- 1- CURRENCY NOTE VALI DATOR The present invention relates to aut omated @ )
devices for valid~ ating currency. In many comercial transactifns? / i
Jinvolving automated equi pment, 5 it is necessary to provide an apparatus
for validating the authen- ticity of a currency note subnmitted by a patron.
- ForN\exanple, in mass transit systens enploying automatic fare collection _
equi pnent, it is necessary for the automatic ticket dispensing apparatus to
val i dat e paper currency inserte t S, kel di spensing tickets 10
havi ng fares encoded t hereon. ng%ggg‘rioggtﬂ i g{%cndi ng applications
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as the sanplee RéRAH AoRstluked UH NfHagdiolBansah ¥ whilh | Ay aeCoRiBeq RaNd
dat-a for the tggr(‘e of currency note to, be validated; and neans, fo

; ; for
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other automated systems which accept payment in the form of paper
currency in return for goods or services.

20 It is an object of the present invention to provide a currency
note validator apparatué which will accommodate large variations in
the soiling of notes so that a high percentage of valid notes will
.be accepted while counterfeit notes will be rejected.

According to a first aspect of the invention, an apparatus

25 for validating a currency note comprises: transport means for
propelling the note along a 1mgitxii:ﬁ.lly extending path; means for
"separately illuminating each of a plurality of laterally spaced sample
aréas on the note in a repetitive sequence with radiation in a pre-
selected spectral range as the note is propelled along the path, and

30 for separately taking a plurality of optical reflectance readings.
from each sample area along each of a plurality of 1ongitudinally'
extending, laterally spaced tracks on the note as the sample areas
are so illuminated; means fd_r storing acceptance band data for the

type of currency note to  be validated; and means for comparing



Ao If there is less than a predeterm ned maxi num anmount of non-
O form’ty. 5 According to a second aspect'of the invention,

there is provided an apparatus for validating a currency note, conprising:

transport neans for propelling the note along a longitudinally

extendi ng path; neans for separ ag_e%]x I 1lum nating each of a plurality o#'/

| ateral |y spaced sanple areas on the note in a repetitive sequence 10 wth

radiation in a preselected spectral range as the note is propelled along

the pat Qg alaf Ghess %‘}aftﬁé ebpikaki Ml@c@n@&al-ééd‘infg &mé;p%hd{@f |t6Ct ance

readi ng s*romeac | e area al ong each of a allty |tud|nally

extend| egch |txeek 30| ?‘%ﬂ&%’&&%"r"a@ﬂ%" %ﬁt? r?é‘dnfﬁﬂrep igine §a'fﬂ§|‘% as are so

11 um ngl gkl T2afserkOls tidésNEhaho a Predeleinined ymaxdhum @pbirtabf mmpacity

readi ngs al ong a longitudinally extending track on the note; neans for

measur i ﬁﬁ"f‘?fé‘ Fength of the note; and controller means for providing a

val iglati on siamratding ttre apisecerd rafpeett aficdhe eduvengion,opthieral ispacity

r eadi ng%ro d! %Rgtagp%ratggef&gt @alqggéﬁrgmat Quﬁ‘em:@dﬁ&t%r NEpei 8GR Pt ance

st andar hird aspect,. the invention
i ncl udegrapgpoxppdeanss fPHr PV&W&&W n(}jh%t Boe eHePen St el°“§b"r1’|5‘i‘"1"%]1 g

trans pOfe&t@i?ﬁﬁg geth; prnféaﬁé IfoR s dphfatidlyei AlRNtEng @agh tofda rpahi-ga;ext endi ng

pat h lurality o nmeans Si t oned at ral | aced

| ocat | or?§ g?'iﬁ’f@nc%ép?)‘iﬁdhs?“& s?ﬁ&?a?’bfgg flrﬁnnﬁt eﬁﬁéut? eé Y of

| at eyl witR5 raaxbaﬁed sanpal ereaekmsedn spérs:rabt cangen &8 I Ypetndtevds sequence
vmthradlatl g & ted, §Pe&d s ubsgedi drive

si gnal ; ur aI a%onggftﬁg {’%g‘t o(rlnﬁreg%g %a:f egtel%ggl% b 'ﬁ%l gﬁ t(;brfar efl ected
froma s:@nrpd:aal ateéhewamnn m@m%framcm%ém ﬁ@e%)ﬁ’é’“éf eatle Eni% t er neans

and for ggpefs Q:k g aoﬁaaeddﬁiaamﬁl emﬁ@ne,rrpiatabmﬂ@pa&apr@aa&g ignal to the
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20 According to a third aspect, the 1nvent10n includes an

apparatus for validating a currency note, comprising: transport means

for propelling the note along a longitudinally extending path; a
plurality of emitter means positioned at laterally spaced locations

. along the path for separately illuminating a plurality of laterally
25 .spaced sample a_réas on the note in a repetitive sequence with
radiation in .a preselected spectral range when pulsed with a drive
signal; a plurality of detector means for each sensing radiation
reflected from _a. sal_nple area illuminated by a corresponding one of

the emitter means and for génerating a read signal whose amplitude

' 30 is proportional to the intensity of the reflected radiation sensed
therebj; means for sequentially pﬁlsing the emitter means with
corresponding drive signals as the note is propelled by the transport
méans to cause each emitter means to illuminate a plurality of
longitudinally spaced sample areas defining a corresponding track

-35 on the note, and to cause the detector'means to generate a pluralitj
of read signals cofresponding to each track; means for storing pre-

determined acceptance band data for the type of currency note to be



"providing a validation signal if there is |ess than a predeterm ned nmaxi rru

anount of nonconform¢ty. 5 According to a fourth aspect of the
i nvention, an apparatus for validating a currency note conprises: transport
“means for propel- ling the note along a-l2nrgitudinally extendi ng path;

meaqs’ for taking a plurality of optical reflectance readings along a
plurality of | gatjdagednandymesnsefidi mpmpazingr s¢legtepaned of dbRsread sienajst e;

means 10 for SEQHéggoﬁaagptt%nce%cna&@a@iateofeﬁet&%eswﬁeofbasalramcyaneotfsrto
be validated; and neans Tor conparing sel ected ones_of the optical
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data, and for amﬁuﬁll abuat \Voxl hd,@adneanﬁltgnal i f there is less than a
predeterm' ngd maxi mym of..non- conf m.ty for th‘tef | ected .ones 15 of the
tudi
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of the opitcal reflectance readings for the alternate set of selected
read signals. _ _

In a preferred embodiment of the inventim ageing and drift in

25 its electronic components is accommodated. The preferred embodiment

is microprocessor controlled and accommodates variations in pattern

registration in valid notes. It is capable of validating notes insert-

ed in any one of four orientations, and also readily programmable to

validate different +types of currency notes; The apparatus may be

30 arranged to be capable of communicating with, and responding to,

commands from the central controller of a larger system incorporating

the validétor apparatus, and can further be arranged toc locate mal-

functions therein and display an indication of the malfunctions.



ong several tracks down the length of the note. Optical opacity readings
are al so taken along a track down the length of a note.” The m croprocessor
normal i zes the refl ectance readings to accormpdate 10 variations in the
soi ling, discoloration, and damage in circulated currency notes. The
m croprocessor then conpares sel ected refl ectance readi ngs and opacity
readi ngs agai nst preprogrammed accept ance band data for the type of
currency note to be validated, correcting for note-to-note pattern
regi stration variations. 15 Because a | arge nunber of |ocations are

tested on the ol 6, 3R0kRAGCRbARINhE Yot StitCipRbMMEdnPinRof! Bdppidds!

criterion, a note with one or two discolored or danaged areas, as well as a
note W th f;dpb8édisbe HohtFalllie@oudRbncH ho¥e Galidatért whDén AGEERIBED: | N
addition to the optical testing, the apparatus al so checks the | ength of
each 20 va2i@. currehdyv aldtes Oforc it Bypecobf derescyarer rafichnet! disocéde patron
through an entry slot. During the idle cycle of the currency note validator
appar at usigtied nargy oprogeewedr CcOoTHel rapparsdtys nincliudes &héramspoousf@gyst ens

wi thin the apparatus, checking for malfunctions. If a failure is

di scoser earopeBlingcthe nptpraione svrragh hensathen \aptickl sranniparstagion
out-of-service, =~ 5- and a special panel of flashing indicators displays

in code tWhere Redhninfyared,Angyigidlie rlrErefdntliance Feadings Ate tthken dl e
le, th j - | heck -adjusts dri ts i
the opti CaPne BEERL A oTAT A8 o8l PBEA Tt PR i tina: | (R Te9Y cBMBLont o5 for
tTEe 5 eJefaﬁcé%%hOJreCQﬂl’oo’k%ﬂ%nagfénggaaﬁl bl (b U ed%@ﬁgﬁh Ot oCRbesur f aces.
e design o e currency note vdl rdator apparatus es it readily

adapt abl epleOn i fdeBhod BERa1AkeS he %?&Eéeapgé‘%eggﬁ{ggr "E@deic@&nJoQEf"é i ons and

appropriate acceptance band data are determned 1 n advance by collecting
and afgl Warigrionki Rl tréaledil i 28 oFXIBh £SankD) dalbhgd Ui RASM1BGEELS - The
acceptance band data and the best reading |ocations are stored in a program
menory i reurbéndyppéteat. USThe microprocesséie thée fcongards csdledited refIfctadve present
invention is capable of processing a currency note in |less than two seconds
whi | e pr oreiadingg andabpatitpt ceadivgptagainsty arepragoammed| acteptanoecbgmt cent. 15
~The invention will now be described by way of exanple with reference to {he
dr awi ngs,d4ta fpr cHe typeguek currency Be%epitef Pevadidnted) eqqnrieeting & of a )

preferred enbodi nent of the apparatus illustrating nechanical conponents of
note-to-note pattern registration variations. :

1

15 Because a large number of locations are tested on the note
and aéceptability is determined by a statistical criterion, a note
with one or two discolored or damaged areas, as well as a note with
a pattern registration variation can still be accepted. In addition
to the optical testing, the apparatus also checks the J_.en’gth of each

26 note .. Invalid or counterfeit notes are returned to the patron
through an entry slot.

During the idle cycle of the currency note validator apparatus,
the | micro.proc_'essor continuously monitors the various systems within
the apparatus, checking for malfunctions. If a failure is discovered,

25 the microprocessor places the validator apparatus out-of-service,



its note transport in phantomlines; 20. Figure 2 is a horizontal @
sectional view of .the apparatus of Figure 1 taken along line 2-2 of Figure
1; Figure 3 is an enlarged vertical sectional view of the optical scanning
station of the apparatus of Figure 1 taken along line 3-3 of Figure 1; 25
Figwe 4 is a vertical sectional view of the optical scanning station taken
along line 4-4 of Figure 3; -6- Figure § is a vertical sectional view of
the optical scanning station taken along line 5-5 of Figure 3; Figure 6 is
a di agranmati ¢ varfiva kpdédbl Gah8D oF Plashing iydidfatbN@ispldiysain YodeX b Gedighn

| aterally spaced tracks on a currency note, 5 each consisting of a
plurality of sanfdre thecast-bfesarwiée konittiom! Meatirg thecdle cadiagshéianierddeen
taken; Figure 7 is a functional block diagramof the electronic control
circuit of the apprmeasers alsoFthreks and megadjusgs | driyesecurnents cindithgrephiedl a
portion of the optical 10 driver and read circuitry of the control circuit
of Figure 7; FigthRsysteny 5 Thipcpeifi-calibrgtiom ytoga LHrragpensates fogyFhe of
Figure 8 illustratjing the innerconnection, of the Ds_and, Pl N di odes

mount ed 1t GPRACIF e SPRORETS AR 1Sk AL PP 108 PEToR BRETeRRt of
an operational programg of 15.appar o 1he geperal nmechanical R
copstruction of a pre%gr%cglgnnbgﬂi%e%ntcg%#&[cﬁen%ﬁr P’%ﬁicd%tﬂ%tag’pgxé t|"’§a'¥a(l)‘res it

apparat us of the.QIA3¢MaabbMARE wlraihserku l{%é@to?df.ié?eﬁéﬁg_te%hl-éeéitgiieégggag ng

to Figure 1, the apparatus 10 includes a réctangu ousing 12

into an upper poiddadford SdMAWApbFopiaty Bckpite ABEhd daRYWE brd et ARinsd 0¥
in solid lines. The apparatus 10 includes transport neans for propelling

the note al ong aadvanget byglidralibytiagt aadianglyRahd) dpastéaladacPtironl 1argansdnples

station. -7- Upper and | ower horizontal, rectangular plates 14 and 16

(Figures 1-3)laar ef nounrescy invtebe hThesiaggeritdncd mandpdeta and the best reading
locations are stored in a program memory in fhe apparatus. The
preferred embodiment of the present invention is capable of processing
a currency note in less than two seconds while providing a valid note
acceptance rate above ninety-five percent.

15 The invention will now be described by way of example with
reference to the_drawings, in which:-

Figure 1 is a simplified side elevation view of a preferred
embodiment of the apparatus illustrating mechanical components of"
its note transport in phantom lines;

20 Figure 2 is a horizontal sectional view of the appgratus of
‘Figure 1 taken along line 2-2 of Figure 1;

Figure 3 is an enlarged vertical sectional view of the optical
scanning station of the apparatus of Figure 1 taken along line 3-3
of Figure 1;

25 Figure 4 is a vertical sectional view of the optical scanning

station taken along line 4-4 of Figure 3;



@ate; 14 is mounted to the bottom of the upper portion of the housing 12.
e lower plate 16 is nounted in the top 5 of the |lower portion of the
housi-ng 12. The plates 14 and 16 are hinged on one side (not shown).. The,
uppe-r plate 14 and the upper portion of the housing 12 may be swung open
fromtheir closed positions illustrated in Figure 1 to allow direct acc®ss
to the channel 18 defined between®he 10 plates. This pernits easy

mai nt enance and cl eaning.. The el ectronic circuitry of the apparatus which
i s hereafter rigser sbesl d veptidal esedtyoml Raak dsr reAEIHEDE BBAHALRE I N the
upper portion of the housing 12. The channel 18 (Figure 1) defines a

| ongi t uskatabh \takén elbagding 38t &f FhguregB; Wwhi ch a currency note is

propel l ed. The currency note is inserted into a bezel 20 (Figure 1) which
has conver gi Aggunspér iand fiaeremmatit aviey sfdustragimhantrdrralinpsof or f eedi ng
the note into the channel 18. The note is propelled through the channel by
resi | i elfineytedingl L extendin®silatensdly srared  frasksand 4 swenenepinoses 22. The
r ol I5ers extend jinto t%e chgnnel 18 through slots forned in the {)I ates 14
and 216 S0 SPRSIRYATE < oh PAF R 40f SYRIesazeag, dray whink oBjisal each have

pul | eys h 2 Ei qu 3)._moynted on the ends thereof. An endless belt
28 (Fi gﬁe?ggcia%%g tgena uﬁs é%ﬁeaéggnéﬁféﬁn’of the pulleys 26, one of which is

mount ed on t?gg el Ve ghaft f%c&%n%i €61 dchC :{E%épém 5% th-gheetlggéf%r 30 s

energized to drive the rollers and propel not e | ongi tudi ngf“fy t hr ough

the chafyaebol&ifei® L,pft_thet%pra}g{us bP Fipakg §s 1 and 2. -8--Anote 32 is
shown in phantomlines in Figure 3 positioned within the channel 18 defined

bet ween the pigires sl4sagdsdfematily diayrdd o2X@aNBbRsiont HF dHBL %‘ti@gl nmay be a
normal -slip AC notor which generates a transport speed of approxi mat el y

21. G0cedtivertandsreer chendtey af e téntréheaciebamel FikGrewy have a hei ght of
approximately one mllineter. A small plastic hook 34 (Figure 1) extends
downwar d i nt Bigure Seds posthegatixd dikgravhafnel pdBtibhr etigiheactreuetin 10 t he
upper plate 14. This hook does not inpede forward
of Figure 8 illustrating the innerconnection of the LEDs and PIN
diodes mounted in the optical scanning station; and
Figure 10 is a flow .chart of an operational program of the
15 apparatus.

The general mechanical construction of a preferred embodiment
of the currency note validator apparatus of the present invention
is illustrated in Figures 1-5. Referring to Figure 1, the apparatus
10 includes a rectangular housing 12 divided into an upper portion

20 shown in phantom lines and a lower portion shown in solid lines.
The apparatus 10 includés transport means for propelling the note
along a longitudinally ei:tending path pasf an ' optical scanning

station.



‘novenent of the note 32 (left to right in Figure 1) but will prevent th‘
note frombeing pulled rearwardly out of the apparatus (right to left in
Figure 1) with a string aftér the note has been 'cashed". 15

Preferrably, the transport nmeans is capabl e of accommodati ng the various
w, dt\hs of currency notes used around the world. For exanple, -one of the

| argest currency notes is the Hong Kong tejpdollar note, which is 84
mllimeters wide. The upper and | ower plates 14 and 16 nay 20 be fabricated
with a channel having this width. Lesser width notes can then ‘be handl ed
by nounting guide rails (not shown) at appropriate |ocations on either side
of the channel. and by substituting a different entrance bezel having a
throat with the appropriate width. 25 Figure 3 illustrates the opti cal
scanni ng. st ati on Y@R&T Gnd sl peeirt hordd amt 21 reviéatengivd ae et ates L1Heand

channel 18. The @p&b‘&%’eéq&f‘i‘j @zétlﬁ‘ahﬁ'ie'dqﬁln“deﬁxf@%miﬁallbl Ofkee'@g?ate |

mounted in a transv Se’g% ext end mgaperature orned I1n“the u
14. The opti B4R %A ReRpde Q) Wre RRREPRY Of &G MARSF E%tém pér
means and t hettet e:aatu:gmg 19; nEResSludivdrt z8Yats Mkhagmbhﬁl@@ﬂlfﬁ|the top

refl ectance an aC|t JEasur S whi ch ef or

appar at us.3 Pré’%g 3‘”{% %?)f o] o?’geﬁ dlagb ﬁﬁ? :{T‘Egﬁ EJé &nd
adj usted up adé domhby:gmdirmncﬁnspsidg Snbbaslhdwsdr.evva‘h(mmtpphnvp;atEhils
will enable t I i f rquﬁ? nd
fl at eni ng effggtéoc')c(r?f%( &Lﬁtﬁg?ebg out | nécxgéegrgl&lf‘lhﬁ’%eaz hoo?‘pﬁkg ggﬁ?'
As the note 3frem gthelis) 4%9bﬁépﬂqS&Kb@néamikm%tletaﬁ|bmlFsgmnﬁng to

station 36, oatlllc@& afféeeta&%éé%m%ﬁaﬁakﬁnml aeg 1 &%é@&@&%‘ L)se
spaced tracks 42, down the length e note.

(Fi
expl ai ned %r@&fat%erﬁ n Td?”e%lt%?rgéttaq €2 8h AR Ftet"ﬁé’?? é:'k@ ?%e‘FBliﬁ‘tSd o?hs
plurality of Qu@hﬂfwnsaﬁﬁmk¢u2ﬁsy48fwhh@ha@@tﬂékﬁ?ﬂﬁhh&m|nB|Héﬂéhﬁ€EQd

36, Theci rURRFEaERg dun AArHE; b cRe BRREAR SAmqvAP WhcRoBRRER Ln the
upper portion of the housing 12, :

The channel 18 (Figure 1) defines a longitudinally

— 15 extending path through which a currency note is propelled.

The currency note is inserted into a bezel 20 (Figure 1)

which has converging upper and lower surfaces shown in

. phantom lines for feeding the note into the channel 18.

é The note is propelled through the channel by resiliently

: 20 biased, opposing pairs of upper and lower rollers 22. The

rollers extend into the channel 18 through slots formed in

the plates 14 and 16 and are mounted on axles 24 (Figures 2

and 3). The axles each have pulleys such as 26 (Figure 3)

mounted on the ends thereof. An endless belt 28 (Figures 1

25 and 2) engages each of the pullejs 26, one of which is

mounted on the drive shaft of an electric motor 30. The

‘ motor 30 is energized to drive the rollers and propel the

R ’ note longitudinally through the channel 18 from left to
| right in Figures 1 and 2. '
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g8ipeg the pulse tinme is extrenmely short in conparison to the speed of
rﬂf@”-nt of the note 32. 20 The construction of * the optical block
36 is illustrated in Figures 3-5. Three laterally spaced vertical tunnels -
50. 52 and 54 (Figure 3) extend through the optical block 38. Two inclined
tunnels 56 and 58 (Figure 5) converge and intercept the | ower end of th& 25
center vertical tunnel 52. Two ipglined tunnels 60 and 62 (Figure 4)
converge and intercept the | ower end of the end one of the vertical tunnels
50. Two inclined tunnels also converge and intercept the | ower end of the
ot her verti cal -10- tunnel 54. In addition. inclined tunnels 64 and 66
(Figure 3) converge and intercept the |ower ends of the vertical tunnels 50
and 54. respectively. Three separate photodetectors 68, 70 and 72 (Figure
3) 5 are eXhnoyent 8@ ibscah®spoidi nphaneomwf liheseLhi ®iqhpang s 50, 52

fof| cas) $1nd® uEPhig O SRaBRdL P10, Ger ERRG LERNCRT: Ena lgsetal bl ock.
Pr ef erdabl #pd hkbé photBatevayt s axemBINedi ddes mpéroat €30i may) bee a
ot CSEEL ARPHE Sl AL SRrdhatts (4 SPlndio(F Q68 35, 00

mounted 1 n each of the_i S whic the optica
bl dck ERProFidatel ¥nhab cCLAE iR EESS PRILyFECBPAaprEnf Ot BE.t hiTde t r acks

42, A4ewafindil a38t hpat Ralte &s Wedkit cGMaghg NExqhia c8l1ySCann N9
statlonjt 6. JTwo LEDs 74 sinultaneously illum nate the note™al ong the
centeﬂ'#iﬁﬂ? FAt a different tine three LEDs 74 sinultaneously

i |l umi nat e A hemaddclplds tiibchoakt 8 t(lfrieyut &05) 7dxtiemds Awonelayd | | uni nate
the try 4 P Yo s L he. 20 | L hat e _t not.e at an

angl e %fg%e?h\/vge%gfg%??xﬁtnla%gl?132?‘%58?%@3'&21;9'%04%%?%@3? p‘%]f@ EI?DS on a
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the apparatus (right to left in Figure 1) with a string
after the note has been "cashed”, -
15 Preferrably, the transport means is capable of
accommodating the various widths of cu:réncy notes used
around the world. For example, one of the largest currency
notes is the Hong Kong ten dollar note, which is 84
millimeters wide. The upper and lower plates 14 and 16 may
20 be fabricated with a channel having this width. Lesser
width notes can then be haﬂdled by mounting guide rails
(not shown).at appropriate locations on either side of the
‘channel, and by subsﬁituting a different entrance bezel
having a throat with the appropriate width. -
25 Figure 3 illustrates the optical scanning station 36
which is positioned intermediate the length of the channel
18. The optical scanning station includes an optical -block
38 mounted in a transversely extending aperature 40 formed
in the upper plate l4. The optical block 38 serves as a
.~ 30 mounting platform for the emitter means and the detector



“the particular pin diode associated with that track wll receive radiatioﬁzj-
reflected fromthat cirrcular area on the note and provi de an output or read
sirgnal whose anplitude 30 represents the intensity of. the reflected

‘radi ati on. Speci al inks are used in the production of nost currency

not ws. and their reflectances at a particular. point in the spectrumare
diffficult to duplicate in printed counterfeit notes or photocopi es.

Preferably. the LEDs for 5 a partlcuIaP“track illumnate the note in a
presel ected narrow spectral range. In addition, it is preferable for
different tracks on the note to be illumnated with radiation in the

visible and infrared ranges. By way of exanple, where the note validator
apparatus is configured 10 to validate a British one pound currency not e,

i d. LEDs f
be. Used on (HRSPRS QtPERaZSd adke WeRidla, "EREDSEF fad £8RTISIRACE * 4R .,
at approxi natepyisesd nmtﬁrmem;ummeg&@ ovrhmb 3cet orretﬁman::ked4by1$he

Each of the tSe [ A | V. r | 4, n gtde
LEDs for a tr@EaSr@é‘-“}m SRFCreRAL A VERK BPIMPISIRLR L lup e I

the read sigreRafeddr fiay B§ Pﬁé‘“%%%el HPeG"pﬁ P A¥Bd Y Jprassntaf aspPring
refl ectancg ihogéedf seraréi (nbtrshowen)l.ar Mrsolveimeenéslzotheomtdiﬁc @ e

at a parti cul o] i N, t ru order;tao_achi eve suff.i.cient
intensity of r?%I urﬁ"pnétrleodn Q%fﬁg?%&r{ﬁ%yl o? Pﬁ‘)%ﬁ'S&es agg'fc?gi'é‘d‘% ERd
particul ar tr&t&tend nal sétiesdmubnarmbeslmta'he vighouts istlreassihgpwire
fromthe surfgggepihégg ggtg 4ani,he associated pin Z5 diode located
directly above the anple “area of illumnation. 1In_addition, the

di odes for the resbécttF\Fe Ro5eKS Zr& iAN 5Bd3dedierR] @PP) 168 theReakl theks
are separ ai®lyptiéalbi sBebaninghustadivn e36pplaptidil Cﬁéfﬁéceaﬁcef ddaaitids

codes i L1 TR VAGER LR ERREH S80e10) dacell AR B, IANE 46
(Figqure &) down the length of the note. As explained
~hereafter in greater detail, each of the tracks is formed
of a plurality of circular sample areas 48 which are
15 momentarily illuminated by the pulsing of corresponding
emitter means mounted in the optical block 38. The
circular sample areas 48 in each track overlap each other
since the pulse time is extremely short in comparison to

the speed of movement of the note 32.

- 20 The construction of the optical block 36 is
illustrated in Figures 3-5. Three laterally spaced
vertical tunnels 50, 52 and 54 (Figure 3) extend through
the optical block 38. Two inclined tunnels 56 and 58
(Pigure 5) converge and intercept the lower end of the

25 center vertical tunnel 52. Two inclined tunnels 60 and 62
(Figﬁre 4} converge and intercept the lower end of the end
one of the vertical tunnels 50. Two inclined tunnels also
converge and intercept the lower end of the other vertical

P ]



fmym the LEDs nounted at either end of the optical block 38. Each one of
the pin diodes generates read signals indicating the optical reflectance of
a sanple area on the note at a particular point in the spectrum The ,
design of 5 t he apparatus nust be such that a m ni nrum anpbunt of stray

| i ght reaches the transport channel 18 at the optical scanning'station53€
where the optical nmeasurements arelBerformed. Tests have indicated that a
circular sanple area 10 having a dianeter of approximately five
mllimeters is sufficiently large to reduce scatter in the readings due to
pattern registration variations, yet is small enough 'to provide sufficient
opti‘cal resolution for gross pattern recognition. |In the case of a British

one pqyshdpet a a L.oat tic flectance
r'ead!on S rféx;&; vy tagnsgél?%jégﬁ' o?%%éhg?agbénkgg %2 gﬁ‘? 5668 JE%‘r?eua‘{eED pul se
time r?gy arnupsasxiand dnteogemtctdredotver engds adnphe. vertd cdilst ance

traveldfithdds L5 BalesqUr ired deltd 13D y1i crosecond pul se time is negligible
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ndd 11 iR e S T AR e b e S Y el
t hr ee @5ianzed THof adiacedimiag headbxtien ot e’%é&@itleﬁ et ngbe 4 oveml e
i nfrargraed t15n0 £i Adfe 7QdEL W2 Bl dsa FRUN K idéb@i@élli nd&i?fal. housi ng
78.fo‘ra%edfron tﬂ‘g’ unt eer5|hde 3 é’f 1:t__hesl owerrﬁpl ate 16. Inferare radiation
eni t t &F §TTAR & Phof SRt oSt pERs AN Bl edeSugReBAtEFeriire 80 in
t IO ceieerplodtbbenioveivpl alodel6 and through the central hole of a plastic
center tradid € dn ileing, 'qy8ael [ PhERS) MLl LRaBTET o3P kR 70
mount dkioduntes | ynateacht lod | bhearinickbined ngudneds 7¢hidte estemshce
sur f acgh Fduish 8€nkS oPRYRRed H1bck FE.CU Pley CELEEmIRRTRT thid tHtd WET
(Figure 6) along the three tracks 42. 44 and 46 as the note
15. is propelled past the optical scanning station 36. Two [
LEDs 74 simultaneously illuminate the note along the center .
track 44. At a different time three LEDs 74 simultaneously
illuminate the track 42. Thereafter three LEDs'74
_ simultaneously illuminate the track 46. Preferably, the
20 LEDs 74 each illuminate the note at an angle of between
approximately 25 degrees and 40 degrees.  The LEDs on a
given track'preferably have their optical output
intensities matched to within 25 percént. It will be
understood that when the LEDs 74 for a particular track are
25 pulsed with a suitable drive signal, théy will illuminate a
circular area 48 (Figure 6) on the note. At the same time,
the particular pin diode associated with that track will
receive radiation reflected from that circular area on the
note and provide an output or read signal whose amplitude
30 represents the intensity of the reflected radiation.
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‘plate 16 so that it is flush with the upper surface of that plate and does;""ga
not inpede forward novenent of the currency 10 note. The infrared emtting
diode or IRED 76 (Figure 3y and the pin diode 70 are Tnitially used to-
‘detect the |l eading edge of the note at the scanning station 36. In
additi on, by pulsing the infrared emtting diode with a suitable 15 drive
signal in an appropriate sequence during=Be collection of the reflectance
read signals generated by the pin diodes, transm ssion or opacity readings
can be made along the center track of the note. Wen the infrared emtting
diode 76 is pulsed, the anplitude of the signal 20 generated by the pin
di ode 70 provides an indication of the anpbunt of radiation transnitted

_ through the note at, th arti.cul ar. point., Reference surface, di sks 84 and
86 (Flgurc 3) are SREFIMEARKEoAREIIRRS nin BE RRAANTELPR: OF qnoBY

directly 25 bensaténcyenpitesl cand thedw reflekiahocest adn afpaheicular

ref erence sur ri f.., f r{ac | |

al so illust rai’ggﬁitn iﬁgé%r?ee%#rre efaa ?yﬂﬁé@ggeéﬁaggg%fggtgﬂlr'g% eﬁﬁvﬁft e
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Oreater det ai PAZERErAREREESY & aqttompr Ao AId EERB-obEi L8| PEERRRAIY & ERF on
36. the LEDs Bdrfféeedntcksaviessequarteahlot @uksedand 1lhan i aditaid ow it h
of the white PadiabEahCinr Endosd fhiloaRul shekiee 3y 4R OBy, Hhy
generated by example.i vhesearthe moteowphidatair: appanatmsa]des conf iquredin
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The detalled refl ectance spectrum of the reference _surfaces Js not_ critycal
since they ar &BR&d ‘bﬂf‘g‘ td RBak: "‘c%'éeLE‘[FBEitﬁb 95rr%ﬁ?§.°‘il'ﬂét|’elf%r§r¢é
surfaces are nahoi¢tesis ymaypvbevadednohhehenalweicubsidéetraéksst a’Grednta
LEDs with a peak spectral output at approximately 565
nanometers may be used on the center track 44. _
RUERE Each of the LEDs emits radiation in a very narrow
spectral range. When the LEDs for a track are pulsed with
a suitable drive signal, the amplitude of the read signal
generated by the associated pin diode represents a
reflectance image of a particular circular sample area 48
20 on the note at a particular point in the spectrum. In
order to achieve sufficient intensity of illumination,
preferably all of the diodes associated with a particular
track are pulsed simultaneously., The light is reflected
upward from the surface of the note to the associated pin
25 diode located directly above the sample area of
illumination. In addition, the diodes for the respective.
tracks are pulsed sequentially so that the tracks are
'separately illuminated. Thus, for example, the center one
of the pin diodes will receive only reflected radiation
30 originating from the center ones of the LEDs 74 and not



@§§ froma note. The reflecting surfaces of the reference ring 82 and of the

ef erence disks 84 and 86 are preferably bead blasted’'in drder to provide
nnon-specul ar reflection. The currency note validator apparatus of the
present invention is further provided with neans for neasuring the 20

| ength of the note. The note | ength neasurenent is performed by timng
the passage of the |eading edge of, Jhe note fromthe scanning station to an
exit sensor 88 (Figure 2), and bfqt T ng the conpl ete passage of the full .
length of the note under the scanning station. The ratio of these 25 two
time periods, multiplied by the known distance fromthe scanning station to
the exit sensor yields the length of the note. The result is conpared with
upper and lower lints stored in a programmenory as hereafter described.
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the h o] S D pho nsi st or
oai r o 1, EERGFER kRS PURSERAEY RahEL Ph 35 .8, HELEPIC: ronic
cont r scasining ahatiey 3\6t uh@xedahcr apbhcalumesut ememtiaidas ea
nlcroggggggﬁgr 100 whi ch nay be an | NTEL 8039. m croprocessor. The
n1croprocessor IS provhg 5 an external RAM 102 fqr optical data
st or age. s ?? e Wit pazi1ahroukam FABPRLS c3F8BNg 1K
byOesthvﬂBgDa%/dia‘iﬁl@té}:cwpraypﬁenﬁ.fmmﬂely flive Ewnﬂﬁd:mibl d sper manen]E
menor n 1204 for.sto the operatignal .program o
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provide sufficient optical resolution for gross pattern -
recognition. 1In the case of a British one pound note, a .
15 total of approximately 120 optical_teflectance readings may
be taken on each of the tracks 42, 44 and 46. . The LED
pulse time may be approximately 200 microseconds, for
example. The distance travelled by the note during the 200
microsecond pulse time is negligible compared to the total
20 sample area.

The currency note validator apparatus 10 is further
provided with means for taking a plurality of opacity
readings on the note. In the illustrated embodiment,
optical transmission measurements are taken along the

25 center track 44 only. This is done in addition to the
optical reflectance readings which are taken along all
three tracks. To facilitate the taking of opacity
readings. a single infrared emitting diode 76 (Figure 3) is

- mounted in a cylindrical housing 78 formed on the underside
30 of the lower plate 16. 1Infrared radiation emitted from the
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‘menory. A type 74LS273 latch chip (not shown) nay be used as an interface
bet ween t he m croprocessor 100 and the menories 102 and 104. 25 LED
,driver and read circuitry .106 (Figure 7) is utilized<by the m croprocessor
100. for selecting and driving the LEDs, and for anplifying the PIN di ode
out}sut’s A digital to anal og converter or DAC 108 is used by the
m croprocessor to adjust the anplitude of;§phe LED drive 30 currents. A
decoder 109 hereafter described in conj unc i on with Figure 8 is utilized
by the m croprocessor to sequentially pulse the LEDs for each track. The
outputs fromthe PIN diodes are anplified and then passed through an anal 0og
to digital converter or ADC 110 and a decoder 112 5 to the
m croprocessor. The mcroprocessor perforns the analysis of the data
her eafther des&i?aedf%lmim t‘:sanedwosaea }tmctm@m nmane amha;]ethemoin tmb
pass the optica and_o paci tes The y. be
a type.nc 140%eEFIF§ “_L‘lf) %é%% § A%’te '@8 tl © %ﬁfg @i
m cr opr ocessoaf 180 p‘bqsbbcptr@ﬂmnwet surfycecmingnd cathdss infenfracda
114 (Figure )aéP&thbe#\BHeBhﬁgf&ﬁgﬁ“% e”EEﬁt\é?l L3k F4Q00ﬁ0I{mlanﬁ-_t¢B

and respond to comman romt tral coniroller of a_larger system 15
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8039 mcro essor, pins ng wt eln errupt pin are
avai | abl el ornekeer naI communi cations. In sinpler 25 applicati ons

Sepgf ate hi gh-| ow eHepynfyiaged '%mﬁh edpobae ory IIRW gENF 4/3) and
cord {1 ons SUefoLCalas SR SREELR S sl ChRChingin
[err]reject edge of the note at the scanning station 36. 1In addition,
by puleing the infrared emitting diode with a suitable
o '15 drive signal in an appropriate sequence during the
collection'of the reflectance read signals generated by the
pin diodes, transmission or opacity readings can be made
along the center track of the note. When the infrared
emitting diode 76 is pulsed, the amplitude of the signal
20 generated by the pin diode 70 provides an indication of the
amount of radiation transmitted through the note at that
particular point. _
Reference surface disks 84 and 86 (Figure 3) are also
flushly mounted in the lower support plate 16 directly
25 beneath the pin diodes 68 and 72. The location of the
reference surface ring 82 and of the reference surface
disks 84 and 86 is also illustrated in Figure 2.
Pieferably. they are made of a durable, white colored
plastic material such as that sold under the trademark
30 DELRIN. The reference surfaces are utilized in a self-



- note , or "block all notes" conmands. I n nore sophisticated
appl i cations, a software USART with two-way communi cations. capability
‘can be provided. The electronic circuitry of the illustrated enbodi nent 5
of the currency not® validator further include3 notor control CIFCUItrM\ylG
(Figure 7) which enables the mcroprocessor 100 to operate the notor
(Figure 2) of the transport neans required to propel the note. By way of
exanpl e, the motor control circuitTy may include two 10 solid state relays
(not shown) for activating the notor in either the forward or reverse
direction. These relays may be controlled by the m croprocessor. The notor
is energized to propel the ticket forwardly past the optical scanning
station in order to performthe optical and size 15 tests necessary to

det er mdaq iidr A€o Eoeédaaél Be rfldrmdd Iwahhé rswaﬂa%xfaetﬁwbﬂe% the
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andQ headismtedwdi cat or LEDs. When a system mal function is |located by the
M CTOpr 0CCSApE . gk {1 £4 0PEEIRRRUN BLAGHR dFuf UDEC e Trer B2kRAE! | datOf
apparatus out-of-service,  indicating such a
surfaces is not critical since they are used only to ad]ust
the LED drive currents. The reference surfaces are not
directly involved in the analysis of the reflectance data
15 £from a'noté. The reflecting surfaces of the reference ring
82 and of the reference disks 84 and 86 are preferably bead
blasted in order to provide non—specular reflection.
‘The currency note validator apparatus of the present
invention is further provided with means for measuring the
20 length of the note. The note length measurement is
' performed by timing the passage of the leading edge of the
note from the scanning station to an exit sensor 88 (Figure
2), and by timing the complete passage of the full length
of the note under the scanning station. The ratio of these
25 . two time periods, multiplied by the knoﬁn-distance_ftom the
scanning station to the exit sensor yields the length of
the note. The result is compared with upper and lower
limits stored in a program memory as hereafter described.
The exit sensor'aa may consist of an infrared emitting
30 diode {not shown in Figure 1-5) mounted in the lower plate



LJ .
status condition through. the systenms communi cations interface 114. At th
same tinme. the nature-of the nal function may be displayed by the
‘mal functi‘on indicators 118+ 10 The decoder 109 {Figure 7) may include
a t'ype 74LS174 chip (not shown) and six AND gates 120 (Figure 8). The
i npsts of each AND gate are connected. The outputs of the AND gates are
connected to the bases of correspondi ng NRN<i pol ar junction transistors
122. The AND gates 120 and 15 the transistors 122 may be provided in the
formof type 75452 chips. This provides a convenient two swtch package.

