim46 and wherein said medical insertion
devisce conpkienad#6ax onpu=eadeild=bh-epnr=3aindikndidide dly lienserti on device is
operative teitdddmsendd said 1og of a process of insertion of said insertable
el ementa2db3: 49vit Absgdhgdatically operative nedical insertion device
according t lAjom 48 and wherein said conputer is operative to aggregate
said | ogs o‘%‘aaad%tﬁcess of insertion of said insertable elenent. 50. An

aut tical é’oger tive nedical insertion device according to claim49 and
20 “ther ei n %S:;H gg uter is op?rggi ve to_prepare, sai d reference pathway
based at | eé&d a:% %4 al 1y oAl gohGgresat smekqdivids by onat i cal |y operative
medi cal i ns@l'ﬂ BY.eR8f ce according to claim50 and wherein sai d computer

t r ansmi #2042 dbit adbsysna® pat hway to said medical insertion device. 25 52.
An aut omat i jpap 83d0dper ati ve nedical insertion device according to claim1
and5nher ei nldsgadisthnsert abl e el ement conprises a guiding elenent and a

gui ded el eneafcurrd@2 An automatically operative nedical insertion device
according tgtclaim52 and 30 wherein said driving subsystemis operative to
di rect gaeheoigu b #3@ * Sk 1R 1k x 43 Bk BBk @ 1gpokb B0k % Qe 5 4+ W02/ - 1S718

PCT/ | L%é&%%itflc%gﬁgﬁorﬂltorﬂ east partially together,
30
v_calc: rbitenl _calc,lflags

Id a,t_ref0
x a,0

35 Id a,t_refl
x a,l

1d a,pthi
ifgt a,1

40 jmp tooslow

. Id a,1

ifgt a,pthi
jmp toofast
1d a,ptlo

45 ifgt a,0
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54. An automatically operative nedical insertion device conprising: an

i nsertable el ement which is adapted to be inserted within a |[iving organism
in 5 vivoyoarsim$ ace followi ng el enent, physically associ @cadLvidinzisai d

i nsertabl e el enent and being arranged to follow a physical surface within
said living organismin vivo; a driving subsystem operative to at |east
partially automatically direct said insertable el enent along said physical
surface; and 10 a navi gation subsystem operative to control said driving
subsyst em hased e?t | east partially on a perceived |location of said surface
fol | owi ng dMBHRPRO%| ong a reference pathway stored in said navigation
subsyst em 1dai0d i nsertabl e el ement conpri ses a di sposabl e nout hpi ece. 15
.55. An aut dfgheiptlal | y operative medical insertion device according to claim
7 and wher émp teafiagt dri vi ng subsystemis operative to at |least partially

aut émat i calrbty di rgfthes areckqali tHesperd és glonbi ned notion conprising a

“| ongi tudi nal notion and |lateral notion. 56. An automatically operative

medi caliobddsRiski on meybqd: cOppy£s(fg; 20 inserting an insertable el ement
within a |yl or gapy Lk \ i, call {ating a surface

foll ow ng e‘j‘lgai%lrgt Wq{tq?%?ﬁ ghgéeqottgl g{&g’flelr?g?\?ﬁgtgﬁg causi ng sai d surface
fol.l ow ng elefent to fol l ow a physi cal surface within said |living organi sm
in Vivo, aytbfmatically and selectably directing said insertable el enent

al ong said I"N%"cal 25 surface; and controlling direction of said

i nsert abl e s8P@Adnt based at | east partially on a perceived |ocation of said
surface fol¥®di ng el enent along a reference pathway stored in said

navi gat i on ldaidspét em 30 57. An autommtical ly operative nedical insertion
nmetldod accoralng to claim56 and 103 WO 02| -15768 PCTII1LO1 /t11121

wher ei n saild ag@rsht ol | i ng conprises receiving surface characteristic
informatiorg 48l ating to said physical surface fromsaid surface follow ng
el ement andgeppbplyi ng said surface characteristic information to perceive

t he | ocati g said surface follow ng el enent al ong said reference
patﬂ)way. S S8, An autommtically operative nedical insertion nethod

accordi ng t)E €l ai m S7 and wherein said surface characteristic information
conpri ses dfhce contour information. S9. An autommtical l y operative

medi cal i nse®8j on nmet hod accor di ng to claimS7 and 10 wherein said surface
char act eri déliae? i nf or nat i on conprises surface hardness information. 60. An
aut omat i cal¥ 0operative nedical insertion nethod according to claim S8 and
wheXsei n saild asurface contour information is three-dinensional. 1 S 61. An
aut omat i calx y,1operati ve nedical insertion method according to claim$S 8 and
wher ei n saijeghpserid acaalcont our information is two-dimensional. 62. An
automatically operative nedical insertion nmethod according to any of clains
S6 to 6hopRd whereinsajid.fnsgebahlse el ement is an endotracheal tube and
wheyei n said 29 pPhysi6al é‘n&?{r lgggt}&gwrhéﬁg%mspaces of the larynx and
trachea. 63 ub@g ?1 tomati cally operative I cal” insertion method according
to any of cﬁalnﬂo 6 to 61 and wherein said insertable elenent is a

gast roscopei(d%e’ﬁ]d wherei n said physi cal

subc a,pthi
35 X a,5
Id a,t2rblo
X a,2
1d a,t2rbhi
X a,3
40 jsr mybyk
’ Id a,4
xaz2
1d a,5
X a3
45
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surface conprises surfaces of the intestine. 2S 64. An automatically
operative nedical insertion nmethod according to any of clains S6 to 61 and
wherei n sgod2iuseertabl e el ement is a catheter and wherei n pagdopinsi cal
surface conprises interior surfaces of the circulatory system 30 65. An
automatically operative nedical insertion nmethod according to any of the
109 WO 02/-~S7G& PCT/I LO1 /01121 clains 56 to 64 and al so conpri sing
generating reference pathway by imaging at |east a portion of said |iving
organi sm and generating said reference pathway based at |east partially on
an inag@dgéﬁ@%ﬁd@dﬁ@9k8aid i maging. 5 66. An automatically operative
medi cal i nddxt#0on et hod according to any of the clainms 56 to 65 and al so
.conprisj ng ldawérati ng said reference pathway conprising a standard contour
map of :a padimehi,@p the human anatony. 67. An autonatically operative
mediscal ;ldop3erifgdt @fimeAfihod according to claim 66 and 10 al so conprising
vpreci sely 3 bng said standard contour map to a specific patient. 68. An
autonafica“E% gpﬁrative medi cal insertion nethod according to claim67 and
al so conpri Si automatically precisely adapting said standard contour map
to a specif %ﬂé- ient. 15 69. An automatically operative nedical insertion
nmet hod acc&pﬁﬂ to any of clains 56 to 68 and al so conprising adapting
sail referéh%gﬂ'athmay to designate at | east one inpedi nent by an operator
20 70. An dded ically operative nedical insertion method according to any
of clains 56&it]69 and al so conprising: providing: a flexible guide, said
surface folldaikhg el enent being nounted at a front end of said flexible
gui de; 25 axffh)sing in which is disposed said driving subsystem a
noushpi ece @nd a tube; inserting said flexible guide through said tube;
i NSerti mg: st i @x L1440 ugh S Ricth Hrd B k O0e« and xdkkmixng sai d flexi bl e guide
enployiﬂgc]?hgﬁghgw%ngéﬁﬁg§ystenl 30 105 wo ozia~~cs rcTnLOno> >z~ 71. An
automaticall'y operative di cal insertion nethod according to claim 70 and
wherein sai@aggﬁ%gpiece conprises a curved pipe through which said tube is
inggfted. 72.7 utomatically operative nedical insertion nethod according
to aim71°%Ad 5 al so conprising noving said guide in and out of said
housi ng, thWé?ﬁHegaid curved pi pe and

X a,

Id a,apthi
25 ifgt a,1
jmp atooslow
Id a,1
ifgt a,apthi
jmp atoofast
30 Id a,aptlo
ifgt a,0
jmp atooslow
1d a,0
ifgt a,aptlo
35 jmp atoofast
ret ; if they are equal the speed is ok

atooslow: sc ; err= (pt2 - at_ref) => (4,5)
_ Id a,aptlo ; if t3ra + err*k >1000 then pwm=1000 (fastest)
40 subc a,0
x a,4
1d a,apthi
subc a,1
X a,5
45 1d a,t3ralo
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t hrough said tube enploying said driving subsystem 73. An automatically
operative nedical insertion nethod according to claim 72 and al so

conpri si mgoseherss abl y bending a front end of said guide erpgiraypneisai d
driving 10 subsystem 74. An autonatically operative nedical insertion

met hod according to any of clainms 56 to 73 and al so conprising noving said
insertable elenment in and out of said living organi smenpl oying said
driving subsystem 15 75. An automatically operative nedical insertion

met hod according to any of clains 56 to 74 and al so conprising sel ectably
bending a f¥¥At end of said insertable el ement. 76. An automatically
operative &3l | nsertion method accor di ng to any of clains 20 56 to 75
»and wherei k&aid surface following el ement conprises a tactile sensing

el enment. 77srApby@ut omatically operative nedical insertion nethod according
to any of ddai0rs 56 to 77 and wherein said physically associating a surface
“following elgaent with said insertable el enent conprises: 25 integrally
form ng a tjgp,at one end of a short rod having a magnet on its other end,
extending saig rod through the center of a spring disk; firmy connecting
said spri nqdqjék to said rod; nounting said spring disk on one end of a
cyljsnder ; n;?%;’ ting another end of said cylinder on a front end of said

i nsertable 1(5 ’g‘rent. 30 106 WD 02/ a5768 PCT/1 LO1 /U 1121 78. An

aut omati cal 'y”operati ve nedical insertion nmethod according to claim 78 and
wherein sai® durface fol | owi ng el ement also conprises two Hall effect
sensors, ed&W @ V2ericect sensor havi ng elects ical termnals operative to
provi de electric current representing the distance of the magnet therefrom
and 5al sttoatestpici si ng.ert- (buwek-ipt?) =sa{4d5)Hal | ef fect sensors inside said

cyl i nder orida,®uppdrb argr k1000 gRnPwmE{slowdse) sai d magnet; spacing said
Hal | effectsubeagptls i n the plane of the curvature of the curved pipe; said
tip sensor jpgung operative such that when a force is exerted on the tip

al ong an axlidsa,pf symmetry of said cylinder, said tip is pushed agai nst said
sp?ong di Ska}ubﬁ%‘éﬁh{?g said |0 magnet to approach said Hall effect sensors
and when axgrcé I's exerted on said tip sideways in the plane of said Hall
ef f ect sens%r’s ﬁai dtip rotates around a | ocation where said rod engages
said spri ngl cﬁ’tgﬁ’,ocausi ng said magnet to rotate away fromone of said Hall
effect sensbf< and closer to the other of the Hall effect sensors. | S 79.
An aut omat i @& Btbhdper ati ve medical insertion method according to claim 70
and5al so conpBising: partially inserting said insertable elenent into the
oral cavityjsrogbgkng the insertable elenment to extend in the direction of

t he tracheald d®ndi ng the gui de cl ockwi se until said surface foll ow ng

el ement engages a 20 surface of the tongue, whereby this engagenent applies
a force to gal gl surface follow ng el enent.