The gates 120 thus do not technically function as AND gates. The input

| eads 124 to the gates 120 nay be connected to the respective Q pins of the
af orenenti oned 20 74LS174 latch chip. The box in Figure 8 |labelled LED PIN
di ode circuitdy iandigoaassittingwnaddledrienchpl ¢ phdtictransistnr (not

col l ectors of st}x'b%x’i’if)ﬂlﬁigh&w:ls@?rﬁno@?tégi gyggcyﬁgﬁmﬁpﬁﬁg%ﬁg%fon'

through resistqrs 126 to fhe emtters of correspon
transi stors 259<128a t hrough 128f. The collectors of the transistors 128a,
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These transistaors are turned on in sequence by the
10. It includes a microprocessor 100 which may be an INTEL
8039 microprocessor. The microprocessor is provided with

N 15 an external RAM 102 for optical data storage. The RAM 102

may comprise two P 2114-3 RAM chips providing 1K bytes of
memory. The microprocessor 100 is also provided with a
permanent memory in the form of an EPROM 1204 for storing
the operational program of the apparatus hereafter

20 described. By way of example, the EPROM 104 may comprise
two type B 2716-1 EPROM chips providing 4K bytes of program
memory. A type 74LS273 latch chip (not shown) may be used
as an interface between the microprocessor 100 and the
memories 102 and 104. | . _

25 LED driver and read circuitry 106 (Figure 7) is
utilized by the microprécessdr 100 for selecting and
driving the LEDs, and for amplifying the PIN diode outputs.
A digital to analog converter or DAC 108 is used by the
microprocessor to adjust the amplitude of the LED drive

30 currents. A decoder 109 hereafter described in conjunction



_croprocessor utilizing the decoder ‘109 (Figure 7) which includes the
previ ously nmentioned 74LS174 |atch chip and 15 the sWw tches 120 and 122.
As previously nentigned, the sensors 88, 90 and .92 (Figures 1 and 2) 'detect
the | eading edge of note and the position of the hook 34. As illustrated,in
Figure B, each of these sensors may consi st of a separate infrared 20
emtting diode (IRED) such as 88a ggg;a phot ot r ansi st or - such as 88b. The
collectors of the driver transistor5 128d and 128f are connected to one
side of the IREDs 90a and 88a respectively. The other sides of these | REDs
are connected to a supply voltage V+. The third one of the IREDs 92a is 25
connected between ground and V[err]. The emtters of each of-the
phot ot ransi stors 88b, 90b and 92b are connected to a supply voltage V- and
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respectjyve e.R0 Qg 7o) - put
from e%%hégao}gé.t ﬁé gﬂgggtg?atﬁgpgtggé%gyg&%ﬁal?dj a812‘:13Q|sdeacr$p |filg'(ti‘é and then
55 pakeethenhmdRpcBr esesstondi FlyecRAGFQPHPCEREADPE BE PRBS the

M cropr g£eeis 108 ERe BALA’ Refledifitdt deBtidbddwieteimi£ nedwdsd e | eadi ng
edge of the note reaches | ocati on of the | RED-photo ran3|? o;ﬁgal r 90

h th
(Fi guret9) ,dqth?§“!‘s"8et"bl&?§§‘%'§/ t nPer:cﬁ)rSEé’ssBFFsTh'é;@arfbp o true
when 10refiéetaheadiand tgicalofopddibty nbestsr eaChesDAChA 08| Ry be

ook 48 pryBes afb 1A0%0 shike q T PRI MR REVT RY 1n (EFBE- plc°Bos Mhen 10
| RED- phebbpe ansi stor pair 92 (Figure 1) which is indicated to the
et ai | of t pher BTzt fudesor 200) R o) by fled TR ith o Bpbt e D e in
Fi gur o GOMTHRL PANIARAICR BBT £a6 etd & AFAARES Thef PRAFARPIIASIIRE  ed by
the not gubyehbe hofter e dGuYdMoEs. comhenkeitdi adish aed coespetddtdo t he
commands from the central controller of a larger system .;J
15 incorporating the validator apparatus. For example, in an
automatic ticket dispensing machine for a mass transit
system, the currency note validator apparatus may be one
module which operates with other modules in the ticket
dispensing operation. All of the modules may be controlled
20 by a central controller in the form of a microprocessor.

By way of example, where the microprocessor 100 of the
currency note validator apparatus 10 is an'INTEL 8039
microprocessor, pins Pl14-P17 along with the interrupt pin
are available for external communications. In simpier

25 applications, separate high-low output signals on these
pins may represent status conditions such as "note being
checked", "note valid”", "note cashed", and "out-of-
service®”. Input signals may represent "cash note", "reject



* 20 I nverting input of an op anp 158 whose output lead 160 is in turn éib
connected to the i.nverting inputs of op anps 162 and 164 (Figure 8) through
reS|stors 166 and 168. The-output |ead 160 (Figure 8) ~has successive
"signal s generated thereon corresponding to read signals for the first,
secQpd 25 and third tracks. The output leads 170 and 172 of these op'
anps are connected to correspondi ng channejg-of the ADC 110 (Figure 7)

whi ch permts the mcroprocessor 100 to interpret the anplitudes of the .
read signals generated by the respective PIN diodes. A diode 174 (Figure
9) is 30 connected to the PIN diodes 68, 70 and 72 and to a voltage

-21- source V- in order to conpensate for dark current zero offset. The op
anp 158 (Figure 9) may be a type TL 081 chip. The op anps illustrated in
Figure 8 may beogreVi dedrby”Fl ®8K calgs. nPtes” cprmasds.or 158 My e

1K ohms and th§o§ﬁ§ééi8£té§6dﬁﬁlﬂaééyédﬁﬁma EQEt@E@Eﬂﬁ%Aﬂ@'ﬁiWh|Edﬂﬂﬁh
the op anp 164 a hlg ain second sta rnhg I er %glrespect to the op
anp 162. Thus, SPRBUFICRHS oS, SHRAD H%%ﬁgsﬁﬁq E%ﬁ <or anplifying the
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the scanning station in order to perform the optical and size

R, 15 tests necessary to determine if the note is valid. 1If an

invalid note is determined., the motor is driven in the

reverse direction to eject the note out of the entry bezel
20. ' _

Finally; the control circuit of the note validator

20 apparatus includes a plurality of malfunction indicators

118.  As described hereafter in greater detail, during and

idle cycle of the apparatus. i.e., when no note is present

in the transport means, the microprocessor continuously

checks for system malfunctions. Upon locating a systenm

25 malfunction, an indication of the particular malfunction is

given on a display which may comprise a plurality of LEDs

(not shown) mounted on a panel secured to the housing 12 of

the apparatus. There may be four such LEDs. By flashing

certain ones of these LEDs. according to a code, a specific

300 maifunction may be indicated. If an INTEL 8039



gram nenory. The operational program of the apparatus automatically
rrects for dirty or soiled notes, and to sone extent; corrects for

note-to-note pattern-tregistration -22- variatkons. Because a large
-nunber of sanple areas (for exanple 20 per track) are tested, a note.mﬁ{D
one or two discolored or damaged areas can still be accepted. The

m croprocessor nonitors the positigfpgdetectors 5 within the transport as
the note is propelled therethrough I1n order to execute various portions of
the operational program For exanple, the position sensors are used to
measure the length of the note, and to verify that the note has exited from
t he apparatus. 10 The use of a m croprocessor in the apparatus
enabl es the currency note validator to performsignicant self- diagnostic
oper at imper opiroegs sots iiall wsedel @ 75082756 chokp oveys @r @ohdenkds| y

moni € O7 5. § N6 YBL | QUG ¥RUCBE e ddl LA & nBPBPRbLR s sBRCHHIA SN E qur

mal f unc |ons ult scovered crogrocessor aces the
appar atimdbgatsir JEREce WhRD Fhéyﬁdﬁﬂemé#ft‘-‘dh‘:?’a%m gsl 8F§;§Ieé£ &in a

code oneRR@ wERrRPIVce@rdre thoe!shgr ophbaes sdur Ipl@dehae il ecuycdrecy t he

St he BBES oBRH LR o2, ARRARS Sy ST Or 17 EVA LR F 1hAT R YARY PR Aot cal 1y
Comxﬂwate&dsrcwnﬁbtmﬁnstwfcomhxmheagyagenﬁ giommpnica P t he
referenﬁg ﬁ?fc%%' S:L“%Eace%tAEh%Xﬁ?{nEPgdmﬁré opfzégtl,pggbrgogfargﬁgr t he

appar at e stored I'n ure 7) 1s,set 25 "forth
hereaftmalfuns@dDOemaxnb¢mﬁiamh¢YﬂdT§HIéhP aﬁdﬁq#q#ﬂqn|¥Rﬁr$ﬂt$FWAL|DATOR

APPLI CAJ{ NS PROGRAM'.  Copyright in and to this programi 8 clained by the
assignee of this appljcatjon.

TAB ISIS—II 48/ UPI - 4
ASEBNVBLER, VEhe decoder 108 (FlgurgA qggg ype]79€§{§iE
SOURCE SRABENHNYt shown) and six AND_gates 120 (Figure 8). The

inputs of each AND gate are connected. The outputs of the
AND gates are connected to the bases of corresponding NPN
bipolar junction transistors 122. The AND gates 120 and
15 the tranSLStors 122 may be provided in the form of type \J.
75452 ch;ps. This provides a convenient two switch
package. The gates 120 thus do not technically function as
AND gates. The input leads 124 to the gates 120 may be
connected to the respective Q pins of the aforementioned
20 74LS174 latch chip. The box in Figure 8 labelled LED/PIN
. diode circuitry in Figure 8 is shown schematically in
Figure 9. The collectors of the bipolar transistors 122
(Figure 8) are each connected through resistors 126 to the
emitters of corresponding NPN bipolar junction transistors
25 128a through 128f., The collectors of the transistors 128a,::i..
' 128b and 128¢c are connected through leads 130, 132 and 134
to the LEDs 74 (Figure 9) which illuminate the tracks 42,
44 and 46 on the currency note, respectively. The lead 136
(Figure 9) is connected to a source of supply voltage V+
30 which in the illustrated embodiment is8 +12 volts. The
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12 [err] 4 [err] 5, ; BI LL VALI DATCP. 7; 8 ; APPL| CATI ONS
PROGRAM 9;. 18C; , -+  NEWS. SRC 11; 12; MARCH 3, 1981 13 14 ;
975-2200 15; 16 [err] 17 18719 ;[err] 28; 21; - | NTROODUCT! ON

'22:23 ; THE SOFTWARE APPLI CATI ONS PROGRAM FOR. THE BI LL 24 ; VALI DATOR MUST
CCNIECL ALL ASFECTS OF I'TS 25 ; OPERATI ON, | NCLUDI NG NOTE ENTRY DETECTI ON
26 ; MECANI CAL TRANSPORT. OPTI CAL DATA COLTETI ON 27 ; AND ANALYSI S,
EXTERNAL COMMUNI CATI ONS, SELF- 2?°; TESTING AND SELF- CALI BRATION. 29 THE
M CPOPECCLSSOR USED | N THE BI LL VALI PATOR 38 ;1S TRE 8839. UP TO 4K-BYTES
OF POM I S AVAI LAPLE 31 FOR PROGRAM STORACE, AND | K-BYTES OF EXTERNAL RAM
32 |S PROVI DED FOR STORI NG DATA. THE. I NSTFUCTI ON CYCLF 33 : TIME IS 1.5

XSgE%EECRND\SIB 3 1%Pe 3PorSbEEChe blp?cfllJuS' §r§hs&§é‘@lﬂﬂe4.3tsMég?chted to
the infrared em;tting diode 76 through a lead 138 (Figure
9}.

The bases of the transistors lZBaéf_(Figu:e 8) are
5 connected to the output of an op amp 140. The inverting
input of this op amp is connected through a 1ead 142 to the
output of the DAC 108. The microprocessor 100 controls the
gain of the op amp 140 via the DAC 108 and thereby adjusts
the amplitudes of the drive currents provided by the
10 transistors l28a-f, The output of the op amp 140 is
applied to the bases of each of the drive transistors 128a-
f. These transistors are turned on in sequence by the
microprocessor utilizing the decoder 109 (Figure 7) which
includes the previously mentioned 74LS174 latch chip and

15 the switches 120 and 122,

' As previously mentioned, the sensors 88, 90 and 92
(Figures 1 and 2) detect the leading edge of note and the
position of the hook 34. As illustrated in Figure 8, each
of these sensors may consist of a separate infrared

20 emitting diode (IRED) such as 88a and a phototransistor
such as 88b. The collectors of the driver transistors 1284
and 128f are connected to one side of the IREDs 90a and 88a
respectively. The other sides of these IREDs are connected
to a supply voltage V+. The third one of the IREDs 92a is

25 connected between ground and V+. The emitters of each of
the phototransistors 88b, 90b and 92b are connected to a
supply voltage V- and the collectors of these
phototransistors are connected to the inverting inputs of
corresponding op amps 144, 146 and 148. The positive or

30 non-inverting inputs of these op amps are connected to



A OoPJ LI NE ' SOURCE STATEMENT 37 38 39 ; [err] 40; 41
RAM ASSI GNVENTS 42; 43 44 45 46 ;| NTERNAL RAM REG STERS:® 47 ;0 -.7
:VWORKI NG REA STERS, BANK 1 48 ;8 - 23: STACK. 49 ;24 - 31: WORKING - .
REG STERS, BANK 2 607 32 PCS 1 ADJUSTED DY A-SETTI NG 51 ; 33 T@
1 ADJUSTED D A SETTI NG 52; 34 : TRACK 2 ADJUSTYD D/ A SETTI NG 53; 3
TRACK 3 ADUSTED D A SETTI NG 54; 36 : PCS 4 ADUSTED D/ A SETTI NG 55:;

37 : DIVIDE CONSTANT (rd) ) 56 ;.-2B8 : REFERENCE READI NG POCsSITION 1
(*30) 57; 39 : POSITION 4 REFERENCE READI NG (165) 58; 40 : REELEENCE
FEADI NG POSI TI ON 3 59; 41 . REFERENCE READI NG POSI TION S 60; 42

PO 5 ADJUSTED D/ A SETTI NG 61; 43 : PARTI AL DATA COUNT FROM P4 TO P3
(-N;, USED 62; . FOR LENWT 4 CHECK AND FOR TRANSPORT SPEED 63;
CCRRECTI ON. 4. 44: RENMAIL. NI.NG DAT, O. TOTAL NO OF eF;

( - 96x98OURSaL ThEO ‘P figou M? BARA SEore (CRTIMBR : 46 -
47: SUBI@RAL 1&6 REABI LES,, Weu&w,&m&m&%cted to theARSC,

(a0 1 620 pEr ofEe NS 1 Bhetoys il o Bl nage FraRt 5o - 51
SUBTOTARhOt ¢Enanrds t arack8 b, (900 @ndVazp i ampnf;edwsm theAVERAGE
RFADI NGp a Br#&K @hzZﬁ hSa 1:631.3te Bh@iMg h&EARINGS trxpé ﬁné5Z¥ E'h@"
E&TE)ET75?7‘°‘°F‘Q§3€55°‘F§99<5§ Egéfr ret[%ltl\l%n.ms'rhus, for exam'ple,
when the leading edge of the note reaches the location of
the IRED~-phototransistor pair 90 (Figure 2), this is
detected by the microprocessor. The same is also true when
10 the leading edge of the note reaches the IRED=-
phototransistor pair 88 at the exit 6f the transport means.
Also, when the hook 34 pivots up and backwardly, this
breaks the beam of the IRED-phototransistor pair 92 (Figure
- 1) which is indicated to the microprocessor by 51gnals @
15 generated by the op amp 148 (Figure 8).
Details of the LED/PIN dicde circuitry block of Fzgure
8 are illustrated in Figure 9. The PIN diodes 68, 70 and
72 detect the radiation reflected by the note by the
reference surfaces., The PIN diodes are connected to the
20 invertihg input of an op amp 158 whose output lead 160 is
Qin turn connected to the inverting inputs of op amps 162
and 164 (Figure 8) through resistors 166 end_lsa. The
output lead 160 (Figure 8) has successive signals generated
thereon corresponding to read signals for the first, second
25 and third tracks. The output leads 170 and 172 of these op
: amps are connected to corresponding channels of the ADC 110
(Figure 7) which permits the microprccessor 100 to
interpret the amplitudes of the read signals generated by
- the respective PIN diodes. & diode 174 (Figure 9) is
30 connected to the PIN diodes 68, 70 and 72 and to a voltage



'78; 56 : TRAC: 3 OFFSET 79 ; 57 :PCS 4 OFFSET 8l ; 56 : TEMPORARY

STORAGE -1 ; 5, -*?20P0 1 AND POS 5 OFFSET (-C ) 82; 80 - TALLY
OF NO E. T - BY CFSSHVT RFADINGS (> M') 83; &1 : TALLY OF TOTAL
NUMBER OF YO S (1 TO 100) 84 ; FZ : RUNNI NG ADDRESS W THI N EACH
PAGE-85 ; 63 : TEMPORARY DATA STORAGE, TRACK 1 64 TEMPORARY DATA
STORAGE, TRACK 2 97 65 : TEMPORARY=-PPHA STCRGE, TRACK 3 88; 66
TEMPORARY DATA STORAGE, PGS 4 99; . ALSO, FLAG FOR [err] 98 ;67 -
127: TEMPORARY ACCEPTANCE BAND DATA STORAGE 91 $EJECT | SI S-11

MCS- 48/ UPI - 41 MACFO ASSEMBLED. V3.0 PAGE 3 LOC OBJ
LI NE : SOURCE STATEMENT I SIS- 11 MCS-48/ UPI -41 MACRO ASSEMBLER
Y3.0 PAGE 4 LOC OBJ - LI NF SOURCE

STATEMENT 9Z& &3t ckl VERNAL enideREGICSTERNPevsate for AR RAGKTRIDATACEY ;

201 - 207 4%p 2 A : 6
TRACK 2 ERR%& 1?“3 ,9@ “P%Z%?% g Rxg&%,ﬂg&; 9?9‘ T"éi%K %ﬂEaRBR]d?S
100 : 769 - @5179 Pcﬁmm ampaTAligetgatedr in Riguze 8 \pay  beuproyidgfcro
ASSEMBLER, L 084 chips. PAGE 5 LOC OBJ | LI NF

SQURCE §TATE NT 02 teLion (¥%B may be 1k ohms and the resistor 166

may be 2K ohms, for example. This will make the op amp 164

a higher gain second stage.amplifier with respect to the op

-amp 162. Thus, the op amp 164 will have sufficient gain

for amplifying the outputs of the specific PIN diode which

10 receives reflected infrared radiation. . The amplitudes of

the output signals generated by the infrared detecting PIN

diode are significantly smaller than- those of the PIN
diodes which receive radiation in the visible spectrum,

Having described the general mechanical construction

.\~ 15 and electronic control circuitry of the illustrated

' embodiment, its operation can now be described. As already

indicated, the principal basis for testing the validity of

a currency note with the apparatus involves a spectral.

imaging process which tests the color fidelity of the

20 note's printed design. After the note is inserted through

the entry bezel into the transport, it is propelled beneath

the optical scanning station where visible color and

infrared reflectance readings are taken along the three

tracks down the length of the note. The microprocessor

25 compares selected ones of these reflectance readings

against preprogrammed acceptance band data stored in the

program memory. The operational program of the apparatus

automatically corrects for dirty or soiled notes, and to

some extent, corrects for note-to-note pattern registration



4 ACCEPTANCE BAND TABLE FORVAT 105 107 109 ; THE ACCEPTANCE BAND
ABLES 19 REQUI RE A SEPARATE ( DEDI CATED) PAGE I N 110 “PECOGRAM MEMORY FOR
FACE DI FFERENT NOTE 111 ; ORI ENTATI ON CHECKED. 112 THE SUBRQOUTI NES " ORI ENX -
AND ACC3DX FOR 13 ; ORI ENTATI ON X MJST BE | NGLUDED ON EACH 114 , MEMORY,

PAGE CONTAI NI NG AN ACCEPTANCE BAND TABLE |15 ; PROPER. FOR A G‘VEN
" ORI ENTATI ON, THE. PACE LI NE 116 § | GNVENTS ARE AS FOLLOWS: 117 118

; LINES: 119 120 ;6 - 38 ORI ENR22SUPROUTI NE ( X1.2.3,0R 4) 121 122 ;40
- 72 ACC3DI  SUBRQUTI NE (Z*SAMF AS ABOVF) 123 124 ; 75 FI RST
READI NG LOCATI ON NUMBER, TRACK | 125 125 ; ° 76 - : UPPER LIMT FOR FI RST
READI NG LOCATICN 127 128 ; 77 : LOVER LIMT FOR FI RST READI NG LOCATI ON
129 130 ; SECOND READI NG LOCATI ON NUMBER TRACK 1 131 132 ; 79

EFEE—?%%&E%%%E@S‘ B 1PRRS S dge o adaBle leadran ® o
. FI REx&mR3IeNG 0 @Y | bRakBVBRER,e meQ1145n°t]§17W1th one or two
discolored or damaged areas can still be accepted.

The microprocessor monitors the position detectors
5 within the transport as the note is propelled therethrough
in order to execute various portions of the operational
program. For example, the position sensors are used to
measure the length of the note, and to verify that the note
has exited from the apparatus. - '
10 The use of a microprocessor in the apparatus enables'
the currency note validator to perform signicant self-
diagnostic operations during its idle cycle. The
microprocessor continuously monitors the various systems
within the apparatus, checking for malfunctions. If a W
15 £fault 1s discovered, the microprocessor places the
apparatus out-of-service, and the nature of the fault is
displayed in a code on an LED panel on the housing._ Also,
during the idle cycle, the microprocessor continuously
checks and re-adjusts the outputs of the LEDs in the
20 optical scanning system. This self-calibration
automatically compensates for the effects of component
aging and dirt build up on the reference optical surfaces.
An example of an operational program for the apparatus
which may be stored in the EPROM 104 (Figure 7) is set
25 ‘forth hereafter in source listing form in Table I and is
entitled "BILL VALIDATOR APPLICATIONS PROGRAM", Copyright
in and to this program is claimed by the assignee of this
application. ' |



"148 149 $EJECT SIS 11 MCS-48F/ UPI -41 MACRO ASSEM LER, 3.0 .

PAGE 6 LOC OBlJe = LI NE SOURCE STATEMENT 150 ;
t*4**s*F*csssv*res****S~esSWsscsa gsWv***s**s**ee 151: 152;
"OUT- OF-SERVI CE | NDI CATORS 153; 154 ; ****&xkxdkxdkx & dkdx *
s SEExA**xxxt 155 156 KEY: 1 - LED % NG 157 a = LED OFF
158 159 REASON FOR QUT- O SERVI CE CODE 150 1ei
: ENTRANCE BLOCKED, OR ENTRANCE SENSCR FAI LED 111I 162 163 164 ; PCSI TI ON
SENSO? P3 FAI LED. . 00l | §657166 167 POSI TI ON SENSCOR
" PS FAI LED. . Asr48 tl NEWBV.SEC PRINT ( LO:DOELAuISB)TFéQ})lFP@ROREFBREI\DEX'SURFACES NEED
CLEANI NG . ’ 0110-171 (CQDEHBS&:L-ASHED BUT UNI T MBI NS I N
SFFVI CE) 172 173 174 ;INEIPIT S| GNAL FROM HOST ELECTRONICS ... ep 326 0111
175 176 1771S1®-D mmE*FAI"LWSS-”BL’-R v3.e PASE 1100 178 179
180 ; RAM MALFUNCTI ON. . _ | 000 1181 182 183
X JAM (NOTE TRARPRDJ| NSI-DE WMIET) . .. SOURCE STATEMENT 1010
g s Sacdcdzasarakak e oak geaie ke o s Ao Je Lo Le e e s g WK e e e NeAe e oz Ao KN AOFLEE KNS
4 ,taattsautt*a:a#*m#*asam:vttt#*saﬂ¢t¢#ts¢=am#***¢*#"
S
g i BILL VALIDATCR
g ; gP?LICATIONS PROCGEAM
12 NZ¥BY.S2C
11 ;
t 1§ H MARCE 3, 1881
13
14_5 975-2200
i: ;--— ERERTESRERFVLTRINESEE GHNGE R NR N FAENUL FRWBLGS
1?7 ’ :
ig ,:mtt:stt**#*#t#ua###tts#t#&s*¢~¢#*¢u**t#*»#***#*##
2e ,
21 : INTRODUCTION
22
\“/ : ) 23 ;THE SOFTWARE APPLICATIONS PACIIAM FOR THY BILL

24 ;VALIDATOR MUST CONTROL ALL ASFrCTS OF ITS

2% ;OPERATION, INCLUDING MOTT EXTRY DFTLFTION,

2¢ ;HICHANICAL TRANSPORT, OPTICAL DATA COLLECTION

27 7AND ANALYSIS, EXTERNAL COMMUNICATIONS, SELF-

22 ;PESTING, AND SELF~CALIRRATION.

29 ; TEE MICPOPROCESSOR USED IN THEE 2ILL VALIDATON

3¢ ;IS THE 8239. UP TO 4K-BYTES OF ROM IS AVA]ILABLF

31 :FOR PROGRAM STCRAGE, AND 1K-BYTES OF FXTEZANAL RAM

32 7IS PROVIDED FOP STORIMG DATA. THR INSTFUCTION CYCLF
33 ITIMFE I$ 1.5 “ICROSECONDS. .

35 73223 250 200 28 8 18 X XORRKs 832 BEN5Ne 48 35 K1 205 38 245208 200 7% Ar 1008 308 25 02 2 8 Qe 00 220 NN K ROKC KOG NP A3 Kk

36 $EJECT



4 135 186 ; OPTI CAL MEASUREMENTS SYSTEM FAI LURE: 187 188, | CHANNEL

1 110 189 ; "CHANNEL 2;

1101. 190; CHANNEL 3... 1100 191 : .
CRANNEL 4. a 1011 192 $EJECT ISIS-11 )
CS- 48/ UPI - 41 MACBO ASSEMBLER, Ys.z&’ PAGE 7 LOC OBJ
LI NE SOURCE STLTEMENT 193 ;
S***S****g**c:SfSt*l****S*****$\N4****Ft*es***suvvk*t 194, 195 ,

NOTE REJECTI ON | NDI CATORS 196 197; 198 199 ;- KEY | a LED ON 200; .
0 ISISHD XGS?749GRI-2G M ACREASERIBETIR. VRRIECTI ON PAGE 2 CODE
203 204 ;NOT VALID, BUT CASE | NSTRUCTI ON FROM 205 ; POST NOT RECEl VED

W THL#¢ 60EBBECONDS. LINE SOURCOFIOrERSE 207 208 ; NOTE YALID, BUT P.EJECT

| NSTPUCTI ON WAS 209,,, RECEI VED FROM HOST. . eel s

216 211 212. SECCNEB E ENTERED BEFCRE FI RST NOTE WAS 213 ; CASED . .
0011 214 215 216 E)@T*BLWW@?ERR*WFER“@W“’RWW* . 1011 217

218 219 ;'VERY SHORT f’APER DELGGTER 6 nimTs 0100
4§ H
4 .
44 ;#####t#t#*####t#ﬂ#*&###*##u*#u***######@s#****""
45 .
4€ NTERNAL RAM RECISTERS:
a7 < 7 : WORKINS FEGISTSFS. BANK 1

i1
1]
48 ;8 - 23 : STACK. .
124 - 31: YORKING REGISTERS, BANX 2

7
ALSO, 46=AVFRAGT FYADING, TFACK 1.
48 ~ 43: SUBTOTAL OF RTADINGS, TPACK 2 (¢9=RHIGHK BYTE)

S¢ ; 32 : POS 1 ADJUSTED D/A SETTING
51 ; 33 : TRAC< 1 ADJUSTED D/A SETTING
52 ; 34 : TEACK 2 ADJUSTFD D/A SEITING
53 3§ 3% ¢ TRACK 3 ADUSTFD D/A SFTTING
94 ;3 36 : POS 4 ADUSTED D/A SETTING
55 ; 37 : DIVIDE CONSTANT (=1¢2))
LY 38 : REFEPENCE PEADING. POSITION 1 (=38)
57 3 39 : POSITION 4 REFERENCT READING (=1€3)
S8 ; 40 : REFLRENCE FEADING, POSITION 3
%9 3 41 : REFERENCE RFADING, POSITION S
g0 ;3 42 : POS 5 ADJUSTED D/A SETTING
61 ; 43 : PAETIAL DATA COUNT FTHOM F4 TO PS5 (=N; USED .
62 : FOR LENSTH CBECK 4MD FOR TRANSPOKT SPELD W/
3 3 : CORRECTION.)
62 ; 44:REMAINING DATA COUNT. ALSG, TOTAL NO OF
55 ; READINGS INCLUDED IN DATA &NALYSI:
€€ ( = 96% AF TOTAL DATA COUNT )
87 3. 45 1 TOTAL DATA COUNT (=NT) -
6R ;46 - 47: SUBTCTAL OF READINSS, TRACK 1 (47=HICH BYTE)
?
1]
71 ; ALS0, 42=AVERACF QFADILu, TRACK 2.
72 ;3@ - 51: SUBTOTAL OF RTaADINGS, TFACK 3 (51=KIGR B3YT®)
73 3 ALSO., SZ=AVERASE RFADING, TRACK 3.
74 3132 - 53: SUBTOTAL OF FEADINGS, FOS 4 {(57=HICH 2YTE)
75 _ ALSO, 52=AVERAGE RFADIMC, POCS 4.
. 7€ 5¢ : TRACK 1 CTFSET
7?7 8% : TEACK 2 OFFSET
73 55 : TRACK 3 CFFSET
?& 57 FOS & QlISET
ge

58 : TEMPORARY STORAGE

8 39 POS 1 AND PO3 > OFFSKET (=¢)

g2 2 ¢+ TALLY O0f NO1E3 ¥ITH EYCYFSSIVE EFADINGS (D2s¢)
R4 2 : RUNNING ATDEFSS wlTMIN FACH PASH

€5 €3 : TEMFORAFY N21a STCRANTF, TPACK 3

<4 : TERPORAFY Ia7a STG‘A”.. TEACY 2
€5 TEMOQRARY DATA STCRASE, TFACK 3
€6 : TEMPORAFY Pala STOPAGER, FO5 4
ALSO, FLAG FO®R CHATCAING REVYRST LNTFY.

i
f
v
H
b}
?
£x ; 61 : TALLY OF TOTAL KUMRME OF ¥Q7FS (Up 7C 1leo)
'
’
’
¥
i 127 : TEVYPORARY ACTTPTANCE BAND TATA STCAASE



220 221 222 ; POTENTI AL JAM DETECTED. . . 1010 223 224' &2

225 ; NOTE FAI LED LENGTH TEST. .. 0111 226 227 228
;'NOTE. FAr| LD OPACI TY TEST ... 1000 229 23e 231 ; NOTE
FAI LED, SPECTRAL REFLECTANCE TEST. .. 2001 232 233 EJECT ISl S- 1
MCS- 48/ UPI - 41 MACRO ASSEMBLER, v3.0 - 22 - PAGE 8 LOC 0OBJ
LI NE ~~ SOURCE STLTEMENT 234 '

| H% SFHGr R ARk fgx @R CH X k% SR KK R KX SST i S, **¥B~sngr*a*a 235, 238 ;
NOTE | DENTI Frb CSATE Bs <485 28 € aero? RG peprka2 A3 . p DENOM NATI ON

CODE 241 242 :U.S. $1... - PAGF  BOO1 243 244
-U.S. $5... 1oc osy . 0101 245 246 : BANK OF
ENGLAND #1. . . LINE | SOURCE STATBMENR7 240 : *  *##**$ 249 250 -

EQJATES 251 252 .253 -S**SS****;%#**S**e*****#***SS****#eeS*g*S****es****s
254 255 ' '



| 2501 256 CHAN1 EQU 1 ; CHANNEL 1 257 0002

8 CHAN2 EQU 2 : CEANNEL 2 259 e003 260 CBAN3
EQU 3 : CHANNEL 3 261 e004 252 CHANM  EQU-

4 CHANNEL 4 (POS 3 EXIT LOCKER) 263 eE25 254 CHANS

EQU 5 : CHANNEL 5 _0006 266 CHAN6  EQU .

6 :CRANNEL 6 (POS 1 : ENTRAN 287 0?07 288 CEAN? EQU .
7 CHANNEL 7 (?08 5 EXIT) OOPA 270 BLOK EQU 1 0

: 14D OPTI €S RFF 271 003C 272 CPLOI EQU e0

. CAUS BRATPCREE/TIRAKL 2467 ASEHBLER, ¥3.2 274p@RLO ¢ EQU 64

. CALI BEATE FFF TEAK 1 5 3 275 eecs , 276 LIMT EQU 20Z
CAL| BRATBEREF CHANLZNF277 OOS@URCE STATEMENT 27$ NOLFD EQU 0Of f ;

NO OPTI CAL. BLOCK LYQ ON 279 OP23 260 TIPST ECU 43

: ADDP OF 1ST DAT & 28her02Gian rECISTIES 282 SECND EQU 44

:ADr. R OF MYP PATh S8ON 223- G8@:6 TRACK 1 DATA 284 POS1 EQU 38

ADDP OF POS | RFF RIQY: 28%5- 38%: ( 1 ERRORS 25? POS3 EQU 40
: DIR OF PCS 3 REF?I%\I%Q%%S?J E%‘gi Igﬁgﬁi@ 48/ uPl - 41 MACRO ASSEMBLER, V3.0
PAGE ~ 9 LOC ©OBJ 227 212 - FINETRACK 3 DATA SOURCE STATEMENT 0027

280 POS4  EQU 100 ; 382 - ss7; seiPbolh BES 4 REF [err] 290 €029

291 POS5 EQU 101 $myEcT  ADDR OF PGS 5 REF RDNG 292



* 003C 293 EXCLIM EQU 60 ; ADDR OF >245 TALLY 29§

003E 295 PAGADD EQU S2 : ADDE OF PAGE ADDP 296
0002E 297 SBTOI1 EQU 46 - ADDR OF TRAK 1 TOTAL
- 298 0030 299 SBTOr2z EQU 'EQ&I 48 : ADDR CF TRAK 2
TOTAL 300 0082 301 SBTOT3 : SO : ADDP OF TPAK -
3 TOTAL 302 0034 303 SBTOI EQU 52 : ADDR OF PCS 4
TOTAL 304 0042 . ) 305 TEMP EQU _ 66 : ADDR OF TEMP
PGS 4 306 PO3Ey; nes-en/vpi-e1 nac397a=35‘\5|2vn e 63 gpar - ADDR OF TEMP
TEAK 1 308 40 _ 9 TEMP2 EQU 64 : ADDR OF TEMP
TRAK 3 312 GGRo O 3%%5%%% 00 PAXNOGF
r EADI N(B BEFO?E JAM 314 igg ;.*#tt*t##t##ﬁ##**###ttt##%ﬁ*##;\kma_ﬁﬁﬁﬁa&slﬁ;mv#
31 NO EQU 61 1os i  NORMBbranbEaalF (READENGARL7
: CYCLES COVPLFTF: D DURI NG1348 ?PASSACGE OF THE
LEADI NG 319 T Attt &L & syl | ) S\ = 7
; TOPS: (MJUST BE DETERM NF?@BB,%-.- ACCEPTANCE BAND TABLES ; mPl CALLY) 322
0oL 323 NGRLSBIRE L SCEUAED et coaT O
CHECKED, [err] 324 113 JORTENTATION CREGKED. HRAEEFEINANUM = 20). 325
e0003 326 FRRET; rrr stPekoutings "0 I1ENX™ AxD [ AREDIVUBENUVPF. R OF

COLOR ERRORS 327 113 FORIENTATION X MUST BN_ “Q‘fﬁn g;g 326 00B ’
329 L2 EQU 17615  ProRRUPtags Laf BA Ve PSS B2 oo
332 LI. [err] 11 i ASSIGNMENDSERELASMFOLIBER: LENGTH CHFCK 333

118 ;LINSS:
119
128 6 - 38 : ORIENX SURRQUTINE (%=1,2.3,0F &)
121 ] .
122 ;4@ -~ 72 : ACC3D2 SUBROUTINF (XI=SAMF AS ABOVF)
123 :
124 ; 7% : FIRST READINS LOCATION NUMRER, TRACK 1
125
126 ; 7R t UPPER LIMIT FOR TIRST RFADING LOCATION
127
. 1§s H 77 + LOWER LIMIT FOR FIRST FFADMING LOCATION
129
N\ : : 130 ; 78 _ : SECOND 2FACING LOCATION NUMBRR, TRACK 1
131 .
132 7 79 : UPPER LIMIT FOR SECOND RFADING LOCATION
133
134 ;
135 3
136 ;
137
133 3 135 ¢ TIRST STADINS LCCATICN NUMHRFR, TRACA 2
132 .
149 3 .
141 3 .
142 3
143
144 3
145
14€
147 3
145
)

QCD

195 : TIRST READING LOCATION NUMEFF, TRACK 3

149 $FJRCT



3043 334 OPLIM  ECU 67 ; LONER LIM T FOR 33 33f
JECT 32 ISIS- 11 MSS-48/U?1-41 MACRO ASSEMBLER, V3.0

PAGE |6 LOC G3J LI NE SOURCE STATEMENT 337 338 ;*****
- ***S: Ok***********set*@***4* *k*k*k*x*% 339 340 1 EXC 341 34w
(MAI'N PROGR. AM FLOW 343; 345 346 | S ROUTI NE CONTRCLS THE SEQUENCE OF

STEPS I N THE 347 ; PROCESSI NG OF A E. AT Ti E END OF EACH STEP 348

; SUCCESSFULLY COVPLETED, PS IS SET, AND THE PROGRAM 349 ; JUWPS TO THE NEXT
STEP. |F. A STEP | S NOIL SUCCESSFULLY 350 ; COVPLETED, Po | S CLEARFD, THE

EJ EﬁE"—lSlIJBRG.dTUNEQ A8 ASCARLED, vAARD THE PROGRAUIFJUMES BACK TO START" AND
352 ; P. ESETS THE UNIT FOR ANOTHER NOT!. 353 ; TRE PROGRAM TSEN REMAI NS | N
THE. LohDLdiJCYCLF URdIN - 354 .%UWEI'AITSHWTECTED AT THE ENTRANCE OF THE UNIT.

355 000 § ‘ORG 0 357 000 0404 358
*#* #####** RPN A Xeae W e Ve ak # £-1 F3
MY EMEC 0003}3% {*°** w59 TEEEERETTT Y80 0003 15
361 DIS 152 ; | OOQ4T-BFOTERVICE IXDICATGRS2 IMp EXEC 3e3
00A . ' Spu ; #####***tt##*%#######;ﬁQ#thQ#QQQA#Q&QA#StWt 366
EXEC:  CALL m@g CINITIALI ZE SYSTEM Q00 745 367 |
CALL RESET BESFT P(K@’ SENSORS. FLATKING 7485 _ 359 START: CALL
REST : RFSET Rqug?ED REG STERS FER 369 : NEXT
NOTF. 158 ; REASON FOR OUT-OF=SERVICF CONDITION: CODF
188
i ;ENTRANCE BLOCKED, OR ENTRANCE SENSOR FAILFD..1111

164 ;POSITION SENSOR P3 FAILED... 2011

165 S

166

167 ;POSITION SENSOR PS FAILED... : 2101

168

1€9

178 ;RETERENCE SURFACES NEED CLEANING... 2110

1?71 j (CODE IS FLASHED BUT UNIT REMAINS IN SFEVICE)

172

173 _

174 ; INEIPIT SIGNAL TEOM ROST FLECTRONICS... e111 _

175 : . \

176 :

177 ;A/D CONVERTER FAILFD... . 1000 :

178

179 '

152 $2AM MALFUNCTION... 1601

121

182 - :

183 ;JAM (NOTE. TRAPPFD INSIDE UNIT)... 1010

184

138

18€ ;OPTICAL MEASURRMENTS SYSTEM FAILURE:

187 .

198 ; CRANKEL 1... 1110

189 ; CEANNEL 2... 1101

190 ; CHANNEL 3... 11ee

121 3 CRANNSL 4... _ 1211

1g2 $RJEZCT



@)

: g%o 7499 370 . CALL CKG245 : CHFCK FOR RI GH PRADI NGS =~
 RESULTI NG FROM DI RTY 372
. REFFUENCE SURFACES. |F 373 © SURFACES NFFD
%;AL\II NG GO 3& OUT- OF- SERVI CE. 9P12 241D
- LL READY : OUTPUT REﬂﬂ STATUS TO 376

- HOST ELECTRONI CS. ?B14 S4C5 37 CALL | DLE : CHECK
RAP: CHECK POS| TON 378 ~ : SENSORS: 379

: CALI BRATT1 AR %ﬁ@&m@fﬂ@s%ﬁsswsun. V3.0 PAGF 7 FOR 381

" INHIBIT SIGNAL FROM 4HST. |E 392 A FAULT IS
DI SCOVFERED, 1 4@0o@4T- 383 11xe  SOURCE STATEMEN® - OF- SERVI CE 384

. CHECK ENTr ANCF.. 1F A NOTE IS 325 - DETECTED.
FXI T RQJTI NE, 386 . . igz '###***3**#***#$#*ﬁ*t&mﬁrw#gw‘l*##**ﬂ#*#“
|EPEAT CYCLY. 0016 74C2 gy 998 wors mssctidiilbioutolf TOEL 100 1

361C

392 JFO GOBS? T ET NG ST e *I/\K/Qg“g’:"’t‘l*"’e

giéF . Jg]P STAHBs i IS!!S-I%J =|\f§g @8/ UPl - 41 MACRO ASSTMBLEP, V3.0

t J L3 NE = LERQRRCE STLTENVENT O C 5412
392 ol : CALL Bl LLI N2: Alsh 6 BorSEERPRNFOR NOTE. TO 393 cope
. BE PULLED | N AND REACH P£83394 = \ , JTHERW SE |,
4 3 M,

%EAR Fe 395 150 02 Ba 85 xzcsﬂv*ﬁgﬂ% WEOR‘ 001E aﬁg_?_im_
0022 o7 GNA

HOST. 88(1)94 347D 5P GO%Q ggfﬁﬁglgkgﬁue whkg’ﬁbf %“ggf’i}(‘éc?l ANQIQS%QE
SSP CAL DATA. CS\EEG BF2C c;ﬂ ‘JFo G0 ee28 944C

EJE % OpE EE |
2

- RFAD 002A 040S g}és mm ! WBE F@FELRL?RW EEEFQ% ONe2C 3630
404 Q05: JT0 Q6214 JUMP IF UNIT IS SET FOR AUTO 405

- - 218
; CASFING  OF VALID NOTES. 21¢ ;x1e BLOCKER NOT CLEAR AFTER CASE ATTEMPT... 1011

217
218 -
219 {¥ERY SRORT PAPER DETECTED... r1ce
N 221
222 ;POTENTIAL JAM DETECTED... 1e1¢
224 : .
225 $NOTE FAILFD LENGTR TFST... 2111
226
227 K
228 $NOTE FAILFD GPACITY TEST... 1900
23¢ '
231 ;NOTE FAILED SPECTRAL REFLECTANCE TFST... 1001
233 $EJECT



2! 8906 406 ORL .Pl, a00eH, TURN OFF MOTOR. e30 14D6

07 Q06: CALL LNCTCt ; CHECK NOTE LENGTH.- 8832 MBS 08
J10 G0? 0034 344C 409 CALL EJECT I F TEST I S
FAI LED. e036 040E 410 JMP START 0038 D418 O/
411 QO7: CALL TI ANRA ; CHF OPACI TY RATI O 412
; ON CENTER TRACK. (Q03A 3640 413 i JF 008 093C 944C
414 CALL EJECT ;IF TEST IS FAILYD. 803! 040E 415
JnP START eO40 346ff - 16 (08: CALL COLP. CK ; CEFCK COLCP
FFTESGFANGES3a/WPi741 MACRO ASSEMBLFR, V3.2 ; THERE TRACKS FOR ALL 418
ORI ENTATI ONS. 0042 B648 419 | JFO 009 0044 944C
420 1oc o8By CALL vineEJECT sogide: SRSindn® FAI LED 0846 040e 421
‘Iilg_rPE | VAETSRT g|e4 ?&#a###*:*t#mm&gga#@gtta#t:tgAl‘al‘###nm#v&é&ﬁ;**A%_?FUTCASH
| NSTRUCTI ON 424 ggg H NOTE IDENTIFICATIOWHOREROST. 004A B650
425 - JFO OmQt:QQAQsgéﬂctvttt#:#:*tn&%ﬁs*utvn*nara- **#QA“L EJECT
. |IF .CASE | NSTRLﬁigl : RECEI VED 004E
048E 426 24@ DEN°“U‘I*-P1°“ .START 8c-e B4a6 COREZQ &010:
CALL CASH ;Ttﬁﬁ N GHOR AND CASE NOTE. 0052 BOOOF. 4g9q ' 30
JFO START 00542444C 431 CALL EJECT 1 f JAM OR
SECOND NOTE DETECTE}}408%8 - 0OE: 432 JVMP %101 START
. DURI NG CASE. 433 sﬁiEgm o;elgNdLsug-,u MCS- 48/ UPI - 4]  MACRO; ASSEMBLER, V3. 0
PAC;E 12 LOC OBJ 247 SOURCE STQTEI\/EI\FI‘ 434 ; 435; 436 ;
AVREAD 437; 438 ; zgcmm*ﬂmtﬁ*mmm“m“ 000
25@ ; EQUATES
251 ;
252 H )
253 j¥*% BB BETK BUSREREBBERREG RSB LR R R KSR
254
_ 255
eogl ggg CHANY  EQU 1 $CRANNEL 1
cee2 258 CHAN2  EQU 2 JCRANNEL 2
259 _ o’
gees gg? CHANI  EQU 3 ;CRANNEL 3 _
ecos ggg CHAN4 EQU "4  ;CEANNEL 4 (FOS 3 : EXIT BLOCKER)
eees gg; CHANS QU 5 SCHANNEL S
2006 | ggs CHANE EQU 6 iCHANNEL 6 (POS 1 : FNTRANCE)
o007 268 CEAN? EQU 7 . FCRANNEL 7 (POS 5 : FXIT)
269 _
A0RA ' g;g BLOX EQU 16 iBAD OPTICS RAFF
2e3¢ 333 OPLB1  EQU &0 iCALTBRATE REF TRAK 2
odee 372 orLs  EQU 64 SCALIBEATE PFF TFAY 1 S 3
78
gecs ggs LIMIT EQU 208 TCALIBIATE 27F CHAN 4
2059 g*;; NOLFD  EQU. 2o2R iNO OPTICAL RLOCX LFD ON
er23 _ gae FIEST EQU 43 $ADDF OF 1ST DATs CNT
: 51 .
¢eze ggg SECND  EGU 44 $ADDR OF 28D PATA CNT
cez2s ' 224 POS1 QU 3& 1ADDR OF POS 1 RET RDNS
285 _
286 :
zuv2e 257 POS3 £QU 42 {ADFR OF POS 3 REF RDNS

288



‘
441 442 ; TEIS ROUTI NE COnPUTES THE AVERAGE READI NG FOR EACE 443 ; OPTICAL .
CHANNEL AND STORES THE RESULTS I N | NTERNAL. 444 ; RAM 445 446 ; REGQ | STERS
USED: 44?7 446 ; RO - PO NTER TO READI NG TOTALS R3 = MODIFIED 449 ; Rl =

"PO'NTER TO DI VI SOR - R6 - CHANNEL COUNTER 450 : R2 ‘= UPPER 8-BI TS
A51\095a 34C5 452 AVREAD: CALLS/ SUMIOT 005AA 392C 453
MOV R1, 044 :SET Rl AS PO NTER TO DI VI SOR 005C 1E04 _ 454
MOY R, #4 0O05E 3835 455 MOV RO, 53 ; START W TH
CHANNEL 4 BO®£L1Toncs-4s/upr-a1 mabR 1 sioebin, MOY 7008, ;s GEToUPF}_ 8 BITS
OF READI NG 457 “TOTAL 0061 AA 458
MOV R2, £, 0062 CS 459 . . . C RO 0063 Fe
460 %D/ A cfHG ;GE?’%EWE?TW”%“EFTS OF READI NG - 461
, TOTAL 0064 983 = - 289p0ss QU CALe DI AFPDERTOBB64 LBF 2DNG
463 eddV DROAza, »&¥EORE sRESULT,, AS AVERAGE RRADING 0067 CS
464 DEC- - RO O2#a EE60 & 465 ' wgggr\’g‘ &QRE, ALOOP;
" NEXT CHANNFL®#¢006A 83 293 EXCLINM 45RU e REPDR-@F ¥AEIEGELY | SIS ||
MCS- 49/ UP| - 48e3¥AChO ASSENBEdEReA&d@n O £eu 62 ;ADDE dFAfFar apkg LOC  OBJ
LI NE SQURCE STATEMEST 469: 470 : . " MULPLY 471; 472 ;
(MULTI PLY) 47%E475 476 ; THESS RIS NEQPROVIYSES AN ADRKSIBNE< S BPMIX 8 BI T 477
; MULTI PLI CAT¢e3Rl. 478 igg SBTOT2 EQU 48 7ADDR CF TRAX 2 TOTAL
ge32 ég; SBTOT3  EQU 50 ADDR OF TPAK 3 TOTAL
0034 ggi SBTOT . EQU_ 52 +ADDR OF POS 4 TOTAL
go42 ggg TEhP EQU 6€ $ADDR OF TEMP POS 4
BO3F ggz TEMP1 EQU &3 sADDR OF TEMP TRAY 1
240 309 TSMP2 EQU 64  ADDR OF TEMP TRAX 2
0041 2}; TEMP3 QU 85 1ADDE OF TEMP TRAK 3
20AQ 313 JAMLIM EQU 1€p iMAX NO OF FEADINGS BEFOEE JAM
gig yCALLED
\_ ]33] 316 Ne QU 61 $ "NOFMAL™ NO. OF EFADING
. . : 317 . . SCYCLES COMPLFTED NUHING
§18 tPASSASE OF TUE LEALING
319 . i¥DGE OF A NOTE FFOM Pe
32¢ ‘ T0 BS. (MUST BE DETFRMINFD
| ggé : jFMPICALLY)
eete . 323 NCOLOR EQU 29 tNO. OF LOC2TIONS CHECKED PEF
: ggg TTRACK (MAYIMUNM = 26),
ecel 326 FRRCT .EQU 3 +MAYIMUM NUMRER OF COLOR ERRCKS
: ggg yALLO¥YED PER TRACK. :
'43:Y"] ggg Lz QU 176 ;sUPPER LIMIT™ FOR LFNCTH .CHFCY
) 331 '
ee2Ad ggg LL . 2l 1€3 ;LOVER LIMIT FOR LENGTH CRFCK
2Pe3 -igg OFLIM  EQU €7 iLOVER LIMIT FOR TFANEA

a3¢ SEJECT



@479 ; AT ENTRY: 480 421 ;

A a MJLTI PLI CAND 482 , RO

F’O NTER TO MULTI PLI ER AN | NTERNAL RAM 483 484 : AT EXIT: 485 486 ; A
* LONER 8 BITS OF RESU T 487 ; R2 a UPPER A BITS O RESULT 488 ;
R3 ‘MODI FI ED 489 : C = SET I T OVERFLOW 490 B063 BAOO
491 MJULPLY: MOV R2, #00 GOCD %%8 492 MOV R3, #S
493 0067 1279 494 NPYSLP; MPYSA 0071 2I i 495
| CH A R2 0072 9? 496 CLR C 0073 67
497 . & 0074 2A - 498 XCN AR2 0075
- 0076 E36F 500 DINZ
$1-11 -432%?(-41 MACRO ASTRRELER, v3.8 6L 10
R3, [orr T 063 501 "RET 502 6679 9A 503
I\/PYBA 007A gg" 504 ADD A, @BA 007B
CE STATEM ’
boc 58! 505 ST63 B "o 2a 50e XCH
A. R2 007D 67 337 507 | RC e. % EES% ep
! o206 A28 250 4 o 26 2 345 34 33 355 2% e K AR LN #t#a######*# L % E ]
DINZ R3, MPYBLP 02580 4% EY0)¢) *PET 510 SEJECT 1SIS-11
MCS- 48/ UPI-- 41 l\/ACROSASﬁEIVBLER V3ELEC _ PAGE 14 LOC A J
LI NT STATEI\/E JN2 &%; NORMDA 515
MAIRCPAOEEAM FLOY . ;
(NOQIVALI ZE DATA) 51 NT ?S ) _
3*‘, ; *x ? TN #### R N Nra Lexe R H
348 .
346 ;TEIS ROUTINE CONTROLS THE SEQUENCE OF STEPS IN THE
347 ; PROCESSING OF A NOTE, AT Tl EXD OF FACR STEP
348 {SUCCESSFULLY COMPLETED, 7@ IS ST, AND THF PROGRAM
34¢ ;JUMPS T0 THE NEXT STEP. IF A STEP 1§ NOT SUCCESSFULLY
350 ;COMPLITED, F@ 1S CLEAAFD, THE FJECT  SUBROUTINE IS
351 ;CALLED, AND THE PROSRAM JUMPS BACK TO ~START™ AND
352 IRESETS THE UNIT FOR ANOTHER NOTE. _
353 ;TRE PROGRAM THYEN REIMAINS IN TER "IDLE™ CYCLF UNTIL
334 NOTE 1S DETECTED AT THE FNTRANCE OF THR UNIT.
3
ecoe 356 ORG . @
357
pece 2401 398 Imp EXEC
eees 359 ORG 3
36¢
e0e3 15 361 D1s 1 .
9e0s 0404 362 JMP EXEC NS
363
200 364 ORG 10 |
- . 365
PeeA 548A 366 EXEC: CALL  INIT  INITIALIZE SYSTEM.
200C 7452 367 ¢ALL  RESE? ;RESFT POS SENSOES .
POOL 7485 353 START: CALL  RFEST  :RESET RFQUIRFD REGCISTFRS FOR
369 $NEXT NOTF.
2012 7499 370 CALL  CKG245 (CEFCK FOR HIGH FEADINGS
371 {RESULTING FROM DIRTY
372 iREFFRINCE SUFFACFS. IF
273 ;SURFACES NFFD CLEANING, GO
374 _ ;OUT-OF-SERVICE.
ePr12 Rne1d 375 CALL BEADY QUTPUT "ETADY” STATUS TO
: 376 : +HOST ELRCTRONICS.
Fe14 54C5 377 CALL  IDLE  :CHECK RAMi CHECK POSITON
378 iSENSORS;
379 SCALIBRATF PFAD OPTICS; CREICK
302 iFOR
381 $TINKI2I7" SIGNAL TROM HOST. IF
322 PA_FAULT IS DISCOVFEED, GO OUT-
383 1OT-SERVICT
284 JCRFCK ENTFANCE. IF A NOTE IS
325 ;PTTFCTFD, TXIT RCUTINES
z8e 10THFRWISE
387 tREPFAT CYCLY.
ee16 74C2 388 CALL  JITDSL :1€@ ™S JITTRR DRLAY; THFN TURN
3ae ;0N MOTOF
2218 361C 392 JF0 ¢o1 {IF NOTFE STILL PRFSENT.
ee1A 24T 3ol InpP START



- 518 519 520 ; TRI'S ROUTI NE NORVALI ZES THE DATA READI NGS FOR CHANNELS 521
; 1-3, AND STORES THE NORMALI ZT. D READI NGS | N PLACE OF 522 ; THE RAW

READI NGS. 523 524 ; REQ STERS USED:. 525 525 RO a PO NTER TO
- I NDI vl DUAL READI NGS 527 ; RI P ER TO AVRAGE READI NG 528
Re\_/ DATA COUNTER 529 ; R - T SELECToOR 53G 001 B92C
531 NORMDA: MOV P1, 944 0093 F1 532 MoV
A ferr] 0024 A - 533 MoV RE, A 0995 BDC3
534 1S1SMEIV MeS-42/138 ~443 MOEOXD7A BABALIE, V3.0 535 PAGF 1Dy
R, #50 ; START WTH CHANNEL 3 536 0069 FP. 537 LP1: MoV
A R6 MIBA ASoc ¢35 Pi@ souach/G\ta'r;.m.MrRO A 00SB FD 539
MCV AR5 Q08C 07
541 ”@Eﬂﬁf"? P2, A 332 ?%END g&x‘vﬁ PAél’:’LNUI\/th“ aﬁsﬁ@% gﬁqé‘ﬁ*ﬁ'ﬁ'
543 LP2: A, PCP 3g+CET READI NG. OOSF 37;0TEER¥ISE, CLEARDZEA
CLE C oo 67, gg; 545 RRC +AND TURN (9§D 1PORRR -
546 or P2 A o SET ke Tor S84 SON VI TH Q092 27
547 m@tFuu ' 398 602: REDENG MUBYS PL| EQUEAITI BSYDEICNAETTO HOST .
548 Iﬁgcgg A co 8 1498 SALl IRA%4g PCOLLECT'ANDGORE OPTHNy B -
; NORMALI ZF 0096 89!? cALl ~ SZ0Ecr ,ggrainl\/ﬁ/xrﬂc«'m(ipmc THEPUT
NORVALI ZED READI NG BACK 0082 EPPE £51 i ETA DINZ  ROOLP2
t P 108
10099 C9 Soat :sego 552 4a3 c0S: DEGro . 008hets UNIT IS SET Fo®SRuro-
DEC Rl GO TO Nepsl CHANNIEL 099P|§ E%gg,czsnnc ogTwagn NCTES .
26 ; .
DINZ RS, Lﬁaoox%g[) 33 328 cos:  CRE®  werer ie B 1h] 557 558 ;
DI VI DE 2032 BE3s 208 Jie co7
: 2@34 344C 429 -~ CALL  EJECT ;IF TEST 1S FAILED.
2036 @40F 419 JMP STAR?T
0ez8 D418 411 GO7: CALL  TEANRA ;CHFCK OPACITY EATIO
412 ;ON CENTER TRACK.
. @@3A BG40 413 JFe cos
223C 944C a14 ¢ALL  FJECT IF TEST IS FAILFD.
¢e3T 940F 415 IMP START .
204@ BLEE 416 G082  CALL  COLRCX ;CEFCKX COLOR FFFLFCTANCE ON
417 : iTARFE TRACKS FOR ALL
418 1ORIENTATIONS .
2042 R643 419 IF0 co9
Ao g@e4 544C 422 CALL EJECT $1F TREST IS FAILED
C046 040T 421 JMP START
o045 B481 422 609:  CALL  VALID ;OUTPUT "NOTE_VALID" SIGNAL 10
. 423 IROST; AWAIT "CASH™ INSTRUCTICN
428 ;FROM HOST.
@c4a 3650 425 JF0 goae
PR4C 944C 426 CALL  EJECT ¢IF “CASE™ INSTRUCTION NOT
427 { RECFIVED.
¢04E P4OE 42¢ SMP START :
202 B43E 429 G01@: CALL  CASH  iTURN ON MCTOR AMD CASH NOTE.
0052 BECE. 230 JTO START
0054 944C a31 CALL  EJECT :IF JAM OR SECOND NOTE DETECTED
2056 @40F 832 INP START  ;DUEING CASH.

433 $EJECT



9 ; 561 563 564 ; TH'S ROUTINE DI VIDES A 16-BIT DI VIDEND BY AN 565 18 SIT

VI SOR TO OBTAIN AN F-BI T RESULT | SIS 11 MSS-4s/ UPI -41 MACRO ASSEMBLER,
V3.0 PAGE 15 LOC 03] LI NE ‘SOURCE
STATEMENT 56e : PLUS 8 BIT RENRINDER 56' 7 568 ; AT ENTRY: 569 570 : . W A

" LOVER 8 BITS CF Dl VI DEND 571 ; R2 UPPER 8 BITS OF Dl VI DEND 572
Rl . PONTER TO DIVI SOR I N INTERB%F RAM 573 574 : AT EXIT: 575 576;
A 8 BIT RESULT 577; 8 BIT RENAINDER 578 ; R3
MODI FI ED 579 ; -C = SET IF OVERFLOW 909E 2A 580 009E 2A
581 Dl VI DE: XCH A, R2 OS9F B208 - 582 MOY
R3, #8180l AcS%a/uPI-a1 MACRC ALSEBELER, V3.0 CPL PAREOM 262 584
ADD A GP1 00A3 37 585 . CPL A e OOAA F6A9
8867 Locczos.x JC r.nu:8 DI VI bo@ib%aﬂi’fnru'r 53; C

L? e4 _ - b

. 4 3‘* =it sk $13 % 1 ’**##t*‘#*#'## **

590 DIVIA: ADD 33 PTPR{EST bd‘IA g7 55? T?ﬁ Cp: CLB

C 00A3 \2A 4%2 .503 AVREAXCH AR2 OOAC F7 594
?ég A OOAEL%A jgg :A (conpu'rfsgamcr geapngs) A B2 OONE  F7

440 *U*#t#t‘***####'*###*G#-*t###*######*##v#v## LT 2T
441

442 ;TEIS RPOUTINE COMPUTES TRE AVERAGE FEADING FOR EACE
443 ;O0PTICAL CHANNEL AND STORES THE RFESULTS IN INTERNAL.

444 RAM.
445
446 ;REGISTERS USED:
447 :
446 ; RO = POINTER TO READING TOTALS §3 = MODIFIED
446 ; B1 = POINTFR TO DIVISOR R6 = CHANNEL COUNTEIP
452 ; R2 = UPPER 8-BITS
431 :
eese 34C5 452 AVREAD: CALL  SUMTOT
222A Bg2C 453 MOV - R1,#44 3SET R1 AS POINTER TO DIVISCR
203C BES4 454 MOY RE. 44
@RSE BE3S5 455 MoV R?,#53 ;START ¥ITH CHANNEL 4 i
eeco 1o 456 ALOOP: MOV A,@R¢  iCET UPFEF @ RITS OF EEADING \_/
457 FTOTAL
2261 AA 458 - MOV ®2,A
2062 C8 459 . DEC R .
2863 Fo 450 MOV " A,GR2  GET LOVSR & BITS OF READING
461 iTOTAL
2@€4 1497 462 CALL  DIVIDE _
Q0ES AQ 463 MoV @R@,A  ;STORE RRSULT AS AVERAGE READING
2067 C8 464 DEC RO
2P68 EI60 465 DJINZ AE,ALOOP; NEXT CHANNFL ?
@26A 83 456 RET

4€7 $EJRCT



@,

. 00AF BEBE 597 JNC DI VI F 0031 37
598 CPL A 00B2 61 599 ADD A QRL
0033 37 600 ' CPL A 0034 04BE" 601

- JW ° DIVIC 0037 37 603 |E:  CPL A 0037 61
604_, ADD A, [ERR] [ERR] SIS-11 MCS-46/ Ul - 41 MACRO
ASSEMBLER, V3.0 PAGE 16 LOC O0BJ - LI NE
SOURCE STATEMENT .618a ; 619 620; . SPCK 621_822 ; ( SPEED

CHECK) 823 TH ARES N W TH IENTS WTHI N 1
OF F27 : NO ‘5’$ QE{A@EF l‘éﬁ%%&rmﬁe THAT THE RESA)’Dl NGES628 LOCATI ON
NUVBERS DO NOT NEED TO BE  QORRECTED = EQR 629 . TRANSPORT SPEED VARI ATI ON.
630 631 : REGIOSTERE USED: "B 632 [ ERACESEAT™™¥b| 5 ROUTI NE FI RST DETEPM NES
THE TOTAL DATA COUNT 655 :{SVERWTRES iyt 4 ENTTHH SR FHEOTHF - ANBIFERES 656
 THE RESULT IN REC. 45. HEN 657 : MULTIPLIFS THE TOTAL DATA
COUNT BY A SCALI NG 658 : F cR OF [gﬁﬂ% AND THEN DI VI DES THI'S RESULT BY
659 ; THE NUVBER OF READI NGS2TAKFN ASIHELYILEADI NG 550 : EDGE OF THE NOTE
TRAVELS FROM P4 TO P5 661 4 TFBuE.WsEESLMEsLS#IESIER.MMB&I&&“ UPPEE
AND LOAER LIM TS TO DETERI\A?NE’ LENGTH 663 : ACCEPTABILITY. |F THE NOTE
PASSES THE TEST 664 FO 3% %{g%TINE PHOVIDES AN UNSIGNED 8 BIT X 8 BIT

CATION.
478
476 iAT ENTRY:
480
481 ; A = MULTIPLICAND
482 ; K@ = POINTER TO MULTIPLIER AN INTERNAL RAM
483 .
484 ;AT EXIT:
485
456 ; A = LOVER 8 BITS OF RFSULT
487 ; R2 = UPPER & BITS OF RFSULT
488 ; R3 = MODIFIED
499 i C = SST IT OVERPLOW
: 4c0 _
. D@E3 BALO 491 PULPLY: MOV 52,400
@e6D EBea 492 MOV = R3,ws
493 .
@REF 1279 494 MPYSLP: JBO MPYRA
\_ ee71 24 495 XCH A,R2
. ec72 97 406 CLR ¢
ee?3 €7 . 497 ~ RRC g
ee74 24 498 XCH A,R2
2075 €7 499 RRC A
0676 EBET 506 DINZ  R’3,MPYSLP
2078 3 501 RET
582
2279 24 5¢3 MPY8A: XCH  A,R2
°p7A €2 504 ADD A,050
2873 57 525 RAC A
ee?t 2A SQ€ XCE . A,R2
ee?n 67 567 . RRC Iy
2@7t TBSF 30 DIJNZ  R3,MPYSLP
ers@ 83 509 RET

512 $EJECT



66; REG STERS USED: 667 668: RO = PO NTER TO N AND NT R3

| FIED 669 : R = PO NTER TO N R4 = MODI FIED 670 : R
UPPEE 8- BI TS OF PRODUCT F7 = LENGTH [ERR] 571; R45 TOTAL NO. OF -
- READI NGS 672 | SIS-11 MCS-48/ UPI -41 MACRO ASSEMBLER, V3.0 o/
PAGE 17 LOC OBJ LINE 2,6 SOURCE STATEMENT 00D6 B623
673 LNGTCK: MV RO, 043 0 FO 674 MOV
[ERR]  ; GET PARTI AL DATA COUNT COD9 18 675 CINC
RO OODA 60 676 ADD -[ERR]  ; ADD REMAI Nl NG DATA
COUNE1s3DDRic1 848/UP1-41 MACRC BSSEMBLER, ¥3.2 | NC PORO0DE AO _ 678
MOV [ERR], A" ; STORE RESULT 00DD 85 679 CLR.
FO OQ¥ 230 ~  LInk 680  SOURCE STATRABAT A #80 00BO 1463 681
CALL MULPLY 5 MULTI PM‘M.Z&‘&Q.QE&-,592‘13.,..*“.“.“.6:&2*.... e MOV
RL, [ ERR] 00F4 149E 2.3 | DIVIDE ;DI VIDE NT [ERR|
80 BY N 00B6 AF 513 § 684 noanm I\/D\/  R7,A ; SAVE RESULT IN
R7 00F7 23BO s ¢ 685 (norraL ¥ Phry A #L2 ;INPUT UPPER LIM T FOR
LENGTH 686 : 518 ACLEPTANCE COE9 97 | 687
C:LR C OOEA 37 517 t#t#t#t#t‘%s##tst#tttt#t#mftttﬁﬁtttﬁtmtw
689 ADD 323 A R7 0OBC [ERR| 690 Jc
LFAIL ; TEST AGAI Nt UFF!IEdenrrMf];g%%gﬁgég;zgémgz:;ggé;@%rghgyggns MOV
A #L1 ;I NPUT LONR
ACCEPTANCE 0OFO 2F 223 L ~ XCR .. A R7 00F1 97
694 - CLR 224 ,@m@masmn _ 595 CPL A 0073
6F | 696 26 3 AlRD= po1nTA\ 787 1 (BN 4oua8 TaFan1NGs 697
JC LFAI L tAGAI N1 t@mgmmm g%sr GOFB 95 699
LPASS: CL g IRMIER, PASSES 00F7 BD70 701
LFAI L: MOV %[ERR] - =% 702 MOV
P. 0, #4€1 3g2c S3{ GORAIKF nov B2, 04s
20a3 F1 MoV eRy
0084 AL 533 nov RE.A
2ea5 BDEJ 534 MCY RS,#3 .
@e37 3932 535 MOV R1,#58 ISTART YITH CEANNEL 3
536 - : G
@089 FY 537 LP1: MOV A,RS
e84 A8 538 MOY Ro,A . -
2@esB FD 53¢ MoV A,R5
eeec 07 549 DEC . A
002D 34 541 OUTL P2,A FSEND EAM PASCE NUMBFR.
. 542
gear, S@ 543 LP2: MOVX AGFB . iGET READING.
Bpesy a7 544 CLE ¢ .
pege 67 548 RRC A :
2A91 AL 546 MoV F2.A .3SET UP FOP DIVISON YITH
0292 27 547 CLR A SREADING MULTIPLIED BY 1292,
@9l 67 548 RKRC A :
eeo4 149F 549 CALL DIVIDE INORMALIZF RFEADING.
¢22€ 90 55e - MOVX GRO,A- JPUT NORMALIZED READING BACK
0437 FAS8E 551 ‘DJNZ RO ,LP2
£ess C9 552 DEC Rl . '
g2cA €8 5383 DEC Rl 3GO0 TO NFXT CHANNEL,
2098 EDBY %54 DJNZ RS, LP1
gesp 83 558 RET. :
K3 ;s#ttt:t:saat#tt#tuattc:st:t&m-nttc##uatam#:‘;ssm#-s#
557 3
=1 ] DIVIDE
859
58¢
€1

582 ;YRRBuLRN UBERURBSRUNSUSEBUERRONURLRIRTERASR AL TOORICER
‘563

564 ;TRIS ROUTINFE DIVIDES A 1€-3IT DIVIDEND 2Y AN

469 38 SIT DIVISOE TO OBTAIN AN B8-EIT PFLSULT



e B

O00FB 2360 703 MOV A 96 ; 96%

OOFD 146B 704 CALL MULPLY OOFF 0101 149E . 706
CALL Bl viDl 0203 B92C 707 mov. R1, #44 0105 Al

70e MOV R1, A 0106 83 7eg RET 710

$SEJFCT 40 1SIS11 |vcs-46/UP|-41.NACR0~5?ENBLE§,TA\T/?E>NENT 1 719 713
~ “’doURCE ? ? ;

PAGE 18 LOC OBJ LI NE
716- 717 ; THIS ROUTINE SETS FO | F NOTE IS PRESENT AT PS.

CPS 714; 715 ; -
718 0107 BF@dis-11 HCS-%B/UP71%_£K§‘(. ' R7, #0015 0209 BSO7
1 MOV :
720 MOV RO, #CHAN7 01" Hg3A v3.0 721 ey 15 MOV
R1, #42 010D OGBJ 722 CALL ADC1 010_F B829
Rl : RO, #9085 0111 SEPAGE STATENRNT 724 CALL
BI LSEN 0113 83 _ SBB5S;PLUS 8 BIT BBEATNI?E%@ 72.7 $EJECT SIS
MCS- 48/ UPI - 41 MACRO ASSENB%ELIM¥3 Qny PAGE 19 LOC 03J
LI NE . SOURCE STATE 2%‘ #1729: 730 CERCP 731 732 ;
(COLOR ERROR SHI FT COVPARI %gNS) A = LOWER 8 BITS OF DIVIDEND
5717 gf = UPPER -8 BITS OF DIVIDRAD
27 = POINTER 10 DIVIsoR IN INTERNAL RAM
574 ;AT EXIT:
575 S
576 ; A = g 317 RESULT
577 ; R2 = 8 BIT REMAINDER
578 ; R3 = MODIFIED
| g;g ; -C = SET IF OVERFLOV
2e9T 24 581 DIVIDE: Xcg
2eSF Bles 582 MOV :éafa
oeA1 37 583 CPL A
212 &1 554 ADD A,0P1
8043 37 585 CPL A
80A4 TEAS 586 ¢ DIVIA
0PAS A7 587 CPL c
2027 €4C2 ges JMP DIVIER
89 -
80A9 51 590 DIVIA: ADD 4,081
61
- 0PLA 97 592 D :
o POAR 24 §9§ TVILE: §€§ i R2
@OAC F7 S04 RLC &'
8AAD 24 sgs - xcH 4,B2
@OAE F7 508 RLC '
BOAT EERE 507 INC DIVIF
e8B1 37 598 CPL A
2eB2 &1 500 ADD - a,0my
033 37 620 CPL Al
0054 P43E se1 IMP DIVic
2036 37 | £e3 CIVIE: cpL 4 -
2937 61 €04 - ADD A,0R1
BS 37 ges . Pl '
2039 FEF ERE JNC  DIVIC
2203 61 607 ADD A.GR1
205C @4BF 534 - JIMp DIVID
609 -
PABE 1A 21? DIVIC: INC R2
A3 E£BAA €12 : E
¢ec1 37 s13 LVIDE iR g prviLe
£14
orC2 22 €15 DIVI3:
2ec3 =3 s1g o §§¥ hoF2

617 $RJRCT



3; 734 ; 735 736 ; THI'S ROUTI NE CHECKS THE COLOR ERROR COUNTS FOR' ALL 737
HREE TRACKS, USI NG CONSECTI VE DATA SHI FTS. 738 ;I N ORDER FOR A NOTE TO
PASS, THERE MJUST BE A 739 ; PARTI CULAR SHI FT FOR WHI CH THE ERROR COUNT IS
NOT 740 ; GREATER THAN ERRCT ON ANY OF THE THREE TRACKS. 741 : |F THE
PASSFS, FO | S SET. 742 743 ;REG S %ﬁ USED: 744 745 ; [ERR] =
PO NTER TO ERROR COUNT | N EXTERNAL M 746 ; R2 = SHI FT | NDEX 747
R5 - TRACK PAGE ADDRESS | N EXTERNAL RAM 748 0114 BAO7Y ' 749 CERCP:
, HT ; SET INITIAL SHI FT | NDEX 0116 85 - 750

- 7 . NSRI F: R5. #2 NEW SHI ET.
STAFéf‘NéR’Q% ?i(“% A PRAE assommusn, W %m ¥ 754 0119 FD

755 NTRAK: A R5 Oléﬁ 3A 1y rem 756 QUTL P2, A
. LATERF PRBE ADDRE§§"6113 230 RCE STATE "757 MOV A #200 011D
6A 758  g1a itsesrapADRererreidRO QLG AG ruinpsraraeussFHO
MOV RL.A O 11F§E2 spcx 760 MV X  A[ERR] :GT
ERROR COUNT FROM El BERNAL 761 - RAM 0120 97
762 . CL3 622G 012XS®EAD CHECK) 763 CPL . A 0122
BE03 7 64 géi ! ******m"#'**t*m*#ﬁm*gﬂzé'#ﬂ]'-r'###***‘#’#‘ 7 65
INC R6 - 625 “CARRY |'S SFT | F ERRCT 0125 6P 766
ADD ARO6 828 TF.IS |R$11\m UI%%? QEg IS PITHRIN L'p@‘?

. NG, 3 G eT, IN AT THE AEA
JNC TRAIL 0128 g@ LOCATION NUHAE%%GDO NOT'NEFD TO com‘c'rfn'%ala"??%N 0129 C632
769 JZ '§§3 ABSort BASSENRLTIONHREE TRACKS 0123
770 DEC 771 JI\/P NTRAK
772 012E F. Al7 & 5&5&1’%&5 %ég”gm’?\iz P.2, NSEI T |

02C4 AS - 633 SPCK:  CIR _
2aCS 8923 834 MOV 31 #al tRAM ADDRESS OF N
@oCc? 233D 835 MoV A.#ND
pece 97 636 CLR c
QGCA 37 8637 CPL A
gecs e7 838 DEC A
8ACC €1 £39 ADD A,GRY
20CD F6D4 g4 Jc SPC _
20CF 2383 641 ADD A RQE3R
2#n1 TED4 842 JNC SPC . \-)
oLl BS 543 CPL 1
2004 20 644 SPC: . NOP
22D5 83 &45 : RET . .
] 64_5 ;##*#‘*3#‘$$*##*$###&#$*##k##*##*=#$4$$###**$####8# .
647 3% :
648 ) ’ LNGTCK
649 3
650 ; - (LENGTR CHECK)
g;; ;qthtaaaatt:aﬂaetu*ﬁacd*s#aaa#ttn:a*taat#*n***#tnct
853

€54 ;TFIS ROUTINE FIRST DETESMINES THEF TOTAL DATA COUNT
555 s (OVER TEFY FULL LFNSTH OF THE NOTF) AND STORES
636 .TFF RESULT IN RRG. 4%5. THE ROUTINE THEN

€57 iMULTIPLIFS THE TOTAL DATA COUNT PY A SCALING
€5 TFACTOR OF €@, AND THEN DIVIDES THIS RESULT BY
€59 ;THE NUMBER OF READINGS TAKFN AS THF LEADING
55¢ 3EDGE OF THE NOTE TRAVELS FROM P4 T0Q PS .

6R1 ;THE FINAL RESULT IS TESTED AGAINST

662 ;UPPER AND LO¥WEF LIMITS TO DETEEMINF LENGTH
€63 ;ACCEPTABILITY. IF THE NOTE PASSES THE TEST,
664 T4 IS SIT

565 '

66€ $RESISTERS USED:

€67

668 : R@ = PCINTIR TO N AKD NT 23 = MODIFIED
669 ; A1 = POINTER T0 N 34 = MODIFIFRD

67¢ ; 892 = UYPPTE 8-3ITS OF PRODUCT 7
571 ¢ R45 = TCTAL NO. OF RFEADINGS
€72 -

e w

LFNGTYF FAPAMITF}



-QY

"0130 2437 774 JWP ORFAIL ;FAILED FOR ALL SHI FTS.
. 775 0132 95 776 OPPASS: CPL FO C133 B955 777
MoV v RO, [ERR] 0135 27 778 CLR A 0136 AO

779 MOV [ ERR] ; CLEA Cm COUNT. 0137 83 780
ORPALL: . RET 781 732 I SIS-1'1 MCS-4p/0PI -41 MACRO ASSEMBLER. V3.0

PAGE 20 LOC OBJ LI NE SOURCE STATEMENT 783 784; 785 ; .
TRAXCT 786 787 ; | NDI VI DAL TRACK COLOR FRFOR™COUNT) 788; 789 ?90 791

* THI S ROUTI RESTHECSEs8IE FeTFRCPAPAS BREAER NS 2ON ANY 792 EHARTIICULAR TRACS
AGAI NST ACCEPTANCE PAND LIM TS 793  WH CH HAVE BEEN TRANSFERRED FROM
" PEOGRAM NMEMORYC 7933 : | NTO RAN: ADDRESSESCE GBATERENT | T TALLIES THE TOTAL 795

; NUMBER OF E OCCURRI FCE Ay DATASELET, 796 ; AND STORES THE
SREAET Pav 4 105 43

RESULTS IN E PAM 7 . ATMORENTRYA , 6865 ;¢ RAGERTADDRERS c O TRACK
DATA READI NG227®98: | N EXTERRNAL RAM G0 80R° - ' REG STERS.USED. 802 803 ; Re
- PO NTER ng TANCE  ARES DATA | M 65187, 4%3‘“@‘%&'156 ﬁﬂ"gg TO -
NOTF FEADI NGBobINAEXTERNAL E?81 905 ; MOR2  GWTA SHSRRTAR4UB06 ; R3 - ERROR

COUNT 807; rgggbgr%ggm DATE?PAGE ADI§RESS 8ff,, R6 - LQCATI ON COUNTER 809 ;

- ? TEMPORARY g TORAGE €81 CALL  MULPLY ;MULTIPLY NT X 5@
. 2¢E2 3923 682 MOY R1, 243

2PT4 149F 683 CALL DIVIDE ;DIVIDE NT ¥ 8¢ BY N

@OES AT 684 MOY R7,A }SAVE RESULT IN R7

eeE? 2330 68s MOV A,#L2  ;INPUT UPPER LIMIT FOR LENGTH
686 o $ACCEPTANCE

@eE9 37 687 CLR ¢

PAEA 37 688 CPL A

@eED SF 589 ADD A,R7

@CEC FEF? 690 JC °  LFAIL  TEST AGAINST UPPER LIMIT

QPET 2343 651 MOV A,#L1  INPUT LOWFE LIMIT FOF LEINGTH
632 i ACCEPTANCT ,

20F¢ 2F 693 XCH A,R?