30 X a,3

end_v2_calc:ld b,#t3ralo
Id x,#0
35 1d a,#1
; 1d tmr3hi #2
Jdoop3: ifgt a,tmr3hi
;  Jjploop3
Id a,[x+]
40 X a,[b+]
. 1d a,[x+]
X a,[b+]
Id a,[x+]
X a,[b+]
45 1d a,[x]
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80. An automatically operative nmedical insertion nmethod according to claim
77 and al so conprising neasuring the changes in the electrical outputs
produced wg otmeresdal | ef fect 25 sensors indicating the directino/émzmhi ch
the tip is bent by enploying said navigation subsystem 81. An
automatical ly operative nedical insertion method according to claim80 and
al so conprising sensing the position of said tip and determ ning the

| ocation of said tip in |og WO 02/ ~S7G&8 PCT/1 LO1 /f11121 said living
organismand relative to said reference pathway based on the past history
of tip posﬁﬁ”&bs. . 82. An automatically operative nedical insertion nethod
according ¥ claim80 and 5 al so conprising navigating said tip according
.t 0 sai d*PeFEFEEE P HREY &Y Y AT ARV AT F BT *Subsystem 83, An

aut omat.sectinbth_fipetiais,rom medi cal i nsertion nethod according to claim82 and
al sg@ sensing said tip touching the end of the trough beneath the

vepi gl otrhyisyk: 19 cBf#e AR dabbowal=gad)l y operative nedical insertion nmethod
accor difig iorglain180 and al so conprising sensing said tip reaching the tip
of the epY tis. 85. An automatically operative nedical insertion nethod
according to ¢laim80 and 15 al so conprising sensing the tip reaching the
fir@t carthﬁ%e of the trachea. 86. An automatically operative nedica

i nd& tion fiod according to claim85 and al so sensing the tip reaching

t he second éﬁtilage of the trachea. 20 87. An automatically operative

medi cal ind&&ion nethod according to claim86 and al so sensing the tip
reaching thea4hird cartilage of the trachea. 88. An automatically operative
medi cal i ngkeszdndn net hod according to any of clains 56 to 87 and al so

| oaldi ng saijmprd¥be? ence pathway froma nenory to said navigation 25
subsystem 89. An4aukogmtii€ad |y operative nedical insertion nethod
according tjga@ aim 70 and al so pushing said tube forward enpl oying said
driving suhgystem 108 WO U2/ ~57G8 PCT/1LOL/ U1121 90. An automatically
operative qpﬁ'bal insertion nmethod according to claimany of clains 56 to
89 d mheﬁ V& said driving subsystem conprises a first notor operative to
sel ctablyé@é g said insertable el enent forward or backward and a second
not or oper ¥ to selectably bend said insertable elenment; and 5
controllind‘%éid first notor, said second nmotor and said surface follow ng
el ement by enploying said electronic circuitry. 91. An automatically
operative dﬁﬂﬁ%ﬁg insertion nethod according to claim90 and wherein said
el X roni c jaiprlowetgey conpri ses a mcroprocessor and al so conpri sing
executing lldag program said executing a program conprising: controlling
said first gid seaEogoyotors and said surface follow ng el enent; and

i nserting qnﬂ,@gmg&eg said insertable elenent inside said |living organi sm

al ong Id a,#high(980)
30 ifgt a,5
jmp end_mybyk ; not edge
I1d a,4
ifgt a,#low(980)
jmp highedge
35 ‘

jmp end_mybyk ; not edge

highedge: 1d 4,#low(980)
Id 5,#high(980)
40 1d 0,#20
1d 1,#0
ret

lowedge: 1d a,4
45 ifgt a,#20
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sai d reference pat hway.

15 92. An automatically operative nedical

insertion

met hod according to claim90 or claim91 and al so conprising: nmeasuring the

el ectri c wanemasmes dr awn by at

said driving subsystem 93. An automatically operative nedical ins
nmet hod according to any of clains 56 to 92 and al so conpri sing preparing

sai d reference pathway at

activated. 25 94. An automatically operative nedical
accor di ng tHRIWL MYOEK and wherein sai d medical insertion method conprises

provi di ng a4t

insertion net

| east one of said first and P€qandi/em2iors; and

eval uating the position of said surface follow ng el enent; 20 by enpl oyi ng

ertion

| east partially before the insertion process is

hod

PWEIS0) magi ng system and al so conprising preparing said

.ref erence pdtlttagh(380)l east partially by enpl oyi ng said nedical inmaging
system 30 18@9#20 WO 02/.15768 PCT/1L111101121 95. An automatically

opersati ve niedi,#al

smedi cal

aut

96 10 and af3d co

i nsertion ilﬁls%#fu%hn(ﬁ)
98. An aut osv®ciagal | y operative nedi cal

insertion nmethod according to claim94 and wherein said

i ma@t Nng subsystem conpri ses at
an x-ray i nmager,
aut omat i ¢

| east one of an ultrasound scanner,
a caT scan system and an MRT system 5 96. An
llyRREr ati ve medi cal insertion method according to claim93 and

g preparing said reference pathway by marking at

wher ei n- arsg & IS
Iea®t one c rﬁ’@gg’h(@bgt | east one organ of said |iving organism 97. An
mat i cal AWdger ati ve medical insertion nethod according to clainms 56 to

rising preparing said reference pathway by creating an
@)t abl e conprising at | east one insertion instruction.

insertion nethod according to claim

97 and whereird said insertion instruction conprises instruction to at |east
onelSof extekidy,l retract and 15 bend said insertable elenent. 99. An

aut omat i cal ityt Qfper at i ve nedi cal

insertion nethod according to claim97 and

wherein al sgiconprising controlling said driving subsystem based at | east
partially ofgoperceived location of said surface follow ng el ement and
insertion 20 instruction table stored in said navigation
automatically operative nedical insertion method

accordi ng tq
su stem

according t
partially a

0Ot

’d

B,

An aul

conmput er antetal so

30

35

40

45

f a process of

%)e(géﬁlq)of clains 56 to 99 and al so conprising storing at

| east

insertion of said insei~table elenment. 25 |
ltol"V&%ﬁq)y operative nmedical insertion method according to

claim 100 aldd.#high@8®) sai d nedi cal

insertion nmethod conprises providing a

conprising transmtting said |log of a process of
insErtion of said insertable elenent to said 30 conputer
gRakdrx FDV168 - Fast 16 by 8 division subroutine ***¥#dkdekxtotonbobokshok
; 490 instruction cycles maximum - 245usec.

; dividend in [1,0] (dd) divisor in [3] (dr)

; quotient in [1,0] (quot) remainder in [2] (test field)

fdv168: 1d cntr,#16 ; load cntr with length of dividend field.

1d 2,#0 ; clear test field.
fd168s: 1d b,#0
fd1681: rc

Id a,[b]

adc a,[b] ; left shift dividend lo

X a,[bt]

Id a,[b]

adc a,[b] ; left shift dividend hi

x a,[b+]

1d a,[b]

adc a,[b] ; left shift test field

x a,[b]

Id a,[bt] ; test field to acc

ifc ; test if bit shiefted out of test field****
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110 WO 02/-167G8 PCT/I1LOL/ 01121 102. An autonmatically operative nedi cal
insertion nethod according to claim101 and aggregating said |ogs of a
process oNoOieegEmwsi on of said insertable el ement by enpl oyipgy/gai/iieonput er.
5 103. An automatically operative nedical insertion nmethod according to
claim 102 and al so conprising preparing said reference pathway based at
| east partially on said aggregate. 104. An automatically operative nedical
insertion nmethod according to claim 103 and al so conprising transmtting
said reference pathway from said conputer to said nedical 10 insertion
devi ce. 105pPf %&&Ut omatically operative nedical insertion nethod according
to any of t¥e clains 56 to 104 and wherein said insertable el enent
~conpri ses asuwpaiadbhg; testesmbtnact divikoafrgui tdstdiedd enent . 15 106. An automatically
operative ninld cal inssrifbamwibmomhbaasaindi ng to cl aim 105 and wherein said
drivd ng subgyatedn i s operative to direct said guiding elenent and a said
*gui ded glhgp®Nld 42 | easfubRadtionabdutt tb eGetiBRr - 20 107. An automatically
operative n;gglg_la insertion nethod accor di ng to claim®60 and wherein said
directing c 4 ses aut omatically and selectably directing said insertable
re;lﬂe_rrgzt in abfl(?fgil nes%t Elr%tlenpbcorrprl sing a longitudinal notion and | ateral
CAYH Avo | AfiEz ome dectemangang §stany fongqron 9 | Asg. A99. AOL. A(9OL. AsLL. AsLL. As
&L. As99. AsolP TRIGY ALLL. A" 9 . As&L. AR% A 99. ASIL. A & . A9L9. ALIL. A" a99. As;
L. ASOL. A9Qret AQL . Jksturn ftom SURIGItINASE. AL99. A99r . A L9. A' L9. A999. ALL A AL9 A
99L. AL9BL1ABY Ldrak Mt . Acdictomicdt an ©st.cAgNbt zoAY&L. A9 . A" & . A& . ALOr. Al 9% AL_. Al
9 . Al 9L. Au_jpMd968sAY9% AYL% Al LL. Al L% A . Al &L. AY99. As&L. AF&L. AL99. A&9 . Al LL.
A r156\9a& Akt . Al L%cASH fidnDsubPoutideL9. A9 . AL99. Al (99. AL9% As9% A" (99. A98&% A9a

&L. ALI9HAKI. AdscladbPI9bARLAIASS- f,q,% &:st T A9Q*AO% ALL. ALL% AY&% ARag&. . AY:
99. Al NL% fg\qg@r A &L5>’?VW(JM/\/

{vgl ga\ ke epkeal a[ g @fﬂ G@L@&]ﬁa}m]*aa]m]kca] ca]calcalc
a] ca] ca]i_‘ %(g ]dc ca %e ke

! p82(gss c~ {vq ‘3 j glﬁ ca ca] ca] cal ca] ca] ca] ca] ca]
ca] ta] ca] ca tal]5, "pgx?DP_\ ${vqgl gb] X] ] ca] c

] ca] ca] IS ###, $| $EPSZ9%8R- & &&, ' ' ' <(E(((({val gb] X]
] ca] ca] ca] cbesfta) ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajsppdh] ca] calcal (OW)) 7*i ++, s, , , ,, - --.9g.u.. /)/~//0e000M 11
2_22¥vql bdd:X] ] kY, B@] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]cal]c
aU] ca] cpdiza] ch f,pdjca] ca] ca] ca] ca] ca] ca! _2231 333Y4m45] 595~555, 6{667n777* 8A8
887999K; adc a,

: xh<<{vql g;g]a)ﬂ,i a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U] cal ca] cal fggﬁ] ga] ca] ca] ca] ca] ca] ca] ca] cal! <=h==>t >>>>>>B???E@ax @A AA+BBC

ST &
a] ca] ca ca] llfja[ Uia ‘E (?a Q? ]”E:g a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
g}) & ]*Qa' $Rl

ca] ca] c ca] ca] ca] ca] ca] ca] ca] ca! EEPF FaFt Fy FFFFGDGGG, HHH;

I JK6LLM\laN PP{vgkfa\ W ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cé cc%t tIJa] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca! PAQQQ RRRETTTXUUUZ
VW XXlYYY

ZiZZB[[[M Y‘aa[]J N wrmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] ca] c#poaitta) ca] ca] ca] ca] ca] ca] cal ca]calcalca! *@”"J y_* " aZaa
bebbbbbcc” cgdpddéiEeef A f f >g| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] caU] ca] deskcatrca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >ggggBhhhi ei |
rjjj Skkkkkl | Hmn500pNqgr r ss{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

Ejia] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ggU] ca] c ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! s2tt Cupuv{
« VVVVVV IVt ek o odbe @ 4 e J meosiBu A Mth gl M6 blic a] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] Ca 1%] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal! 247" %
i <Rd/ & % %@ 3 afia&a%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca
] ca] ca] ! ] fta] ca] ca] ca] cal v-my_syLJ< rzupkfa\ W ca] ca] ca] c
ajca ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] caU] ca] ca] ca]c
aj cé ca] ca] éafl g% ' b#sc

w wr mhb] X] ] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! : GSC5$1<J#x{vql gb] X] ] ca] ca] ca] ca] ca] ca
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ca] ca] ca! 3@Xr & Y$SW v#{vql gb] X] ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal enkX ¢ CP|

| wmhc”X] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca! O+] fq,/ EFMe"/ zupkf a\ VU] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c"a] ca] cal ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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zupkf a\ VUU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] caWpmapismpcal cal caljcaljcalcalca' E N } ynp.:r|/ S PCT/IL01/61121

/ BHKTj w} xsnhc”YUU] ] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! wif #

&, 8CGHY=kf | zupkf a\ WUU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
Ul ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!l " Lk3zZ#28CE{vgkf [ VU] ca] caU
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] ca] c&ftcal callca! #uJ !11$!: #r ###I$$% %0686

828z & xsnhémyrpdqieleg4] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca
.]ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca]ca] c”al]calUlcalca z&& "' (;

)) ) *, * 2paEAiEds: tbit [t Budateifiags?, =, d, , ,, - ' - | wmhc”YU] c] ca] ca] ca] ca] ca] ca] ca] ca]
ca] sa] ca] cy ra] @ #50 ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
" - M P-d- g4 a,pks- xR V- -

[V]-14]8]7 /4(}30’)'0/ 0<0001| wr mgb] Xmhc”YU] ] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ¢
a] ca] ca] c"%% cggc"a] ca] cal] ca] ca] c”*a] ca] ca] c”a] caU] cal] ca] ca] ca] ca
IMLN111212222M303333333445; 5556E666687;
7q ﬁ??{vql Y

calUl ca] c bca%c %cat]d_ca%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU

] calcaU] ca]'t 4 }SEB? caﬁ =i Hr SPEAMCa] ca! 777*8{88) 999y999: : : -; J; };
L He<<<<XAX=J=. >=>zupkf a\ VUU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
cal] ca] ca] qa]fé_h§6§a] caemfauy djneal palseapeain] ca) cal call cal =>Q>>>>?@d @AOA
FAYAWAAAAA@B BBBCC&C7CC8D) EBE{ upj e [ VU] ca] ca] ca] caU] ca] ca] c*a] ca] c"a] ca]
ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! BEEE*
FOR5Fe FFFF NG E8IECCEcshiHbhe J hd@issiKK~xsni d_Yj e [ VU] cU] ca] ca] ca] ca] ca] caU
] ca] ca] ca] galiedkem ca] cal] ca] ca] ca] c”a] ca] ca] ca] c*a] ca] ca] ca] ca] cal] ca] ca] c
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X+ X2272< t? e _Zkfa\WJ ] c] calU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca

] cal'ca] ca] TR ]cal c”a] ca] ca] ca] ca] caUjcalcaUcalcaljca ZZ[["[<[[[;
VLA T, PE939RR 2~ annnAnnD 9 n  zupkfa\ W ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ¢
a] ca] ca] ca]lééilca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] caUlca!
¥V T Xai yM@daab _b{ bbc4cCOcsct cccuddddddd- eeyt ni d_ZU] ca] ca] ca] ca] caU] ca] ca
U] ca] ca] ca]and]ed®4] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ¢
a] @3] ca! eeedflBf#HF f g) gi gzggg7h=h#i ~iij(j)jDjjj_kkkkkk=l zupje_ZU] ca]caU ca]c
aU] ca] ca] caj ¢pd ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cgkcigd gat =I RI Sli I j | ul | mJn} mmmmn\ oooooooooop! qaqqqq% ) rr~ytoje [V]
] ca] ca] ca] gglaga] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ]a calc”aljcalcMalcalrrssss.t7t QttttunMUUUUUUUWWWIXYXXXXXX]| W
rrh%]OXj e [V] .&aU] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca]
caJCca] ca] caJcal ca] ca] ca] cal] ca] cal] ca] ca
Xy$yhyqyryy: pad zzRzUzXz[ z"zazi zz{{{{{{{3]| 6] F| I | U m zupke" ZU] cal] ca] cal] ca]
ca] ca] ca] cd g -éjé‘} ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca]c
~a] ca] ca] ca] ca! n1@
} 73} } ~+1 [ qBORR#0&F Sz i skisOf elgre®] eal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cau
] ¢ ¥)] ca] caUptlsfc@u) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Ss{Vl 8;
} #28I b~yt oj bif sfifflegllca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] cal] ca] cal] ca] ca]
ca] ca] ca] cajhgajclajet@fca] ca] ca] ca] ca] ca] ca] ca! bef - h<F{
4Rci vj ytoj e [ VU] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajfsiay pr] ¢l ca] ca] ca] ca] ca] c*a] caljnP| _}"5h|, 3y@ytoj e ZU] cal] ca]
calgp] cal c ,q:p’;\,l Je¢@lica] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c

a

C

£

aU] ca] cal] c ca]’caf’ca] ca] ca] caica] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2cl syBN
r~~ytoj e zZk cUl.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca
.]Jcalca]ca]c phsa_]y a] cal] ca] ca] caU] ca] ca] ca

=B- 0369<Nzudf<¢’ [ V] ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]

ca]%aU] ca] cj% @a] ca] ca] ca] ca] ca] ca] ca] caU] ca! 17T?% p7p- 9l 77Dkv{vgkfa\ W] ]

ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal] ca] ca] ca] cal] ca! wif KQT*pgEzupj ¢, ZU] ca] cal] ca] cal] ca] ca] ca] ca] caU
] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal

EKNXYPp) %d.<} 8| w mhc”Yj e_ZU| ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] caU] ca] ca] calU] ca] ca] ca] cal] ca] caU] ca] ca] ca] cal] ca] ca 8kqgekx"\ &C

{8{vpkf ' [Vje_ZU]ca]cal]ca]ca] ca]c”a] ca]ca]c”a]ca]ca]ca]ca]ca]c”a]ca]calca
] caU] ca] caU] ca] ca] ca] cal] ca] ca] ca] caU] ca] ca] ca 8GOL

3#[{vqgl gb] X] ]] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

.ay] ca] ca] cgjtg cal.caLieXs '}gygkf a\W]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]c



9bC*10! "109%& ()-1 "109%& ()-y"10%& ()- 9 '10%& ()- 10 10 103; 109 ()-9e

| p}A?bC* 10! 3y 10%& () - 10%& ()-'D f$109@& () -" 109 () - 9$109%& () -!

109&' () - pBbdthH40! "' %d0% ()-% 109& ()-""109& ()-!f PCT/IL01/01121

10%& () -s109%& ()-"10%& ()-bcsdEbC*10! 31z 10%& ()- s/ 109%& ()--z 10%& ()-

S, s109%& ()-*"10%& ()-)"10%& ()- STavK@ 10! 10 10

103: " 109%& ()-610%& ()-Y7: 10%& ()-M YF4 10%]& ()- 2 10%& ()-c~dBVK@ 10! !|

&10%& ()-s109%& ()-1 "109%& ()-f 10%& ()- "&10%& ()-910%& () - 0?] dEVK@ 10!

I sf $109&' () - s109& (? 1098 ()- f 109%& ()-10%&' ()-L$10%& ()-]5dEVK@ 10! !!f

109& () - syﬁ@b&a@&,y 109&' ()-F109%& ()-"10%&' ()-"10%&' ()- ,"pdEVK@ 10! !*f

109& ()-,) 208k ()-s' $109%&' ()- YO0% ()-L$S 10%& ()-"z10%& () - qxdEVK@ 10!

14109 () -lapt@h4R’ () - 31z

109 () - s/ |jMpPodbleted210%& () -, " 109%& () - 2ABCDP_bC*10! | F"L10%& () - 910%& () -

10 30 1Q3 atemwde)ﬁsqw& hgdi= 1330@ 0800paBbCr 10! " 10%& () - 9$10% ()-!)

*109%& () -y 199 0% () - )-$R11dEbC 10! )g

109%& () - s & ()-I 109& () - s$10%& ()-"109%& ()-sf$109%& ()-!5""". ###dEbCr 10!
3%%&

2" 109%&' (
109 () s/ - 100 ()-f, " 109& ()-*" 10% ()-#, $| $$SS$SSxMDCF 10!
Id pd #+

updatelcd2:jsr led_dat
1d entr,#3
updatelcd3:re
15 Id a,1
rrc a
X a,l
Id a,0
rrc a
20 x a,0
drsz cntr
jmp updateled3
1d 1,#0
jsr bindec
25 Id a,1
swap a
and a,#0f
add a,#'0'
x a,pd
30 jsr led_dat
Id a,1
and a,#0f
add a,#'0'
X a,pd
35 jst lcd_dat
jmp updatelcd4
updatelcdS:1d pd,#'e'
jsrled_dat
Id pd,#p'
40 jsr led_dat
Id pd,#1'
jsr led_dat

updatelcd4:ifeq led_flags,#0
45 ret
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L10%g& ()- 10 10 10Y: MLO%& ()-7 Y%40%& ()- , 6g

109& () -1 4109 () - $$Z%re8&- &IENDC* 10! L10%g& ()- "10%g& ()-z 10%g& ()-Y
10%9& () -Wod¥a&ieg) - F' Lz10%9& ()-- & &&, ' ' ' <(dEnbC* 10! PCT/IL01/01121
"10%g& ()- S$10%g& ()-Z"10%& ()-f 10%g& ()-S 10%& () - f

10%g& ()-<(E((((O WdEnbC 10! " 10%g& ()-! 10%g& ()--10%g& ()-"10%& ()- Fg
10%g& ()-10%g& ()-W)) 7*i ++, dEnbC* 10! 31" 10%g& ()- /

%40%g& ()-)"10%& ()-s' $10%g& ()-%0%& ()-,L$g 10%g& ()-,s,,,,,,,, bC 10!

F"L10%& ()-910%& ()- 10g,10g 10gY:  10%g& ()-14

10%g&' () - 2'*%@9?@@%9@1}“3158@,%5@ ‘U‘.Sd&%%* 10! mO%&' ()-L$10%&' () -

109%&' () - s1ddded(flags,#0100& ()-f 109%&' ()-u.. /)/~//0dEbC*10! f 10%& ()-

-109& () - sy ifhitovage_stopdrooss (ags " 109K ()- z 109%& () - 0e000ML11dEbC10! " $g
1098 () - " Z1O%R {13esH0' 109&' () - $10%R () - 109%&' ()- Y'109%& ()-1 2_2231 33dEbC* 10!

. Z 309&' () -ifeql@PBlagd#0" 10%&' ()-,) " 10%& ()-s'

940%& () - %4098 () - 33Y4mi45] 5dEbCF 10! 710%& () - &" 10%& () -, 49 109%&' () -2
109&' () - F1"109%&' ()-s/ FY40%& () -1 5n505p50q5~555, 6bC*10!  10%m& ()-S 10%r& () -

"L10%T& () - s -8% 10Y: ~ 10%&' () -, 6{667n777dEbC* 10! @
10%1& () -1 - - SS100MR () - FOUTE () - &S
103%%'()-7. T Qen i .’%ﬁ%‘%&@(“‘)’@f&g "()-"10%r& ()- S
1 - 1) I, - . . I
10 0 1q temp,z_l_ow worden§§ 99K; 5 Qeh<<dEbC" 10!
ifbit type_Stuck,lcd_flags
1d temp,#low(wordstuck)
ifbit type_stop,lcd flags
15 1d temp,#low(wordstop)

jsr type_stringl
Id led_flags,#0

end_updatelcd:ret

;**********************************************

.sect led _orders,rom
25  clean_led:ld pd,#01
jsrled_com
jmp dell6
: ret
SRR R R AR O ok
30  type_string0:ld pd,#080 ; type string from the start of line 0.
jsrled_com
jmp type_string
type_string1:1d pd,#0c0 ; type string from the start of line 0.
jsr led_com
35  type_string:ld a,temp
inc a
X a,temp
jsr get_char
ifeq o, # @'
40 ret
X a,pd
jsr led_dat
jmp type_string

45  pekkkkxkk gubrutine to initialize Ied display
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.z 10%& ()-y, 10%m& ()-@" 10%m& () -

0d0%m& ()-9! " 10%& () - $10%& () - <=h==>t >>aBbC* 10!

7$10%r& Wo&pidesms ()-!114" 109%& () - PCT/IL01/01121

2" 10%1& () - F1" 10%1& () -/ $10%1& () - >>>>>>>B??bC* 10! vyl

"109& ()-y"10%& ()-F'Lz10%&' ()-910% ()- 10m 10m 10mY;

C10%T& () - 2?E@E@ @AJEDCH 10! " 109%&' () -zz 109%& ()-109& ()-L 10%&' ()-vy
109 ()-z 10%& ()- %A| AA+BBCACaBbCt 10! & f 109& ()-! $10%& ()-F:! 100& ()-y
109 () " 10%% ()-Lf 9%40% () - dCoCCC; DODAEDCE 10!

*L109& Ot lod ol Q) - L 496008 () - % 10%& () - $y

109 () MMty (wig:sndebiSVEEEPF FdBbC 10! | Tl F44 10%& ()- 2" 109%& ()- 31f

1098 ()-L/ 10942 ()--"10%& ()-f,f 10%& ()-  FaFt FvFwFxFyFFFbC* 10!