@2F1 97 694 CLR ¢ :

POF2 37 595 CPL A

22F3 6F 696 ADD ALR7

PAF4 FET? 597 Je LFAIL  ;TFST AGAINST LOWER LIMIT
-4 . .

0076 95 ggg LPASS: CPL ¥ iSET F@ IS NOTF PASSTS

AN 2eF7 3D7¢ 701 LFAIL: MOV RS, #070R . :

#eFS RE2D 702 MOV R0, #45 ICALCULATF

2OTZ 2364 723 MOV A,#96 19_Y OF NT . . .

2eTD 1463 704 CALL  HMULPLY

eerF 3925 705 MOV R1,#37

¢1P1 149E 706 CALL DIVIDF

2103 B92C 207 MOV R1,#44

2195 11 - 728 MOY GR1,A

0126 83 729 RET

710 $FJRCT



'%e el38 RAO? 811 TRAXCT: MV R2, 07 013A FD = 812

MOV A R5 0131 3A 813 QUTL P2, A LATCH
EXTFPNAL RAM PAGE ADDRESS 814 013C 1843 815 SHIFT: MW ?

RO, 67 :SET UP 013E 9. 00 816 MOV 33.#0 :FOR N
CHECK 0146 BEI 4 el 7 49 MOV R6, NCOLOR . W TH
DATA SHI FT 81 0142 18 19 LOCC5: I NC Re 0143 TO |
220 MOV A OR2  ; GET LOCATI ON NUMVBER 0144 6A 821
ADD A R2  ;SHIFT.LOCATI ON NUMBER 0145 A9 822 Mbv
51, AsFL46 H5d-48/UP1-41 mgezgsgm,p, v3.aMVX  TAR ;..o 5 CET DATA READI NG
AVD 0147 AF 824 MOY R7 R BUT INR7 el4 19

825 1oc o INC ¢1ye RB pL. . 826 MV - & MRM

. GET UPPER ACCEPTANCE LI M T YR smpzengan 82 CLU C
0141 37 B s At PP O T e e narnssnnnsne S| C

ADD AR TFsiSTi AGAI NST 014D¢F§5A 831 c

OVEF i X UPPER LI ;WT- é =, | NC R 0150 To
833 718 fiﬁ"tﬁ/@w"/xmwwmwmm 2F

e34 1CF ;{ZAR‘?II@]RB?TB& SETs Po IF NoT£33 prEsEnT ar p&IL A 0153 6F
836 R7 TEST_AGAI NST e154 F653 837

iC 2109 QE%\ID c&éERé’El M Thoy 43 i6j78iE) MCS-48/UPI-41 1AC) ASSEMBLER
V3. 0 9163 3924 721 PAGE MOQ1 LG@C,#4233 LI NT SOURCE
STATRYBNeEE56 EE4Z22 CAldgg AXC1 - DINZ®  Re, LOOCK co
TO NEXT1 B@EATI ON 01'&3 245E caiL  BILEEAD JMP ENDRUN 015A 18
840 GFERRS |INC 723 RO el58ETB 841 BEYOND: | NC R3

.| NCREASE ERRCR COJSF Bl;§6 EE42 842 DINZ.  RF, LOCCK 843
015 23CB 844 ENDRUN: MOV Ak200



"8l eO 6A 845 ADD A R2 0lel A9 84e

MoV R A el62 FB 847 MoV A ,R3 0163 91

848 ; MOY X [ ERR] ; STORE TOTAL EP. FOR COUNT el64 EA3C

‘R49 . DINZ R2. SH FT _ ; GO TO NEXT DATA SHI FT 0168 83
850\ F. T 852 852 ; 853 854; eb55 8%6 857 ; JAM CHECKS THE FI RST AND

TOTAL DATA COUNTS. |F 858 ; THE FI RST COUNT EXCEEDS 72, OR THF TOTAL COUNT
859 EXCEEDS 160,, F1 IS SET AND [ERR] IS LODFD WTH 860 ; THE JAM CCDE.

E/[e)lY 0167 é S?I:#S'_-IlbétfsmaAU?r_tg-§12 H‘Ré?l\él ASSEM%E§64V$-Q F 015\32\/3}%%}2 A?GRO 0163627
865 - CPL A 015C 0348 866 ADD A #72
CIFE F679  l6C 0BJ gg7 LINF JREUACE STAIEYFFAM 0170 FQ ~ 8es
Mov ACRO el71 1S 728 ;rrRaBE@suitrenusviasshf@rs s anseafl@n bk d e nODunans

870 . ADD - A OE[P20473 37 ... 871 CPL A
:2'S COWP 0174 17 132 ig72 CER | KC A 0175 03AP

873 ADD A, 47]31§th M (COLOR ERROR SHIF?T contﬂnl!/kdﬁs@l?? F67C

874 JC NQJ snduaddaV R IEGLED 9409, 5

875 FSTJAM CPL F1 Agé e e TR gl?"A RO

876 _ MOY A5, m@omrs ROUTINE CEEARS TOEDMBLOE ZERM3COUNTS FOF ALL 877

NCJAM RV 878 MAECT SRk nfﬁg{‘mﬁ%ﬂﬁi@ﬁ N%g V3.0
PACF 22 LOC OBJ 73sL| Maricotan su1 lbr Oct9NT 15 NoT

sk k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k% ok ok x xRS FGBEATRRY *W{*ougsyq OF TKFY THRFE TRACKS.
s

741 iIF THE NOTE PASS 7S 1.
74
743 ;REGISTERS USED:
744 o _
745 ; Rl = POINTER TO FRROF COUNT IN FXTEXNAL RAM
74€ 3 R2 = SHIFT INDEX
747 ; RE = TRACK PASE ADDRESS IN EXTERNAL RAM
: 748
2114 BAB7 749 CERCP: . MOV R2,#7  iSET INITIAL SEIFT INDEX
2116 85 750 CLR o
51
9117 BDO2 752 NSEIF: MOV R5,#2  iNEW SHIFT. START OVFR VITH
783 $TRACK 3
, 754
o 2119 D 755 NTRAZ: MOV AR5
: 2114 34 756 OUTL  P2,8  :LATCE PAGF ADDRESS
0113 23¢e 757 moy A,#200
211D 6A 758 ADD A,R2
Q11F A9 . 750 MoV R1.4
@11F &1 760 MOVX  A,GR1  iGFT RRROE COUNT FFOM ZITEFNAL
761 iRAM
2120 97 7€2 cL3 ¢
0121 37 763 CFL A
@122 BEes 784 MOV RE, #FARCT
€124 1F 765 CINC RE ICARRY IS SET IF ERRC?Y
2125 €F 766 ADD A, RE i1S NOT FXCEIDED.
#1268 £62F, 767 INC TFAIL
2128 FT 7€6 MOV A,ES :
@129 CE32 769 JZ . ORPASS jPASSED ALL THRFF TRACKS
@123 ¢p e - BEC RS
212C 2419 71 JMP NTRAK
- 772 :
@12E FA17 773 TTAIL: DJNZ  R2,NSEIT
€130 2437 774 Inp ORFAIL {FAILED FOR ALL SHIFTS.
775 . '
€132 55 77€ OPPASS: CPL Fe
123 Bess L L MOV RC, 453
2135 27 778 ¢l A
213€ A0 779 MOV @EG.A  ;CLEAF 00S COUNT.
¢137 83 ?32 ORFAIL: RET
781

732



€98l i EEAD 882 883 ; (READ OPTI CAL DATA) 884 885 3
t******t*$W***************~e******#se********F**** 886 867 36'\/5 ELAY TO
GET RILL WELL UNDEE OPTI CAL BLOCK 889 : READ MONI TORS PGS 4 AND PGS 3 FOR
BILL POS.. TOTAL 889 ; DATA SETS READ ARE | N TWO COUNTS, (1) BEFORE Bl
890 ; REACEES ?0S 5, AND (2) AFTER BILL EFACHT.S PCS 5. 89| ;(FOR BILL SPFED
CK). READ GETS DATA FROM ALL FRAKS 892 ; AND POS 4 CONSECUTI VELY STOPES
DATA TENPOPALLY. 893 ; DURI NG ThE TI ME BETWEFN READI NGS THE SUBTOTALS ARE
894 ; DONE, DATA |'S STORED I N EXT RAM DATA CQUNTS ARE 895 ; CRECKED FO, JAM

DET{%QILQ\'néNDPMTAJMaX BEGHTHT 15896 e17D 74Chucr 2 897 READ  CALL

DEL12 0177 ?4CE CALL DEL12 0181 74CE 899
CALL 12 018 s 1% ,.PE.‘ADl CALL SETUP

L OAMREDE Eop padM] ores SYUs® SIRPERCL CALL  ADCL

CET P@ 4 DATA 01%3W?‘t‘ttﬁtt###twih*###t###**#m##‘**##m,ﬁfmp\ )

'POS 4 REF 0199 L4GR!: 903 guuger AL BILSTN . CK
FCR Bl LL SENSE el18Fra@5; 904 ' T 018C B63E
905 JFO 787 ENDS (INDIVIDUAL TRACK SOLOR éET\‘BEEFWwaE BS39
986 MOV  oge }R@-#E:Znunuuus-#mahaﬁkJMG:;AQ@*@&% 94D4
207 CALL 79@0:1-%85 S ODAINE SadBis. ¥ P54 sEadINGS O -EEM, RO, #TEMP
0194 AS PARTICULAR TARCY ACAIN EPTANCE PAND LIMIT STORE G5 4
0195 94DD ég&\ézca BAVE BEDALERANSFIE @Tov nonwgn rzrongET TRAK 1,2,r.3
TFM ST 2197 O4AL 794 iINTO Qa4 ADDRESSES 66 1T BECRE TIE ToTAL . ADDS

795  NUMBER-OF TREORS OCCUNEINK ATA SEIFT,

SUBTOT, STORES 912 732 i\ STORES THE RESULTS 1A Srepanae ane L AND 'CKS FOR >245
0199 B92A @13 i1 EN P!;GE( R%gé)%g 'gilécgéz\pg?germ as 914
MO RO, #C; | AN7 798 3 %\l 53 1 NG 915
MOV R7 M ERRIZSS16H BF% dhs 916 "CALL  APCI

GET TO 5 DATA O MBL3BXEGISTERS USED: 917 MOV RO, POS5

F'SSSB?LEFEE‘&%’Q gséég s - 2aitEh o9 Accrp'um.cf"t'rt«]qﬁaaﬁ Sy ce-iz. VG- (

e/l 1 = POINTER FONOTF FEADINGS EJTERNA

;BILL AT PCS 5 2 el 385§= DATA SHLTT o2 , RP, NFI RST
:NO 1' ST CNT POl NTEdg701A95 FDrracx DATA ?AGF%%PESS ND\/ . A
'INC 1' ST DATA CNRE28 ; 126 = LOCATION COUNTER o : -/

899 ; K7 = TIMPORARY DATA STORAGE

2138 RnAQ7? 811 TRAKCT: MOV R2,47

G13A°FD : ai2 MOV - ARS8

Q138 34 813 QUTL P2,A {LATCE FITFRNAL EAM PAGE ADDETFSS

. 814

13C B843 815 SEITT: MOV RO, #67 iSRT UP

Q13F RpO® 81& MOV R3.#6 +FOR NEW CRECX

0140 3E14 817 MOY R&,sNCOLOR iWITH NEW DATA SHIFT
818 .

P142 18 819 LoCcX: 1INC Ré )

2143 Fo g22 MoV A,Q0R2 +GET LOCATION NUMBFR

0144 64 g21 ADD A,R2  iSRIFT LOCATION NUMEER

@r45 A9 822 MOY Fl,4A

f146 1 23 MOV A,8R1 $GET DAT™A RTADING AND

0147 AF a2s MOV R7,4  ;PUT IN &7

2148 18 825 INC 5@ _ _

f149 F@ 826 MOV s ,0RQ SGET UPPRR ACCEPTANCE TIMIT
827 .

0144 97 g2 CLR c

°14% 37 829 CPL A

A14C €F gze ADD A,R7  STFEST AGAINST

214D FESA €31 Ic OVERX  ;UPPTE LIMIT

147 18 £32 INC R

2150 Fe 833 MOV A,QF2 3GET LOWREF ACCEPTANCF LIMIT

2151 2F - 834 ICE AAR7?

@152 37 g3% coL LY

0153 €F 83€ ADD A R7  3TEST AGAINST

2154 F633 837 Je BFYOND SLOWER LIMIT



" 01AA 17 922 I NC A 01AS AO 923

MOV [ERR] CLAC 2435 924 IVP C TM O1AE B82C

925 PAR: MOV RO. . SECND - TYFS (2N ONT POINT11) 810 XBe
‘926 MOV A ORC 'INC 7ND DATA ONT [ERR| 17

92R_/ | NC A 0112 AO 4@2e MOV [ ERR] 0103
00 929 NOO - DELAY (BAI. ANCE | F
E.LSr 0134 8Q0 - 930 NOP ) E LY
STEUM 11 RE}5;G12S métAd/up1-¢1 nacroOskbehdiEs, va. LALL JAMpsgr 21 , CC
FCR JAM 0137 7E3D 932 JEL CENDIT. . JAM
DFTECTED 7 gl,B9 (94l 933 ¢oynce EDEL - 2EAD
DELAY ISl §§ °%|vr:s 48/ UBIT 41 1 ACHD R éél\/b;éle V3.0 PAGY.

23 LOC 0BJ 2136 ERs2 | | NE 338 W @ENENT G PROZIZSEXT LOCATION 934
JnP READ:; 287F o eEh AN DAng Bl ED S5 935
ENDI ?: CII R153 1B T O1JE &31 3EYOND: INC  O383 ENDS:; INCHRETE FRFOROB@INT

*********S$*6"1 G g*******aég* * % % *Bwn**’aﬁ lggg 940: T309 9711
942 ; (BQC'lsMisEIELAY) 94‘349m=un MOV A,4220
aa* 7** a* o~~-9NE&d Hdeo* g* g* ss*8*§|*sa~ses§1hs7a* %2 ** zep 945 01BF BB1B
946 T300:  NE/ i3 [ ERR):5 oY 2344 11.5MB (309rS) 01CL ?4CE
947 127: oGAtloy DEL12 8es . movX ahy GNVE ;DEbREY Ok E3rsERCLoun T
948 eipgmgxsc  R3, XA DJNZ 36@4\?8111APSED TBO0NQBEXT DATA SHIFT 949

1 RET
RET 511"E5#£Higtacsa#a¢'¢*=¢att*:sntssntu:um Ao
-*************S***********esﬁt'k****************C 951 952 SUMI'O'I'
953; 954 ;  (SUM READI NG$:3955 958 ; * A
FrRrpREE LKA S* *R P A AL E X Bl h%@ﬁ#@mhiﬁb*t&ﬁ*@%s%2¢ttumt##### RERXABUE

856

857 ;JAM CRECKS THE FIRST AND TOTAL DATA COUNTS. IF
858 STEE FIRST COUNT EXCEFDS 72, ORF THY TOTAL COUNT
859 ;EXCEEDS 16@, F1 IS SET AND K5 IS LOADTD wITH
8€0 ; THE JAM CODE.

281 I
0167 AS 862 JAM: CLR rl :
0168 382 863 MOV RG,#FIFST
218A FO 854 MOV A,BRO
\_ -@168 37 865 CPL A
. B15C 98348 RES ADD A,#72
C16E F67¢ 867 JNC FSTJIAM
2179 Fo 868 MOV A,GR9
e171 18 ase INC RO
8172 €9 878 ADD A,GR0
2173 37 871 ) CPL A 12°S CoMP
2174 17 872 INC A :
A17S A3AP 873 ADD A #JAMLIM iLIMIT
€177 F67C 874 JC NOJAM 11S JAM DETECTED
2172 BS 875 FSTJAM: CPL F1 YRS, SET 1 :
@17A BDAD 876 MOV R3,734A2H 1 JAM CODE
217C 83 B77 NCJAM: RPRT

878 SRJECT



@58 SUr TOT SUM5 THE FI ST 96Q OF TF FF. ADI NGS FCE 959 ; EACE CHANNEL AND
STORES THE FI NAL TOTALS | N PAM 968 ; REGI S T ERS 46- 53. 961 982

: REG STERS USED: 983 964 ; RO - PO NTER TO SU3TOTALS 965 ; ’ :R|
}(INTER TO READINGS IN EIT. RAM9 6 ; R2 a EXT. RAM PAGE ADDR
967 ; R4 - LOOP CONTROL %@,; ' R5 - CRANNEL COUNTER 97c ei Cb
' F. 94 971 SUMICT: MO? E6, #4 | NI TI ALl ZF CHANNEL COUNTE.
Q CS BAOCO - 972 MCV R2, O0* I NI TI ALI ZE FOR el1CA 3821
973- . MOV B9, a46 ;CRANNF.L | 01CC FA 974 NCHAN: M
MM1s-11 mbs-h8/up1-41l ARl A6k 121 CP33A PAOS 22 OUTL P?, A
: ADr EESS d CE 27 O9s7e . CLR k : CLEAR c1CF AG
977 1o¢c oy MOV pgng GRS Kouncz REGHERRS BIDS 1S 978
| NC Be FOR f 9772 0e9, A
SUBCOTALS el D2 gg26###***8t*##gg@#&t#t*#*ﬂ###mt###*###ﬁ#*bﬁzri*#eI I:I Fl
961 MV sax. A, QFI ?if AC 952 110V, R4, ?
Z1De A9 - 889013 E1 A e1D0 CP _ 964 NSUM
DEC Be Be'-c;o TO BHR E&%@l" 1ty DFC
RI 00 TO NI:_EXE' 'm‘ﬁpmsgwgwgqac#tt:ss##sa#:*gpaﬁu«-x#a*um# rovsl Af
GFT REZADINC PID@ $C %g é%%% : ADD LOW
&% $36MS DELAY TO GETY ‘Bl {ELL UND TICAL B
BYTE .' DB AC ges ;REA %nxroas POS 4 POS > FOERBIIA POS. EAIN- WL.0 B YTE
SIS 11T MCS-49/ UPIggg,lvnmc“_sgﬁg%hgﬁgqﬁéﬁ?&%i%géog;ss;L' FACTE 24 LCC
alJ LI NE 333 ; 989
g91 ; (FOR 81 ROM ALL cKS
| NC RO OLDD 2 .AND POS ¢ CONSEBOTIVELY <'ro=z=0hli.4 TEMPORA LO{LDE
g e D s,
92 : 6N, cREbdse) FoF TN SRS FECD7
993 217D 74 DJNBB$ R4, NSUFM TEND O: CHANNEL’? 994
I NC #17F 74@% 5914% FC%‘A nznz
8181 74CE 8939 CALL DRL12 . ,
2183 74DF 300 PTAD1: CALL SETUP $LOAD REG’S FOR POS 4
P185 5440 801 CALL ADC1 IGET™ POS 4 DATA
2187 3627 982 MOV P@,#P0OSa 1POS ¢ REF
21289 3486 923 ¢ALL BILSEN ;CX FOR BILL SENSE
21838 95 904 CPL Te i W/
218C BE3E 985 JFO ENDS . ;RPILL SENSED 7 :
218E B83S 26 . MOY RO, ¥57 iPOS 4 DATA INTO ACC
0190 34D4 9087 CALL CFOS :
€192 Bes2 g28 MO¥ RO, ¥TEMP
0164 AQ se9 © MOV GRE,A i TEMP STORE POS ¢
2195 94DD 910 CALL COLECT iGET "RAK 1,2,83 TFM ST
2197 9441 911 CALL STORE : ADDS SUBTOT, STORES
912 ;AND CKS FOR D2as
2199 B924 913 MoV R1,742
€103 Bgo? 914 MOV R, ¥CRAN7 :D/A CHAN 7 (POS 5)
219D RFe1 915 MCY R?, #0213 :
210F 5440 316 CALL ADCL JGET TOS S DATA
@1a1 Be29 917 MOV RO, #POSS ;POS 5 REF
21A3 B4eE 918 CALL BILSEN iCX FCR RILL SFNSFE
P1A5 BEAT 919 JTe PAR. . 3BILL AT POS 5 7
21A7 3823 922 MOV RE,#FIRST {NO 1°ST CNT POINTER
@1A9 FO s21 MOV A,GRO {INC 1°ST DATA CONT
PIAA 17 922 INC A
C1AF AQ e23 MOV aR3,A
CIAC 2425 924 JMp CETa
21AE BS2C 925 BAR: MoV Rd,#SECND IYFS (2ND CNT POINTER)
2132 Ie e2¢ MOV A,GRe $INC 7NT DATA CNT
2ir1 17 927 INC A
- @122 Ae aze MOV - 332,%
21E3 BP 020 NOF ' sDFLAY (RALANCF IF FLSE
p1P4 2@ . - S30 NOP iDELAY STRUCTURE)
€125 2¢A7 931 GET4: CALL Jax _ iCX FTOR JaM
2137 . 7€ =D 932 - Jit ENDIT 3 JAM DFTECT:D ?

2159 2421 833 CALL RDEL iREAD PFLAY



N4
" 91E3 1A 995 | NC R2 ; NEXT CHANNEL Cl1L4 EECC
998 DJ4z ‘RE, I | CRAN OSES5 93 997 RET 998

-******‘2**3 -S ********er**ee*** ’)***e***********g**"*** 999 1e0 a

*FLASH | GZI lae2 1003 ; 1004 ; 1805 10a6 ; FLASH IS A FOUTI NE USFD TO FLASH

AN\ERROR CODE 1007 ; MESSAGE 1009 01E? TD" &¢O 1009 FLASM M .

1, P5 A; FSOR CODE | NTO ACC 011Z 3A | 200 QUTL P2, A

- OUTPUT ‘CODE TO LATCH 1E9 99W- 1011 - ANL P1, 7FER 0113
8901 1SIS4IJ1PCS-48/UPI-41 MAORP ASSEMBDER 50038l R PEFOCIRIATCE O ED
3437 " 1013 CALL T300 . - 306MS DELAY 0117 27
1014 toc G&R A10870 3A SOURCE STATELENSS OUTL P2. A

- OUTPUT ZEE TCH ell 1.9977 1 - n
8173 S901 ?{érg 3?%1017 33339 e =L '?%%?1401K ’Geﬂm e B SEEL
(DI SP_OFF) @F%5343F 936 INRie RET CALL T308

: 300t S DELAY 0177 83 938 ;atﬂﬂi&*at##&*:aai#tﬂEﬁrs‘ttQ&amav*aﬁhaﬁ-| |
XCS- 48/ UPI - 41- MACI O ASSEMBES T, V3.0 PACG 25 LCC OJ

LI NE SOURCE STATE 1021 ;108

**********r*t*********t**te ***.**ﬁbécihwﬁi.f******* 102'2 1025 ,
( CORP. ECT FOR SPEED) 1026%@2’? :

Kok ok ok o\ ok ok ok ok ok ok Qo ok Gk ok ok ok 94% n ¥é‘*’?¥¥§“*¥gﬁ‘*’?V\7‘*’?¥¥‘Vﬁ¥§‘%**T*GMZ=§* 62@***5|"E|*§' ROUTI NE
CORRECTS THEIMWG L@A%&Q‘3WNBERS 103¢h,#3©7? TRANSRORT 1 SPims D dledksl )k TI ON.

1031 1032 mlaEmggv TH gﬁg@@m NE ggsgqungg@T TEE L%Q@bﬁ;_gn .

81C5 83 948 iTES

958 't“att#a:*#t:tts####a#tt#a#&#tt:ﬂtvm‘:#*****##*##ﬂ#t
951 n

852 , SUMTOT

953 ;

ng 3 (SUM READINGS)

85 .
955 :#t#tl##ttt*tt###t##t#ttt*####tutttﬂ#ttt#ﬁ***"-*'#“
°57

958 ; SUMTOT SUMS TEE FIRST 96% OF THT READINGS FOR
959 ;EACHE CHANNEL AND STORES THF FINAL TOTALS IN RANM
960 REGISTER3 46-53.

-3
A geg {REGISTERS USED:
96 :
364 ; R0 = POINTER 70 SU3TOTALS
965 3 R1 = FGINTER TO READINGS IN EXT. RAM
CEE R2 = EXT. RAM PAGE ADDRESS
567 3 R4 = LOOP CONTFOL
988 3 RS = CRANNEL CGUNTER
960 -
g7¢ _
21C8 BFR4 971 SUMTCT: MOV R6.¥¢  INITIALIZF CHANNEL COUNTER.
21C8 2100 972 MCY 22,4¢  ;INITIALIZE FOR -
¢1CA R82F 373 MOV RO,#46 ;CRANNFL 1
21CC FA 974 NCHAN:" MOV \,R2 {LATCH PAGE
21¢D 3A 975 OUTL  PZ,A s ADDRESS
21CE 27 97€ CLR A $CLFER
21CF A@ a7 Mov @RC,A  ;REGCISTERS
eiro 18 . 978 INC k2 ; FOR
£1D1 AQ a73 MOV GRe,A  ;SUBmOTALS,
21D2 BE2C ea¢ MCY A1, #44
21D¢ F1 861 MOV A,0F1
?1D8 AC 832 %oV R4, 0
®1DE AS 283 MOV Rl,a
e10? c@ 984 NSUM:  DEC P 160 TG LOW BYTE
@193 Co 983 DRC a1 130 T0 NRXT LGCATION
2119 81 3R€E MOVY A,@EL  3GFT EZADING
21D &2 387 ADD A,082  ;ADD LOY 3YTE

C1DR AC 58 MCY 32,4 $STORT NF=W LOW BYTZE



{£§B033 ; NUMBRE TO BS CORRECTED HAS BEEN PLACED IN A. 1034 1035 ; NOTE: N -
NO. . OF READI NOS TAKEN PROM P4 TO P5. 1036 ; NO a NORVAL NO OF

PEADI NCS TAXFN FROM 1037 . P4 TO P5. 1038 : P READING

LOCATI ON TO BS CORRECTED 1939 0178 AO 1040 CSPEED. MOV LERR]

0179 3923 1041 N% RL, #43 01F3 71 1042

MOV Al ERR] 0l 1C 1486 Ldoas CALL  MILPE! :;CALCULATE N

| P. OLFE B73D 1044 MOV R7, mNO 0260 3907 1045

I\/DT R,.7 ;SET UP PO NTFR TO NO. 2692 149E 1046 CALL
L CALCULATS, N P NG 1047 oe or 24 . CORRECTED P

Ooga ! RALGIAT Ry SRR, i, RS, A 0205 797 1009

CLE C 0206 FT A R7 1207 57

1051506 089 ppclINE A ozoifj“g%’s)“m"m. 1052 CLR C 0209 37

1053010¢ 18 CPL ses A A oeomucu R0 1054 I NC A 0202 SA

| 05501 © ADD SET %RRYA!;DFCHEWJ\I% 310 2. 020C FS

1056218% 7¢ o/ ot AR 3 o‘ﬂf) E {SToRE WS 78108 2YTE  JNC NO NC

02F &¥x3 r:cm 1855 DINZ | NC§4 NSU"A'g“g g*‘ CEANMNBE® 1 |F CARRY IS SET

1059“% 294 1050 NI NC 32 CLR inexr Gisdesl 83 106l

RET & z%iEJ ECT 32681 S 11 MJISz46/ ifkeehd MACRO' ASSEMBLER V3. 0

PACTRER83LOC OBJ o8 ,..,,....,.,.Sfﬁbﬁmﬂm.¢.,§m§w.ﬁim.m.63 xxx
* *k*kk k) )k k)% *****ggg— ’ S

Frxxxx 1064; 10 .BILLIN 1066
1067 ;*****x*g* 10889 ; - Flasa
o1ga1 _

1082 ;

1083 ;
1024
1¢85
1006 ;TLASA IS A FOUTINE USFD TO FLASK AN ERROR CODE
1907 ;MESSAGE

ot FRURER SRS ERRGRECSARAESCARNBE HRTE

1ee8

2157 FD 1096 FLASE: MOV A,RS i{RRFOR CODE INTO ACC

2128 3A 1218 OUTL  P2,A ;OUTPUT CODE TO LATCH
€1F9 96FI 1811 ANL P1,70FER )
2123 8681 1012 ORL P1,#201R ;CLOCK LATCE .
012D 343T 1013 CALL  T13@% ;386MS DELAY \_J
@1EF 27 1914 CLIR A :

¢173 34 1015 OUTL  P2,4 : ;OUTPUT ZERO TO LATCE

e1T1 $9TF 1016 ANL P1,#GFFH

2173 £501 1817 OEL P1,#C01E ;CLOCK LATCH (DISP OFF)

21F5 34BF 12128 CALL  T3@8 ;38245 DELAY

e1¥7 83 121¢ RET :

132¢ $EJECT



1069 ; THI'S ROUTI NE EXECUTES A 3 SEC Tr ME- QUT WRI LF 1070 ; MONI TORI NG P1 AND
?4. |F P4 SETS COVERED. FO IS 1071 ; SET AND ROUTINE EXITED. 1. P1
BECOMES, UNCOVEYFD, 1072 ; TEE MOTOR IS TURNED OF! kND TEE ROUTINF IS FXI TED
"1073 ;WTE [ERR] CLEARED. - IT 3 SFC ELAPSES WTH PI STILL 1074 ; COVEED,

THEN. EJECT 1S CALLED. 1075 0212 BSI O 1076 BILLIN. MOT
RS, #16 0214 B3FA 1077 SEC6:  MOT R3, #253 0216 FS
1076 ECEECK: MOT- AR3 6217 74DF 1079 - CALL  SETUP
1 CK POs 4 £533911A%cs-4a/up1~41 #ab®BQssEmeLrs, va.eMOV R3p4A302144 5440
1021 . CALL  ADCL 021C B827 1092 MOT
RZ0. POS4 Oéjé'écBé Lmﬂ-093 soupcz stafePbdr Bl LSEN
. RFACPED P 0220 3e3 1084 JFO NJAM 0222 5433
1085 CALL cpgaz R TRER TR B2 2 g nomwnsens 1066
CPL Fe 0225 362F 1923 ; i 087 cspELEd  37e PULLED
- VAS BILL | oes - 102¢ ; 2[I LLF. D OUT t 6227 E21
1029  DINZ R%EEEE‘ECK (CORRECT 708 ﬁ&)‘“éONT LOOP 0229 ED14
1090 DINZ *E ‘@%ﬁ@aﬂﬂn%ﬂ&&%@iﬂ#%

1091 JAM D MOT R@z#SAgfg é}gk%@ : _TRY. TO OZZD %
ROUTINE COR = C,

1092 CALL EJ‘t%éﬁ‘ jror 'rmnsro:'r spi RN RARCE d

1093 PULLED: CL? ERR]

- TUEN OFF MOTOR 0232 85 1632 r“ PNTF@E%%TINW % %g.%l?“ 9'8““
CP1 1099 1100 ; | 1033 MR 5’2@? b T 1123

. b4
1104 ; TFI'S ROUTI NE SETS ¥8gsS INPTEX ND'I‘EN OPREBI%PWS},QT%% ROMLBS TRI¥EG 2S3 37t 4

1107 CPi: MOV nggg.,e:om 025 =RA0E 5s." NGS TAXEN IR

RO, oCEAO06 023? 3920 1038 1109 P = READING LOCAYEEN TO BE Riln,mBﬂ:n
B1TS AQ 1240 CSPEFD: MOV ‘0k9,A
€179 3923 1041 MOV . R1, k43
P13 F1 1042 MOV A.GEI
91FC 1463 1043 CALL MULPLY ;CALCULATE N X P.
21F% BF3D 1844 MOV R7,#N0D
pz2¢e 3907 1945 MOV R1,#7 iSET UP POINTFR TO NO.
0282 145% 1846 - CALL DIVIDE ;CALCULATE N X P/NO =

1047 ;CORRECTED P )
s 2204 AB 1048 MOV 3,4
205 97 1049 CLl® ¢
0206 FT 1450 MOV A,R7
e2e7 57 1251 RRC A
pzea 97 1952 CLy c
2209 37 1253 CPL A
ez2dr 17 1654 NG A
P2@3 EA 1285 ADD A,R? PSETS CARRY IF REMAINDER > NE€/2.
22eC TB 1656 MOV A,R3 .
©22D E612 1057 JNC NOINC
B2€F 17 1638 : INC A 7ADDS 1 IFT CARRY IS SET
1059

219 37 - 1550 NOINC: CLR ¢
2211 83 18€1 RET

12€2 SEJECT



@nego 5446 1110 CALL  ADO 0231 3126 1111

MO? E. af FOSI e23D 1405 1112 CALL BSI SF. N 023?
33 1113 Fri T 1114 111_ $EICT I SIS-11 ’ :
MCS- 4S/ UPI - 41 MACRO ASSEMBLER. V3.0 PAGE - 27 | OC

LI NE SOURCE STATEMENT 111s.&D 1118; | DC 1119 1128;
A/ D CONVERSI ON 1121 1122 ; **x***x*xxx* FSHESHH AR FFGH

*er*x*SF 1123 1124 ; ADC SETS D/&Lﬂ;% TRACX CI LI BRATE SETTI NG TURNS ON 1125
; PA. OPER LFD S TEEN ALLOAS FCE AMP SFTTLI NG TI ME BEFORE 1125 ; A/D

FoR BRI RSPOSAEE: P8 The vALI DATOR TS PUT OUT OF SFRVI GF
ADC INPUTS TSI T 1129 ; DATA AN[%QSAVES | T. THEN TURNS OFF THE LEDS 1130 ; RO

w A DOBHARREL R LIMBy A SETHYRGE STRSEMSNEAVE DATA 1131 :E6 * LOOP CTR R?
L-. D SELYCTI ON 113:2»5;R&*a*ﬂasws@«mmmwm4«Eam-wu@@w240 AS

1134 ADCl: -~ CLB igg;‘ i Fl 0241 J5 3ILL 1135 CPL F1 0242
4445 . 1136 igss ; i MP AEISCZ 0244 A5 1137 LDC.
CLR F1 024516_6330‘*“*******1‘1'38?%392***"*WB&#"*M**“*A*#GS'OF 0247 3A
1139 oUTLig8e R f‘f‘ 2INT EXECUTES A ’SW &%ﬁ& ATCH e248 Fl
1140 Movig7e ;mokiTORING P1 AND P&. T, £o be> 19249 AC
i Noder: REARIT LG RADRON IR <24h 90
$ H
1142 373 ,‘F}E@‘, B CLEAEED, 1T % srcﬁﬁ%@”?x %%F@ N A 0243 2320
1143 rO\gg;r. ; coRemtBR7Ofa M 74 ECPA 1S CALLED. QUT1
S L:A 1, 024E FF ' 1145
23 1076 FirL . -
I\/DY 0214 ngﬂ?’? 1077 SEC6: S\/\)ﬁ\é; 2 ED 024F 90 : 1146
MOYX 8216 £ 1276 ECHECX: MPKS SW.RATCH Re. NN A
2217 74D? 1079 CALlL SETUP iCX POS &
8219 AR 108¢ MOV R3,4
9218 S440 1081 CALL ADC1
621 3827 1082 MOV Ed,7P0S4 :
Q21E B406 - 1083 CALL "BILSEN JRFACEED POS 4 72
0228 BE32 12884 JF@ NJAM )
9222 5433 1085 CALL Ch1 iNO, THEN CHFCKX P1
g224 95 1088 . CPL Fo -
0225 362F 1287 . JTe PULLED 3wAS BILL- u
1688 . : 1 PULLED oQUT 2 )
62Z7 ER1s 1089 . DJINZ I3 ,ECRECK ' NO3 CONT LOCP
7229 ED14 1050 . DJNZ -8%,SECS FUNLSS TIMFE EYP’T
8223 3DAC - 1291 JAMMD: MOV RS ,#0A20 yJAM CODE; TRY TOC,
@z2D 944C 1292 CALL BEJECT 3CLEAR ENTRANCE
2227 85 : 1293 PULLED: CLR Fe
223¢ &906 1294 ORL P1,#020€EH i TUEN OFF MOTOR
2232 83 1295 NJAM: RET :
1@95 ;agtaawtmsg*ﬂggtangqm#gp#t!ﬁ#nt#t#tsntu##tttaﬂ#v#.at
10397 '
10¢€8 3 (51 )
1085 ;
11232 (CHFCK POSITION 1)
11¢1 ¢
1122 :nt###s##ka#ss#s*#####a*#a#x#-##:#mtau#amuv”**"-***ﬂ
1133 3
%%gg 3+ THIS ROUTINE SETS F@ IF A NOTE IS PRESRNT AT Pl.
1125 ’ '
€223 BFe4 1127 CP1: MOV R7, #2048
@235 npeé 1108 . MOy Re,rCEAMNE
9237 3629 1189 Mov R1,#32
e228 54a¢ 1119 Call ADC1
9238 B826 1111 MOV e, #FOSY
223D 1408 1112 CALL STISEN
w23F = 1112 rET
1114