13" L10% & (}ntdd0z& ()- 10 10 10
1098 () - fp ihBURA() - | 7: 10%& () - MFFGDGGG, HIELC* 10!

I MLO%2 & ()-"10%& ()- s$10%& ()-y GLO%& ()- yl0%& ()-z 10%& ()-, HHH;

| IKGLAERE 1Q0b 14 Q4 4d0%a’k ) BhP% & () -"10% & ()-f$10%& ()-"10%& ()- @

10% & (W&i&bwﬁd A ey o & ()-2"10%& () - F1" 10%& () -

/$10%& ()-1Q z& ()-' $10% & () - OO00000<PHP~ @ 10!Y

G10Z6&' ()-"1 -91' 10%& ()- 10z 10z

10zF!* 10%& () -! @$10%z& () - HPPPAQQQ RIE~ @ 10! 109&' ()-"10%& ()-"10%& ()-9
$10%&' ()- | @#(% _sfncrement cursor (cursor moves: 1€ft o right)

10%&. () - - RRREICATSQBIE~ @ 10! " " 109%& () -!"10%&' ()-sl $10%& ()-"10%& ()-  S$10%&
()- @ 10%&' () - XUUUZVW6} XdE~ @ 10! 1" 109%&' () - s/

YL0%R ()-)" KDB@®AQQ -;dshlg OUECEeR6ff 109&' () - 9$- 1098 () - } XXLYYYYYY

Zuj 15 10! & jsD%R €dm 10 10 10: 109%& ()-!fs6

Id pd,#03f ;8 bits
; jmp led_com

20 ret
JRARAERRFEE subrutine to transfer command to led display
led_com: rbit rs,pa ;command
end_com_dat:
sbit cs_lcd,pa
25 rbit cs_led,pa
Id cntr,#10
loopl: drszcntr
jp loopl
ret
30  ksskdekxEs® subrutine to transfer data to led display
lcd_dat: sbit rs,pa ;command
jmp end_com_dat

o e e s 3ok ok ok e e sk ok 3k ok ok ok ook ok ook sk ok
; delay

35
dell6: 1d cntr,#2
del160: 1d temp,#250 ;1.6 msec delay
del161: drsztemp
jmp dell61
40 Id temp,#150
del162: drsz temp
jmp dell62
drsz cntr
jmp del160
45 ret
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%@MO0%&' ()-14"10%& ()-2"10%&' ()- ZjZZ[ [[[dE _@ 10! 10%&' ()-&10%& () -
"10% ()-z 109 ()-3 ~
z10%&' () Woo0%85763-[ M\] ]]17dE _@ 10! y"109%&' () -"10%& () - s @PTAURL()HIILO%R () -
"109%&' ()- "109%& ()-"@"""J y_ dEj _@10!'$y 10%& () - 109 () -
"109%& () -sF$10%& ()- 109 ()- 109 ()-_* ~ aZaadg _@10!-"10%&' ()-,,
109 ()-* 10%& ()-( 109 ()- sL'"10% ()- % 109% ()-a bebbbbbbbdYNC+10! 10
10 10: 109%&' () -F410%& () - 2" 10%& ()- of 109%& () -
sf/10%& ()-bcc ccdqdaBYNC*10!'L "10%& ()-'s &10%& (2)%I& ()10%& ()-gy
10% dddEeef"deYNO%O'z 1 S
(VEOGOE/L&(%YE** é‘gg&*&l %’g‘* 6%)‘(%3*9“*6‘&&* i)*** y
»109& ()S@"Fﬁmﬂg f@ EYIGRRaRe, " 109K () - &l 109 ()- %409 ()-109& ()-Y
109& ()geém%Ja(O) gBhhhi ei j dEYNC* 10! f, "10%&' ()-,*z 10%& ()- @
109%& ()-s' B%0%& ()-,% 109& ()- L$@O%&' ()-jrj j ] SkkkaBYNC* 10! 7
0109’ (;)*‘*’!"{”ﬁa'scliﬁ%&'e(?*@@W%@W*(*}*@@O%&' ()-31"10%&' () -
ISW&OW&yérhn{ﬁkkkkl aynhﬁ}},l r10% & () - &10(%2&' ()-"10%& ()-9!'10%& ()- 10 10
103: 10%(0@)S 10! $10%z& ()-"10%& ()-y$10%& ()-"10%& ()- @10

0/(2& () §L () .dEbC,* 10'f,"10%& ()- ,)"10%& ()}; c 10

9 & 9I"10% & ()-2tt Cupuv{v~vv}"?4 z

/(i %ﬁ Wég(i %"W"F O(Vé)z& ()-2 0 puvt

10%& ( 0 & ()-vvvvvIwwnKC 10z ! &10%f& ()- y"10%&' ()-SY
109 (}o'd G - 10z 10zxfxxx1lyyydEKC 10z&S$10%& () y" 109&' () -

z 10%& wr-d 11@%& (sibfeniocy@() s9$109%&! ()-y]{{] 0| | }dEKC 10z%
0%& () wogbotieny ).db *optio® @'- ! " 109& () -9l $109&' ()- y"10%&' ()-} }~~<?@BdYNC
wordready: .db 'ready @'
wordselftest: .db 'selftest@’
wordautorun: .db 'autorun @'
wordinplace: .db 'in place@'

20  .endsect

.END 0

;end of program listing of intumed.asm
25
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10z 10 10 10: 109%& ()- 1"109%& ()-9/ 9%40%& ()-)"10%& ()-9s' %0%&' () -
B 247dEYNC 10z syl10%& ()- s10%&' ()-S 10%& ()-Y
109%& () - "VOMBU4g7p8 L! 109& () - 7" %4 dBYNC PCT/IL01/01121
10z! XF"109&' ()-F"109%& ()-' 109%& ()-10%& ()-f 10% ()- "10%&k ()-M aVK@ 10z 10
10 10 : 10%& ()-610%& ()-14"10%& ()- 2"10%& ()- 'S/ $10%& ()-<RJEVK@ 10z 10
109&' ()-f109%& ()-Y "109%& ()- y 109%& ()-F'L10% ()-L10%& ()-d/ dEVK@ 10z
10sf $109%& () -y 109& ()-yl0%& ()-"10%& ()-"10% ()-L$10%& () - & dEVK@ 10z
10*" 109& () - )z 109&: ()-s' 109%& ()-!"10%& ()-sl %40%& ()-"10%& ()-fv- mMIEVK@
10z 101 4t 109&' (§$PEUBog: ()-31" 10%& ()-s/ %A0%&: ()- |

"109%& ()-f," 10%&' ()-mb@10z!, s$10%&' ()-& 109%& ()- 10 10 10: 10%& ()-7
9409 ()-, 6z 109khis j5.68 ydma@l )$109%& ()-m's %40%& ()-s! N2s

**** 3 s o o ok ok sk sk ol o o sk ok 3 ol ook kst ot sk ke s ode ok ok ok ok o ol o ol ke ok 3k o e ok o8 3 ok ok ok ok ok ok ke ok ok o ok o ok sl ok sk
5 o o ok ok

;  This file include cop8cdr.inc, cop8.inc, cop8c3r.ine, 8cdr.chp,
ports.inc(shortcuts).

10
;port definitions in cop8 with flash.,
ped =090 ;porte data (output); pe is already taken by parity enable.
pec =091 ; port e configuration

15 pei =092 ;porte input
pf =094 ; port f data (output)
pfc =095 ; port f configuration
pfi=096 ; port f input

20
pa=0a0 ; port a data (output)
pac =0al ; porta configuration
pai =0a2 ;porta input

25 pb=0a4 ; port b data (output)
pbc =0a5 ; portb configuration
pbi =0a6 ;portb input

30 pl =0d0 ; port ! data (output)

plc =0d1 ; port]configuration
pli=0d2 ; port1input

pg=0d4 ; port g data (output)

35 pgc =0d5 ; port g configuration
pgi =0d6 ;port g input

pc=0d8 ; port ¢ data (output)

40 pcc =0d9 ; port c configuration
pci =0da ;portcinput
pd=0dc ; port d data (output)

45
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%0%& ()-5! @

940% ()-s! qs$S10%& ()-! 1/ S$10% ()- _svwxybCl ) $10" 910% ()- 910%& ()- 10 10
10: 10%&' WediAdmesa& ()-) $10% () - mLIdEDC ) $10" 10%&' () - L$10¥E/1(.91/01121

10%' ()-10% ()-1 "10% ()-y 10% ()- J<dEbCl1)$10@  10% ()-s'

UA0% ()- & "10%& ()-$10% ()- "10%& ()-sy$10%& ()- rdELC ) $1073% 0% () -
F1" 109 ()-/ 940%& ()-.10%& ()- f,"10% ()- * 10%& ()-T bC1)$10 y 10%& ()-
| " 10%& ()-"10% ()-9! 10% ()- 10 10 10 : 10%& ()-' { BCAEbC! ) $10Yy 109%& () -
109%&' () -

"109% () - sy$10%& ()-"10% ()-L$10%: ()-G ' dEBC 1) $10&" 10%& ()-s$" 109& ()-"y
1098 () -9! 10%& () - $10% ()- 10%&: () - b#SdEbC! |) $10/ $10%&’ () - . 10%& () -y, " 109&’
() -*"109%& () - @ Zhisoe@op.ins’ ~ 1098’ () - scdE: / 10 10: 10%& () - 7$10%& () -

Z6100&! () -4 100 T) 5 DROTR: (> PAFOUR A} AP0 Y14 KEOI HHHOURE (Spregrnnn sk

109 ( *10%@*¢) - 93109 () - "10%: ()-9! 10%& () - 10GSdC/ 10
1L$10% & () - F 109l y CBRE O ol $109%&' ()-"109% ()-C ~dB:/ 10!
*"109& ()-* O%ﬂ&*é‘}*’l;*)** OBk G ) o b W&*{%m&l«*s&@%&s@)«*bﬁiﬂa&%&{*}wwﬁﬁB /

10" 7$10%s {467 10%: () -1 4y 109 () - 210%: ()-!yL/ 9%40%-& ()--"10% ()-1bC
101 10%: ()- yaﬁ{)égp()_ o' L10% ()-L10%: ()- 10 10 10: 10%' ()- <J#dEDC

10 COP912C =1 ;Basic Family
COP820 =2
COP840 =3
COP880 = 4
COP820CJ = 5

15 COP840CJ = 6
COP8620 = 7
COP8640 = 8
COP8720 = 9
COP8780 =10

20 COP9%43 =11

COP888CF =20 ; Feature Family
COP888CG =21
COP888CL =22
25 COP888CS =23
COP888EG =24
COP8B88EK =25
COPSACC =26
COP888BC =27
30 COPSB8EB =28
COP88SEW =29
COP888FH =30
COP888GD =31
COP888GG =32
35 COP888GW =33
COP888HG =34
COP888KG =35
COPSSAA =36
COP8SAB =37
40 COP8SAC =38
COP3SGR =39
COPSSGE =40
COPBSEC =41
COPSSER =42
45 COPBAIC =43
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10, 109%& () -y

10" 109& () - ¥ Tove ()-109%& ()-"10%& ()-  y$10%& ()- 0%& () - Xr &IEbC
101" MLOYAYON2ALEOYE () - $" 10%& ()-" 10%& () - & 10% () - $10{)HOYZELC

10F1" 109& () - / 9409%& () -

109! 109%&' () -
10" %4 0%

& ()-1 X" %00 ()-!\ " 9a0%& ()-!1" %A0% ()-$10%& ()-! $10%& () - 88xY7]

10! " ! 3% 0%##& (
"1 3% 0YKHKE' (

101 11" 10% () -COHAOMR (3 60 10%& () -3 10% () - 10% () -
10! 5S, : 10%' () COBGOER (3 61) " 10% ()-S' %A0%: ()-% 10% ()-L$10% ()- X

_&ORIB%.O%& ()-!~"13%0%& ()-!p ! 3%40%& ()-

10% ()-y, 109& ()-*"10%& ()-@y 10%&' ()- $uj
10 10 10: 109 ()-!1s6 940%& ()-4y 109 ()- 2109%& () - 6zX9j

"10% ()- 10%& ()-" 10% ()-y "10%& ()-y" 10% () - #x3@EbC

_@
_@

_@

BYOMRKE () - VYZ[\v~_@ 10! " 109%& () 109K ()-& 109%&' () -
10 10: 10%&' ()-I 1 3940% , & () - L#bC~_@ 10! $109%&' () - ;$10%
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b

) mmmem—————————— End of COP8.INC
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COPCHIP = COP8CDR  ; Chip Definition

; This is cop8C3R.inc

; PLEASE: Consider update for CBR,CDR, and CCR.

b

; Predeclare 1/0 and control registers frequently used by COP8 programmer,

.macro setopt
.mloc sec,wd,halt,flex

itb @1 :ifnull

sec = 0 ; default value (not secure)
.clse

sec = @I

endif

ifb @2 ;ifnull

wd = 0 ;default value (Watchdog enabled)
.clse

wd = @2

.endif

ifb @3 ;ifnull

halt = 0 ; default value (HALT enabled)
.else

halt = @3

endif

ifb @4 ;ifnull

flex = 1 ; default value (Execute from Flash)
.else
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%]; 10 !1*10%vV& ()-! 109%& ()- 109%& ()- @10%& ()- 105 105 105;
109%6& ()-CcAl; 10 !11f" @109%88& ()- 10%& ()- 109%& ()-3"9y10%& ()-s109%& ()-
1098 () - 'WUBRMSE® W @L0%AKAL ()- ! 0" @10%AVAVE ()-  @FPAUaLeROII2t

10" @10% ()- O @10%t& ()- "~ @10%..& ()- Oyws]; 10 | _.