1113 4RJECT



= 0250 BE18 1147 MoV fisS, #24 . SET AMP
SMTLI NG Tl MY 0252 EE52 1149 SETL: DINZ R8, SETL :
OF SF. '[TI NC DFLAT ? 254 2310 1149 HOY AWH016K 0256 3A
! 1150 QUTL P2, A : TFS ADDE OF A/ D VT 0257 Fe
1180 MOowW A ;0 0258 90 1152 MOoVI OPQA,
" START CONY ACC K/ A 6259 2F42 w3 . \% 0. R6. #e66
: SET COKVF. ET TI M- C25B 1753 11 : DINZ R6, t OCD
"SHO I L. D €CONY PE COVWP. 7 025D 7665 - 1155 - JF1 EQCC
025F 5665 1515-11 mesltda/@ri-41 Maca0 asgMeirr, v3.OC pace 272(YF.S IS IT?
a2F1 TD8BO - 1157 HOY R5, M80OH ; (NO SET ERROR
CODE . 0263 Dig@ 03J 1336 souncﬁé\'ﬂ—mnm@s , 0 QT
OF S1ERVI CE 6265 2310 1159 A 4013H C2f| 7 3A
11 6 0 GJT éé%% tt#atts*ss###s##aM#m#&n@nm*Qm #‘E f#*"***tﬁ %
111 MOV A A 1162 : MOM A ;2
hl NPUT AADr. ATA R K A 212@\1AA ADC IIf3 : MOv 12, A
; SAVT DATA | 26E 2320 lﬁ’ 1114 cosvias 1o ke2 P2MD 3A
116:. QUTL A1 ADT' R OF LD SI LATC. H . a26eE 23E
116f : MOY é**********"**wmg"m*tvwvzw*g?*"“
1157 nOy| Ag -u\c :sws D/A 10-720E% cKLARAFZ{dr94c, Tvans o 1168
CLE C Hgs B convglg T!:EN agigfé?il AHPI\/GS:gL ogg{;ghmo
ASSEMBLER, V3.0 PA iﬁ ED D %
1127 ;CONVERSI TES F T0C IS XC T
SOURCE STATEMENT C272 A5 1i3a i7HE TALIDM4RILS PUT 0UT oRCEERVICT, AFH INEIRS %49
1170 RET 1171 SEJEEI'%ATA ) %QVHS-L le‘ 5 RN P'RM@RORz :g%’s VBLER.
V3.0 PAGT) -:*-29: £ %537 = f‘f)” =}:Lv§£ﬁ’§‘ S&RCE
STATEMENT 1172 S**************S*S ** 1174 ;
REJECT 1175 1176 ; 1132 (iBf SPLAPSELANSHRLOF RRWNEFSNHECT)
B246 LS 1134 ADC1: CLR - F1
@241 ES 1135 CPL f1
8242 4445 1136 JnP ADCZ
0244 AS 1137 aDC: CLR Tl
@245 2330 1138 ADC2: MOV A, #030F
@247 3A 1133 oUTL P2,A ;ADDE OF D/A LATCH
\/ 7248 F1 1140 MOV 4,001 $SET D/A SETTING
22498 AC 1141 M0V Fe A TSAVF D/A (CALIBEATF)
€241 30 1142 MOVX 3RG, A ;CLKS D/A LATCH RO K/4
@Z43 2320 1143 rov A,#020F
S24D 3A 1144 oUTL P2,A {ADD® OF LED S¥ LATCE
©24% FT 1145 MOV A.R7? {LED SY SALECTED
@24F 90 114€ MOVX 3R2.A $CLKS S¥ LATCE 26 K/A
9250 BF18 1147 MOV k6,424 }SET AMP SETLING TINMF
@252 EE52 1148 SETL: DJNZ R&,SETL {END OF SEPTIKC DFLAY ?
€254 2310 1145 MOV A ALK
2256 3A 1158 OUTL P2,4 ;YFS ADDE OF A/D ¥7
2257 Fe 1151 MOV 4,Ra
8256 S@ 1152 . MOVX 6RO, A i START CONV ACC K/A
2259 PF42 1183 MOV RE.#E6 ;ST™ COKVERT TIMF
€258 ETS3 1154 £OCD:  DJINZ /6 ,£0CD {SHOULD CONV RE COMP 2
225D 7€E5 1158 JF1 TOC .
@25F 5665 1136 JT1 EOC : i (YFS) I8 17 ?
A261 BDAC 1157 . . MOV RS, #¢aeY 1 (N0) SET FRAOR CODE
(263 D453 1158 cAll 00s iCO OUT OF SERVICE
€265 231¢ 1158 ROC: MoV A, #0128
2267 3A 1160 oUTL . P2,A $ADDR OF A/D RD
@268 Fe 1181 MOV AR
g2Ffe a¢ 1182 MOVY 4,332 tINPUT A/D DATA R@ K/2A
0264 A4 11€3 MOV 72,4 }SAVF DATA
2263 2328 1184 MOV A, #Q20E
@2€D 34 11€2 - OUTL P2, A ) tADPR OF LFD Sw LATCH
A26T 23e0 11E€ MOV A,#0SQE {TUSN OFF LEDS
#27¢ 22 1167 MOV 2,4 1 (B2 N/A)

€271 &7 11€8 CLE ¢ 3CLEAR CARRY



@b’) 11’)7 1179 . **SS**S********ttr**F*t*****6******Vt_WS*S**eV\’c**S*** 1179
1186 ; REJZCT MArNTAI NS DI SPLAY ' FOR 2 SECONDS (OR LESS 1191 ;IT BILL IS
REMOVED FROM ENTRKNCE | EFORS TEE 2 SECONr S 1182 ; EAS ELAPSED) 1183 tR3
S-LOOP CTR 1184 ;p2 a SAVE DATi REQ (ADCI) & LOOP CTI 1185 0274 3304

El

1186 REJECT: MV R5, 04 50 -503M5 X 4 a 2 SEC 0276 5433
1187 X10: CALL -CPl 0278 95 1198 CPL fe 0279
MVB3 lisp JTe ~ BEWD'S ;1S BILL PRES ? 027S
EA2 © 1190 - nov R2. #43 - ; (YXS) 11.7rS  s53 =
503 QE?DIM@S-&/U -41 = L DF.711 2 ;11. 7VB
203 8701746 PI H]A%QJ- A%Sl:.. fBLER, @:BJ R2 JRgE 2 - soens
ELAPSER? 91 376 R3, X10 ; (rsS)
5 SC FIpeEs 7 o203t SORen smmmn s R

" YES 0@% %é 1169 1195 CLR  FiOUTL P2,A ' ; TI Tf N OFF
DI SPLAY 62 99FE 1171 s57ehd 96T ANL P1, #6EF. R 02e7 8901

1197 B e61 02959 83 1198 RET 1199
$ZJECT ISl s-|| t CS- 4e/ UPI - 41 MACRO ASSEMBLER V3.0

PAGE 30 LOC OBJ ~ LINE SOURCE STATEMENT 1 1261; 1262;
INIT 1203 1204; (POAER- ON OR RSET | NI TI ALI ZATI ON 1205 1206e 1297

1268 ; INI T RESETS DI SPLAY LATCE 1209.; PUTS I NI TIAL SETTING | NTO D/ A
CALI BRATE REG S 1210 ; RESETS >2&0 AND BILL TALLY REQ S 1211 ; ASSURES MOTOR
'S O:F AND DI SPLAY IS OFF



QY

v 1212 [ READY' S P16 FOR DATA | NPUT 1213 ; PF PO NTER REG 1214 ;16 LOOP CTP

1215 02SA 27 1216 INIT:  CLR A 0291 3A 1217
CQUTL P2, A . ZEROS TO DI SP LATCH e28C 23F7 1218
< MV A 10FEF 028E 39 1219 QUTL  P1.A
: CLK GOES LOW 029F 23FF 1820 MOV A, #OFFS 0291 39
1227 QUTL  pl. K | ;1. ATCH CLX GOES El 0292 VUs4
1222 VOV R ERR] - LOOP CTR 6294 B821 1223
VDV BEI$+38 HCS-48/UPI-41 MARRDRSORBTHRAKII-GDY A SrT 020BMGR3ARS 1224
oV A #175 INITIAL D/ A SETTI NG 0298 AO 1225
DTASTE: MD?1o¢c 03s°Q , A Ling soyRiETsNETNAL SETTI NG 6299 16
one R OTASET iz et s R R e 1227
MOV RG, PEXCLI M 1i7¢ PUT ADDR >248bt FS 029E 27 1229
CL! A 0297 i f 11230 O Arces £ ZSFO
>24e0 s G e2Ae 19 1176 1231 oispuays\dbss or wifgHardzer) . ADD

OF BI Lt TALLY 211 AO 1178 '#t*rmﬂt&t##tt#ﬁ#tmtsttﬁttwtﬁ*#38**'****
| ZF. XRO BI LL TALLY 02A2 H{&5. ;s ypcy mmlr%@@s RIsELAT rorMNrconns (89, @3¢ . 02A4

2364 1234 118 'm.x. 13-4 PE2750MENTRANCE BEFORT TRS83 STCONDS
rov QRBA ﬁgﬁtgg g%;%O\IST a 1QD Z2A? 2320 1236
MO? A, #020E 32A9 3111gs ;2 = SAVEZSMAA hic (apci) @Uldor c*aPZ A

:r ADDF OF LED SW LATC? 6228% 2386 1258 A, #080H

; TIEN O F ORRT4 RBBAEDS 02AEBHEEIECT: 0T~ 1iTagt - R)B\'?F X4 oK

. x911 NoBe BYAD 3827%1eg 1 1 ke MR Re, NPO34

, SET RP. T F@EYSPEEB34 02AF 1289\ JTe 1240018 MOYs BILL PARS @5 6211 Ak
1247 oz7o Pies (RSE: Q2d2 38R0, prirs. 1243 i11.7ms D¥RKY :
RIO PCPI @27F £a70, SI' T Rr1Tsa?A4 231EbJNz  R2.24244 £oamsMIAPSED 2 A #30
: I’CR 0236 A@;“l EB7€ _ %%? —— gJNM:)Y R3, ““gReA .(YFS\ 2 sTC. q&éﬁ‘;f 6237
15 s LoD G e TEAEABE B1KY i PMT
e2F6 74Cl o2es 99FEI247 1196 CALANL D;H%& UA S. % 1248

?. F? 1249 sEAECH 1198 RET '

Ay

1199 4EJECT



fa

_ Isls-11 MCS-S/JUPI-41 MACEo ASSEMRLER, V3.0 FAG 31
LOC OBJ LI NE SOURCE STATEMENT 1250 1251; 1252,
CKPOS 1253 1254 ; (CHECK POSI TI ON SYNSORS) 1255 ; 125e ;

Srrxkxkxkx (PG xkxk KxkxgrEggEWS****** S 1257 1258 ; CXPCS TESTS ALL POQ,EOR
BAD OPTI CS 1259 ; AND CHECKS PCSHROR BI LL BEI NG PRES & SETS FO IMO ;RO a
AID CE. ANNEL AND BILL SFNSE REF. 1261 ; R2 a SAVE DATA 1252 ;R5 R ERROR CODE
1263 ;ne 4 LOOP CT .R7~? NO OPTI CA BLOCK'+FDS ON 1264 023B aS

12615 IEKFCEES -4{URT~41 MACRORASSEMBLER, ¥3.0 . RESEPAFD 0¥BC PA 1266
MOV A R2 Q@LD 37 i2s7 CPL A 023K 030A

126810c 08"  ADRINE A #BUGEE statewEnt ; CdrP W TH BAD CPTIC I M SaCo E6CA

1269 ‘JNC 200 ,*%mﬁ##ﬂaﬁ&###*##‘$!¥QPILQI‘BAQ*2S#§2Q$L)453
1270 CAlize1 ‘; 00 GO'OUT OF SEBYI CF 02C4 63
1271 DATI ORK: RET 1%32' ss** 1T ss**css**s*******t Stt****S 1273
1274 . i | DLE %2daplabs Jedy 1“’7&8% 'rﬁ) M
**S***b**S*****n**x*z’eBd‘*SU* 1279 1298 : 1 DLE MONI TORS' POSI TI ON SENSOR 5 FCR
PAD 12al ; OPTI CS, D *CHEERES PSP O Er T **PRESENEFRIRYT**rF* S| LL | S 1232

' DETECTED 79 1S S 23[ ERR rkSrSHRGKER. 1ides SET AN ESCAPE 1283 ; FROM I DLE |'S

MADE 1224 ;| DLE CQiE¥$ NLBg‘E_YNUAI’_lI- RATES¢ THEC ORI QALRAIr©CGKe 1985 ; | DLE

CONTI NUSELY CHECKS 2jBER ims%% HAVS MSTAL Qgcr?s%glr 1287 | DLE:
CALL | NTP. AM 1212 ;READY’S| OR DATA INPUT
1213 ;P9 POINTER KEG :
1214 ;R6 LOQP CTR
' 1215
8264 27 1216 INIT: CLR A

2283 34 1217 0UTL  P2,4 }ZEROS TO DISP LATCH
#23¢ 23FE 1218 MOY A,#@FEF

228E 39 1213 OUTL  P1,4 JLATCF CLK GOES LOV
P28F 23FF 1220 MOY A, #GTFE

e2s1 3¢ 1221 QUTL  P1,A SLATCE CLX GOES NI

2292 BTRO4 1222 MOV RE,A0C4H iLOOP CTER

2294 3821 1223 MOV RO, #33 ‘;ADD® OF TRAK 1 D/A SFT
€296 23AF 1224 MOV A,4175 {INITIAL D/& SETTING
2258 A0 1225 DTASET: MOV OR3,A ;PUT INITIAL SETTING - '
8299 18 1226 INC R0 {INC ADDR W
g2gs EFO8 1227 DINZ  .RE,DTASET {ALL TRAKS SFT ?

229C Bg3C 1228 MOV R@,2EXCLIM iPUT ADDR >24@ IN Fo
@2¢t 27 1229 cLR A

P2SF AP 1230 MOV @52, A 1IR30 >24@ RFC

¢2ae 19 1231 ING R0 ;ADDE OF BILL TALLY
22A1 AD 1232 MOY ane,A $ZRX0 BILL TALLY

¢2A2 B82S 1233 MOV RG, #37

8204 2364 1234 MOV A, 5120

C2AE AQ 1235 MOV @RG, A 3SET DIVIDE CONST = 192
2247 2320 1236 MOV A, #222E

3ZA9 3A 1237 oUTL  P2,% - :ADDF OF LED §¥ LATCY
G2AA 2382 1238 MOV A, #0808 iTUPN OFT OP BLK LEDS
32AC 90 1239 MOVX  GR®,A 1(98 K/AY .
@2AD 3827 1240 - MOV R¢,#PO3 4 iSET RTF FOR POS 4

0Z2AF 2345 1241 MOV A, #1ES

@2E1 AQ 242 MOV AR, A :

9222 3826 1243 rov Re,#POS1 }SET RFF

g2k4 231F 1244 MOV A, 430 ;FOR

2236 AQ 1245 MOY aRe,r 1POS 1

@287 15 1246 BIS 1 iDISABLF INTFFUPT

@2P6 74CT 1247 CALL  DEL12

@2Ba &3 1248 IFT

1249 $FJIRCT



- 2C7 B432 1259 CALL . OFFSET 62C9 2336 1289
Mbv A, #54 02C3 383A 1296 MOV R s59 S2CD AS
1291 . mov ORG, A 02CE 7418 1292 CALL: |

© SETUPI - CALI PAPF TFACK 1 M2eB 741A 1293 CALL
CALLY C2D2 2337 1294 k. 055 2D4 Be3A
1295 MOV Re, n5s 021DS6 1291 R Mov ?

RGA E2D? 7471 . 1297 B CALL SI TUP? . CALI AATI
TRACK ? Q@ ) 1 roee L CALI B 2,.2D). 2339
1299 BrsCH Bos-se/ur IA?‘?ggﬁézﬁi‘%ﬂ' SEL Sae D rRefD sl
RZ, #! 9 02DF An | a341 OFP. A e2F0 74FA
1.52 . LCCRR T SETHME - SourcE 5T‘E§§|§f‘h ATE fBACX 3 02r2 ?41A
13e3 CALL Chtﬂﬂ=30;ﬁ&#fﬁ}g3##»“»#4#######ﬂﬁ}@ﬂ##*ﬁ###v#v#*t#%?#h#vt#t
t A 757 ISIS-11 MCS-42/138-41 MACPO Astsg%JER V3.0
PACE 32 LOC CBJ 1535Ti NE RCE STATEMENT 62E8 383A
1365 MV - RO}Z8 02ES MBECK POSITION STESGE) MOY
GRO, A e2E9 74DE 7 ¢t=¥s¢¢aa*utvmtlam#t*tﬁEImaatttssnnsssk********
- CALI BRATE PCS 4 021B 741#%3% 1308 CALL-  CALIB 02ED 3407
1369 CALL SLKI$8 3CXPCS 153Ts ALL EPEERR BR GPRLESBI T 02E7 ~ OePl
1310 MoV P7:388 HodFMis BRI o BILL i%?:ﬁ; e Mo
RL042 e273 1807 112 r2 : SAVE DAROY/ ' TEST
POSI TION S 275 3350 1 , g . 5444
1314 CALL ADdﬁ?éﬁ 23408 CTR ”Nofgl‘%”gﬁ g’%} "gl_ Y ckPos
c2Fa uBYs @288 85 1316. 1265 CKPOS\DYLR  FR7, NOLED 02F[RSBEDA® 1317
NOV RO, 3 12857 ST PO ONAs*%27T 3030 1318
MOV RS, 9413 #306301 54?@2 mﬁLSlgg waLOx CALLecre DE 130315638
1320 CKPEE$90315 6FWY - DA 1321
R7, 0004R osoﬁ%c%% 12791 32d0r: oAk Rbv P1, #é’fséé’egg%%% SERVICF
1323 mtttam:a#ﬂ:ﬁrgg'ﬁap@spﬂwQvanva&##a:v:#ac
| iggi ; 1DLE
1275
1278 1
] 1277
. 1278 n#ss##s:;usutmuutsu##a¢utat#ua###ts##*#m#&mmtmsaat

127¢

1292 :IDLZ MONITORS POSITION SENSCR 5 FOR BAD

1381 0PTICS, AND CHECKS PCS 1 FOR BILL PRESFNT. IF BILL I8
1292 ;DETECTED F2 15 SET. F@ 1S CRECXED. IF SET AN RSCAPE
1283 ;FROM IDLE IS MADE

1284 ; IDLE CONTINUSELY CALIBEATES THE QOPTICAL TLOCK

1283 ;IDLE CONTINUSELY CHECKS THE INT § F2T PAMS

128€
#2C5 g48F 1287 IDLE: CALL INTPAM {TEST INT PAM
£2C7 8432 1298 CALL OFFSET
b2CS 2336 1289 MOV A,#54
82C3 B83A 1290 MoV R@, #58
32CD Ag 1231 MOV GRO,A °
32CE 748 1202 CALL SETUPL TCALIFRATE TRACK 1
C2L0 741A 1293 CALL CALIB
¢Zl2 2337 1264 MOV \,455
€2D4 BE3A 1295 MOV E¢,n58
¢2D6 A 12948 T Moy @KRG, A
£2D? 747} 1297 CALL SFTURP2 SCALIBRATE TRACK ?
e2De 7414 12¢8 CALL CALIB
22D% 2338 © 1299 mov A,23€
220D 3824 13ee MOV . RE,nc8
A2DEF AD 1221 MOV GFO,A
e25¢ 74F3 13¢2 CALL SETUPS 3CALIERATE TRACK 2
CeF2 7414 132 CALL CALIE

8274 2332 1304 MoV A 357



'63 5444 1324 CALL ADC 030D 3826 1325

MOV RG #POSi 0306 1406 1326 CALL BILSEN 0311 3619
1327 JFO PROCED Pl LL | NSERTED 7 0313 9426 - ,
1328 CALL RAM . _TEST EI' T RAM 0315 D462 o
1329 CALL OPSUR 54~ YFLASH DI RTT SURFACES 1330
; CODE, | F NEEDED. 0317 HCS 1331 JINP | DLE

“NO DO I T AGAI N 0319 53 1332 PROCED. RET 1333 $EJECT 1SIS-11

M C3S B UPICS 248/ RINCRO MASTBENE $ ERRLEA/37T) 0 racr  32PAGC 0.3 LOC QU
LI NE SOURCE STATEMENT 1334 : #Q**SSSS. . ******f 1335 1336 ;

CALLILCE33GBI 1338 ; LIKE (CNDKJM’EMWTCAL READ CFANNILS) 1339 1346 ,

*H* S PR * we %*ttw 13% 134 CALI | TRIES 200 TI MES OR LESS To
ADJUSResER f 1/ A WS{]' a\l 1343 AND LONER LIM TS 1344 ;1 F TRACK

FAI ﬁg?gg SRATE? W Ze TR E&NALISE)TiﬁO? 1345 ; GERES:84E R §ER\/I CE 1346 ; R4
A SET] G 1347 cg? Cgl: ’I' 1348 ; PS5 * LOOP CTR AND ERROR CODE

1349 @3BBRBIA EDCEs.o. {S01gMOY T CHECK IOR\pAGgRIT , SF?
ADJ LGEEBIE81C 5443311 130 CALagmz CALL ADC ; GET
DATA &334 Eapks 1313 1353 noy n='nm A0 31PI0AES 1354
MOV 22F7 Sead p 03201B93A  cALL 1355c : MOY RO, 58 0322 PO
1356 g253 2Fsa lvo?m_e. AeaRgg){SQSCﬁ SoL 1357 Mo ? RO, A
0324 @2EDAses 5159 MoV leCRANCFCS  resr postpron 3+ SLLTP- ACX
CFFSL%?’?@ZQ“ 97 1318 135507 RS, #0321CL | | '
[] z44 1319 €CALL DC

0323 5433 1329 CALL CXPOS

0325 Bres4 1321 MOV R7,4004R

ggg; gggg 1322 MOV B, #32 '

¢33 Sa4d 135¢ CALL  age’ CHANS $TEST POSITION 3

930D B826 1325 MOV RO ,#P0OS1

gg?f %é?g igzs CALL BILSEN

27 JFQ PROCE H !
2312 2426 1328 CALL REHCFD :?%éﬁ £;3EEISD !
0315 p4e62 1323 CALL OPSUR iFLASE DIRTY SURFACTS
¢4C 1331 Jup IDLE iNO DO IT AGAIN )

8319 83 1332 PROCED: RET
1333 SEJECT



A S COw 0328 @

6327 37 1360 - - CPL
e3 1361 ADD AR3 . 2' SPARC  WIH LOW
LI O T 0329 EicP 1362 - JNC TESTEL D/ A SFT
TO LOw ? 6321 i C 1363 | NC 34 e32C 6436
1364~ JWP NEW 032T 2304 && 1365 TESTEI: MWV A A4
; W NDOW 0330 en 1366 A3 ; ADD
VINDON 0331 37 °~ 1367 .. CPL A ;1 2'S
COVP 0332 5ASIS-11 rCS-48/UP36Q MACRO ASSEMELADDVI.g 1,i2 ~ PAGE 23 : COFPAFP
WTH El  LIrI'T 0333 E144 1389 INC NEXT

D/ A SET TO Hipc 208835 CC Ling duk0r stargmpar . DEC R4 .

'y.s ADJUST D/ A SETTI NG e Cnameian 1371 NEW MV 1,3R4
MM NF . SFI Né 83 AT g py e re s a s n e S Purens @R A

N e338 FE. 1373 1336 ; mov  caris, 1Re 0339 AS 1374
My BRAe33AEDIC (337 1375 o000 DINZ RS CALI 31

; TS? AGAIN 7 033C 79 1330 5 137f*ERRBYTE OPTICAL READ CEANYELS)

' NO WLL NOT CALIBRA'T 63%?‘%’37‘ » "“{3‘?9*******###*#:Q;erm*watéta-a

; CONHL POINTER TO t33.1 4

P
342 ,c T
' FRROP CODE 033w 53F0 1343 ii ﬁﬁnﬁiﬁ"goﬁ?ﬁ!ﬂ?w?’ss TR sxpkD TR 5/ viteun

'OGET FID 07 LOWN PLL 0 ALf TRACE PAILS TO3G(LIBRATE IN 2¢¢ MEMs vaLpRRwA
3%3;&5 QUT OF sf%}if CALL 003

; PUT IN FROR rCE F. C 03421 4 = ADJUSTED SETTI

00 O IT OF SERVI CE 6534 37 183 = Linir 1362 NEOY V. AR4

STCF N E D/ A SMOTTAR 03348 APS = LOOP CTR AND] BRROB CODF f dov
QF1, INW ASET 0345 23 1388 135d RFT 13P5 $EJECT . 1SIS ||
MC54+/ UP1- 4l 4 ASSENBE%W«,? MOY RS, #200 PéfaEaps 2fMwOC QI3
LI NE e318CHICE STAT 355 CluaeA 1355 . icEr nam CALC ;

1389 ; 1390 &31r A g TT. Rl\/ll-'NE PCSI TI WSENS@%TX SYO_DS) 1391 * 1392.
-****s***s**a%% ?:‘g k0 kA ***V“fl*"“l@ﬁ% 1394 ; C&LCULATES BI LL SENSE

LIMTS 1395 93@ »e POSI TI %§$ATA100 Mov RB'G} : ’
1358 . '
aszs 97 1330 gigL gros i SUBTRACK OFFSET
| gggg g; 1360 CPL A i2°S Ccomp l
A 0329 Eezr :ggg 332 :iggn ~ ICOMPARE wITH Lov Lirir |
2323 1¢ 1283 ING Rg PD/A SET T0 Lok 2
e32¢ 436 1364 JMP NEW :
gggg a§04 1365 TESTH1: MOV A, a4 } W1 NDOW
8320 57 1366 ADD 4,83 1ADD ¥ INDOW
0332 54 %gg; son z i2°s conp
A333 pRas 1398 ADD AR2 iCOMPAFF WITE E1 LIMIT
2335 ¢C 1370 ggg Rt iD/4 SET TO K1 7
338 Fe 1371 NF¥:  moOv e nos RDIUST D/A SETTING
0357 AL 1372 nov éél.k .s.os}'. NF¥ D/A SFTTINC
2328 FFR 1373 MOV A,RE
2333 A8 : 1374 MOV RE, A
ggié §§1c }ggg DINZ RS,CALIB1 PTRY AGAIN 7
e33p 37 1377 CPL " iNO WILL NNT CALIBRATF
QI3F &7 : A ‘ i CONYI POINTER TO
EIE 47 1378 SYAP {FRROP CODE
341 A2 g 13:9 ANL A,#QFeR $CFT FID OF LOVW NIPLT
0362 D453 133¢ MOV 5,4 : -?UT IN TEROF CODT FFL
63¢s FC 1362 wpxe:  mey- 0% Smonpop SERVICE
2345 11 1383 moy or1 A iSTOFT NEYW D/A SETTIAG
0345 33 135¢ RET '

1385 $RJECT



@A 1396 0347 FA 1397 CALC: MOV A R2 ; C. T DATA 0348 AO

1398 MO? [ ERR] ; STORE DAT& 0349 B925 1399

. MOV Rl , #Z? ; ADDR OF DI VI SOR 0343 2332 1400 MOV '
A #50 ; MULTI PLI ER 034D 1463 1401 CALL MULPLT \RQATA
% 50 034F 149E 1402 Ep CALL DIVIDE ;DI VIDE BY 100 e35i
83 1403 RET 1404 1405; 1406 ; - RESET

1407 1408. 1409 1410 1411 1412 ; RESET CALI BRATES POSITICNS | AND 5 SO THAT

ﬁg’f sLA VRN A8 xsChipAf, VT.aTHEN STORESpder ASuTHE FFFFP. r ENCE
A OR P O85. ALSQ, 1414 ;1T CALCULATES AND STOFES THE FFFEEFTNCF

RFAD| NG EEE TFF E)r(‘ll 1415 W%&{.ﬁ%) 1416 0352 Z7 1417
: 2
RESET: . -STORF 0 03'3 1833 1418 :
IVDY : Re1 59 1386 H #####*#ﬁs‘wss&#'qv‘*****itt##*#iﬂgﬂ##t#**t#l. IVD\/ )
@, "aA ' 3§§7FFTT 0356 Caic 1420 DEC Re
: STORE 0357 2331 13eg ; 1421 r A #59 | OFFSET
B920 1423 1342 ;BEEEEaS "'r\—ﬁ-—tttmttm##%:tsntssaa#ws:ta**&m POst 03SC
23AF 1t 24 1333 ChLey A‘rES ML SENSE I.I I I NI TI AL 235E Al
1394 iCA
1425 MV 4352 ;5a¥§ '%osrnon DATA/100 P Sk SETTING 035F BSSE
1426 96 . #CHANF . :Pos |. AD CrAN. P361 3B04
0347 FA ND39? CALC: n AR2 GPT
1427 ”348 Aa 4 171&-3 Z4W @m A ’smf%i%;LFT SFLECI QN. 0365 33e64
1422 9349 3g28 99 R3,#37 $ADD kfdok FOR CALI S. 03ECE 741A
1429 @343 2332 CAI;E@ CALI:IBW ﬁugggr MULITALIZBPATT Post. 0267 392t
234D 1463 401 i
14332340 14c2 MOVl RInd kf‘ Py BRPOR 5 369 23AF 1431
MOV oaes 2&h ' 175 1se3 TI A 3 | 1432 MOV
6I‘ 1 A 1,%# b;‘Sf“frmtaiﬁ#g?&*#t*tt##tt###lt*##8##****8‘l't#
" 1495 ‘ o
1406 ; RESET
1407 r
1408 ;3
140¢ 3
1410 [ sdxaassing a2 2 s e e e o e e sl o o o 20 e K e AR T ey p e K MLy s ek i
1411 . : :
1412 ; RESET CALIBAATES PCSITICNS 1 AKD S SO THAT EACH READS o/
120 WHEN
1413 ;CLEAR, IT THEN STORTS 42 IS TSR FFFERINCE RTADING FOF P
) 055. ALSO,
1414 ;1T CALCULATES AND STOEES THE EFFEFFNCF READING FOR TFF
aXIT
1415 ;B3LOCKER (POS3).
1416 : : :
2352 27 1417 RESET: CLR A iSTORF ©
8353 B833 1418 mov RG, 52 TAS
9355 AG 1419 MOV BRO, A ;OFFSIT.,
8356 €8 142¢ DEC R0 i STORE
2357 zasn 1421 . rov A, %59 jOFFSET
2359 1422 MOV GRO,A . :LOCATION,
935 nnzﬂ 1423 rov R1,#32 ~ $STORE ®0S1
¥35C 23aF 1424 : MOV A,8173 TINITIAL
235E Al .-1425 MOV 8R1,A iD/A SETTING.
235T 380€ 1426 MOV EQ,#CEANF iPOS 1 A/D CFTAN.
F3E1 BFAe 1427 MOY R7,#02 48 _;POS1 LFD SFLECTICN.
#363 3364 1428 *OV R3, 7100 {LOV LIMIT FOR CALI3.
B3E5 7414 1429 CALL  CALIB iCALIBPATT P0St.
2267 3924 1432 uCV R1,r42 : :S7OPF POS S
2368 23AT 1431 0V £,2175 s INITIAL
23ER AL 1432 MOY GR1,A sN/A STATING,
1433
¢3EC BEO? 1434 MCY 26, #CEAN? ;PCS S A/D CHAN.
@3EE Frai 1438 MOV 77,#0017 190SS LED STLFCTION.
€372 ERS4 1436 MoV £3,2100 ;LOW LIMIT ¥OR CALIR.

e37Z 7414 1437 CALL CALILS SCALISRATE POS S.



036C Be07 1434 MOV RO., CVAN7 :2CS 5 A/D
CRHN. e3fE P701 1435 “MO? F. 7. Meel - POSS LEP
SFLECTI ON. c37e E64 1436 Nov R3, 0100 S La
LIMT YOR CALIB. 372 7411A 437 CALL  CALIS

- CALMERATE PCS 5. 1SIS |1 MS- 49/ UPl 4 CRO ASSEMBLER. V3. 2

pArGE 35 LOC OBJ LI NE SOURCE STATEMENT 6374 B029

1439 " MOV RhMsPOSS - SET RFE READI NC 0376 2328

1439 ISIS~MOVeS-42 /UPA-dMAT (a0 RG2S, A9, 2 1440 MOV
C*ROL SPOS5. 8379 BFSO 1441 Moy 35

R?, #NOLED toc o03fALC TLATE-037B BSQ4 1442 oV
EBNCHAN4 D osmﬁgﬁm S ACH SRATEMENT _CALL  ADC HSTCE
1 444 1445 0343y ?Q? 1239446 00 RemiMss  RO:sESEer " AEA

0381 7447 €378 44447  1ag  CALLGY % ¥ o TERARcE

0363 AO 48 - 1461 MOV oo o ; DIN. 0384
83 437 s%&g MARET 1450 ME)ECES, scsﬁﬂ .ﬁﬁ%c"EﬁA

S5 1SIS 11 MCS-4A/ UPl - 41 Wk&RO ASSENS ISTORT PAGE 3
LoC QJ r ddNE 1445 SOURCE STATEIVNT 1 51 ;
**$******S***ew*?f45*****#%$ S *et"t1 ***9&21— '83* **S mz 1453

REST 144 : 1483340 (PlE@ET DATAanNT STEPSL 145ETERENR 7 455
14r59 ; REST RESETS THT DATH SRAYGe ; RESETS PAGE | DDRC 'RRG.1461

- PTRSTS SUBTOTAL REG 1482 : UR ER REG 1463 :fi LOOP CTE



.1464 03S5 B623 1465 RES?: Mov RO, NFI RST ; RFSETS DATA

CNT R'S e3S7 27 1466 ~ CLR A 0368 AB 1467
mov QROA 0389 18 1489 | NC Ro e36A Ah ’
14e9 Vb ? MO A 9383 383E 1470 Moy W/
RO, OPAADD - RESFRS PAGE ADDR,e3SD LO 1471 r.ov

Of QA 633E BR2E 1472 56' MOV R2, 7SBTOT1 - ADDR OF
SUPTOTAL 1 0390 M. S8 1475 MO? R6, #8 : LOCP
CTR 0392 As - 71474 SUPFF.S: MOY - CaRo, a - PFSTT
SUSTSHIAL "EavisR (V353 11 BACRO ASSEMBLER ) AT | RESE 3% Re | NC
ADDR 0394 r Y9? _ 147F DINZ ReSU hTS - ALL SUBTOTAL
REGLE: ? 08895 990GLINE SQURPE STATEMENT ORL P1, #00€es - TURN OFF
MOTOR. 03s8 83 1251 ,#*tt#ld’i&#####*t*###tBEIt#lM&#SElEGL*#&##L‘S S-11

nCS- 48/ UPi -41 NAGR&ASSSEI\/BLER V3.0 PAGE 37 LOC 03J

LI NE SOURGE3 STATENVENT 1480RESTe 1491 1482:

CKQR45 1483 1434 14 §:Ht CK TAhds¥r GRrN@bTSr YEdsTERADI NGS EXCEEDI NG 245) 1496 ;
****@***$***r***1*€58*0*** **** * % % *** ***** * % k. k *k k% % 1488 THIS

7
ROUTI NE | 'NC. EMENTig3 H?'T\ﬁTE"I'AET_’T'gbeD"I'EE'TIQ’Q‘“S?IS"I‘KLT;*“T"I' REQUI KED. | F
NOT? TALLY - |A0,y4 Daiﬁ»ﬂazszwlimzéﬁnmwm $ LESS TRAM 8, BOTH ARE RESET.