"109C& ()-m!sY910% | & ()-S! SYPL0UT<T& ()-S! 0s%D10%14& ()-S! U109 ()-S
sSY910%p& ()-S)+] ‘cdef~ TI> 10 | _ 10 10 10: 10%& ()-S810%&' ()- 7' 10%& ()- q.
"10%& ()-m 0. "10%& ()-nfq}~<TI> 10 I! 9 10%me& ()- 9 10%&' ()- '9

10%"c"& ()- !9 10%c& ()- 3"Lyl0% & ()-910% & ()-T_=TI> 10 |11 0&10%& ()-Z
&10%& ()-2910%@@&)?0@6%&' ()-&10%&' ()-& 9 10%& ()- T,/M\;TI> 10 &#10%
& ()-)&" 10% & (pndi§10% & ()- &109%& ()-2Z)! Y&L0% " & () - Z! 0&10%& () - ZMezX7TI >
.10  k91109&ZE& ()-4!t9110% " & ()-4 me#10%& ()- &#10%& () -

0&#109&' () -! &#1Q86t" @PTION/COBIF_= 10 k! 109%& ()-10%& ()-910%& ()- 10" 10"
10":510% & () - ! SBONKI " &b () ((se¥WEhI ¥ orwaildh! 1kor hOM & of Fed 0% () - sm

.endm

j mmmmmmmm e End of setecon Macro Definition

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 F Data
PORTFC = 0x95:BYTE ; Port F Configuration
PORTFP = 0x96:BYTE ; Port F input pins (read only)
" PORTAD = OXxAO:BYTE :Port A Data
25 PORTAC = 0xAl:BYTE ; Port A Configuration
PORTAP = 0xA2:BYTE ; Port A input pins (read only)
" PORTBD = 0xA4:BYTE ;PortB Data
PORTBC = 0xA5:BYTE ; Port B Configuration
30 PORTBP = 0xA6:BYTE ; Port B input pins (read only)
ISPADLO = 0xA8:BYTE ; ISP Address Register Low Byte
ISPADHI = 0xA9:BYTE ; ISP Address Register High Byte
ISPRD = 0OxAA:BYTE ; ISP Read Data Register
35 ISPWR = 0xAB:BYTE ; ISP Write Data Register
TINTA = 0xAD:BYTE ; High Speed Timers Interrupt A
TINTB = OxAE:BYTE ; High Speed Timers Interrupt B
HSTCR = 0xAF:BYTE ; High Speed Timers Control Register
40 ;
TMR3LO = 0xBO:BYTE ; Timer 3 low byte
TMR3HI = 0xB1:BYTE ; Timer 3 high byte
T3RALO = 0xB2:BYTE ; Timer 3 RA register low byte
T3RAHI = 0xB3:BYTE ; Timer 3 RA register high byte
45 T3RBLO = 0xB4:BYTE ; Timer 3 RB register low byte
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109%& () - 10% ()-! YSFL0%& () - F! PSF109%& () - FNz[<~_= 10 $10% ()-

45 ;

"&10%& () - Y109 ()-! @OUKKE ()-!l" @O%P& ()-!" @O0¥%<& ()-Nuhz{Z9~ = 10
0-10% & (Wo 0038886 v & ()- %0YB8& ()-!vod0o% . & ()- %40% Np&TiLe1/01121
DVAOY& ()-Z{\= 10  Y'Lz10% ()-L10%& ()- 10 10 10: 10%& ()-!{2S10%& ()-
I X2S10%&' () - RUghnk@= 1L@0%& ()- L@LOY& ()- ?LAL0YR ()- L@OY%& ()- {Of
109 ()-f 10%&' ()-}"F= 1LAOYWL@AO0% ()- LAOY ()- ?@Q@0% ()- LAO0Y& ()-
?2u]C= 1LA@A0% @ 0% () 2L @0% ()- )L@OY&R () - ’7&L@0%&' ()- YLAOY& () -
x"?= 1L@ @L0%& () - 0%&' - OL%O%&' ()-. LA0%& ()- 0%&' ()- 1251 J}~F=
1L@L@O0%: ()- L@b® %{ % L@m3 Bregmgm b¥te1l @ @ 0% () -
2&L@LOYR' () - )L@O EEN L= 0xB6:BY ; Timer 3 control register
TBUF = 0xB8: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 = O0xBC:BYTE ; UART interrupt and clock source reg.
BAUD = 0xBD:BYTE ; BAUD register
10 PSR = OxBE:BYTE ; UART prescaler select register
TMR2LO = 0xCO0:BYTE ; Timer 2 low byte
TMR2HI = 0xCl1: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 = 0xC7: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 = 0xCB:BYTE ; A/D Converter Control register
ADRSTH = 0xCC:BYTE ; A/D Converter Result Register High Byte
ADRSTL = O0xCD:BYTE ; A/D Converter Result Register Low Byte
30 ITMR = O0xCF:BYTE ; Idle Timer Control Register
PORTLD = 0xD0:BYTE ; Port L data
PORTLC = 0xD1:BYTE ; Port L configuration
PORTLP = 0xD2:BYTE ; Port L pin
35 ;
PORTGD = 0xD4:BYTE ; Port G data
PORTGC = 0xD5:BYTE ; Port G configuration
PORTGP = 0xD6:BYTE ; Port G pin
40 PORTCD = 0xD8:BYTE ; Port C data
PORTCC = 0xD9:BYTE ; Port C configuration
PORTCP = 0xDA:BYTE ; Port C pin
PORTD = 0xDC:BYTE ; Port D
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28L@0%: ()- )L@O% ()- w'== 1L 9S109%$& ()- L@O0%: ()- ?(L@O0% ()-
L@0%: ()- ?)L@O0% ()- 1TZ|[:== 1 L ($10% ()-1 L ($109%$& ()-1 9L

($109& (WOD2845086 x$| & ()- 99S10% & ()-° 9S10%yy& ()-  Z hidTILerdexS

0: 109&$& ()- 9y’ 7109%$& ()- 1109 & ()-*1 9 110% & ()-* 904109%$& ()- 9L
($10% ()-11 m{bA=10x$ 9 L "~ 109kmh& ()- 9L ~109%& ()- oL " 10%=#& ()-
910%$& ()- 9910%3$& ()- 10x$10x$D| [ : A=10x$ 93" 910%$& ()- 9L ~10%K ()- OL
"10%q& ()- L 10%e$q& ()- L C10%m& ()- L “109%h& ()- ~| Z9A=10x$

9X | f 109%$& ()-31L$10%L gL & ()- hL$10% & () L$10%3$& (
L$10% gl & () - TSI3dEMogsXE): [ : A=116kgnd Binshy @Ss?lrmng)Reggs}erlo%(& () -
9$10%3$8& 9!1EBEAEZE=( PXE IBYTE_O% SISP)Key Registoomesne’ () - 38| [ : A=10x$

()
.9110%%$& ()- s110% & ()- 9ks110%3$& ()- sl +s10%m& ()- nsl +s10%$& () -
sl +s109&' () - 3~| obURIKBRO18 YRS @Y e $10abhOeBRY: rk@&%&v@byte%G#lO%& ()-

6#10%$& () - 6#109 MBH( )= VAH7:BYIEO 9 IPLQAYERE togi st&@i?ﬁ%
"e@O%B& ()- 9;10%B& ()- 9010%BE& ()-F 910% " & ()- F% 10 9

83/%2%[)& | E)bU410 6 o 810‘V%& %%%2(1@&%%@%6%%%51?%9? ?18/&%&9{)

9s" 10%B& g* 9199 10 9 9l ! @00/@&;& ()-

93" 10%&'(%)- e Q OX ol @gb@‘ar() )-fm 2| [:bUsl0 9 9
Y+10%B& () - 9*gl10 B 5& ( f%%}atesm& () 9*910%5" 5& () -
9* g109B Q58 () -vUAL0 WD 10% & ()-& 9 10t%>$& ()-& 910%3$& () -

9L10%$& ()- 106108 RIED & - &10 - : | #EjmerdUanbwe 9qs Y#10%& () - S9

SY#10%0 O% ()-S9 9OMRITHUmSEXER: FSQTESY#LGl%ner 1 high byte
TIRALO = OxEC:BYTE ; Timer 1 RA register low byte
15 TIRAHI = OxED:BYTE ; Timer 1 RA register high byte

il

CNTRL OxEE:BYTE ; control register
PSW = OxEF:BYTE ; PSW register

20 BYTECOUNTLO = O0xF1:BYTE ; When JSRB Boot Rom used

S = O0xFF:BYTE ; Segment register, only COP888CG/CS!

25 ;
; Bit Constant Declarations.

jemmne Alternate function bit definitions on port G

30 INT =0 ; Interrupt input
INTR = 0 ; Interrupt input
WDOUT = 1 ; Watchdog output
TIB = 2 ; Timer T1B output
TIA =3 ; Timer T1A output

35 SO =4 ; Seriell output
SK =35 ; Seriell clock
SI =6 ; Seriell input
CKO =7 ; Halt,restart input

40 jmmmm Alternate function bit definitions on port L,
CKX =1 ; ext. clock I/O-pin/UART
TDX = 2 ; transmit data/UART
RDX = 3 ; receive data/UART
T2A = 4 ; Timer T2A output

45 TB =5 ; Timer T2B output
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937$10%$&' ()-9 37$10% 31 & ()-9 010%>$Y& ()-T 90010%& ()-T 010%/

Y& () - T} ~+bA410>$W 9 9s510%$&' () -y s10%. T& () -y 910%$& ()- 910%& () -
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9s10%&' () -y S10%(Y& ()-y S10%(Y&' () - é : AA10>$W s @10%# ~& () -
9s@10%$& ()- 0s@ABWS$0& () - I9ERL BBaAOWRL() - 9s @LOYBHE' () -

t &109&! ()--C\/‘é|[ AEIB>$W Ym 1oozérzme(T3Bwptpu1oo/do* b& ()- )m 10%.z& ()- )m
10% V& ()- 9(&L0%$& ()- 9& 10%$& ()-!$%[:-410>$W 9 : 10%$& () -
9F"L10%$& () - ;9F7 Al¥ndte(finctjombliddéfiRitions c)portlQIe$&E () - ) m

109gF" 9& () - %& 4anb@dd0>$\\9 L1QWPRCham@ 0% L10%626& () - @ L10%q& () - @
"L109@8T& () - @ 991006f5& (k- 10>$105$ djﬁ PPSW

9&LO% (&' () - PELOUEES () = B&L0%; %o%(& ()- @0L10%C& () -

}L10%Dx$D&' () - @ X8 $9&1 % (& & ()- D&Y (& () - @)&10%1(&-()-@
9&10% (& () - XX &10° (& ()- ()- @ELOY (& () - D&LO% (& () - @ (
), %<410>$9&10%g (& Lz DELAY ( & g&' ()- DE&LOY (& () - D&LO% (& ()- @
.- TON-4 9) 10%6$& L L 2L (T0% &( (& ()-

O#. 1006$& () - 98104 ¢HS ()*@&10%@(/’& L :-4 9) 9L2@0%& ()-M

9110%+$& ()- 9. 109%H& (¥-79. 10 s- 10%$& ()- 9S,

10%$& ()-|obU49 10% % & ()-t-10+$10+$10+$ 9: 10%$& ()- 9 "910%$& () -
9L2@ 0% &' () - M;L2 Caleinsite( fund{dn@ilKOt s on port B

| MIGYE& () - +mLOYRACHS! NE0WR' ();-AYDOCHEire) 8 9910%& () - Weqr } ~oW49
ML () - | MLOY& ACHOLOWAE () - | /B9 eRarinet TLOYBRE () - xX<49

VA’-\

nMO%W& () - mO%W& (Jehfd0%& () - mllél?’@( -él%OW& () -t XaH9

| MLO%&' () - MLOY& h /e;& ) - O3 8,() 119W’49

MLOYBA&: () - | (mLOYRAEL £y QAR () -1 WHQE | 0% () - xX<49

MmO () - MOWE ()= @%W ( -rrgl OW&() 1",/ Ot X@9

| MO%& () - mMLOYER L Y: - ovv/49

mLO%& ()-1 (ml % A D wﬁm W) -x] <49 #10% #& () -
MO%& () -1 nmovw& 44t osaad ( -| rr&d%&apl}lelém <49 S, 10%@& () - -

S, 1098&' ()- S, 1M WEP()= ;100/4%@Muamﬁw&9qtput #1099&' ()- Nz|[:-410%

3"L1099& ()-- : 1098&H(- = § 10%RA(D-Chand€l®#& () - S, 10% Z1 & ()- S, 10%
| &206) - $B] bA410‘VADlNlO%171#a&' { MDAChhved¥d$put' () -4 03 10%t! & ()-& 3 10% $
& ()-& L10% $ & ()-10%d0%[: A410% s10% $ & ()- "10% $ & ()- sf1l0% $ & ()-
10% jmmmn 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  ; COP880/840/820 control signal name ‘
TIC1 =5 ; Timer 1 mode control
TC3 = TICl1 ; 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
IEDG = 2 ; Selects external interr. edge polarity
SL1 =1 ; Microwire clock divide select
40 SLO =0 ; Microwire clock divide select
e Bit definitions PSW register
HC = 7 ; Half Historical Redundant carry flag
C = 6 ; Carry flag

45 TIPNDA = 35 ; Timer T1A interrupt pending
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TPND = TIPNDA ; Historical Redundant

T1ENA 4 ; Timer T1A interrupt enable
ENTI = TIENA ; Historical Redundant
EXPND = 3 ; External interrupt pending
5 IPND = EXPND ; Historical Redundant
BUSY = 2 ; Microwire busy shifting
EXEN = 1 ; External interurpt enable
ENI = EXEN ; Historical Redundant
GIE = 0 ; Global interr. enable
10 ;
JE— Bit definitions ICNTRL register
LPEN = 6 ; L-Port interr. enable
TOPND = 5 ; Timer TO 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 jmmmm 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
T2ENA = 2 ; Timer T2A interr. enable
T2PNDB = 1 ; Timer T2B interr. pending flag
T2ENB = 0 ; Timer T2B interr. enable
30 jmmmn Bit definitions T3ICNTRL register
T3C3 = 7 ; Timer T3 mode control
T3C2 = 6 ; Timer T3 mode control
T3C1 = 5§ ; Timer T3 mode control
T3CO = 4 ; Timer T3A 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
TOHS = 7 ; Timer T9 High Speed Enable
T8HS = 6 ; Timer T8 High Speed Enable
T7HS = 5 ; Timer T7 High Speed Enable
T6HS = 4  ; Timer T6 High Speed Enable
45 TSHS = 3 ; Timer T5 High Speed Enable
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0310%8& ()-2 310%) {& ()-2% s210%& ()- s 0z10%B& ()- s/-10%& ()-& < ? @
A BN} VU410 s10%,$ & ()-F s10%,$' & ()-F s910%,$' & ()-10$10$108 s
:1098& () - s&109%$& ()- )np|[:vW410 s si 10%, $ &'() s SsOL310% F '& ()-ys
L3109 & ()-y sL310%,$' & ()-y L310N & ()-y 10%, $p& ()-. K/ [: VU410 s
s "y10%' & ()-s #L#lO%&' ()-ps L#10% $& () - sL#lO% & ()-p L#L10%& ()-p
$10% ,$' & ()- Kr % 10 sT11§1'3117§4/J'23 eedsEr@ W& ()-"s s' 10% $& () -
s 10% ! & () - /311 %> $l & (;)Timer §3 dhgls qe)cLEnasle
. 0  ; Timer T2 High Speed Enable

5 ;  Bit definitions TINTA register

TOINTA= 7 ; Timer 9 Interrupt A

TS8INTA= 6 ; Timer 8 Interrupt A
T7INTA= 5 ; Timer 7 Interrupt A
T6INTA= 4  ; Timer 6 Interrupt A
10 TSINTA= 3 ; Timer S Interrupt A
T4INTA= 2 ; Timer 4 Interrupt A
T3INTA= 1 ; Timer 3 Interrupt A

;  Bitdefinitions TINTB register
15 TOINTB= 7  ; Timer 9 Interrupt B
T8INTB= 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

;  Bitdefinitions ENAD register

ADCH3 = 7 ; A/D Convertor Channel Select bit 3
25 ADCH2= 6 ; A/D Convertor Channel Select bit 2
ADCH1 = 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

e Bit definitions ENU register

PEN = 7 ; Parity enable
35 PSELl = 6 ; Parity select
PSELO = 5 ; Parity select
XBIT9 = 5 ; 9th transmission bit in 9bit data mode
CHL1 = 4 ; Select character frame format
CHLO = 3 ; Select character frame format
40 ERR = 2 ; Error flag
RBFL = 1 ; Received character
TBMT = 0 ; Transmited character

jmmnn Bit definitions ENUR register
45 DOE = 7 ; Data overrun error
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ST@&L0O% "' & ()- ' YRELBY$&3 () - 39410 odkOMuRS: 18 (hereceikdP?$PE () -

s10% ?$: & () - sL10%AEHEK& )2 10", $'5d18ct, fock&ouske for the transmitter

Sf Ilz(iooﬁ)/ §$&&(%)3' }]@Pigéw & (En&ﬂé%%r?%‘rcﬁh@ﬁe 199403 ?$: & () -9

S % - sO9Pg ()

99g109%@3$&’ () - @124DEG/\$V\7910(V<910A;lflnt&f’r(fmﬁbtf&ym‘}?@ef £ 1910% ?2$: & () -g91

0% 2%: & () - g910%2 &§§1 109910% 2$: & () - 9910% 2$: & ()-g910% ?$:
& ( &)O g910% '>$ N 98‘0 ﬁ%ﬁ% ter 910% '>$ & ()-9g910% ?%: & ()-g910% ?
()- %Sﬁ

i

g910% - ) - g 1098 & ()- 99s! 10%é& () -
95' 10%#p& () - 31 lgb§mmb/a§?aléat 1)Ewé1|l$ =910% 9 "910%-$& () -
9 810%$& ()- IPC 1116%*3& val ClyplEnyble - §Mlt0h€)§’/@® z
. 10%-$& () - 225678CE[I|«QAU$QQ¢31©IOQB‘V$& ()-s 9 10%& ()-s 9
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 = ; IDLE Timer Period Select bit 0
30 KEY = 0x98 ; Required Value for ISP Key
j mmmmmmemem—— e End of COP8C3R.INC

o e o o b s b ok ok ok ke ok sk ok ok ok sk ok s sk ok ok ok ok ok s o ok ol o o ke ok s ok ke ok s e sl s ol s ke ok e sfe ok ok sk s o o ok ke ok ok o ke ok ke ok 3K
3
35 ke sl ok ok

;This is 8cdr.chip

.CHIP 8CDR ; specifies max. ROM address 7FFF
; RAM = 1K
40
;CHIP_SPEC (chip_table) for COP8CDRI9xxxx parts
; PLEASE: Consider also update of files for CBR and CCR when modifying
this file.

45 ; 0 value if undefined, address value otherwise

88



10988 () -

10988& () -

| LpP049" @d@3th&ek) -
"onP049" @ 109%& () -
109%$& ()-opqrjN049'H @™ @ 1098& () -
@ 10%B& ()-el) @10%B& ()-

@LM "

10968& () -
10968& () -
10968& () -
10968& () -
10968& () -

SH10%&' () - S#LOPARIN|)=" @XEDYS& ()} sé

| éslo s# 40 1096$68d-bhi e@ro‘ﬁ?ra‘n%é)%& ()-
S#lO

109%$&' () - #uJd
vss-4 109%8& () -

@ 10%8& ()- 9F"
'@ 10%& () -

T @10%88& ()- @ 1098& ()
" @109%8& ()- @ 10%& () -
*@ 109ele )= @ 10%& () -
' @ 109@8aside S@XB008E () :

" beh; SHAO0WBE () -

OL10%$& () - 10+$10+$10+$ 9: 10%-$& () -
21098& () -
'H @% @ 109%8& ()
'H@ @10%& ()-

0@ 1 1098& () -

@ 10%8& () -
@ 10988 () -
S @10%& ()- (-
-IL, @10%6¢& () -~ @ 10%&

'H @01ghyj LO" @ 1096& () -

'H@ @10%& ()-y|}
ROMBE @ 10%5& () -

SS

89

~el +' H @
@ 1098& () -
dihé@t 0@ dI0AMEess) - ) @ 10%B& ()-

| +} aAvU4910 9" @ 1098& () -

9 109%$& ()-s+,89:;

-7 @ 1096& POrIL@AAYHE () -
T@10%& ()-'H @ @
T@10%B& () -
@ 10%& ()

@ @
()

110%&()

" 3"L10%& () $10$18%e 31%81 - 8 100/§5&' O)-
>|mn|}|~llllwf§:9#1o% & #10%& ()- #109& ()-
# #10%5& i erh T #109B& () - ) #1098& ()- # #100B& ()- #1096& ()-
#LLIL kS75 #i‘ﬁ%& Q it 00&%‘ AP 410068 () - #( #1098 ()- #1098 () -
"sW 54arY 60/&582"() X 84]%10%1;& registﬁlfo%& ()- " #10%& () -
# #‘%b%& ()- " vuarehi t7( o%& ()- " HL0YB& ()- #) #1098& ()-
t2l0 = 0xC ; timer 2 registers
t2hi = 0xC6
wdog = 0xC7 ; watch dog service register
miwulo = 0xC8 ; miwu registers
15 miwuhi = 0xCA
a2dlo = 0xCB ; a/d registers
a2dhi =  0xCD
Iportlo = 0xDO0 ; | port registers
lporthi = 0xD2
20 gportlo = 0xD4 ; g port registers
gporthi = 0xD6
iport = 0 ; 1 port
cportlo = 0xD8§ ; C port
cporthi = O0xDA
25 dport = 0xDC ; d port
eecr = 0. ; eerom control register
eromdr = 0 ; eerom data register
eearlo = 0 ; eerom address registers
ecarhi = 0
30 dentrl = 0xES8 ; icntrl register ; already defined
microwire = 0xE9 ; uWire SIO
tlalo = O0xE6 ; t1 auto 1d tirb
tlahi = OxE7
tlblo = OxEA ; 11 reg
35 tlbhi = OxED
ientrl = OxEE sentrlreg  ; already defined
;psw = OxEF ; psSw reg ; already defined
mlo = 0xFO ; RAM reg range
rmhi = O0xFF
40 segramlo = 0x0100 ; segments low to high
segramhi = 0x077F
entrl2 = 0
wdogctr = 0
modrel = 0
45 econ = O0x7FFF ; econ hex-file location



CH109B8 () - #'UUUUUUHKSTS #1098& () - # #1098& () - #1098 ()- # #1098& () -
CH109B8 () - HBHOH: #Hr### | 75 #1098 v [y109%& ()-x “[yl09%&' ()-x