1491 : 1T >245 TALxls\se S?'GF DY, APEF 170 61 WLL ?F 1492 ; SET AS A FLAG
| NDI CATI Nv THAT T4 2 g@RFACES NED CLELNI NG 0399 3&3C
1494 CKG&45: MO it .seRCdEGOc'rr GET >245 TALLY . 03B3 Fe 1495
| RO 03 1i ¢ AE39R £2B0
1499323 3 f‘ﬁ 9:%52 RES®1 Labia 8 IRST, DATAf 553 244~ '%3 L2l 1498
cPL eaog A8A 1487 HOTES, PNGATALLY . 03A0 17 1499
INCE3as 18A 03A1 53EE 1861500880, 4 ANL . AMO77F
" g38B B&3T 147€ MOV RO ,#PASADD $RESETS PAGE ADDR

Q38D A€ 1471 MOV @RO,A

@233t RAZ2E 1472 MCY R9,#SBTOTY $ADDR OF SURTOTAL 1

239¢ BFRo8 1473 MoV RE, 48 TLOCP CTR

2392 AQ 1474 SURERS: MOV GRa,A ) {EFSTT SUBTOTAL PYC

2383 18 1478 INC Re "+ INC ADDR _

@354 Y97 147¢€ DJNZ k€ ,SUBRES 1ALl SURTOTAL RARG’S 7 \_/

@386 8806 1477 ORL Pl,#0QFER yTURN OFF MQTOR.

a3c8 83 1478 RET

1479 SEJECT



* 3t3 he 1501 MO? GRS, & - R7. STCRE NYV

TALLY. 03A4 37 1502 CPL A , DO.S NEV
TALLY Q3A5 97 1503 CLR C : ERCF. TD
© 8?7 3A6 e308 1504 ADD nB 03A8 F760 1505
JC\ _BI LTAL N O THEN 3UPPRYJ03AA 18 15a6
| NC R? :YESt SET FLAG ... G3AB 10 1507
MOv AGQRo 03AC 4380 - 1508 : ORL - A, a080H 03AE Aa
1509 1sis-Movics-a8/UPERal *ORATASESsLER, ¥3.2 . 1510 Pacr  BEC Re
03B3 1B : 1511 3ILTAL: INC RO : CET NOTE
TALLY. ... 933} PQss 1183512 sousct sTMMexr & GRe 03B2 17
1;3&30) AND RESTOl?EC 0334 07158 joreriensppreneddtdennpqugpanneliaganaas e ctud A
1481 ;
: DOES TkLLY EXCEED 100? Odg2 37 15%kks245 CPL A 03)6
0364 1517 1483 ) HO F .
Jjc NT100 laas CBWEN%}§$ NS i nmannuos zrclsiiy 203
MOV A, ORO &zggY:f‘S**'RESFF*‘BG‘FF‘I“‘FAtﬁ*ES"OSG‘J!*’5‘8‘88""“*“" 1520
ANL  A106808 33D 110 T8N tncrrn g"% NOTE mg_ (y GESE CS
1522 DEC R&ﬁgﬁgzéé TALLY IF nzouﬁ%& xorr TALLLIsC100, kDA €3Ce
ke 1524 149RD\IFE 245 FRAN 8, BOTH ARESEESEMT100: RET
1502 s7ecr T 11 it ARG B e
PACF . 38 LOC 0OBJ 1493 { NEFACES NPTD&@R@EG TATE)IVEN;QIS
'*tS********? %**S***l * CIGR & 5% Vk***vﬁw 1,528 215 1lY. JI TDEL
1530 1531 ; ;%2 ?sl TTER %) 1532; %.533 L'
MR R R <) SS***!‘JQ*?******SN'?"S 3MLM334 1535 MUG)I\?B-*DELAY BEFORE
MOTOR TURNS $3RE: 36 , AFTERSSELAY POBEA | SICLEI CXED TO é‘és | ¢ LU -7 L
COVF 23a1 537F 1500 ANL A ¥OTTR
2343 A0 1501 MOV @Re,A ' {RESTCRE NF¥ TALLY.
23A4 37 1502 CPL A _ iDOFS NEw TALLY
2315 97 1503 CLIR ¢ . ;EXCEFD 87
e3A6 2308 594 ADD A, 48 -
03A8 FEBO 1585 Jc BILTAL 1¥0, TREN JUMP.
@2AA 18 1526 -~ INC Re ' }YFS, SET FLAG...
W P3AB 30 1587 MOV 4,080
A 23AC 4380 1508 ORL A, 70R8H
@3AE AR 1589 MOV ©  GRO,A
P3AT €8 1510 DEC Re
23B2 18 1511 BILTAL: INC RO . jGET NOTE TALLY...
2381 Fo 1512 MOY A,GRE . ’ )
23B2 17 1513 INC A
“@3RT AQ 1514 Mov eie, A 1INC AND RESTORE.
e384 97 1515 CLR ¢ ;DORS TALLY EXCEED 108?
@385 37 1516 CPL A
2336 3354 1517 ADD A, 109
8388 F6C1 1516 Ic NT182 INO, THFN JUMP.
@3BA T8 1513 ' MOV A,GR@ {YRS, RESFT BOTR TALLIES
338 5380 1926 - ANL A, #0S0H '
e33D AC 1521 MOY @RS, A
@23E C& 1522 DEC by
@3BF 27 1523 CLE A
23Ce AP 1524 MOV GRS, A
g3c1 83 1523 NT100: RET

152€ $FJECT



@ED 1537 ;IF IT 1S THE MOTOR | S TURNED ON. 1538 03C2 74DB 1539

«» JI TDEI : CALL S100 i1l Ol 'S DELAY 03C4 5433 1540
) "CALL CPI 03C6 36CR 1%% JI G STPUS B I

BILL PEES | 03C8 85 CLR Fe NAO)
GO BACX STI T FLAG e3C9 64CD < 1543 I np NOTPR 93C9 9SFD .
1544 SSRS: ANL Pl , aOFDE :rOTOF ON FWD Z3CD 93 1545.
NC)'I'PRt RET 1546 ;*****SS**S**$*****SS******t**** **S $**** 1547
15s8" : DOL12 1549 1556 -

C”‘I§S$‘-$T*Ht"*&*/’UFIS%I @ts’ressww.*w-ﬂ****s* SS* 18&F 1582 ; DE1L12 IS A 12M5
DELAL 1553 e3CE 2306 1554 DELI 2: MO? A, ub - SET I NT TI MFR
03D0 gk o34 1568 SOURCHVEXATEMENTT, A e3D1 -55 1556
S R-r $ 63D2 16%5 7 tt*#&*;ﬁ&§]ﬁ#m&1#**l#JJ&##**“&&IE‘##B#####& 7IVS ELAPSFD
2 03D4 64D2 133559 1559 STP:
STOP TCNT YESZQBD? 83 JITIIL 1560 P ET 1581
-************SS*** ****vk(}**'rvi;****ﬁ\‘****t ****S** 1552 1563 Tl 00
1j 64 : 1565 ; ( pel A 86 Y 557 15ES (3DS 388 1560 T10G
moV ‘'R3, 78 t 3DA51734(EE""""""***“I5"‘7‘8‘*‘1’9’”“*‘“@{’7_‘"‘"‘*'DE'L'I"Z"'

;1 2VB Dr LAY B3DC FREW ;gms prrhBkronz moror rudddley  R3, X9 , MKS
| erS ELAPSED u3Dn 1 t.n{_t;'n:n DELATI 528 1 1S CHFCXEDRE SE5 73 M JEGTILL coOVF
1537 $1F IT IS THE MOTOR IS TURNED OK.
: 1538
83c2 74De 1539 JITDEL: CALL 7100 : ;100MS DELAY
a3cs seca 15*? E%EL | gg;as | {1S 3ILL PEES 7
gggg ggca %ZIZ CLR re ; (NO) GO BACK STRT FLAG
23C9 64CD 1543 IMP NOTPR
P3C3 9SFD 1544 STPRS: ANL P1,#8FDE ;MOTOF ON TFWD
23¢D 23 1545 NOTPR: RE?T - _
1545 ;t‘#*##**t*t#**t_‘######t####tt**#t####l*l##a*##*#..
1547 3§
12&8 : DEL12
igg: ;“v LAl L Ll BERURGRGVLOT L LRRI Y RS RGR A BRBEH RS
1551 . : L
}ggg {DEL12 IS A 12MS DELAY -
e3CE 2386 1554 DEL12: MOV A, %€ {SET INT TIMFR
a3De 52 1555 MOV T,A
23D1 55 1556 STRT 17
@3D2 16D6 1537 DELT: JTF STP $11,7MS ELAPSFD ?
@3D4 6402 1858 JMP DELT
8306 65 155¢ STP: STOP TCNT TYES
93D7 83 1560 BRT
1551 .‘######ﬂt#k*li*##&####‘*#‘##tiﬁt*###ﬂﬂ*t‘ﬂ***‘#*vﬁﬁlta
15882
1963 ; T100 |
1364 3 :
1563 3 {1@e¥S DELAY)
iggs ’s##sta#&#u#ﬂ&####s#ss#s:t:aanu##t*n#avv$aua¢*#V#ﬁt
15€8
¢3DE BREB 15€0 T109: MOV R3, 48 . .
23DA 74CE . 157¢ 29 CALL . DEL12 j12MS DTLAY
@3DC FRDA 1371 DJINZ R3,X9 {PAS 1PeMS FLAPSED
93nE a3 - 1572 LT

1573 $SJECT -



Vi),
"1SIS 11 nes-iP/uPi-il1 MACRO | SSEMBLIR, ?73.6 PAGE 39
LOC OZJ LI NE SOURCE STATEMENT 1574 ; 1575 1575 ;
. SETUP, SETUP1, SETUP2, sSTUP3 1577; 1578 1579 ; *** 1580 1581 1S562 ; LOADS

"REG S FOR ADC & ADClI SUBRCUTI NES 1583 ; (OPTI CAL BLOCK DATA) 158S ;BO a A/ID

C3ANMMNEL ‘NO. 1585 ; Rl - D/A SETTI NG 1586,;,f3 - LONLIMT FOR CALI 3RATI ON

1597 :R7 u LED S WTCR SEL 1588 03D7 RO . 1589 SETUP: MOY
Rl , 0241 . PO NTFP PCS 4 D) A SET 03E1 B301 1590
MOV RG, #CRAN1 A/D CHANNEL | e3Z3 3)02~ 1591
MOv ﬁS#%)ézR'CS'*ﬁ/“PHl MACRD SRYAMBIERPCS -4 0315 BICS PASE 32 1502
MOV R3,RLIMT PLQN LIMT. YCE CALI P 0337 83 1593
RET 0318 39210C 03J 159416ETS$Pi : SUORCE STATEMENRL n021R : PO NTTR
TPAK 1 D/A Sl T 83EA 3881 1 4 't#*#l&ﬁ######*#tt#*‘tW#t!‘tt#Mﬁtgtm VWEER
AN D CHARNEL | -831C-B788 1575 ; 159k R7, 3008H
:LED S3 FOR TRAX 1 O03EF. 1 G SEMPQFETUPL, SETU?Z SIMOP3 7?3, uOPLB
LO LIMT 703 CALI? 0318 1599 RET 0311 3922
1599 SETUP2: I\/D\/ R1 15822R******.***w**r@@rvwwmw%@##nshiliwesﬁs B802
1600 E%ggn% . : A/ D CHANNEL 2 e315 3110
1601 8daps rEz-s roRr;ADER RYY FERatRMNre E377 333C
1602 I\/D\/ R?»lélﬁs a?'f“;% g};"“ ?‘_ V LIMT. FOF CALI 0379 33
16803 RE? 031A 3433 i3¢ 2 A7% SR SBrups: mov R1l, 023H
: PO NTER TRAK . 3 D/A SET NBEE;888110v LIMIT FORIGQTBRATION - MOV
RO, oCRANI A/D CPAE%I'“ | BRP7E BEDPEL - - f06 - MY
R?, n022H 23DF nsas'—ZD SWIEEY sTRAS 3109480 BOro248 1 p4in18Y pos ¢ p/a shY
R3, aOPLI B3E1 s°§;LQN LI W32 FOR CAL;% 04%2#%\:1 gigg %gag;m 1
FET 1689 ; é?g Bics 5*999%%% 99~ t”f“TSV eRaiGRtila 1611 130 Tinie JedvlesLih012
p3ta 3921 1594 SETUP1: MOV 'R1,#021H ;POINTFR TFAK 1 D/A STT
e3EA Bo21 1595 MOV EW.ICHANI A/D CBANNFL 1
g3EC BFOS 1506 MOV R7,#0089H ;LED S» FOR TRAK 1
P3RE 334D 1597 MOY 23, #0PLO +10% LIMIT FOR CALIZ
8359 33 1398 RET
@3F1 3922 1599 SETUP2: MOV R1,#022K 1POINTRR TRAZ 2 D/A SFT
\_ e3F3 BEO2 1600 _ MOV RS ,#CEAN2 +A/D CRANNEL 2 -
2315 B31m 1601 MOV R?,481€H iLED Sv FOR TRAK 2
€377 B33C 1602 MOV R3,#0PLO1 710V LIMIT FOF CALIE
¥3F9 33 1693 RET
B3FA 3923 1604 SETU?S: Mov Ri,2023E8 sPOINTER TRAX 3 D/A STT
¥3FC BEOL 1605 MOV A0, #CHANL ;A/D CPANNYL 3
2aFE BF20 1606 MOV A7, 7022K :Lr.n $¥ F0° TRAK 3
2420 3R40 1607 MOV ° R3,=20PLQ 10w LIMIT FOR CALI¥
0402 E3 1823 EET
15890 ,#u#w##t#t*tv##c##¢¢#~¢t»au#a#ntﬁau&u:#wvvnnnumntaa
16192
1811 JAMCK
1812 %
1613 {JAM CRECK)
1814 ;
15815 3
181¢€ 'm#t-t't*tsstut-::#nnttaat-&-attaua-unnaga'***u##uw

1€17

1818 ;JAMCX GTTS DATA FROM ALL POSTION SFNSCES
1619 {AND CHECXS TO SREE IF BILL IS PRESENT
1620 ; (POSITION 1 IS EXCLUDED) IF ANY POSITION
1521 FBAS A BILL PRESENT F2 WILL AR SET.

1622 _

#4e3 85 . 1823 JAMCK: CLR ie

fats 3427 182¢ Call  CPs

C4LE 74DF 1625 CALL  SETUP iR7S LOADED FOR POS 4
Bei3 3440 162€ CALL  ADC2 iGFT FOS 4 DATA

2afA BE2? 1527 MOV Re,”P034 1POS ¢ ATF

240C B4o? 1€28 CALL SENZIL 3SETS FC OM RILL PRIS



@613 ; (JAM CHECK) 1lel4 1615 11 e **ssswssass*ss*ssau.t*0..s..s*eauns
**g, vx*o ***S¥** 1617 iai P ; JAMCK GETS DATA FROM ALL PCS! I ON 4TNSORS 1619
; /AND CHECXS TO SEE | F BILL I'S PRESENT 1620 ; (PCSITION 1 IS EXCLUDF.D): I F ,
ANl PCOSI TION 1521 ; HAS A BILL PRESENT F2 WLL 'A SET. 1622 04f,3 S5

1623 JAMCK: CLF. 70 P C4 3”@Z 1624 CALL CCs 4
24f17 1625 CALL SETUP . R-. G LOADED FOR P0S
4 ' 4tS 5440 152E. CALL ADCI :01'F ~"OS 4

. DATAIZIFHI A H3E206 /uP1-41 ~A&ﬁo?lssz~wa v3.0" OV rREH ,,  _Pos’' REF
040C 34i 0) 162S CALL SIN3IL *° 'St TS FL' ON

PILL Pl ozs | SI S-1 L MCS- 4a/ I gﬁg ASSEMBLER, V3.0
PACE 40 LOC Or lg%kﬁﬁ s T SOURCE STATEMENT 04CE 83

€4€E 83
1629 . RzZT {ng%%iégda | SIS-11 MCS-48/ Upl - 41 | ACPO ASSEMBLER,

V3.0 41 LCC C9J " LINE SOURCE
STATEMENT 1631 ; _ * 1632; - 1633; | | NTRAM
1634; 1635; (1 NTERNAL BAM CHFECK) 1637 1638 1639 ; DOES NOT CHECK

Re- R? e4&F DC?? 1640 1 NTRAM MOV - R4,a077H s LirrT
ADDR DEC TO 6(BE 0411 387F 1641 - MOV RMO7FI R

; RAM ADDP 0413 Fe 1642 ADDR : MWV AGRG6 ; | NPUT
DATA 0414 AA 1643 ' MoV R2, A ; SA~T |

DATA 041537 12644 CPL ; COWP COPY



0416 AS 1645 MOV GRS, A WPl Tn | NTO RAM@

e417 F6 164t MOV A, GRO : READ FROM RAM
0418 6A : 1647 ADD AR2 : COMFAf E 04. 19
17 1648 | NC A 041A C520 1649 JZ
GOOD™~( 441C ED9O | e50 MOV R35, €09g0 . Ei POF
CODE FOB FAM EF 041E D453 1651 - CALL oos |
00 OUT CF SERVI CE 6420 TA 8 1652 | MO? Al2
: RESTORE OEIIQSNN_ “PATA/ 42 1653 MWV NO , A 0422
cs - it BE°<5° ‘55'“’%“' ¥3. PREC ABDR 0423 EC23
1655 LﬁDEF 1656 RET 1657
$EJSCT | SI s-|| rCS- 49/ NACR&?"/&SBBWB[%RNT v3. e
PAGY A2 LOC OWN 1631 LM s s s un wovawe SRl SLALENYN,. L0 *“l_ 659';

' $1662; ( EXTERNAL RAM c:1Fc:T‘§5 B63™ 1e64

1660:; ' RAM 1@%&%
© o t*r W *4*B48*tt **eawt *wt 5 1666 *WAN CHECKS THE EXTERNAL RAM BY

ADDRESS. EACH. 1667 ; LOCATISSN I N MEMBIMyALI NRUEECEE. DATA. . COVPLEMENT 1668

DATA, STORES I T, | NPUTS n;ggxgmm; QOVPARES | T W TH 1669 ; ORG NI AL DATA
THE ORI GINAL DATA 1; THEN 1@55TORED“1*€'7"6 TRO - B AP R s p AT e

SAVE DATA 16 & R4 |_ SSveReescxERROR RRC 1672 0. 426 BP04
NT&AP HOV
1673 PAM aevr R34 Cﬁ'}{(g,TR 0' 28LB9T3s0Dr DFC TO edf4
MOv _ Rl, 1542PAﬂE1APDBvO42AL &%2? F JPAGE: MOV
ARI 0415. ClJTPUT ADD?. "gl'lZl 33@ A i DATA QUTL
PZ, A WI2C BOBQ6 20 | nov MOY 8o, , R4[ ERR] icore copy : SBT LOOP
CTR TO 256 0§ PSrF 1646 1679 Moy Xof [ EHR son ail : PAGE
ADDR 0430 SOe41s 17 164 ADDR  42povi AR2A (R iCOMFARE ;| NPUT DATA
0431 AA 6414 C620168) 1649 MOV éazp . SKVR DATA
© pein Dess 1650 nov, g:snoscﬂ ;EKPOF CODE FOR FAM Fp
0420 FA 1652 GOOD1: MOV = 4.RK2 -;gqou* CcF ssnvrcn
- EC Re
8423 EC13 +DPEC ADDR
pa25 £3 :ggg gggz R4, ADDE1

U 1657 $EJRCT



@132 37 1681 CPL A -COnp COPY 0433
3

15Q mOv X Rd,.lA : WPl TE | NTO RAM 0434
. 1683 mv% - Al . . READ EPOM FAM 0435 -
Sh 1684 ADD A R2 . COVPAPF t4S8 1%/
1685 | NC A 0437 (:essD'da(I'é 1686 JZ GOCOD
;i PM CT. LL GOOD, 0439 BD90 97 MOV R5, #3eH
i SHOP CODE FOR EAM Fr .043P D453 1698 CALL 00S
OFASS 'BLE 3.¢ 1689 GOOD: Pis fl\/byz ' A, R2
TSr%;ffpg'iéli@/ i % 043 s 1690 MOVZ  QeBIA
0437 CS - Lo RL . MDC PAG. AFDP
0440 ¥& 37 ‘} 92 SOURCE, %%2""" RSk DDR 'nOMFF  CFLL
0442 Cg 1eﬁg3#;:-:***:vt#tm\w#mﬂqﬁp#:*#ttx«msrma#m:mrmsstFC Pt AE 0443
E32A 1194 1929 % DJI KZ,w R3, PAGF ; DO NF) T PAeF 0445
83 16951661 ; RET | ege ;t$X4ch4a4NF444*twSXrgag~ItIgInm/;1CP

CKENT 169918820%Y; - (EXTERMARRAR PRTRANCE) 1701; 1703 17v04 ; CHE4ACS

POSITION 1. SFTS ECCIMEENaRisanke sk Sl QEESEMWJ&J&*GAAG-RDTO
1?06 CYi:NT: MOV 1665 RSnNFH

£ Extsamal mam On ' vssbx 44' 9544 03
1668 NG TAL :
17c? CALL:ss'r :Zma fE‘EE# £MOLY #E\g 3‘1‘76 E COMPLEMFNES BAT FA 0441
R 4 _ 17291668 ipata, smEAEsl?t,/ 1890 kcuu -iﬂ$l SokpAsNES AR P! - 41
MACFO ASSEMBLER?, eoncmm. DATA raslonxgi q nvsgggrn LI NE
=
SOURCE ST&TEMENT 1v§f A ZaAE AR R Ta S E gl 1715 1716 ;
Stx ** xkkkkk @k Kok ok ok ok of gapgk * ***tt*****S**aonst***bL*cI gZ)éS** 1717 1715 ; BJECT IS
2 M ;
A UNI ﬁH vg%g POUT]I agwsam TO ﬁT P IJ'YZST‘ ED AR SpoR
0§2A 1675 PAGE: MOV }OUTPUT PAGT ADDE
2423 3A 1678 QUTL pz A - :
g42¢ BCoO® 1677 MOV 4,20 ;SRT LOOP CTR] T0 256
@42F RETFT 1678 MOV Re,#0FTH iPACF ADDR
2430 50 1679 ADDR:  MOVIX A,GR2 JINPUT DATA
0431 AA 1682 MOV R2,A ;SAVE DATA
8432 37 1581 CPL A ;COMF COPY
7433 s@ 1882 MOV 3R2,A t¥PITE INTO RaM _
9434 80 1683 MOVX A,GR® {READ. FPOM RAM .
p435 SA 1634 ADD ‘A, R2 ;COMPAPE (o
2436 17 168% INC A
9437 CESD 1656 Jz GOOD iMEM CFLL 600D %
0439 BDOC 1637 MOV R3,#09eH i ERRKOF CODE FOR EAM TR
P43R D453 1688 Call 00s 160 CUT OF SFRVICE
€430 FA 1688 GOOD: MOV A,R2 {EFSTORF OKIGINAL PATA
g43E 30 1699 Hovy @ae A
9437 €& 1691 DEC . ;DFC PAGT ARDP
. 2440 EC38 1692 DINZ na +ADDR ;D0 MFIT CFLL
2442 C9 1693 DEC ;DFC PASE
2443 RB2A 1694 DIKZ s.Pacr iDO KF)T PAGF
2445 83 1695 RET
1896 , o it e g e 302 e 56 5 0 a0 oF 5 40 408 2 0 6 36 45 206K a6 e o AR ARAE X5 O M e T NV RE 88 0N RARTR R AR
1697
1698 ; CXENT
1699 3 : '
172¢ 5 - (CHFCS ENTRANCE)
1701 ;
17¢2 ’a#&####Uﬂvﬂuvﬁuubvuanﬁﬂ-#uamvtstcunﬁnum*anvvmv'***'*'
1783
1704 ;CHE{CS PGSITICN 1. SETS FA weEN PITL IS NOT PRESENT.
1795 o
#4455 PDFO 1766 CXENT: MOV 35,9272H ;PO 1 COVIVED
P4an 5433 1787 CALL 201
Be4A 9> 1708 cPL 0
844k 2B 17282 RET

171 $RJECT



" 1?19 ;1LL OR JAMVED BILL OQUT OF YKLIDATOR 1720 ; TFE MOTOR I S REVEaSED FOR
2SFC TY-EN ALI. PGS SENSORS 1721 ; ARE CK'D FOR SILL PRES. (NOT PCc i) IF
BILL VS 1722 ; DETECTED THE VALI DATOF GOES OOS 1723 ;BI LL JAMVED CODE | S

" FLASHED. 1724 ; TEE Bl LL AT ENTRANCE. C@EégFLASHED UNTIL BILL I'S 1725
; REMVOVED F' OVI ENTRANCE 1726 44C 890M 172? BEJECT: ORL

P1, #0P| E: : TURN OFF MOTOR 044E 74CE 1727 CALL
DEL1. 2 - - ° :12M5 DELKY 0450 9SF) 1729 ANL

P1, mOFBH ISIS=I1 MCS(REYIEFN/HMBP) ABEBILIFD V3.¢ 173(PAGE 43 - MOV
ARS : : TURN 0453 3A - 1731 QUTL P2, A

; ON 0454 99FAc 08J 178 . sourABlsTaTEMRR? | NFFR : RFTJLCT
0456 99e| 1733 1.711 ‘##t#mit#8#»#*—EJH#Q§:Q-‘L###¢##&#* '.t”ilptl.tﬂ §EM¥$ 0458
3A3 1734 . 1712MOY Rn, # X 11.7M5 (2
SEC) 045A 74CP 178B3T171: SGALL DEL12 _ © :1l1.srr
DELAY 045C ElI5A 1137;36' DINZ R3, T171 : 2 SEC

EL. APSED 7 O45LE 8906 1715 1A@Fessssnsnnsss ik surssssnPlah@Oicknas wasnson
: TUPN OFF MOTOE 0460 54741717

I TRV CFF DI SPLAY 0462 o3 iizer 18 ‘W¥ymesas wourthnary o6'5iy hagerms

; CK FOR BILL i N VAL. 04041% i TRE MOTOR 15 JERARSED FOR 2SFEC GH:! ALL POSTEEH6S B663

12741 JFi HARE CK°D FOR 3ILL :J§E Mgﬁg d’ob’e?”éDAb
ETRECTED THE VALL
17242 MO? O.’Zg-ix.x.iunnrn cooE; 15 ERFF FNVROP 0t 63 B42B
1743 CALL S ;TAE BILL AT ENTRA O TLASEOP @P_weuesus@z
1744 ENTCK: MOV RU7S250FEMOVED TROM ENTRERSED CTW 50XeF- OUs 04eD 944e
1745 ATENT: c4@Aldooe CKENiI";z" LJECT: gsu. ;:éc;mapcs 1 04eﬁ3n»ﬁlﬁ_§ﬁo"on 1746
i ea 74(Z 1729 S 1] LL SF EEE 2, 0471 31 ,
CALL FLkgm 99 1750 YLFS) & R AT ¢ Nige VPO
1749 43307 241TATr)' T °"§T‘ P F# S 3? SFCI®LAPSED Pl 8475 P43l
| 7e9 e Y SOVt ANT F’{ N SENTERHEET Msv C477 944e
175? ENTRA: ¢¢5 B CKEN34 MOV CS | 04797 Ak, '{Hs (2 secil751
JFe NOT'F‘P{;‘ 74CF 1735 M LLC SE 47B 34Eyi1.3rs DR “13“7?
ERSA 1736 1 LAPS

CALL  FLASH3: Soas 1739 YES) FRR&H Pi L g YK EAVE AR 7555 Roros
IVP_, ENTﬁ:g 5474 1';*=LOOC BACK. Oi 41?5235 i TURE TG4 LWPPS“L CLR E
F fag2 94831 O RACHZIBO STFT EtHG 044"Y3 10K FQR/ B BA@E: AL RIT
1756 MEJr CT 2465 3663 741 JFe ENTCK $RILL JAMMED ?

G467 BDAR 1742 MOV RS, #BA2H ;YES {JAM RAROR CODF)

P4c9 B42B 1743 CALL SDOO0S ;GO OQUT OF STRVICE

P4E3 B(32 1744 ENTCK: MOV R4,# 50 ;LOOP CTR SAXEOENS

24ED 9446 1745 ATENT: CALL CXEUNT ‘CX PCS 1

¢4EF RETT 1748 : JF@ NOTPRS 7 IS PILL PRESENT ?

2471 347 1747 CALL FLASE _ $(YFS) FLASY RILL AT N

2473 ¥CED ) 1748 BJINZ B4, ATENT JBAS 3% STC FLAPSED ¢

9475 Re31 1749 CALL S00S 5 (YFSY SEND HOST MSS

€477 944€ 1782 ENTRA: CALL CXENT 18 PCS 1

2479 RE67F 1731 JFo NQTPRS ;1S BILL PRYSENT ?

€478 34E7 1782 . CALL FLASH 1 {(YES) FLASH RILL AT FN

247D 8477 1753 JMP ENTRA s LOCP BACK

W47F 85 1754 NOTPRS: CLR Fe sGO RACY TQ STFT TLAG

2450 33 17%3 AOQK: RET :

1756 $EJECT



A
-| S-11 MCS-e/ MUPI-t] MACRO ASSRNSLER V3.0 PACE ' 44 LOC

OBJ LI NE SOURCE STATEMENT 1757 :
Skrxkkxk*K*KKKKE Rt QUL at SW. ¥SS**, fl ~ti SH... *twret *F**, 1758; 1759 ;

RDEL 1760: 1761 : (READ DELAY) 1752 1 763

KRR SERAK G GRAK KK GRAGR K gR R GRGRN X kF Kk KkkxJhrxgFr*s 1764 1765 : RDEL IéJA
DELAY 1766 : RO a LOOP CUE 1767 : ul LOOP CTR . 175S 0481 3904 1769
RDEL: . MO? al, 4 0483 18CS © 1770 I DEL2: MOV RCa200 485
EP85 1771 RDELI:~ DINZ ~ Re, RDELI 0487 983 1772

DINZ ISTS-1] "REr484UkireY “4BR0 ASSRUILER, V3793 MOY 44 |0, N83 e483 ESB!

1774 RDEL3: DINZ RO, RDEL3 04ED 93 1775 RET 1776

$EJECTLCC QBd| S| | MEBE49/ UPI -SQURAVATRCEMISEMBLER. V3. 0
PAGF. S LOC OBJ 1757 *tt**J*hEit*tsm*m#t*¢¢£XJJE&;i#§alKIEQﬂ§w$pt wun g;

*ER[EFRGgEEI XX ages* SSHEE*¢*6 al. sewsas***ses**.as 1778; 9,
COWPAR 1780 ; 1781 1739 i ( BBWPARE READI NGS W TE 240) 1782; 1283 ; ****xx
1784 1785 ; COMPAR Chgicks FOR e BALARHAT EXCEEDS 240 178e ;| F DATA IS > 240
Bl 7. 07 > 240 TALL%2 5 BET, 1787 048E 97 1788 COWPAB: CLR
C 048F P83C 1382Po NS> re s sspppepprages pape«***#*45x by NTI R FOR
>240 TALLY 0491 23F(rss :RosL iéoﬂ%gx‘” | Mov A, #280 ;R
DATA LIMT 1787 iRl = LOOP CTS |

0481 BYGs 1765 RDEL: MOV RL,#4

9483 p8C8 1770 HDEL2: MOV - R@,2200

2485 EPE5 - 1771 RDEL1: DJNZ RG,RDEL:

2487 F.983 1772 DJINZ ®1,RDEL2

0489 B&53 1?73 MOV R@, 783

€483 LEEsB 1774 RDEL3: DJNZ RO,RLEL3

P4ED 83 1779 RET '

1776 $EJECT



£ 0493 37

17 1792
AIRL .

* EXCEED

NOR_

NOP

BALDON 049C 2380-

PIT 7 >240;STI|-S¥IQ4'SE-¢490PI—41 macRo AssENSIIR, v3.o
B0, A e4JA a3
*S ts4*****

Uﬁgé

6 FtSW 18

18e0

***g*******%j\‘**%********

*t$r*nts
ADDS DATA TO SUBTOT AL A

1806 .

tt***gg

1P12 STORE: MV

1813 CALL
1814 MOv
CALL STRDAT

MOV fe, #SSTOT
CALL DADD

MOV Ri . uT;r 1 P2
CALL

Vo ey e
STEDAT 2453 3?7

CALL DADD496 resc

MOV r1,94%¢rags
CALL CO\/FEQ %22“

MO | A. a%%grﬂa-
CALL STR =

T i@
MoV 24A0 es
447F 1.'20Q

SBI RTOTAL edc5 3942

1791

I NC
; ADD TEMP DATA 0496 FS9C
; DOFS DATA FI CFED 24C ? 6498 00

CPL

A

A 0495 61

. NO DFLAY ( HA
. DEI.

8

it

: AY 049A
1798.-EXCEED: MOV

S“Jé e

. 2'S COVP e494
1793 -

1794 JC

1795

S n.Sr) 0499 06 1796
476 1797 IMP
A, #080R
ORL  pped €1a 049E At

1861 BALDON:. RET 1802 .

con“,{\DDF TEAX I
(COMPARE }zmlml v)é

el84

STORE
STORES DATA I N EXT RAM 1809
tmm{s*mwzw“mwmw*zmrmm A937?
TEMP DATA 04A3 948E

245 r ATA MAA5 2300

f?B PaH ¥R? 9' D5

178,3S;T@E*TW*#*MA:OMQ:%QEunuu:-n-aﬂ&ke

;;ggADDﬁ TFA ] ggpm Al e4AB 24F7 [

178’5’54:33 mﬁ‘ltfé)s WA%%&@G&% Y 15 SET IR S
ADPR TRAK 1 TEMP DATA O A

17331¢Qg11qgcf

178

173SADDF TY.

1796

179BAM PACFp
0493 37 STCRI17BRAY. 2 DEFIA 0415
tO #SBMOT2 $438 17 - ADiTA ¥32A 2 1

17977 FS'
1799|¥')WPFIPA@"J 3 CA372884 D5

1799
18081 ORE T
18€1 BALDON:

4i!t’KSSTO ig

A

. 9530
dTOTAR pA) 7 947T
1734ADD DATAc TO SWESmETAL 049
3 TFMF DATA. 04B

FOPnp 24%,DfyA 043D 2

04C1 b532
ADDE ?SAs '3 SI 1TOTAI

1819

n6431 Zﬂ%qm TOR D240 J('&%&LL
"~ Mp?

iR1 lpivie
i2°s domp?2

Fﬁgg TEMP g{%g3

§ pama TXCEED 248324

G BRAY (BAL IS ELSF)OG5
it |

| Zc
PYRS SERORIA 7 >240 TLY
| E2P *

180 zcm_l‘t*#l*#m#‘*#*# *tt##t#t*#*t%m km#mtt

1823 183c

. ADDR POS A TTNP DkTA 04CYa@s393

|FAr rAG- 4

24A1 RO3T
@4A3 ©48EF
#4A5 23e2
@447 2415
8449 382F
24AY 24FF
242D Bo49
P4AT 948F
2421 2301
2433 ¢4DE
@4B5S ®e30
£457 S47F
2483 PS4l
@4BE J4EF
€45D 23e?2
437 £4D9
e4C1 ®A32
04CS S4FF
e4C3 3942
@4C7 2323

1806
187
18¢8
1809
1819
1811
1812
1813
1814
1815

srobV
1831

R, xTrySMo

MO? Ag#0e3H

P FRVBUSBERBREBURFRBESERVRBRBREBHER AL R R LG SBBBARD

$STCRE STORES DATA IN EXT RaM,

;ADDS DATA TO SUBTOTAL AND
FOR > 243 READINGS

; CRECKS
STORT:

181€

1517
1R18
1319
192¢
1821
1822
1823
1324
1225
182€
1827

1828 *

1729
182¢
1831

MOV
CALL
Moy
CALL
MOV
CALL
MOV
CALL
MOV
CALL
MOV
CALL
oV
Call
MOV
CALL
MOV
CALL
MOV
Hov

E1,4TFVPY
COMPAR

A 7OARH
STRDAT

e ,¥SETOT1
DADD
R1,#TEMP2
COMP AP

A, #COLH
STRDAT

kO, #SBTOT2

DADD
E1,#TEMPI
CCMFAR
A,RCAZH
STRDAT

EQ, #S3TOTD
DADD
q1,2IEMP

A,ACC3H

YADDF TREAX 1 TEMP DATA
i TEST FOR > 245 PATA
iEAM FAGT 1

$STCRE TRAC 1 DATA
JADDE TRAK 1 SURTOTAL
3ADD DATA TO SURTOTAL
TADDRR TRAX 1 TEMP DATH
iTREST FOF (> 245 TATA
iRAM FAGF 2

;STORY TRAY 2 DaAT)
JADDRE TRAK 2 SURTOTal
FADR DATA TC SUSTCTAL
+ADDF TFAXK I TFMPF DaTi
i™FST™ FOF > 245 DATaA
yRaM PAGR 3

iSTORE TAAX 3 TATA
FADDE TFAL 3 SUBTOTAL
yADD DATS TQ SURTOTAL
7ADDR POS5 ¢ TFMP DATA
iFAM FAGF 3§

; YIS SET

1815
| F17

04C3



@SI S-It MCS-48/ UPI -41 MACEO ASSEMBLER, V3.0 PAGE' 48 LCC |

OBJ LI NE SOURCE STATEMENT 04C9 94D5 1832

CALL  STEDAT . STORF POS 4 DATA e4CB 1534 133 -,
NbV ROQ, #SBTOT !ADDF O POS 4 SUSTOTAL 04CD 94FF 1834
CALL  DADD . ADD DATAFTO SUBTCTAL 04CF P83E 1835

MOV RO, #PAGADD ' INC PAG® ADDR 04D1 FO 1836

MOV A ORa 04D2 17? 1837 INC A 04D3 &S

183 | RET 1840 -
$EJFGE "f%l‘é’ W?rcé‘%g/%} i‘ﬁﬁ\m%og ASSEMBILER, PGS 04

PACT . 47 : >19 3>DA24 BCBCA<4-c 1841 :

+ 1845 P8 213 LINE s??ét&/&? STARYENBAS (STORE DATA) 1846; 1847

1948 0483194 DSTREAT FEORES DATALHINTOSERGRERNAL RAM shgbd po SYSPQYTI NE STORE PUTS

PAGE gg% E}MTO ACC. 153AND 1851Me¥POl NRERSBERITA | NTOabbr 1858004 By e RAIE
B

1853 o3 MV 1sas RO, #ﬁ?}%éADDSéD,?mm POl ﬁﬁ%‘gg ’\é@JBADDfL 04D? 3A
1254 04Dt T8 QUTLIESs P2, A MOV kda A 04DB TO

1855 A ,GET PAGE ADDR 04D9 26

1856 asns 83 | CE 1059 G%ﬁ “" .PUT IT INTO Rt S4DA F1

1857 MOV 1849 $EAE§R| . QGF7 DATA 04D3 90 1858
MOVX GROA B - STORE DATA 04DC 83 | 1859 RET
1866 $ EJECT SIS 11 MCS-4S/ UPI - 41 MACRO ASSEMBLER, V3.0 '

PAGE 48 -



LOC OBJ LI NE SOURCE STATEMFNT 1861 i 1863 ;

COLECT 1864; 1865 : (COLLECT DATA) 18567 ; 1868 1869 : COLLECTS DATA
FROM ALL ‘THREE TRACKS 1870 ; & STORES DATA TEMPORARLY 18?1 e4DD 74ES8

1872, COLECT: CALL STTUPL GS SE UP TRACK 1 04DF 5440
1873 CALL ADCL E%QT CET TRACKS | DATA 04E1 R836 .
1874 MOV p0, d54 CORR. FCT - 04E3 84D4
1875 CALL: CFOS . FOP GFWSFT. | F.5 P93F

1876 Nogs - . STORE DkTA TEMPORARY 04E7 AO
1877 ms‘w cs-e8/y #ggfz‘é’ #ﬁim" V338 187 PACT  @ALL  SETUZ
"REG S SET UP, EB?(%( 2 e4EA, 5440 1879 CALL ADCI

, GFT TFACK 2 3 4EC Be37™* 3>RAR40BCACACe=C OV Ra , g55 04E1l
B4D4 ) 1881 1mLL***"**@F&*‘%&%M**g*Qs‘#* 0 !

MV ©  RO,.MI7VP2 1S48TOFF DATA TENPCPAPY e4F2 Ae *mg“““*féé

MDY ? RO "N e4F3 74FA 1g4s i 1984 3TRDAT CALL SETUP3

. FPG ; SET UP TRACK 3 04F5i8340 (s'ronln%a) CALL  ADCL

. GET TPACK 3 DATA 04F7 183%% i, 1.SRE, VOV Re, #56 04F9
B4D4 1887 1aRALL CROS OAES SEfprerssnssmsenoppiyupgpsres

L, mTFIP3 . STCRE DA BTADNTO FXTERNAL RAd6E MOY
QF. 0, A 041E 83 1}%3 po%ﬁ?ﬁ/ﬁ'ﬁ?ﬁg o 89 PAFROM. 11963 ACC.  AND DADD
1894 1995 ; BLE DD PREFORMS A DOU3LE ADD ON RFG S
1900 ; PCI NTE3gOiEY toO. 13% SGQF*F u R0, #PACADRO02 riPADOTE T0ARNRT ADDR A
.G 0408 FADN chvﬂ‘g csea \ong 1923 [oe7 FroDACRINP OR
0,A 04D B4 C7E | OvIBYEE 05el I8 A vo 1904 i3tr 1+ ,NQSPM E.
(El DYTT ADDgasH&g 27  1osa 19387 481 QR o amk

. Ar*D CARBY P€CRE3 BYT 1839 MOVT eRo, PSTCRE DATA

1858 $EJECT



63503 70 i oee ADDC A. 070 05i4 AO 1987
ORO A : STCFF HI SI TF f5e5 83 i 9e8
RET 1309 EJECT i SI S-11 r CS-4Sf UPI -41 MACRO ASSEMBLEB, V3.0 : .
FAGT 49 LOC 0OBJ LI NE--I0 SOURCE STATEMENT 1910 ; 1911 1912
Bl LSEN 1913 ; 1914 (BILL SENSE) 1915; 1916 191? 1916
BI LSEN AND SEN3I L TFSTS FOP BI.LL PHFSTNT 1919 ; Bl LSEN CLRS 70 ON ENTRY
SENBI L DOES . MOT 1920 :FOIS SET IT BILL IS FE. SENT 1921 ; DATA | S LOADED

| NTO BEG S*BEFORE ENTEY 1922 0596 35 _ 1923 2I LSEN: CLE Fe
05071§18-11 ncs-43/0?1-414934&55&'“#31.:&@\63 2 A12 Liee g C , PUT DATA | NTO
ACC 0508 37 CPL AT o 2 2''S COvwP
0509. 193¢ o5s L].I%%G Rﬁ“l‘?ﬁ‘ C e5CA 86 1927
ADD A @RS . SR LM T 0503 Ecor 1928
JNC NCEI L LEEL § 4kinep S RN L PPEGE e Fur s GTOBr Db musonnnenas 1929
CPL Fe : 1863 : » YFQoPRE 83 - 1930 NA I L: RET 1931 ;C
** Q*K***********@Eig**l F*CFSU** 1932 1933 ; BLKCK
1934 1935 ; q%gw FOR BL(EIESS) BNA) FROM ROST) 193$; 1937 ;
. 1032 1939, ; (31Y2ASS0ED+ et s Sele Ghn du 34 Pa aed 1 Se RATLNEREX OKS FO THE
FPRESFNCE G: A BLOGI%GSI %L C%SQ%%TA EI;?QOHVI ;‘I'XI‘-IT HOST ELECTRONI CS. IF TFFRF | S
? & A
A BLOCK SI GNAL- ;ggg 1€ STORES DATA TEMPORARLY o TRACKS
@4DD 74E8 1872 COLECT: CALL . SFTUP RFG’S ST '
24DF 5440 1873 CALL ADC1 ! . ;éég %ai&ﬁsuf gi%ﬁx !
94E1 RE36 1874 MOV . RO,#54 ;CORRFCT :
0453 3434 1875 GALL  ¢F0s : iFOP GFFSET.
2453 38 187¢ MY lg st5em ;STORE DATA TEMPORAZY
04E8 74F1 1878 CALL  SETUP2 iRFG’S SET UP TRACK 2
C4EA 3440 1879 CALL : TEAC X
G4EC BE3? 1888 M- Al iGET TEACK 2 DATA
G4TE 34Ds 1881 CALL  CFOS
:*§§ éz iésg :83 ggéfiih?2 i STOFF DATA TFMPORARY
4F3 74FA 1834 CALL  SETUP3 'ERG’S SET UP TRACK 3
C4F5 5440 18é5 .CA . ~ S
0477 2838 1396 MOV Re sse 'GET TRACK 3 DaTd w
gm0 b
b rQem . -
243D AR 18ge 233 A es }STCRE DATA TPMPORARY
04FE 33 1850
' 1801 '#st##tt*######*:—t#*v*t*##a&#tms‘u.!nun##&m#rn#tnt»#m .
1392 ;
1693 DADD
1894 l
1995 ; (DOUBLE ADD)
1838 H
1RQ7 ;¥ T s usdar Kokl o e et 19 30 0 4 Moo MR XE 0 ke B2 e 2 ot e 425 0 0 e 2 T ENE B0 e

oo

1358

1899 ;DADD PREFOGRMS A DOUBLE ADD ON RFG’S
199¢ ;PCINTED TO 3Y 30.

1581

047T 50 1922 DADD:  ADD i.652 ADD LCW BYT

€322 A2 1623 T mov 8Re, 4 ISTONF 1ow syes

2301 18 1904 INC £G SE1 EYTF ADDF

522 27 1928 cr2 A $ALD CARR ByT

e 1928 cr ok iATD CARRY TO RI 2YTH
1627 MOV GRO.A 1STCST »

¢85 83 16e8 RET i PSTCRF M1 EATY

1309 STEJECT



191 2 ; THE TRANSPORT REMAI NS | NACTIVM AND A MESSAGE | S FLASHE D 1943 ;| RT
THE LED PANEL. WHEN THE BLOCK SIGNAL | S RENDVED, t 544 : CONTROL RETURNS TO
THY MAIN PROGRP.r. A BLOCK SIGNAL IS 1945 ; NGT EECOGNI ZED I F I T APPEARS

" DURI NG THF PROCESSI NG OF 194F ; A NOTE. l%fi CeCr 3619 ©194S BLKC:
JTO_ ATM t 511 BD7e 1949 R5, OaF

.-LOAD O0S CODE (h51 A417 195( Iﬁp CB Cbg 53 i4E7
1951 PLP: . - CALL FLASH . ; TLASS CUT OF- STxx' | CECOr EF Obl ? 8615

1952 CB: 151<-1;]Nhs-aa/U?IELPmcr.o assicheshHIBLA S| GNAL PRESENT, ¢d 953

; STAY I N FLASP LOOP 0519 83 - 1954 ATM RET 1955 $EJECT

SIS 11 MS-48/ \Rh- 41 rAcmtASSEl\/ng@mvgﬂgzm, PAG 50
LOC OBJ OURCE STATENMENT 1956 :t*S**

% C *****@ S** 1957 8 ﬁ########*####*##mwvrgsgl##tﬂfggg*##*######clwpw_
BUSY SIGN AL) 1961 1962 1%%3; 1964 ; 3HsSyROUTI NE LATCHES OUT A 3T1SY

SI GNAL  TO THE HOST 1965 ; EBCTRON cs 1966 051A 99EF 1967 3USY:
ANL Pl , aeEFE 19“, WRI TE3IEE S¥¥9ZD14. oBicC @ 3 : 1956

RET 1069 ; *¥Stx##t*+xx++x 5318 *%M*mwm;mmmu@.gmmmumm«w 1972

i 1973 ; EEADY FOR NG?E 1974
( )BILSEN AND s?xzsn. 'rrsrs FOF BILL PRFSENT
-. 1919 +BILSEN CLRS 73 CN ENTRY SENBIL DCES NOT
1328 ;F@ 1S SET IT BILL 1S FPRSTNT
1921 ;DATA IS LOADED INTO REC'S BEFORE ENTRY

1922
2596 85 1923 B1LSEN: CLE F2 .
0827 FA 1824 SENBIL: MOV A,R2 sPUT DATA INTO ACC
05e8 37 1825 CPL A _ i2°S COMP
£25@9. 87 192¢ CLK c
£5¢4 &8¢ 1927 ADD A,0R9 . iCOMPART 4ITHF LIMIT
0598 EEOr 1928 JNC NCBIL I8 BILL PRESENT ¢
250D 95 1929 CPL e VYFS
25eE 83 193@ NORIL: RET
1531 #vﬁt**###&#uuv»*#u*&ﬂt#*#&#QW#nm#ﬂ#&ﬂt##v#ﬁ###t##&
1032 3
1833 3 RLKCK
1834 ;
1835 (CRECK FOR BLOCK SISNAL FROM KOST)
1836
\_/ 19§7 '###,#u*#¢~*=»»44###»#*###*##:*:####r + e goap daofs WERSH W BTN
14352

1939.; (BYPASSEZED IF 2 I3 FIuH)

1940 ;TR1S ROUTINE. CEECXS FOR THF PRESFNCE OF A B'CCK SIGNAL

1941 FROM THAT HOST LLECTEONICS IF TEFRE IS A RLOCK SIGNAL.
1642 éTHE TRANSPCRT REMAINS INACTIVE, AND A MESSAGE IS FLASHF

1943 ;RY THE LED PANEL. WHEN TRE BLOCK SIGNAL IS RFMOVED,
1644 ;CONTROL RETURNS TO THF MAIN PROGRAM. A BLOCX SIGNAL I3
1545 ;NCT RECOSGNIZED 1F IT APPZARS DUKING THF PROCFESSING OF
184€ A NOTE.

. 1947
€5CF 3819 1942 BLECK: JTe ATHM
2511 BD7¢ 1949 MOy 15,4 78F S10AD 003 CoDE
2013 K417 15370 JMP C3
©S195 3427 1631 PLP: CALL FLASH ;FLASH OUT-OF-SFRYICE-COTF
6517 BE1IS 1952 C3: JNI FLP . IF INHIRIT SICNAL PRFSENT,
1933 iSTAY IN FLASE LOOP

biie 83 : 15654 ATM: RET
. 1935 4RJECT



'~,77 ; TEI'S ROUTI NE CLEARS ALL COVMM UNI CATI ON LI NES TO. TEE 1978 AUTELCA
OST ELECTRONICS, | NDI CATI NG THAT THE INIT IS 1979 ; TO READY TO ECEI VE A

NOTE. 1966 e51D 89FO 19A1 READY: ORL P?1sWFOE

'WRITE 1 TO EACY 1982 ;COrI\/tNICA:I’,Il
ON 0517 83 19P3 18T ' LINE. 1994
| SEHERIRg XX @t $FF. St *@crFrKIghtFr 195 ;1986 CASHED
19871988 (OUTPUT NOTF CASHEED SIGNAL) 1989 1991 igSr' ;TEIS

ROUTI NF LATCHES CUT | "NOTE CASP! D' S| GNAL TC THE 1993 : HOST ELECTI . ONI CS.
THY DURAHY U657 UTATel SIERASSFELE0 43 :%PPROXI MATELY® 400‘%EC 1995 e2S2;
RA23 1996 CASEEDt MOL P. 3, a35 'n5.5.5tISm OPrs
6522 39BF03J 19.)4 SOURCRNTATEMENT P] nl277H : LATC1 NOTF.
CASHI ED" 196 195€ ;wrssssssassxpuisnmsieasaprnssonanDhleKfw ekl . 6524 74CE
1999 X35: 'CALL 195PBL12 . ;11.5 rS DFLAY e526 E324

2096 _ DINZ 328 ;R3 X35  BUST . ;4e0 MB FL[ERR] 0528 9.490

1 ZI | [ ERR] 1963 ; (VST REVDEECOILGNAL 052A - 93 202

RFT 2.03 SEJCT TS89 l.J LQ§ ALEEL: ‘Ue MAGRQ. LenEVBL
PAGE 51 LOC @BJ 1382 "™ TI\W TSE R%gs"‘fATEM ST g4 2026 ;

SDOS 2007 ; 2008 ;1364 ;151 m«m@w|m)azmgx 20:M0L 261172042 ; TRI S
ROUTI NE LATCHES curgg%iﬁiéff Ejt“‘ér RVI CF SI GNAL TO 2013 ; THE HOST

ELECTRGN G@rr | T Alge?r GINT! NUle SLYPELASHES THE ;wk1TF ~0° 0 Pl4.
a
es1c 2 1352 ###**tt##*##t##u#*##*t*#:######t#»a##v*##v*tun:#t:

1378 ;

1371 ¢ nIADY

1872 ’

1873 ; (EEADY FOR NOTE)

1974 3

1975 '#ﬂ##**t#st##t##*t##t*t#tt#t###*#l*####*#ﬂa******“

157€

1977 $TEIS ROUTINE CLEARS ALL COMMUMICATICM LINES 70 THE
1978 ;AUTELCA ROST ELECTRONICS, INDICATING THAT THFE UNIT IS
1979 ;T0 READY TO RECEIVE A NOTE,

195€ "y '
251D 8sorFe 1931 READY: ORL P1,#0F0R ‘vyRITE 1~ TO EACE - \_)
1982 : tCOMMUNICATION
951F 83 1983 RET ~ $LINF, -
1984 ,ts####»u#s#v##*####a»t##aa*saa#»umtm*###ﬂ***##****
1965 .
- 198€ , CASHED
1987 ’ . ”» ”
1988 , (QUTPUT MNOTF CASHED SIGNAL)
12as
1559 :##**#3####*»###8#*%#*3######**###**#u*anm*ﬁﬂﬂt#t#

1991 -

1667 ;TEIS ROUTINE LATCHES CUT A “NOTE CASFED™ SIGNAL TC THF
1383 ;BOST TLECTRONICS. THF DURATION OF TEF SIGNAL IS

1694 ;APPROXIMATFELY 4934 MSEC.

1¢95 .
¢32¢ Ru23 133€ CASEED: MOV B3,#33 i%9R11.3 MS = 407 MS
2522 993F 1837 ANL P1,#QEFH FLATCE "NOTF CASHED
1998 SIGNAL TO PIY.
¢524 74CE 1399 X35: CALL DEL12 111.5 M8 DFLAY
£526 EB24 222¢ DJINZ R3, 135 142C MS FLAPSED ?
2528 8%4p 2e21 ORL P1,#42H - YRS, REMOVF SIGKAL
#5824 3 2ee2 RFT '

Fo@3 AEJZCT



* 2014 ; QUT- OF- SERVI CE CODE MESSAGE ON TRF LED | NDI CATOR PANFL. 2015 ; THERE
I S NO ESCAPE FROM THI' S PQUTI NY EXCEPT BY A hFS' ST 2016 ; OPERATI ON. 2017

0523 B431 2018 SDOOS: CALL  SO0s o ; LATCH
" QUT- O SEEVI CE 2013 : ; COW | NI CATI ON
SI GNAL. 052D 34!7 2020 OCsS: cilfs FLASE ; DI SPLAY
OQUT--OF- SER JI CF 0527 A42D 2021 i MP OGSS
, LFD CODF. 2022 ; 2023 ; 2024 | SOOS 2025 202F ; ( SEND
OUT- OF- SERVI CE_ SI' GNAL 2027 2029 *EF*a ol Baal Sl

Wt * %%+ x g f AT 2‘6&‘9‘%‘6’3‘0‘1 ’f* 3 BEUHIRE: ATEHES QUT AmP&ER- G SFEVI CF
SI GNAL 2031 : TO THE HOST ELI CTRONI CS (AUTFLCA). 2072 P53l 6996

2233 S. 00S: LOCOHBI PILUSO0OH . SOURCE STAFBWPEH 1001" TO UFPFF 0533 9997
2034 ANL PI zMQFRM:#*#**:“-u*#pkWyFQmamsnufﬁa535w83m¢snsntn

2035 BET 2036 t EJEERS i |SIS-11-MGS- 48/ UPI-41 |- ACRO ASSEMBLER, V3.0
PAGF2 52 LOC OBJ 202811 NE PO8NURCE STATEMFNT 2057
*4***0*********** ** * % *zéres’ ;,_l W"* ew.r*b‘- rshm-x#taE 2037 ’)CB8 2039 ,

CASH 2040 ; 2041 i ' kKK kK QPR R AR Pk kg D044
2045 : TH S POUTI NE TURNS SéTdiE}i\T?* "9" “*f)“‘%"'?"CT“N"%"“ﬁb"m“WL

SECOND TI ME-QUT. | F 2047 zdaa ﬂsEARSmeEIS.EbﬁE btﬁ‘ @mmﬂma %M T 5] GRABP CTFE
2048 ; NOTE CASHED S| GNALZ¢1PS TBHTHT FREFTREIGIOSTIT ALSO CONTINUOUSLY FLASEES 142

2014 jQUT-~OF~SERVICE CODE MESSAGE ON TRFE LED INDICATOR PANFL.

2015 ;TEFRE IS NO ESCAFE FROM TEIS POUTINF FEXCEPT BY A RFSET
22815 ;OPERATION.

2017
2523 3431 2618 SDOOS: CALL $00S tLATCH OUT-OF-SEEVICE
2013 FCOMMUNICATION SIGNAL.
252D 341% 2@20 005S: CALL TLASE ' IDISPLAY OUT-OF-SERVICE
252F 442D 2021 JMP 00ss ;LED CODF.
2022 .t*######-&#**v#hﬂ&h&#########*ﬂt##*t##*###***ﬁﬂtﬂﬁ :
2023 ;
2024 500s
2025 ¢
ggz; i (SEND OUT-0F-SERVICE SIZNAL TC KOST)
2
. zgza : NE TR 2 25 255 2w 2lF 2z X0 208 e 46 342 3 N5 NS N6 30 X% €8 2% e e alx 22 e e 22 2 K2 £e T K¢ X 2k A5t A6 A o NIRRT M NSAT W
— 282¢

2@¢3¢ ;7TPIS FOUTINE LATCHES OUT AN QUT-QF-SFEVICF SIGNAL
2931 (T0 THY HOST ELECTRONICS (AUTFLCA).
2932

.?531 £999 27433 S00S: ORlL Pl,#dceH iLATCH T1021° TO UFEPFF
9533 987 2034 ANL P1.#0SFR PHALF OF P1.
F335 83 203% RET

2036 SEJECT



@49 ; TEE MOTOR |'S TURNED 2d50 ; OFF. AND PO IS SET. |F 0.7 SECONDS ELAPSES
OF IF P1 2051 ;Is COYERED, PO IS CLEARED. 2052 ; (NOTE: |F P1 |'S COVERFD,
THE NOTE | S CASHFD ANYWAY. PUT 2053 ;10 |S CLEARED.) THE NOTE ID CGDE IS

DI SPI AYTD AFTER 2054 : NOTE IS CASHED 2055 053e 99'D 2t 06 CASH:. . |
ANL Pl . #OFDR RN%%DTCR ON FORI AR . 0538 3942 T e
MOY R1, xee ;STORE NOTE I D f ED 2057 MOY
A, R5_0533 Al ' _ 2059 GF1, A 053C 393C 2050
MOV R3, #eO - ,BFG K 0. ? SFC 2061
; TI NEICUT HO8R/VDGIE 344 AS;EMBL:.R ?0e2 TD1: CAldr 52CF5 0540 95
2063 CPL Fe (1 SFTS Ft4-1 IF P5 P541 74CE
2064 1oc o083 CALkixr DEL1Zoupcs smagmrny ; CLEARS2 0543 BCAR 20ee
JFQ CL ros7 seeenidg Ll 0P | F P5 2628
: CLYAREN 0545 E23Fgg3g | 0] ANt b v\ ok s iy LI , SITY
I N LOUP UNTIL TI I\/Fgg:ngO CASH : EAPI FES. 0547
BDAO ' 2e59 4 (Iylﬂ')él Rbi e AnwH : LOAD JAM CODE. 0519
A5D 220 3942 | FNOTE} rr 0543 P400 2071 CL: |
CALL V}i.XIT 2243 ,******‘VFF#*FT***F%I*T#@&A&&*Z%D:auﬂ,uaa_G?Z
JF1 OFF k: 54F 99 20 %%} - I P1, 40eeH
" TURN OFF MCTOR 14 Jéi&cgﬁé"ﬁn 3% MOTOR ON FQEKED AND BEQINShh 05x3 | |
20?5 MOV 2847 ; BROFMEARS ; R&irmxwasmummbmm pSh4 35
207F ouTES:S ;22 ag,gg;ﬁl,sﬁfgsu ‘OfF IUTRHITAYC S8RFOIDFE 2077
ANL Pl OFF. H 05&#2 89r0QlnD ua 15 s2€.. OF o.7 scconpsORhrses op Ny AEOLH Ob53
2472 2079 zggé '15 C° F?SII(S:IG_EEZPED CRFCA 1 OR 2ND E. 055i B42a
a; 0 CAL 3ED.) gy,;;‘g.,,,rﬁ;gg% ISI% DAY 058D Si Oe
dot2 OFF:  OFL gggg ,uopn IXOHGHED. MEE) 20
2083 2S3& 9S¥D CLf oe e cash. :TURN O F DI SPLAY. 05fo 3A
. 924338 3942 ? @2 Py 541;,33% istos Nape kg OTOR ON FORY yig. PI
x>| DCI 2058  208f MOV 4,85 g P1, 4001 H :5f 5 Su_3 2 S7
d EJng nov Gn.a
Moy R3,#€2 SERGIN €.7 SFC
2061 3 i TIME=-CUT LOOP. : -
@S3E 3107 2062 TD1: CALL CFS - : o
2542 95 2963 CPL . iSFTS Fé=1 IFT PS
@341 74CE 2064 Call  DEL12 i CLEASED
9343 BE4n 2063 jre ¢l i SXIT LOOP IF PS5
. (1.} . n g
2545 E23E _ ;ggz DINZ  R3,7D1 .s#«e H LOU? UNTIL TIMF
8 ,:xrxtre
0547 BTAD s¢ : '
0542 343D Saca Ins ofp MR 7LGAD &M CODE.
€543 DaVB L: i b sy v
2341 765D eI e ot FVRRIFY RxIt
€547 80RF 2073 cEK AST e
2253 no4p 23,’;4 gg‘ll- :i::ggen ;TURN OFF MCTOR
833 F1 2075 - MOV A,681  RETRIEVE MOTE ID CODE
w354 3 2078 H - e
2535 93FF 2077 gEEL ;f.’:GFEH"TUEN ON DISFPLAY
E I B
3 z CALL BILL tCH?Y FOR 2ND NOT
@535 B422 ggg? call €ASH§.D Rrce '?éu;?-gfus)ig&n
95§D 89vé cab2 OFf: OKL Pl,anQcE i TURN OFF MOTOR
¥33F 2% 223 . e mreme
jug:é 34 . 2:\53 Sﬁih. ' ;2.‘. FTURN OFF DISPLAY.
551 3GFL 2022 ANL PL.=cFFHK
363 501 z24a€ ORL PL.4Re1H
€365 83 2287 BET

2€23 $EJECT



ISIS- I MCS-48/ U -41 MACRO ASSEMBLER, V3.0 PA O 53 LOC "~
oBJ LI NF SOURCE STATEMFNI 2090; 2091 ,; COLRCK 2R92;
2093 ; . (COLOR CHECW 2095 2035 ; 2096 2097 ; TPI S ROUTI NE TESTS THE -
‘NOTF' S REt LECI ANCE PEADI NGS 2098 ; AGAI NST ACCEPTANCE BAND LIM TS STORED I N

PROSRAM 2099 1?2 A MATCH | S FOUND, :FO | S T. OThERW SE, 2100 ; TRE
ROUTINE | S EXITED WITR 70 CLYASED. 2101 ; Z: | NSTRUCTI ONS PRECEDED BY A
SEM COLON ARE 2102 ; OPTI ONLL, DEPENDI'NG ON THE NO OF NOTE 2103 ; PATTERNS
CSECLED. 2104 O5F6 1481 .. 215e COLRCK: CALL _ NORVDA _

; NORVALI ZE 1 DALAT RE6&/88-41 Macro AssERIGR, v3.o - CL erenFes®569 D497 -
2137 : - CALL | M&GElI eSe3 BDEQ 2109 MoV [ ERR]
; LOAD. NOTE | cCQlls 056D 367 soux?e]a()?'rumrm JFO - FPASS 2110 2111

SEL MB1 2112 ; | MAG. F2 2113 MC7

R5 1D 2114 2115 , ﬁ#*##fﬁ\gghl##—ﬂlh#%#*#*B*##ﬁm WIB‘W***‘-”#“*&“*SF
VB2 REO " 05CY BbOHex 2117 r.ov

R5, nOZ9R - SET FFQE@TFC]\I CODE. 0571 .63 211 FPASS: RET
2119 $EJECT - 2093 i (COLOR CHICK) i | g s || MCS-46/Ul-41 MACRO
ASSSMBLFRI, v3.3 2295 ; ma-#*w:::FDA@E#*#@A#{@**@B@}&#####&*N:.u#d_z{uNEu*s

. e * g

*SOURCE SIATESM NT 2 no ; zgsss TSR 1ereRnr S h1dPs n"u‘clrlucv snabhGs 07C
e@eeee” 2098 ;AGAINST ACCEPTANCE BAND LIMITS STORED IN PROGRAM

2099 ;1F A MATCE ‘IS FOUND, ;F@ IS SET. OTRERWISE,
2100 3TEE ROUTINE 1S EXITED WITH FO® CLFTARED.

21€1 ;NQTE: INSTRUCTIONS PRECZDED BY A SEMICOLON ARE
2122 ;OPTIONAL, DEPENDING ON TEE NO OF NOTE .
2103 ; PATTERNS CRECKAED.

2104
0566 1481 2105 COLRCK: CALL  NORMDA {NORMALIZE DATA.
0568 &5 2108 CLE o
2560 D287 2127 CALL  IMAGEL
563 BDE 2108 MOV 55, #0F0H :LOAD NCTE ID CODE
056D 3671 2100 IFe TFASS
2110
2111 SEL ME1
2112 ; CALL  IMAGE2
2113 3 MCY RS, #1D
i 2114
— 2115 ; JFe FFASS ;FOR
2118 3 SEL Mie s REQUIRED.
@S€T 3090 2117 MOV RS, 7092 1$TT FFJECTION CODE.
0571 83 211¢ FPASS: RET

211& SEJRCT



@21 2122, Bl LL2 2123 2125 2126 ;BILL2 CKECIS 7OR 2ND BILL IN UNIT

2127 0572 5433 2128 Bl LL2: CALL CP1 C5?4 PDB0 2129
MO? $5, #030E 0576 BVFl - 2130 JF . AN2 0578 9403,

2131 CALL JAMCK 057A 3677 2132 JFi Ql\/rz

e57C 95 2133 CPJ7é Fe 0s7D A4a8 2134

i MP ACLEARJR 857F 55 35 AN2 CLE FO 0580 83

2136 ACLEAR. RET 2137 $EJECT ISIS-11 MS- 46/ UPI - 41 MACRO ASSEMBLER. V3.0
FA-eF 5 LOC Cl1J - LINE SOURCI STATEMENT 2139 ; *2139;

21401515=11 P‘Ca-'i&/MEI-BlZMip B33%1ka, v3(OUTPUT "NOTE,MALI &' SI GNAL) 2143;
2144: 1t 2145 2146 : TEI'S ROUTI NE TI RST CHTCKS FOR AN AUTOVATI C CASE SFTTI NG
2147 1@N bNDUT Tf r.(xirﬂ = *svsd;,@as SALJEI'-Q;.QASI-I) |F THE UNIT 1S 2148 : SFT FOR
AUTO- CASH, - VA Ao J? e, S QUTPUT FCR 2149 ;42 M_CROSECONDS. | E

| HE UNI T |s NOT SE H 66&%1‘—“ SR p ps s eOP R AE P Sie@AL | S OUTPUT
FOR 6 C. CONDS OF 212522 SUNTI L MLLEASE" OB “|! TUHN' OPDEU |'S SFCFI VED FROM

TEE. 2152 ; ECST. Ples bl e o SBRER LS LICELVID, FO IS SIT. 2153
; OTEERVI SE, ITIS éE%\RE[;w THI‘:_‘* NOTE. %KLTT}* “BIERR e 2 T2 =**RFMOVED

BEFORE EI I TINI  TI ngzqwmm EXECRY 56R @FB1E185 1N UnIT 2156 VALID: CLE
Fe 05823695 212 %5171.2 cA 10 AUTO ' JUME TO
AUTO- GREI 135 3159 Gour gglfmax

©5%6 B67Y 21398 JFg AN2

2578 9493 2131 CALL JAMCK

25?A B67T 2132 JFO AN2

So7e 1260 2134 A+

134 iC1L
es?rF s5 2135 AN2: ggg %gbuk ’
9588 83 2136 ACLEAR: RE?

2137 $EJECT



"2158 ; TG 1. 0594 15 2159

DS 1 . ; DI S- Al BLF | NTEAhUPT. 0506 S960 2150
ORL . P1, 60l CWEITI: "I TO Pi ?. 0587 99D7 2161
'ANL_' P1, , nODTH ; LATCP -NOTE VALID 2162 -
SI'GMAL TO PI. 589 sce? 2163 . MoV f R4, t7
I NI TI ALI ZE LOOP 2164 77 . : COUNTF. P.. 0593
BETA 2155 LLA: MOC aR, a252 ' I NI TIALI ZI: LOOP
2186 b ) : COUNTER. 0581D BI FA 2167
LLB: NCBIGrLIT MCS-RF/URPS MACRO ASSEMBLERN]| TEAL| ZF. LOOP. FRd458 35
: COUNTER. 0O5SF 09 2169 LLC I N API : READ
Pl . 0590 538%¢ oB3 2170XNF sourdbllstatinedg . O60E : MASK | N
’)[ ERR] - 0592 CSAS . 21%&713#$*&####-#¢ -«*‘JZ###U#*##&EZQ:-****v*#i‘-h*##*#\&ﬂl—ﬂJ UM ’)
IF CASHr QODYS 2172 . 2139 3 Eki 3F3rN
Rl . CEl VFED kt 594 bwe AGG ;1:? 2173  VALID JNI SEJECz _ - Junr
IF RrTII EN_ OFJ} 2?1 2174 142 (OUTPUT "NOTE VALID" SIGNAL) : PAS RF. FN.
R) CEI VLD. eSite YFTB 21432 DINZ 37, LLC 8598 FESD
2 17 6 DJ NZ #§S’§K¢E@#=m¢###*##*#21w¢¢u#¢#mwut#a#mm**
R4, LLA *t51C AdAA R%IJ-:% 8 rr1s RouTINE #MBT curcksSrok ax héforkt1OeRr 9Py
211 T AU TO ANl , PFZ%@E)F}:I?TI%ET T2 (Tﬁls_:\'F? ;g‘;l\ng;gNAE‘I%DIQ Tlgugg‘ljg }?,
*SIG: AL TO P1. 05A0 BAP(2148 ; ?ﬁg{g ' & ¢ &é
a9 ;42 M]C IT THE_UNIJ IS N AUTO-CASEH,
; 3e- |1 CFOsr COND 05A2 ¢ ‘3 ,?gp" p mmu. TPUT CONDS OF
- DYLAY. 05A4 A4AE © 2131GQTNTIL A_CASH J.BNP BETURY SEP(FD FROM Thi
prod sece noy gt Py M ERERRal
2165f JMVF DI 86N E ovad, BDBL K FIITING ml&&uﬂ-ﬁrEO R5, a
ev BT "TIME %P RE_Q £18¢
8 1 LR )3
coc,. BAC /ﬁg;egg @ Jre  Jr abro . D SCO\H@E; g'o’?ﬁ.'ro-usx 17
21; 9 SNEX : CPL FaLs8bA) d S 20 2190 DI SG ()Fk, P1, G20h
. 1 n 1 9 b S 1 . IS“A L INTE
Rrt'CT 801 D 2188, 0aL P1, #5608 SWRITE "1° TmmeRR
2192 587 90DF gigé ANL PH| dabire . S;J?&ﬂ " ggffﬁﬁrﬂabUPI -41
MACRO ASSE : o Al 56 LOC LI NE
SOURCE STA%E%F%@?& 93 2183 "%o3 W RET :copnips ot LOCF
B BEFA 2185 LLA: MOY As,#252 ;INITIALIZE LOOP
216€ ICOUNTER.
@38D BFFA 2167 LLRB: MOV k7, #252 ;INITIALIZE LOOP -
2188 tCOUNTFER.
@S8F @o 2168 LLC: IN A.PL ;READ P1,
2590 5388 2170 ANL A, #082F ;MASK IN P17. .
2522 CSAL 2171 Jz SNEXT ; JUMP IF CASH ORDFS
2172 1543 3FEN RRCEIVED .
8594 BEAS 2173 IK1 SEJRC2 $JUME IF TRITURN OR UL
2174 _ TEAS RFFN RPCRIVED.
¢5u6 FFBF 21%% DINZ 37,1LC /
2598 TE&D 2176 DINZ RE,LLB
¢SCA ECuB 2177 DJINZ 74,LLA
£56C AdAA 2178 JMP SEJECY ) .
@39F 99DF 2173 AUTO:  ANL PL,#@DFH JLATCE “NOTE VALID
2189 ISTGNAL TO F1.
@52 BAMC 2181 MOV .  RZ,s1Z ;3G MICROSFCOND
2542 EAA2 2182 DD3: DINZ a2, N3 iDFLAY.
@5h4 A4AY 2183 Inp SNEXT ) .
9546 BD20 . 2134 STJEC2: MOV £5, 4288 ;671 “FRJFCT” CODT.
PSAR A4AF 2183 JME DISCON )
25AA BDEe 218€¢ SFJEC1: MOV RS, 608 iSFT nm: EYFIRED
2137 iCOLE
£5:C A4AT 2168 JMP .DIscoN
goAL 2% 2130 SNEXT: CPL Fe 3 )
¢SA} BuZQ 219¢ DISCOM: OFL P1,22Ch iRFMSYF, "NOTE VALID
2131 : iCUTIUT

2192 *SIGNAL.



@194 $SEJECT 19 I'SIS- 11 MCS-42/ UPI -41 MACRO ASSEMBLER, V3.0

PAcpG 57 LOC OJ LI NE SOURCE STATEMENT 2195 , 2197 ,;
OFFSET 219a 2199 ; 2201 ; TH S ROUTI NE MEASURES THE OFSET PFADI NGS (W.TH |
2222 ; THE XxLEDS OFF) FOR EACH OPTI CA CHANNEL AND STORES 2263 ; THE RESULTS

| N | NTERNAL RAM 2204 0534 B780 2205 OFFSET: MOV R7?, D
, LES WLL PE CFF. 2266no0 :SS'r PO l\rI'ER
T0 FLRS? 2267 o~ STCRAGE LOC | N RAM~. 6536
BSei 2206 - Mo? RouCRAN1 : TRACKSI A/ D CHAN.
6538 I§A4MCS-48/UP1-41 XMIBO ASSEMBLER, VIDALL ADC3. zacx  s6 ; Gst TRACg |
25BA FA 2210 . Mo? A. Ra : READI NG,

" 0533Lgg 0BJ LIgR11 SOURCE STATERENT QR1, A , STORE
READLNG. 3 £SED 380 2@%12 - | NC RI . SET
UP FORw e'r-BD 586%94 $§TJECT MOV- R , * CHAN2 : TRACK
2. 653F 5446 2214 CALL ADCi - E -
R~C2RAI G 05C 34DA 2215 CALL [ ff17 ?
TRAEC FFE 2TREADI NG 05C3 FA 2216 NO Al E
: ChECK OFFSET TOO H | ACH. 04Cl Al ' 2217 MOV
GR 1, A : STORE READI NG. 65C5 19 ' 2218. | NC
Ri ; SET UP FOR es5C .5446 - 2219 MOV
A0, , CHANI : TPACa 3. 05CB 540 c2220 CALL
&Dd - GITCL TRACK esCA TA 2221 NOV
A R2 ;a Tl 3DI NG 05CR Al 2222 MO?

R, I . : STORE READI NG e!cc 19 _ 2223 | NC

I ; SET 1UP FOR MCD p861 ' 2224 : . M3

E6, CEANL. : POCS. 4. t5CF 5446 2225 CALL AT) C1
GET SD1 FA _ 222% MO? A R2 : GE' r DO5. G
05D2 Al 2227 MO? GP1, A ; STORFE

RFADI NG. C5D3 23 ' 222p T RET 2229 2236



2231 ; CFCS 223. 7 2233 (CORRECT FOR OFFSET) 2234 22355; 223c 223?'@

; TRES ROUTI NE SUBTRACTS AFPPOPPI Al t f'1SFm FI ADI Ng 2238 ; FROM OPTI CAL
DATA READI NG, LZAVI NG THE FI NAL RESULT c2239 ;IN A AND. R2. 2240 2241 . AT
R2 - READINZ TO

ENTRY: , EO = PO NTERF TO OFFSET RA- FDI NG 2
PR CORRzCT: D. 2243 L*4 Fe. 2244 CsS: MO? A hi V' _D5
37 .2245 _ CPL CDDe 17 _ 224e | NC
A 6' bD7 SA 2247 - ADD A R 2. eDd AA 2c' f
NOV RISAIh#ICS-484uPI-41 MACRC ASSBARER, v3.0 RT S| S- 1l

- PAGE °%d LoC  0BJ

I CS-48/ Ul -41 MACRO ASSEMBLEFP. 3.0
LI NE LOBOURECE STATENENT 2250 s§RdEGR,reupyr | SI S-11 MCS-48/ UPI - 41 MACRO
oBJ LI NE _

ASSEMBLER, V3. 0 . eenPACC 5O 'L
SOURCE STATEMENT 2251 2255358 255 ™ eesssmuatsomnriupp@@s 325 4ins2255 1 innars

(CHECK FOR RI ZE OFFSET) 228%;i 2257; 2258 gzZ&9,; AT ENTRY: R2 * OFFSET
READI NG TO | F TESTED 226G.28

.ok 22 1% X6 22k o g
2;22 ; g*ﬂ**f***#hbwh*ﬂﬁn*¥##3*******“****#*********‘*“
ggg; ;gggSngggIg?FTEéSgREchRE OFFSET PFADINGS {(vITR
T 3 F . - ¥\
2203 ;THE RESULTS 1IN INTERzAL g::{CAL CHARKEL ANP STOFFS

2204
¢sy2 5
2534 gggg gg:g OFFSET: Mov R7,2NOLED iLED’S ¥WILL RY CFF
2207 Hov Ri,#94 iSTT POINTER TO FIAST
@SBE BEe1 2209 i STORAGE LOC. IN RaAm
0385 5440 2209 Hoy A8, 4CHAN PTRACK 1 A/ ’
252A FA 5350¢ CALL  apci FGET ThACK 3 AN
2558 A1 23%? MoV A, 32 {READING "
@SRC 19 35 Moy @R1,4A iSTORE READ
2ons 3852 2212 INC R1 ;STORE READING.
253F 5440 2213 nov RS, #CHANZ fTeacK 2.0
95C1 B4Da 2215 SALL - ADCy i3ET TRACK 2 REAL
05C3 FA CALL  RIOFF iCHECK OFF ey
gsc3 1A g::s Hov e PCHECK OFFSET TOC HIGH,
MOY GR1,4A :
0s
asgg ;gm 3218' Inc R ;:ggﬁgpa;:wmc.
e5CS Se40 A  hoy k2, #CHANL (Toach 3,08
@5CA FA 20 CALL  DC1 TGET TRACK :
U 053 A1 sz oy A,32 PREADING |
) eECC 19 225 MoV GR1,A 5STORE PEADIN
escD Rso1 3 INC A1 ISET UP FoR o
85CF 5440 222¢ MOV E€,#CEANL ipog o
eSD1 Fa 3223 CALL  AncCy {GEr Pos
. 05D2 A1 3397 MOV A,RZ PREADING
es5p3 =3 - poy GR1, A isTn
2256 Rem iSTORE RFADING.
s % .
gggg ;, #ttt#t#ttt&t*###t*#*tﬁ#&tt##*m#*#uf.l**'3###&&:*:::;.-;:.**
2231 ; 3
2232 ; cres
2233 ; £ -
22;2 ; (CORRECT FOR OFFSET)
2235 ; MuBEuEe , ,
2232 *****#*#cattt.#oau#aatu#*a*#&smxmtumummmumu
2237 ;TEIS ROUTINE SUBTRACTS
. il ! S AFPPOPFIATE Q3FSE™ £y
2238 TFROM OPTICAL DATA KEADING, LEAVIAG wiioit, . /ADING
L2238 FIN A AND. R2. THE FINAL AFSULT
2240
gg:; (AT ENTRY: R2 = POINTER T0 OFFSET 57aDING
e gaaz R2 = RZADINS TO 2% CORRZCTSD.
A Fe - 2244 CFCS: MOV A, GRG
€505 37 . 2243 CPL v
£2d€ 17 224€ INC A
@207 Sa 22¢7 ADD AL E2
€<De AL 2238 oV 2,4

0303 83 2249 R}T



@DA 97? 2261 RIOr?: CLR C 05D3 2314 2282

A A a20 "INPUT FIGE LIMT. 05DD 37 2283

EPL A ' TEST QSDR 17 2264 INC © A
“AGAI NST 05DL 6A 2265 QO ADD - A12 CLIKIT
USES E6ES 2266 INC OFFOX WP IE bx. ot
BD40 2267 MOV RS, #t 40E. . 0OS CODE 0SE4 D453
2268 "CALL  00S USE6 83 2289 OFQD. - RET

O:T-S'ET m?l 1 *-*—S********4*—4.-*-$**Vv\'*M&S&**#*&S&*ﬁs&*#*******
2272 Z273 ;VEX I T 22,75 ; (VIRIFY EXIT) 2276 2276; 2277 ; )
*S*#*P*I\/F**‘*S*SS**SS*#***SU*******e**en$$*t**E***@ZZ?R 2279 THI S ROUTI NE
EXECUS B> 14 x290:dVbic41 Mabtd/hssfimbLidn ,GRG0. | NC THE 224Q ; B¥I T BLOCKER (PGS 3).
IF THE EXIT CLEARS, TO IS SET. 11 NOT, 2231 ;Fr IS CLEARED, F1 1S SET, AND

RS IS 147y W TH TMs NOT F.503R82si,1El5GTI ON CODE. 2295 PeOo

2254 ORG 0e60e 22E5 0600 3DIA 22-8 VEXIT: MR

i 5,v2e 06t2 74CR 2230 3EIESB7 CT| M CALL - D9L1Z - DELAY
ofO4 A5 " 2286 CLR - VI 0e65 3e0 . 2259

MOV ~  R7,,aNOLED eet ? Beet - 2290 MOY Rt , MCH&NI |
4CKECA POSI TION | 6609 5440 2291 CALL ADC1 06C2 B628
2292 Ye! Rt, p0OS3 UFFD B406 . 2293 CALL

Bl LSFN cOF 95 2294 CL  TF e6le B61? . 2295
JFO YFI ED - JW | F CLIALrl-D. 06l 2 LDO2 2296

DINZ E5, CTI1 0614 B5 2297 ~©  CFL FI

, SET F1. 0615 IDIC 22SP Mx?  RISu. alezK - SFST
REJECT- .