S @0YBS (WOOrORES () - # #1098 ()- #ISVSSSSS|[: 75 s 0%PLT(ILOIW1121
SUL0%& ()-M sYd0YB& ()-M  sU0% ()-M s%0%& ()-M

C{C[y109F#E () -Xx$9886 WBAH[: 75 . -109B& ()- .-10%K& ()- m-1098& ()-
-10%v<v& ()- . -10%& ()- .-109%K& ()- 9886866 &2&2& U4 09109 & ()- @
910%& ()- @910%& ()- @ 910% ?2$' & ()-10$10$10$ " : 10%B& ()-z&&& ' '|[:vU4
93s10%& ()- ~93s1Q%' & ()- 0910W& ()-@_ "a 910% ?$' & ()- @h910% & ()- @
,910% ()- @ (° (S1e9%] |T: Ve osonostgy gell gddressas1096 & ()- 93s109%W& ()-°
"93s10% ' & ()- U93s109&' ()- 093s109%@$& ()-(;)H)))*|[:vUs ~93s10% ?$' & () -
(93s10% & ()- ,93s10% & ()-° "93s10% '& ()- ,93s10%& ()-

(93s109@3$& () - *;fanhitD=13F bas¥ frnily4 family 4 Q%ewveature famiyl 0% $& () -

TL1GA $& ()-10' 2% 10" ?$' 10" ?$" T 10% ?$' & () -

3"9y10% ?$' & () -gFrr++" 43+ [ vU4A s 10%w #W& ()-$ S 10% $& ()-°

"10% & ()- ‘@aml‘lo%%{()- 1% & ()- e T 10% & ()-

34| ++++++| [ VWA E'xlo%& ()-4 Lx10%r& ()-4 Lx10%8 & ()-4 Lx10% ()-4 '[S
10% $& ()- s 10%,$ & ()-$+!,.,=,d,n, [[:vU4 Lx10%& ()-4 Lx10%$& ()-4
Lx10% & ()-4 "~ Lx10%& ()-4 Lx10%%& ()-4 Lx10%W& ()-4n,,,,-'-M|[:vU4

S @z10% $& ()-° 03Z 10%0 O& ()-" 3Z 10%J, $J& ()- ~Lx109%P& ()-4 Lx10%& ()-4
“LX109& ()-4M P-a-b-c-d-qg---vU4 9Y: 1098& ()- " L$z1098& ()-
1098& () - 10, $10, $10,$ “3"L10% $& ()- :10%$& ()----.3.C.R[[:vU4 3
1099& ()-" "3 10%& ()-° 3 10%($, & ()- ,03 10%~$ & ()- 3

109PP#P& ()- [09Y: 1098& ()-Rv...//-/|[:vU4 ~31098& ()- 0! TL09%0"0& ()-°
I T109%& ()- D! TLOWXCHX& ()- t TL09& ()- TL09& ()--/4/8/2/j///|[:vU4
*@0% & ()-° “*@O0%B& ()-  *@O0%y$5&' ()- ° "glOW& ()- 3ylO%WA&' ()-
“S1098& ()-////0)0,0-0[[:-410% :1098& ()-  “sO0109%& ()-  : s010%%& ()-

an0s010% & ()- Hs010% K| & ()- 0* @0%& ()-- 0.0/ 0<0" 0001bA410%

L10%l! d& ()- L10%,$ & ()- ~AOL10% & ()- L10%PP& ()-

“L10% $& () - 1094004MA111212| [ : A410% LFz109& ()- ~ SLFz10% $& () -

S @0%l, $d& ()-* "¢ @O%& ()-* “al0%$& ()- ~L10% $& ()-120R22223| [ : A410%
s/10% $& ()-F “L!-10%& ()- L!-10%& ()- L!-10%& ()- L!-10%$& ()- L!-10%.
g& () - 3A3M30333333| [ NA41010, $10, $10, $ “:10% $& ()- ° "910% $& () -

V,810% $& ()- s/ 109& ()-F s/ 1094& ()- F3333%434z4|[: NA41010 9109%& ()-
910% ' & ()- 9109R$& ()- 910%z& ()- " y' 10% ?$' & ()- ~910% ?$' & () - z44445;
5b5| [ : NA41010 “9K10% ' & ()-H ~9°10% ?$' & ()- 910%&' ()- ~910%' & ()-

910%&' ()- q910% & () - b555556/ 6| [ : NA41010 9" 1098 & ()-m 9" 10% & ()-m
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09" 109 ()-m ~9" 10% ?' & ()-m 9KIOW& ()-H 9K10%6& ()-H 6E666687;
7| [: NA41010 " L210% ?$' & ()- Ls-10%0& ()-S Ls-109%9$& ()-S 9" 10% ()-m 9"
109R$&' ()W002/496810% W & ()-m ; 7q77777777| [ NA41010' ?$' 10' PHTHQIR@'121
1 10% 2% & ()- ° "910% ?$' & ()- " L610% ?$' & ()- L6109R$& () -
“3110% ?$' & ()-77*8{888) 9| [: NA1010 L@AL0% $& ()- L@EALO%& () -
IL@AL0%& ()- L@AL0%AD& ()- | y10% $& ()-3
"L10% $& ()-)999y9999: | [: NAA1010 - 10%, $<& ()- “LL 10% $& ()- LL 10% $& ()-
T, 10% $& () - L@.O%I’#&() L@@ 0% & ()- :W::-;J;};|[:NAA1010
"Ny, 10% $& ()- APPOYR ()-Z r "10%-& ()-z ""10% & ()-z ""10% $& ()-z " 10%K
& ()-z};:; ;;H<<|[ NA41010 cOS109%& ()-y 0S10% & ()-y “f,10%$& ()- vy
#10% $&*(Y 1+ H g ahsian)s-definiiih &% )t eredaereiiin10 ©  s10% ?$' & () -
910% ?HuBlepgrmht=1880, $L0L6H 22 1054 $8138)58 =L@ pHEe Hormm

~ OSID9& )+ e phegfdierDéiitions *** 18 &ia(pesk ~ 310% 78" & () - 0yG
10%" 9&i( ) - 2010y G J&%ﬁ& & ()-& L10% 2% & ()-

i et = e Bl o AR EE S ERERIAG )

109% i ] O

r9s: $10 %}(q‘:“‘?“g & ; gv % Vid Q 95 $10% ' & ()- 10%SS& () -
1004505 wagsy Zo A BY RS0 e L, #109838’ ()-

* L LUy ol 15." t?r?p(prgggcaéci %on&a ariablé or counter.

9S: $10% )" &*& AW&AAA 1-410' 2% :10% 7% & ()- “610% 7% & ()-
110% 2R ( ! @d for&er(x orar%caiaaﬂ@tg)ggs counter.,

hL/ 10% Icg! @)tlﬁ WAABQB@M%SFPRd evedy 0. IL@%I(E&o(rdin‘g td timefa2 Jé&mspe)” Of
10%, $B8&' (F018 " f; not R () -

" 9184 $8ath) entO’ 9@'910 ;A ORCRRRBICASA paddl) 78" ~ "910% $& ()'

Y1 LF10%:$&" £df ,{l&%@&& () @_910%3& ()-S Lg10%K, $X& ()

“L10% $§5()-5{§CC8 A410 2% E ' #10%, $p& ()-9 O #10%& ()-9 "N ' #10%
& ()-9 ELJ;E‘J‘?;%@M% }gégué%&% $& () {%EEEEEEF* F|1 E) /Agéo(;&
‘ss-" & s:s- %‘é s ,or 6@ %
B g %g; %
o R$¢ S&“%ﬁ’- T 1% Re: ©9 a%‘i‘b%tég% %Q%I&M%m v

&Sf 10%&“(—)l &Sf10% : & () &Sf 10%& ()- &Sf10%-! & () &Sf 10%& () -

S 10% RSOl ‘b@iaeeal-‘u vU410 v 9L 10%& ()-° 9L 10%& ()-° 9L 10% ()-
= 910%%!’(&21 . pa &Sf ;1/awmirgk 142 detgmineshs gheyi@Hpipgps 1] [ 1 vU410 v 9oL
109& () cont@l3=¥09mB&' ()% 9L 10% & ()-° 9L 10%& ()- 9L 10% 1: & ()- 9L
1098%' ( porittoVd+ Jpa) JJ | { NAATrON Dt Rictdthimbthe@itcdion of MoRe BS: & () - 9L

O%G&k(o)nc SditidB%Epl ) - 9L 109R$E () oL
10% : g?sta(r)-stbg;&?Kgyb‘{[KKl[ NA41010 h"F 10% & ()-f° $ F 10% !\ & ()-f°
10%5& (la,mglhmﬂé@%&,() m 109 () - m T9109%B&' () - KKKOAOLLL|[: NA41010 “"10%
bottom_limit=6 ; pb
30  angular_limit=7; pb
;*********** ﬂagS sk 3k sle sk ok ok ok s sle ok sk 36 sk ok ok ok sk ok ok 3k ok sk ok ok sk sk ok ok ok sk ok ke ol ok skok ok ok
direction=0; Iflags ; direction of motor 1
first_pulse=1 ;Iflags ; if set then there was already 1 pulse.
en_calc=2  ;lflags ;enables calculation of time per pulse.
35  enl_calc=3; Iflags ; enables calculation of velosity every,
stopl=4  ;Iflags ; signals that motorl sould be stopped
pulse=5 ;lflags ; signals that there was a pulse from motor 1

direction2=0 ; aflags ; direction of motor 2
40  firsty_pulse=1; 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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& ()-m “"10% & ()-m ""10% & ()-m C"10%& ()-m  3"L10%B& ()-
CF 1098& () - f LLAMIM MWN| [ : NA41010 Z3+: $109R& ()-° 3+ $109K$K& () -

S&&1 0NN WP 02/45768 &&10YB& () - s! 109%$B& () -3 PCT/ILO1/01121
“ks! 1096& () - 3N9N NNNNNNN| [ NA41010$10$10$° ° : 1098& ()-° “310%& ()-2°
3109%& ()-2 2109%& ()- " 0&10%B& ()- NNNNOOJ [ : NA41010 q10% & () -
h109B& ()- ~ “10% & ()- °~ ° 1098& ()- ~1098& ()-

191096& () - OLONOTOOPSP| [ 1 NA41010 “*f 109%& ()-J° " 109<D& ()-J°

C1098& ()-1 " "910%& ()- |0 3f10%& ()-9

* 3f 100/@%6%703 9$1agp1epﬂ starhgepupand s receiGohAhen stop commadginigsyed. ©

10% $c &ope= ; flaggoplawiign-home, mmmmmi&‘:t( (Nortially Closed) is closed, 0 when

- 1090 T& opeR.J PQQQQQCRRR{ Z9NA41010 “s&10% & ()- g0s&l0% \& ()- s&l0%=

c& () - boteEQ%& (;)ftalgs L 0%héntdit&ining micro swWlbh (MO is-dRRBR Sberbemasl | - 410$
: 16%&p(393- ‘;\tﬁa?kllooff@x&hén)li 1@&1@93@&4) & s2110% $1 & ()-& s&10%h | & (

e e !
s

m

('rn

$109 f & $10%$& ()-f 0& $109%4& ()-f

' #P&#H . Y1 0YRR&

8 Q%0 - & P C20) 10& g™ Whghipe s ese. s sending

8\&5 [NA41010R$10R$10R$ 10% RE: & ()- 9 7Tm0% R$: & () -
"5910% Qg: & ()- " &# 0% : & ()- &# 94.0%
& () - \ﬁmmwlx@xﬂagﬁwmmamablelﬁwm and transplipivg$kablovkes of dARYRS' () -
T L1096 ¢ )enl1=L10%k&s7 );-enable 1 block saving, and set every 8msec by timer0,
‘&1ow&&za¢|}4®<oxmg§<5x@ﬁa(eﬁ>%4101o R$: YY" 109K$K&' () - "Y' 10%KBKE&' () -
" Y'1509HEd$daje=3" ", X sﬂo%ﬁg&et(éver LA 13& 1(() to refresh led.
" TXUXVX X XaXij XI PO41Y' 10 KSKE () 09KS$K "o 10YKSKE' () -
"y 10%<$K& () - Y 10%<$K& O- " %XkXI XnXth XuXxXnP041Y 109K$KE' () -

9% 109 &, 109K$K&! () -

XX~ %% 0 ggj&% 1ne2/d( LOOKSKE! ()- "'

o - SEONE ‘6/3($K& ()- "Y 109%KS$KE& () -
" Y.2§ ¥Reo: =2, lcd ags if'se cd sould type "end" in lme

type st ck=3 lcd_ﬂags ; if set lcd sould type "stuck" in line2.

new_direction=3; rbytel ; the new direction for the motors as received from the pc.
motor=4  ; 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_c_en=0; limits_flags to be shifted if it is the only bit in this
byte.
;3***** s=0 *******bytes deﬁnitions 3 3k e sk sk s ok sk ok o sk ok ok oke ok ok sk ok ok ok ok ok oK ok ook 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_cntr0=024 ; Isb ; angular distance that motor 2 sould do in start command.

plsy_cntr1=025 ; msb
pls_cntr0 =026 ;lsb ; linear distance that motor 1 sould do in start command.
45 pls_entrl =027 ; msb
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0 L0UKSKE ()- "Y' 109KSK&E ()- "Y' LOUKSK& ()- " XXOOOXXXI L, 4Y" 10%KS$KE' () -

"Y' 10UKSKE ()- "' o 10UKSK& ()- "Y' 10%K$K& ()- "Y' 10%K$K& () -

OB ILLETEOVKEKE () - "' % 10UKSK& ()- "Y' 10%K$K& (PCTIOLOIGSKSE () -
"o 1OUKSKE () - " XO000XXXel +4' 9% 10UKSK&' ()- "Y' 10UKS$K& () -

"Y' 10UKSK& ()- "' o 10UKSK& ()- "Y' 10%K$K& () -

" XXY" YHY&Y3YPY] J* Y 109%KSK& () - "Y' 10UKSK& ()- "Y' LOUKSKE () -

% LOYKSKE ()- "Y' 10USKE ()- "Y' 10%SKE ()-

" PYQYRY, YeYf 9_\6'5 hL Y 109K3K& ()= "Y' 10UKSKE ()- "' 90 LOUKSKE () -

"y 10944 BRR_pt 1 ORESKROI0Y WORK Staies/7 Y1 Y| YYYYYeGHY' 109KSKE () -

W% 10%<$(kg_qtgt_ 02% 109mevesthe pext lmeqn@miw qome a'fter%sul;m%m«&' gn)linear . stat
CTYYYYYVegER Y =008 S Kaave) lags i dads KAl anl £ix” y'eh 0UKSK&' () - "Y' 10UKSK&' () -

% Y' 109d3&I8 (S02b" Y'; BORADIBIré ):hari'giﬁngﬁ‘éﬂféﬁ FONOW QRIS (1) reaclys tOUBIBIK ()'
% BOAHHR ()- Y 10UKSKE ()- Y 10U%SK& ()- "' WYYYYZZ ZeGrY' 109KSKE () -

90 1O0MHBIKE00) - Wisak OIS \)vork si@ntéLO%@K& ()- "' 9 10MKSKE ()- "
Oz/on/z%)@Zﬁthlé 100 aﬁs:;@ Sy 1?%<$K& () - E&l(();A@K& () -
"Y' 109K /@g% g, p(‘ﬁ"‘t @af‘“)% ‘iecW

% 2)7~27777 10 N LOYKSKS' "y 10%<$K& )
%?0%&%“ %% %?K Eiﬁ%é‘%@ % Tom mgtpy ZZZeESr%{ 109%CSKE () - Y 10UKSK&' () -
"Y' 1004E8REN —031Y i om meter 200K$KE () - "Y' 109K$KE () -
" 77777 22H] 32y mmkhaﬁbmmf 108rd&10& Y3" 9109&& () -
Y: 109&&a{ly 2033 00K Pigital hall Senssqr[ﬁo[nttr{otqr\zl[ KN=Y' 10% FI 100KAK& () - Y
10% & I3 x8 4034Q%aHR’; (otaBlinéal AB30AREd In-pRISEE" L10%O& () - Yf 10984& () -
\ LAIS\\ Jpid <1 k03" 10%sp& 1090& () - F! 10%/<Y& ()- YOF! 10% & () -
OF! 1098I3&0( }=036F 10 Yaotéd z(r?ula}'ﬁisﬂe&%@lr@tdéég 1M Z] 11111 kA=Y 10% Y 10%& () - Z
"10% | &1)12Z d320% U g Y 10%t& ()- Y 1098&' () -

YS10904; ]]_’b@§’7’\t"’\|[ k" ¥'10% Y9510% &' ()= 9510%%& () -  YOO' 10%& () -
90 109%9% 0 ARAAAAAAAGUAY' 58y 10% , [ &

s el L T
Y3 o% Y &y 1OY&:
oS&yloc»%?\’ ‘(O;S S Poipt Fh ere t W@S(hf) be spred | )3:&9 ; %Of\Z%#(lz)%
& ()-d oo & ()- Y910‘V$&

Y 910()/$&n44p11‘—é>;?(9| ay® agtq4aah<pwﬁzxpm WOS ¢ USIORY bite SDOME be ssent il FeQmebedE () - Y
Ys. ml0%0sbl¢gks (lessZ)mlOfVc;& ()-
25  zero_hl =03d
zero_h2 =03e

ptllo =040 ;lIsb ; save the capture time of motor 1 last pulse. ; timer la
ptlhi =041 ; msb

30 pt2lo=042 ;isb ;save the capture time of 1 pulse before motor 1 last pulse.
pt2hi =043  ; msb

ptlo =044  ;lIsb ; save the time between the last 2 pulses of motor 1. calculated in
timer0.
pthi =045 ;msb

35  tref0 =046 ;lsb ; the desired time between pulses of motor 1 as received from the
pc.

t refl =047 ;msb

aptllo =048 ;lsb ; save the capture time of motor 2 last pulse. ; timer 1b
40 aptlhi =049 ;msb
apt2lo =04a ;lIsb ;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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Y910% ,$ & ()-109%40940% Y: 109%& ()-Y Y3"910%& ()- Y9010%& ()-f
9010%~c& ()-fdddde-ee|[:bUAY Y Y; 10%,$ & ()- LS:10%!~& (%) 3Y Y;LS: 10°0A)
. $ & ()-3Y,|010% #& Y10% +" & ( 109! 1& () - eceeef 5f | [: bUAY Y Y# 10%
$ & ( ()at _refl 1t 4 &‘étg - @ i%mwme(wt\éﬁnn%tg% mglop -2 ¢t Gearqn the YlO%,
()- 5fq<3fffffg|[ bUAY' Y YO'/10% & ()-4 “/10%$& ()-4Y Y "3+10%i & ()-&Y
, 3+10‘V@@i_el&ﬂ() =L od:0046b, $n& ()-4 LY%0% , $i & ()-49)gi gzg} g~ gggg| obL4y
YO109%€& ()-10 ,$ 10 ,$ 10 ,$ Y Y:10%,$ & ()-Y YY" Lz10% ,$ & ()- Y 4L10%,$
& (%- reé&ﬁ@jﬂ&E&SQ) -po@@@gﬂm@i@sﬁ&‘é thé@?%a(t)mll be 1QUERY kxt, 1098 () -
"10%&& (rbytel0%E8%1() -; 9ggghh
rbyte2 =052 ; received bytes.
rbyte3 =053
rbyte4 =054
10 rbyte5 =055

trns_ptr =056 pointer where the next byte to be transmitted is stored.

G Wwe Wa Ge ws

tbytel =057
tbyte2 =058 ; bytes to be transmitted.
tbyte3 =059 ; '
15 tbyted =05a
tbyteS =05b ;
tbyte6 =05¢ ;
tbyte7 =05d ;

20 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.
25 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.
30  autorun_stat=066; work states of auto run.
led_flags=067 ; lcd flags - if set, something should be typed.

nolpulsetmr=068 ; timer to turn off motor if no pulses received - assuming the motor is
stuck.

noapulsetmr=069
35 home_stat=06a ; work states of home position.
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ok &' Y9S, 10%&& vU10 YL10%
I‘FJI?JO e éc?edmg c alm% ge%d(\zlherem seud1 msertabﬁg element is a endotracheal tube and wherein

said physical surface comprises surfaces of the larynx and trachea.

10. An automatically operative medical insertion device according to any of claims 1 -
8 and wherein said insertable element is a gastroscope and wherein said physical surface

15 comprises surfaces of the intestine.

11. An automatically operative medical insertion device according to any of claims 1 -
8 and wherein said insertable element is a catheter and wherein said physical surface

comprises interior surfaces of the circulatory system.

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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14. An automatically operative medical insertion device according to claim 13 and

wherein said standard contour map is precisely adapted to a specific patient.

15. An automatically operative medical insertion device according to claim 13 or
5 claim 14 and wherein said standard contour map is automatically precisely adapted to a

specific patient.

16. An automatically 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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26. An automatically operative medical insertion device according to claim 17 and
wherein said driving subsystem is operative, following partial insertion of said insertable
element into the oral cavity, to cause the guide to extend in the direction of the trachea and
5 bend the guide clockwise until said surface following element engages a surface of.the

tongue, whereby this engagement applies a force to said surface following element.

27. An automatically 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 touches 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

epiglottis.
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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34, An automatically operative medical insertion device according to claim 33 and
wherein said navigation subsystem is operative to sense that the tip reached the third
cartilage of the trachea.

10 35. An automatically operative medical insertion device according to any of the

preceding claims and wherein said navigation subsystem is operative to load said reference

* pathway from a memory.

36. An automatically operative medical insertion device according to claim 17 and

15 wherein said driving subsystem is operative to push said tube forward.

37. An automatically operative medical insertion device according to any of the
preceding claims and wherein said driving subsystem comprises:
a first motor operative to selectably move said insertable element 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 pathway

30
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51. 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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-~ Ogd10%h Satbohati S operative medical insertion method comprising:

20 inserting an insertable element within a living organism in vivo;

52‘2292?9?52929999?2920"“

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 element 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  6l. An automatically operative medical insertion method according to claim 58 and

wherein said surface contour information is two-dimensional,

62. An automatically operative medical insertion method according to any of claims
56 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 66. An automatically operative medical insertion method according to any of the
claims 56 to 65 and also comprising generating said reference pathway comprising a

standard contour map of a portion of the human anatomy.

67. An automatically operative medical insertion method according to claim 66 and

10 also comprising precisely adapting said standard contour map to a specific patient.

68. An automatically operative medical insertion method according to claim 67 and

also comprising automatically precisely adapting said standard contour map to a specific

patient,
15
69. An automatically operative medical insertion method according to any of claims
56 to 68 and also comprising adapting said reference pathway 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 guide employing said driving subsystem.
30
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56 to 73 and also comprising moving said insertable element in and out of said living

1
—

u

organism employing said driving subsystem.
15
75. An automatically 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 cylinder on a front end of said insertable element.
30
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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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also pushing said tube forward employing said driving subsystem.
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An automatically operative medical insertion method according to claim any of
claims 56 to 89 and wherein said driving subsystem comprises a first motor operative to
selectably move said insertable element forward or backward and a second motor operative
to selectably bend said insertable element; and

controlling said first motor, said second motor and said surface following element

by employing said electronic circuitry.

o1. An automatically operative medical insertion method according to claim 90 and
wherein said electronic circuitry comprises a microprocessor and also comprising executing
a program, said executing a program comprising;

controlling said first and second motors and said surface following element; and

inserting and bending said insertable element inside said living organism along

said reference pathway.

92. An automatically operative medical insertion method according to claim 90 or
claim 91 and also comprising:

measuring the electric current drawn by at least one of said first and second
motors; and

evaluating the position of said surface following element;

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.

94, 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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95. An automatically operative medical insertion method according to claim 94 and
wherein said medical imaging subsystem comprises at least one of an ultrasound scanner,

an X-ray imager, a CAT scan system and an MRI system.

96. An automatically operative medical insertion method according to claim 93 and

wherein also comprising preparing said reference pathway by marking at least one contour

of at least one organ of said living organism.

97. An automatically operative medical insertion method according to claims 56 to 96
and also comprising preparing said reference pathway by creating an insertion instruction

table comprising at least one insertion instruction.

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

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

instruction table stored in said navigation subsystem.

100.  An automatically 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.

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

guided 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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