A

*0(1? 83 2229 1;11ED: ELT 23' 22 SEJECT  ISISrl MS 48/ UPI -41
MACRO ASSEMBLER, V3.0 ° PAGC $t0 LOC O J LI NE
SOURCE STATEMENT 2301 ; 2302; 2303 ; TRANRA 2304 2305 ;

" ( TRANM SSI ON RATI O 2306 23e? 2388 2309 ; TEI' S ROUTI NE CALCULATES THE RTI O
MUNLLPLI FD BY 2310 ; 32, OF THE HI GHEST. CENFER TRACK. TRANI | SSI| ON 2311

; READI NG TO THE LOAEST CENTER TPACK TRANSM 5SI ON 2312 ; READI NG. TRE RESULT
IS COWARED WTH A LCOW R 2313 _LIM T STORED I N PROGRAM MEMORY. | F THh'

NOTE 2314 | S Ty a3l 22347, 0618 1458 , 2318 TRANRA:
CALL _ Sga“fgrz@ﬁﬁ n éig%éﬁ vov - e a4 S STT RO AS

el 1C FO 320 “PO NTXR TO ! 61D AS
2321 "°"|\/L2\9g RO- AT ND%?W\’]&%&“ ML 5303 2322
MOV A 80031 : LATCH EazEFRNAt“*OB‘Q‘U‘*S‘ﬁ**“**“““****‘23‘2‘3‘**“‘*******“&3‘TL
P2, A . RAM PACE ADDF. 282 p62 Ae  grorr 2324 MOVx  ASORO
- OET EI RST ' EADI NG 0822 A[I254 ; 2325 MO? RSA €623 AS
2326 MOV 520624 CS (CHECK FOR RITRQPFSET) - DEC Re
0625 80 232E NEY;I; 'Mactst&q*:@lﬂﬁse&@mﬁttw*#*mamaaum42339::#
MOV R7CA 0627 97 3228 23 - COVPKE U
itH 0628 37 23313333 AT F"T“'Clif_ = OFFSF A'ml“" T0 éEJFSﬁEEEP 0629 17
2332 esph lo€ A 2251 81077 L MEST 062A ED 2333
ADD A, PPSDR 2314 FFAC3Z%. 0628 3y31 4.e2e 2334 GINPUT FIGR JNOT
N A y TEST
NEVHL ;N WaBRE3T? 2264 INC A | {AGAINST
BSDF 8A ] 22€3 ADD A,R2 sLIMIT
@5EP EEEE 2266 JNC OFFOK - 3JdUMP 1T OK.
E5E2 BD4o 2267 MOV k5 ,7¢40R ;00S CODE
25E4 Das3 2268 CALL 00S
Q5k6 83 gggg OFFOX: RET _ SOFFSET QX
2271 ’t “. Pk YRS RY RSty Ol M0 sl vpak ge ey G
2272 v
2273 VEZIT
2274 3 :
22%% , {VERIFY ZXIT)
227¢€ ;
_ 2277 '#&*#u*#*#t#*t#8##*##3*###8########&#*###*##***#ﬂ*#
N 2278 ,
i . 22799 ;THIS ROUZPINF EXECUTES A 30ﬂ MSEC. TIMECUT YFILE CRECKING
THE
2280 ;EéxT BLOCKXER (POS 3). IF THE EXIT CLEARS, F@ IS SET. IF
NOT,

2281 }Fﬂ IS CLEARED, F1 IS SET, AND RS IS LCADEL kITH TR: NOT
2282 EEJECTION CODE.

2283 '
eEeo 2284 ~ ORG oeoor
. 22g5 .
¢600 B3DIA 2238 VEXIT: MOV RS, #2€
26¢2 74CE 2287 CTIM: Call  DELiz2 SDFLAY
.@E¢4 AS 2236 CLR 1 _
aeps RFSG . 2289 MOV 87, ANOLED .
e€e? BE24 2238 MOV RG, #CHANG iCHECA POSITICN 3
0609 3440 2201 CALL  ADC1
¢6CB BE28 2202 MOV ¢, #7053
PEFD B40E 2293 CALL  BILSEN
CEAT 95 2294 cPL To -
" 261€ B617 2295 JFO VEIED ;JMP 17 CLEARED,
¢€12 ED22 2206 DJNZ  §5,CTIM
@614 RS 2257 CEL - F1 jSET F1.
@€15 BDEC 226A MOV 35, 4¢R2R ;SET ATJRCT CODE
P€17 B3 2229

VIIED: ELT
2322 $SJIEC



’<§22D ET 2335 MOV AR Yv5 062F AD
2% a3c roV Ra,A ;STOF IN P5. e62F CA39 2337
JMP NRi nAD : G0 TO NEXT -T.ADI NG 0831 FT 2538 NEWHE: MOV
Al Fe e632 37 2339 CPL A ee33 17 234.0\)
| NC A 0634 6r ' 2341$% ADD A n7 2635 7.e39
2342 JKC NRFAD eC37 FF . 2343 Mo? AF7
0638 AZ 2344 MoV R6SA C639 . 825 Z34-
NAEAD: DINZ Re, NEt 3:--. e83a 2320 24E NOV AC3
063313806 MCS ~48/UP1 - Q34 HCRO AssEMeLRs [ VE.4 : 3“@? Of 3 1483 234A
CALL"  MJILLY ve4l B905 2549 ni ¢S ZF43 1497
216 1o0¢ oy CALL uurDI VI D&dﬂ%é%rﬂwznr 2351 Ly PTA
Co46 S5 Zppennnnssanss 2.1, 2343 S
A .CPLIT & %9: 5 s *‘**2‘3*5"2?"‘******‘**""“{"‘ERR]*“**"'"A 7 CE4A 9A9
2355 . ClA2393 ; C -g3 | Si &Alﬂh). MCS- 4t 48/ Uk'l-41 I\/ACRO ASSEMSLER,
V3. 0 355 .51 1 ch;( HI | NE. SOURCE STATEMENT
064B 37 2§ E SSION AA%I@AC er 2357
ADD A R? 064[33%5@*#***:*::3:@35&*##*ss*t*ts:ﬂn@a:tut*a:35@#'##&6t4 35
2359 3 2360 RFAIL: RS, #060E
0652 53 zggﬁzgﬁofi%?“;,%e?%ﬁ% gg %ﬁflmn 2t 005
2365 2366 : 2311 r OSER\/LCGE T 230bfkn é M%HO% ROUTI NE QUTPUTS
LB 005 S| GNALS. Eﬁnégsnggga;:u%goégAgonp;nxn VITH A LOVER
. 2314 .pas<rs. F@ 1S SET. PERORY. IF THT NOTE
2318
2318
2618 1438 §i17 A
2614 3az¢ 331 | TANEA: Hov Qé“fﬁi ISET Ro A
¢€1C FO 2320 MOV 1,050 POINTIE 1
T ST R W 1
egzd 34 2323 UL gé?fess :%::chginggfﬁss
cey ec 2324 oV 4;0R0  iGET FIaST IEADING
2623 AL 2328 MOV RE.A : o’/
0624 c8 2327 DEC Re
2625 20 2326 NEY1:  MOVX A,0%0
gggg gg 2329 MOV R7, 4
(3 H -
pess 37 2350 &r . COprang LT
ee29 17 2332 NG A lovesy
hin BER M hmo e
gggn FE . 2335 :gg : f‘iil 355: LovEST?
T AD 233€ MOV R3,4  ;STOSR IX ©s.
ee32 37 2339 CPL A '
¢E€33 17 2340 INC A
2634 &F 2341 ADD A,37?
2635 TE3Q 2242 ING NRFAD
€37 FF 2343 MOV AR7
PS38 AE 2344 © MoV RS, ¢
éezs 1825 2343 NFFAD: DJNZ RE ,NEw].
€3 2322 2348 MOV A,a32
263D 3606 2347 MOV v, 48
VE3F 1¢€% 2345 CALL HbLPLY
¥8¢1 P925 3320 MGV Al,s3
2643 14GF 223 CaLL  DIVILE
€€s3 AT 2351 MOV F7,4
€645 =5 2332 cL2 e’
GF47 2342 2383 NOY A #OELIM
2843 2F 2354 xcE A.R7
CE6¢A 97 2355 cL ¢



2371 ;I N TEE STACK, AND EXECUTES A JUW TO 2372 ; TE! BEGA NNING O THE.

PROCGAM SO AS TO F. C FCK: 2373 ; TE! OOS STATUS. 2374 0653 P431 2375
Qos:  -CALL  SOCS 0655 34E7 2376 CALL  FLASH 0657 Bl1
2377 MOV R7, 017 0659 3808 2376 MOY Ra
I's 068B 27 2379 §3 065C AC 2380 SAK90
MV~ MA PUT OS IN STACK. 0e5DI 23el - INC .
RO MBSE MIC 2352 DINZ  R7, STAKO Oe e0 04A 2383
i MP EXEC 2384 $EJECT  1SnB-11 rCS-4,/ 1uPl - 41_r ACRO ASSEMBLES, V3.0

PAGE 62 L@gs-1Gl Mcs-4a/uri-a1 hdchE asszmsrsa , S@ABCE STATEMEN#2 23951
-*$******$*I****4*St*S*U*U********tne****t n*O__,W 2386 2387

OPSUR 2368 33@905‘1 ( FLASKE® CODE JdgRePlsRiptmeiiT| C&L SURFACES) 2390; 2391
********S** *84*********Sf0****** n***#*** 2392 2393 TFIS SQJTI NE Cl_lECI(S
SIT 7 OF F. 84%27 TO DE-l-EI’?ﬁEe NF 2394PL F T OPTI CAL SURFACTS NEED CLEANI NG

IF SO IT?2 EQASKES APPR@F%ERTE G 1tDURI NG THE | DLE CYCLE. 2396
662 383D e54F 352397 CPL R- $%6| 0e64 Fe - 2399
MOV A ,@ggeg@ 5380 2366 ’*“”23 . 3+ #O8TANL A, #esOH e667 GEM
2460 7 S(:I_g%gé\l (B s e s snannesenBd b bk MNSrarsnunrneserasant e
06eA To 2402 2363 MOv A 00 0663 Co67F 2423
3z DARK 866D 236e 222* P 204e 008 Mov A, #006R 066) 31
24a5 QUTL P2,2260670 MDEQ (out 0F SEIRVIZE) A4L PI
' #ZFEl g:g; : **t#tttt*s#tt:*#ut#t## Yoot o 26 20 X5 A AU X6 RO AT L. 20 2N YANS Kok FRA WS

2369

237¢ ;THIS ROUTINT OUTFUTS THE Q0S SIGNALS. PUTS 2FFCS
2371 ;IN TRE STACX, AND EXECUTES A Jurp TO

2372 ;TEE BEGINNING OF THF FROGRAM SO AS TO EECFFCK
2373 ;TRE 00S STATUS.

2374

0653 431 2375 00S: CALL 500§

@655 347 237¢€ CALL FLASH

2657 BF11 2377 MOV R7,#17

2659 3808 2378 MOV R, #8

Q€SB 27 2379 cL A .

265C AR 2382 STAKG: MOV ORC,A  PUT 2°S IN STACK.
- ®ESD 18 2381 INC fd
N\ 2EEE EFSC 2382 DINZ  R7,STAK@

0EEQ 2404 2383 JMP EXEC
' 2384 $EJECT .



9672 8901 2407 ORL P uO0OI.E 2674 343F 2408

O CALL T31' 0 0e76 27 2479 CLR * A 0677 1.0
" 2410 MO? MO. A 2678 3A 2411 QUTL “ P2,°A
" 679 99FT 2412 AhL Pl xeaQ 067P 8901 2413\
OEL Fi NOOLE e7D C484 2414 JiP SCLEAN 2*15 0677
343F 24)6 DA?%  CALL 3'(}350 06el 2355 2417 MOV
#e54 0683 AO 2le GRoA 9684 83 2419
| SCLEAN RET 2420 2421 EJECT ISl S11 MCS-46/ULPI - 41 MACRO ASSEMBLES,
LI.NE SOURCE
s#ﬂ*r%“r%’fﬁf 2%1’2‘5“‘“*"2‘”‘5*&“”““' Eg%*o“ wxnpox FAGE B+ 2423 2424
SEVLOC 2425 2426: ( REVERSES ACCEPTANCE BAND LOCATI ON NUMRF. RS) 2427:

242800 33 Srx Srx JANRx Sr o « HURCE STMENENL Sh v QW 2429 2430 ; THI'S ROUTI NE
REVERSES THE ACCEBFANGE RAND»GEATI @24 8ds e NIWBERS1#E=MD« ONLY | F R 676

I S NON- ZERO. 24323g§33 6685 AD’ OPSUR 2434 RF.YLOC. MOV - R5, A 0686
B942 . 24§§ t Ov Rl , #66 e68a F1 243F
oM A. ORI 8@539 96|\/E(FLA=HE: COPRIITR DIRTY OPTICAUNERFACES ) YPEY 0693 FD
2439 MO 090 'twAﬁBﬁtB@ﬁG&l%E&t*u*#»####tﬂzg&s.«g**tﬂ"*#’ﬂ"ﬂ'## JMP NFEU
069! 392D 239 410 TRE : Rl1. *45 eeso Fl 2441
MO? AGRY% e69§g:53'nns ROUTINE c:nmzam 7 QF RPES EPLTO DETEIRMINF
2394 ,tr THE OPTICAL SURFACFS NEED CLEANING. [F SO, IT
2265 ;FLASRES THE APPROPRIATE CODE DURING THR IDLE CYCLE.
: 233¢€
2662 323D 2397 OPSUR: MOV ~ R@,#61 -
PEE4 FO 2308 MoV A,GRG
BEES 5380 2399 ANL A,#080H
@EE7 CE84 2420 I SCLEAN
eees 18 2421 - INC . RE
PEEA TR 2402 . MOV A,0R0
PEEB CB7F 2423 Iz DARK
¢LEED 2360 2404 MOV A,#DE0K
BEEF 3A 2425 oyTL P2,A
2570 39IE 2426 ANL P1,#2FEY
@672 8901 2407 OKL P1,%@@1E , _
2674 343BF 2408 CALL 1300 _
2676 27 2229 CLR A . ),
0677 10 2410 MOV QFG,A
2678 3A 2411 ouTL P2,A
“67S SOFE 2412 ANL PL,seFER
PET7R 6301 2413 oL Fi,r001K
267D C484 2:14 np SCLEAN
2418
0E7F 343F 2416 DA®K:  CALL 1300
0631 23%% 2417 MOY AL #ESSR
@EE3 AD 2218 MOV GRO,A
PEEe 83 2419 SCLEAN: RET
2422

2421 SRIRCT



0692 eD 2443 ADD A 35 €693 0307 2444

ADD A #? ; ADD SORDER CO RRFCTI ON 0695 37 2445

CPL . A C596 83 2446 NREV: 'RET 2447 2448 ; ***Sr****x*
*CP¥SH* fx SSHSHOF****Gr* S SHR** ST 2449 2450 ; | MAGE1 2451
24534 (CHECKS FOR MATCH W TH ACCEFYSNCE BAND 1) 2453 2455 24e6 ; T1llS

ROUTI NE CHECKS & NOTF' S REFLECTANCE READ NGS 2457 ; AGAI NST ACCI PTANCE ?AND
1 FOP ALL TFI4F. TFACKS. |} 245e : THE NOTE PASSFS, FO IS SET. IF PIN 30" IS
P1GH 2459 ; (VI A JUMPEP J2), TwQ POSSI PLE ENTRY CRI SNTATI.ONS 2460 ; A E
TESTED ( NGHVALL! ARND*eARERRARBSIVESBRIERES? 2461 ; ONPFFTHESNOYMAL ENTRY
OPI SNTATI OK | S-CEFC&LD. 24C2 ; NOTF: | NSTRUCTI ONS PRFCXDED TY A SFM COLnN

ARE 2463 ; PSEEC| PBAND ONLYLIME THE ASRHRPE ANCEMBEND T&BLE | S 24e4 ; LOCATFD IN

THE UVPER 2i OF PRONAM MFMRRY. ; %245 s imb R s ssse o s i 050 e MG o i 6 VOV

R ,'66 - ; SF. T FL#@FOR 0e99 27 2f 2 CLF A
; NOFMAL OFI ENr ATI ON. . . OSP2§2hef 3 %5e MOV [ERR] 6e6P
DC43 2469 242b1G7  (REVEMEOABCERPTANCE BAND LOCIETONP@NSKAR FOR
Xgégbl 2479 : ; EEI&D 1§§é}< I:T-m%%% ’;‘F?!l:%%\*: afﬁtfzq?:;zatn#t%ﬂz}##s#*#ﬂw#*#**mum

' BAND | NTO FAM C.5F gBro 243 ;TEIS 2R4RE REVERSES THROACCEPTANCREAGD Lop Pl
All P: SS TOR ?RACK 1 DATA @ﬁ%‘f qﬁmms IT AND 0"9\’4721 BRYG 66 18 NOSEE‘.BO. M P. A

06A2 3436 2:75 2433  CALL  [ERR ; DTT, .M N X FFOF
COP' K1 2476 @685 AD 2434 REVLOC: MOV RS,A TFo TRACK 1. 1SIS-1|
MCS- 48/ um-mﬁ'é%m% S V3.0 Wy aanst FAGF 64 LOC 0OBJ
LI NE e STATEMSWT 06A4 HES? - Tiey 2477 MOV
R4, 135 @ss3 FD . FEPEATZHER 2472 DON7Q ; A.RS SFL MB1
- TRACKS 2 AN[SE§° Cs08 2439 JNP NFEV
d 62E 392D 2440 YREV: MOV R1,#45
2e90 F1 2441 MOY A.BR1
26G1 37 2442 cPL A _
2€92 €D 2443 ADD ARS
2ES3 0307 2444 ADD A,# i ADD BORDER CORRECTION
€SS 37 2445 CPL A :
€896 83 2446 NREV: RET _
2447
'\-/- 2448 ;t#t###**###&f&*#**#*##t#*#*f‘#####*a‘t‘ﬁ*t*#ttttﬁt*
2449 _ -
2450 3 IMAGEL
2451 §
2452 3 (CHECKS FOR MATCE WIYH ACCEPTANCE RAND 1)
2453 3
2654 ;##t#*ﬂ#*#8#3’-#8‘-##*#8###*##*##:###3########*u*"**‘-‘"'
2455

24%6 ;THIS ROUTINE CHECKXS A NOTE’S AREFLECTANCE READINGS
2457 $AGAINST ACCLPTANCE 2AND 1 FOP ALL TFREFE TFACKRS. IT
2452 ;THE NOTE PASSES, Fo IS S¥T. IF PIN 3¢ [S PIGH

2459 ;(VIA JUMPEP J2), TwO POSSIFLRE ENTRY CRIENTATIONS
2466 ;ARE TESTED ( NORMAL™ AND "RACKWAFDS Y, OTHERXISE,
2461 ;ONLY THE NOEBMAL ENTRY OPIENTATION IS CRECALD..
2452 ;NOTF: INSTRUCTIONS PRFCEDED BY A SFMICOLON ARFE
2463 USED IF AND ONLY IF THE ACCEPTANCF RAND TARLE IS
24€4 ;LOCATFD IN THE UPPER 2K OF PROGPAM MFMOEY, '

2485

PEST BE42 2466 IMASELl: MCV RC, 956 iSET FLAS FOR

p€29 27 : 24€7 CLR A iNOFMAL ORIENTATION...

eseA e 2443 MOV 02,4 : ,

@ESR BC4B 24€0 MOY P4,975 ;SET POINTWR FOR TRACY 13
2472 STL MB1

P69D Fé28 2471 CALL ACC3D1 ;LOAD TFACK 1 ACCYPTANC:
2472 R ;EAND INTO FAM.

ESOF 3TV 2473 . MOV RS,#®  SPAGT ADDRYSS TOR TRACK 1 DATA

QEAL F3 2474 : SEL MRe

2EA2 343 2475 call TRAKCT iDFTLEMINYE FFEOE COUNY

2476 _ 3TOF TRACKX 1.



s

B ; : . 2421
“‘=A6 F42S 2480 CALL ACCBDI . 6A8e BDQO

* SEL MEB GGAB 3436
NOV R5, W QeAA E5 - 2482 ngz A
2483 CALL TRALCT O06AD BCC3 _
SEL MB1 OGAF F428 2456 CRLL
24005’%?50%3?5@02 2487 MOV R5, x2 06B3 E5
: CALL
2488 SEL MBO 063 438 AL 245(9%:03 —_ . CETCX
TRKKCT 0663 3414 2490 . FQ ST FT |
EPROI TOTALS. B668 38F1n; 23293 N APL
! ggg i ASSEGSS/%E%QMOP?@;@egASSEHBLFB, 494 T mNL e A #QegH 0631)
CEE T 2495 Jz T 063? B842 249¢
Vo VAR - i} ef 06CEI9B37 SOURCE S2ARENT 04 MOV . A 055
; SET B4sAGadeP FEVERSY, 06C3 AQ'°12 gt m138 Oy § FEPEAT 06C4 BCAB
 FNTY CHECK. - 06C§Z§?, R # uB) RFPFTR¥ SRRt Soae
2500 gex6 re2s MOV étz. ACCBD1 MBIl e6cS FS28 2503
'FOR REWERSE ENTRY2481 2502 wol 2%%@8 e RB3#2 06CB 3438
CALL 0EAA DI 06 3 §EL
6B 34 483 TRAKC'ﬁ Hecp 2 -~ 2507 MOV
25eF €D 3cc3 CALzegg SEL oYt a: Faog 2510 CALL
: 4 H
R4 #1 5@%‘3%8 E5 . 24:2 25F3LL ACCBDY S| L oB e6L2 BDOICALL
4 M ig@
2512 PEBeron 8 BOC3 S1%9 RS\Z%IS:EE‘M -nu?:r MOV 2512 #195 2515
TRAKC%@};%BB : 928 CALL  £ERQF - iCiBAk Lerzor AGRIYs DI 06DA F5
SEL , o - PEFFPFO IF NOTE FASPEIV
2517 aeaa aer. SFLSZS% V2SI il CALL s HSANGE GFDF 3414
R5, Yde 3%@%3438 2494 251%9* F1 'sc}mea '2521 TF: RET P 522
252e 063D CeLy CALgegs CFRCF; gyrees
E@g“’ 49€ MOV R@,2E€
2521‘3??? 2337 2457 - MoV A,RS5 SET FLAG FOR ‘EVF!SE
2499 ENTRY CHECK.
26C3 A0 2499 MOV 0F2,A ,
@6C4 BC4B 2520 MOV R4, #75 REPEAT Accfpnucz W,
2se1 : iFOR REVERSE ENTRY,
2502 ; SFL MB1
96C6 Fe28 2503 CALL  ACCBED1
@6C8 XBe2 2508 sey R3Cw2
@6CB 3438 25¢é CALL  TRAKCT
¢ECD BLB7? 2507 MOV R4,#135
250¢
25¢9 ; SEL MB1
OECT F428 2518 - CALL  ACCED:
@6D1 ES 2511  SiL »30
@6C2 3DO1 2512 MOV RS, #1
eED4 3438 2513 CALL  TRAKCT
0€D6 BCC3 2514 MOV 24,7195
2515 3 SEL MB1
PEDE F428 251¢ - CALL  ACCEDL
06DA TS 2517 SFL MR@ .
CELR BDee 2518 MOV RS, #0
¢EDD 3438 2519 CALL  TEAXCT
@EDF 3414 252¢ CALL  CFRCF
66F1 83 2521 TF: RET
. 2822

2527 $RJRCT



"ISIS- 11 MCS-4F/ UPI - 41" MACRO ASSEMBLER, V3.0 PKkGQ "5
LOC OBJ LI NE - SOURCE STATEMENT 2524; 252!;: 2526 ;
MOVLI M 2527; 2528 ; ( MOVE ACCEPTANCE BAND LIM T TO RAM 25299

|, **wxgygg*gBreg*, *t *~~~ 2530 2531 2532 - TRI'S MACRO TRANSFERS ACCEPTANCE
PANDALI M TS. FROM A 2533 ; PROGRAM ' | EMORY TABLE INTO RAM | T IS | NCORPORATED

2534 : | NTO THE ACCSDI SUBROUTI NE. 2535 2586 MOVLIM MACRO 2537 I NC
R4 | NCREMENT._ACC7. PTANCE TAPLY 25 MOY Li 4

- POl NTFR. 2540 MOWVP  |.. @  :C& LIMT FEor TABLE. 2541

| NC RS . I NCRf MENT POl NTER TO RAM* 2542 NO? QEGA
“PUT LIMT I'N RAN. .2 544 SEJECT ~ DU I.SIS-LI

NCS- 48/ UP| -’%‘%&6‘%@%&%@&?“%%‘&' .3 - DUTD"/Kg: nga LOC CBJ
LI NE SOURCE STATEME. NT 2545: 2547: ACCSDI  2549:

( TRANSFER ACEEPTINCE 3ANDFINO RAM) SPEBG SHMIMENTo 552 2553 @ THI'S ROUTI NE
M kST CHECKS t HETHER CR Mgg24A; TRANSRORT «2 554« S PERD GOF RECTH @4 G+ NFEDED.
| T THEN TRANSFEES 2555 ; ACSESPANCE ! AND DA'TI'@éEIgE ) PARTI CULAR TRACK FROM
2556 ; PROGPAM MEMORY TO | B3SRNAL RAM LOCA 8- 127,

2528 ; (MOVE ACCEPTANCE BAND LIMIT TQ RAM)

gggg ;*s#ucbi:#*ug##*nm###a#*n#*aqtat*####c##uanun##as#t
2531 _

2532 ;TR1S MACRO TRANSFERS ACCEPTANCE RAND LIMITS FEROM A
2533 ; PROGRAM "MEMORY TABLE INTO RAM, IT IS INCORPORATED
2534 ;INTO TRE ACC3DX SUBROUTINE.

2535 ' .

2536 MOVLIM MACRO .
- 2537 : INC R4 i INCRFPMENT ACCRPTANCF TAPLF
- 2538 MOV A4 tPOINTFR. |
- 2540 MOVP A.GL $GRT LIMIT FROM TAELE.
- 2541 INC R@ 3 INCREMENT  POINTER TO kAM.
- 2542 MOV QRa,A $PUT LIMIT IN BAM.

2543 ENDM .

2544 $EJECT



@557 ; CORRECTI NG LOCATI ON NUMBERS FOP SE7P | F RFQUI RFD. 2556 ;1 T ALSO ADDS
A PRE-SH FT OF -4 TO XACR LOCATI ON NUNAIF. .. 2559 MII S PQUTI NE MUST ZE
STORFD ON TPE SAME PACF | N PROGW A 2540 : MTMOFT AS THE ACCEPTANCE BAND
DATA. ' H CE | T PROCESSES. 25P1 2562 ; P. EG STERS USED. 2563 256-; N_F\:e

USED |

= DTTVI Nf LEORRAT&SE3ESSES ' #HFRYF. ACCEPTANCY 2566 R =
SPCK. 2567 : R4 ACCEPTANGg AND TAI LF PO NTFR. 2568: RS -
LOCATI ON CQUNTER. 2569 2728 2570 - ORf G 0728R 2571
0728 BF14 ACC3I R MCY RS, 2NCOLOR - SFT LOCATI ON
CCUNT! "b?‘fi\"ééﬂ%'“ (ks ASXEPBLER, V3.0 tOlV  PASPo, 668 - SFT
PO NTFP TO PAY: e72C 5 | 25724 * SEL M5 7

- ACCFPFAr :3JRAND TABIME. (Q72DSPURCE STATEMENT 2575 CALL SI CK

; SFT F1 | F SPEED OX254Q725¢$PG###¢¢:##ysc#*aazw@m!m]agtaamru!\aég\/uuummtt u

-G T LOCATION NO. 0736 ; A3 : 2577 TR

: FtROr. PROGRAM ME! 882 ¢ b731 7635 AcCBD1 2578 JFl SFI FTS

; JUPF | F SPED 2579 2345 ;  (TRANSFER ACCEPTANCE BANDY o gav)  CORRFCTI ON 255B
:NCT T7'i'|FED. 151333®l 64/ P1£8*1 1SJ| | St sg3 ;
| UTR El ys! RSUuE3E~t 2353t HEAT TCRE "t ****?*A*’G‘—**mc"mﬁ*“mm LI NT.

SOURCE. STAT! M/NT 7?2843 ;THIS ROUTINE FIaiT Zﬁiéks rRETHER oOREr %43,4—11 2el7; **
S* nKN. *,D1fl 261 255%(;1\& ﬁ gﬁi;'g g@gﬁ\ PARC, AT THFCEEA ;GF‘IE 10NI) 2623
2527 ; FOR THAI'T L— NTESNAL 2o locarxch535§§;°H [err]

2557 ;CORRECTING LOCATION NUMBRERS FOF SPERD iF RPQU’BFD

2558 31T ALSO ADDS A PRE-SHIFT OF =4 TO FACH LOCA”ION MIMYER.
2558 -TFIS POUTINE MUST BE STORED ON TFF SAME EBAGF IN PROGHAM
2552 :MFMORY AS THE ACCEPTANCE 3AND DATA ¥HICE IT PROCESSES.

2561
2562 ;REGISTERS USED:
2563
2568 ; Re = BETNTRELTORRABTEBEBESSES FHFRE ACCE F
2966 ; R1 = USED IN SPCK. . FRE ACCEPTAKG)
2567 ; F4 = ACCEPTANCE BAND TASLF POINTFR.
2388 ; RS = LOCATION COUNTES.
2560
e728 2570 oxG 728K
1728 2571 - : W/
28 Bri4 2572 ACC3D1: MCYV RE,#NCOL :SE '
@724 B844 . 2573 MOV %0, 68 o LiFe ?8€:3;gsTgcg§Esg.
e72¢ £S5 2574 - SEL M39 1ACCEPTANCE RAND TABL}.
072D 14C4 2875 CALL  SPCK ;SF™ F1 IF SPRED OKX
@72F FC 2576 110: MOV A R4 ;CFT LOCATION NO.
0738 A3 2577 MOVP  A,QA IFR0M PROGRAM MEMORY
8731 7635 2578 i1 SRIFT ;JUME IF SPFED
2579 iCORRFCTION
2380 tNCT FSQUIFED.

158YN1023-48/UP 1-BEON+GEQFRSSSRRBRINS TRARESDT s WECREZRGSNIRIRANRFLEQRIBGEATION

s s UP M g0 M
.- -7 . WoesMly P
11 11 C 48 41 T
S M I AC A ©BE 5
_ AGR °
LcC ORJ LINE SOURCT. STATEIMENT
CTLE - 2814 Q4G 7434
2¢15 ;#m#t#tw\‘#\‘-#m‘aiﬁt}w#unn\'-tt#m#txttwu#ﬂu*i:a#r-lﬁmscf.uunt nan.
231R 3 '
2€17 3 348D1
2818
2519 ; (ACCEPTANCE RAND FOR OFISNTATICND)
H

2621 tBE!E’EStNE'S!!K?inE!R’BPEIE" 1
5837 1TOF THAc Locition EECERERZPEBORYBELBSRERT IS
2628

2623 3 Loc. IIPFTR T.OWFE



@
:
8 (a%)

2630 - N0 . LIMT LIMT 2631 2632 ; G: :\lI TPACEllool .
25-13. 0?4B 04 2634 b3 o " 149 103
2535 DB ’ ’
6F e7?4D 51 074E OF 29 104, e 0752
0747 95 0751 16 2636 [%305 '35 115, 56
68 0753 42 0754 23 2037 g s T 105.
0755 73 e756 42 0757 24 2 39 DB 48, 183,
64 0758 6* e?59 4Q 025A 30 . 26 _
134 8753 37 0?5C 96 075D 31 2630 ; 24e0° I HS—-UMDD se,
183, 1AR 675E-37 M/P 94 |V|7 g ACK
195, 141 | S*fvol 9 -t46/upr|zs; d e APRBACE ASSSOBEEZ, ST9QUENT 10;5
RIG 69 10777 % (76 SF »e oo ASSEMBLER' V3™h -
18 139 [err]e Il MCS-48/upl-41 MA E 5D6 9D 9907 EL
’ ?4F OF L l2bsts pr SOURGE STA1 Nla"
PAGE 7 LCC o~gﬂ“§ E 2 DB sa, 35 O7DA 87
e7D8 32 e'rsaz&? 53 8' 133 07BC A4
07DB 35 ¢:5128280 2636 DS DB 22, %D- 8¢ | F5 . 13:
0752 68 2689 DB . 35, :
Q7DD 85 O7DE 37 2732 68 :
87DF As 271.TI 754 23 2637 ) 3s, 115, 66
a7%5 73 .
2756 &2 .
@757 24 2838 D8 36, 125, 84
8758 64
2759 42 : . ’
2751 38 2639 DB 48, 183, 134
. @7%8 B7
275¢C 85
275D 31 2842 DB 49, . 183, 148
@75E 37 : _
2?SF 94
g;g? 35 2641 DB Se, 185, 141
ISQB’!I!IU:-&S/UPI-!S!IACRO ASSEBBEER, STB8E{MENT 128, pg | {3 69
V777 4B
9778 5F 2649 D3 95, 188, 139
E : .
xsgﬁiziaas—ea/un-uuu!orcus Shsce=dsvagiyrnt oiy, §10:r 0
ISIS=I1 MCS-48/UPI-41 MACRO ASSEMBLFR, V3.0 PAGE 71
Lo¢ o3y LINF SQURCE STATEMENT
27D6 9D
77D7 &L
e7D6 32 2637 DB 50, 164, 135
G708 A4
¢7DA 87 ’
A?DR 35 2¢€8e DB 53, 164, 132
@7LC A4
270D 85
A7DE 37 2889 D3 S8, 1€5, 133
€7CF AS
27r2 8% :
e7Fr1 38 2634 D3 ° 5€¢, 16€, 137
C7e2 A8
713 8¢
e7r4 39 2£31 1} ] 37, 167, 12¢
e7ES A7 :
2716 8B :
2757 ¢8 2€32 D3 72, 175, 12e
@7ES AF
27ye 78 ) ) .
€7rA 91 2883 L3 81, 143, ifE
27t3 3%
e7:C €A .
27¥D 59 2854 DB 8¢, 147, 1€8
€?EE a3
C?7rT €C
a7Fe «3 2F35 P 37, 163, 13a



& 30 269i DS 5e., . lse, 117 QTE2 A6-B7E4

39 *2i pl DB 57, 1F?, ° 139 en:5 A7 e7),e 8B
B7i:7 48, 2692 D3 72, 175, 120 RE5 A F 67}
9 78 MI. A 51 2693 - DB al, 143, 1CF 871 B ZF
MC FA O7?D 59 264 D6b c', 147. 1CR e?} E
P3 074[err] 0712 8A O07F3 6E C}D Me96 - D2 I le,

137, 9e 07F4 "9 O7/F5 5A 0771 83 2697 _ DB 111,
131, 92 07Fe. 5c 8719 70 2698 _ - D 112, 124,
te O77A 7C O7F9 59 [err] I1SIS 11 MCS-49/UPI -41 MACRO ASSEMBLER, V3.0

PAGE 72 DI SCON O5AF DtVI'A MgA9 DvI9 00C2 DvicC. 17BE
DiviD 008 D VI DE 009E DVIE MQL Dl YI LP O08AA DTASET ?7299-

; - CHECK F216 EJECT *044C ENDDI S 0283 ENDI T 01BD ENDPUN el 5

"NDS el Br ENTCK e' 6B ENTI A 0?77 ECC 0265 ECCD 025B

EERCT 6803 EXCFZD 849C  ETCLI M 083C FXEC 0001 FI RST OwWP FLAS
QZI E7 FPASS 0571 FSTJAM 0179 GET4 0135 Q1 001C 0010

0050 002e7iz ®e22 Q05 eM2C Goa 0833 Q07 0038 Gas 0040

C09 of33 S coop 26%98D-  odl1 04%8. KGFY %95DA IDLE  02G5
| MAGEL Ob&é sx INNT  02A., INTRAMeda7  JAM 0167  JAMCK 0403
JAMLI M Cera® 83 JAMMVD 28923  JIDEDEL 08@2  tdd, 92 98A3 L10

1

058D 3UBHALAG1[ err] ¢
@7F3B S5 :
‘l“"f"'.; BAREEEROO8aR aziiey 9'..;4. BEZE2Y ,0888°% PBRENRS OR2S

e72F L2 aZF8-3D01A  LEAIL 0074  LYMT 00CS ,,LLA 058P  DI.3

IS1S-11 MCS-48/UPI-41 MACRO ASSEMBLER, V3.9 PAGE 72

DISCON 25AF DIVIA 9Q@aas DIVIB #@ec2 DIVIC . a7BE DIVID @Qo%F
DIVIDE @egt DIVIE 0@@Bf DIVILP @BAA DTASET 299 - FECHECK £2186
FJECT -@44C ENDDIS @283 ENDIT 013D ENDFUN @15F ENDS 13T
ENTCK €463 ENTRA 0Qa77 EOC 2265 ECCD #2538 EERCT eeed
EXCFED e49C EXCLIM @e3C FXEC o0 FIRST eg2B TLASE @1E7
TPASS 9571 FSTJAM €179 GET4 213% G0l ne1C 010 a8se . -’
Go2 eez2 G05 ee20 GO6 2332 GO7 = oe3s ¢o8 8040 :
G09 @048 GOooD 843D GO0D1 0420 RIOFFT @5DA IDLE a2Ccs
- IMAGE1l 06987 INIT 2284 INTRAM @42F - JAM 9167 JAMCK 0403
JAMLIM eecAp JAMMD €223 JITDEL @3€2 L1 eeAd Lie e72F
L2 ease LFAIL @eF7 LIMIT 00cCs LLA #58% LLB essn
SURLNSLESESMPLENRSENANGGERRORS RENEXY O82N ERRER3 0038 12RKRS 2438



. ) (O
I SI S-1'1 ASSEMBLEP SYMBOL C?QSS REFERENCE V2. 1 "
PAGE 1 ACCBDI 2471 2480 2486 2503 2510 2518 2572 ACLEAR 2134
,21367 ADC 1137# 1314 1319 1324 1352 1443 ADC 722 901
916 1081 1110 11340 1626 1873 1879 1265 2209 2214 2220
22257 2291 ADC2 1136 1138, ADDR 167 1692 ADDR. 1 16420 1655

ALGOP  456# 465 AN2 2130 2132  21793M AK 1755% ATENT 1745#
1749 ATM  .1948 . 1954# AUTO 2157 21279 ATREAD 452* 2318 PALDON 1?77
1801# BEYON 7, sserid” sBhbt 2708078 csr 21250 | LLIN =392 1076# BI LSEN
724 903 PS‘ %8‘55»1‘-8@%" Sﬁ'k "’5% RERSRENCE9 201 2203 | LTAL 1497 PASEI 505

1511# BLXC AccBBOR471 1. 948* Bh4K 25027e%1012€ﬁ13UST§72» 5ge 1967* CALC

1397x 1447 LRER B134 5 "5*183%& dkgg %3081“ 13510 1429 1437 CALIBi
1352% 1377,86ASE 7224 01 2 PD1139651132080s4B 1273 105R  18852%

CERCP  749# 24Q@¢s 231 CRT® 22997 2291358 1875 1881 1887 22440
CHANI  256A082154@33, 1585* 1605 2208 2219 2224 CHAN2  258# 1800
2213 CRAN3 1DUBBOReEHANGBSS 262 1317 1442 2290 0. ANG 2148 CHANs

2MM 1108 ﬁz’923 2,3?’42_2‘ 2135%

L0K 1755#
ATENT 1745% 1748
ATM 1948 1054 #
AUTO 2137 217+
AVREAD 452&# 2318
BALDON 1797 1801#
BEYOND 837 8el#
BILLZ2 2879 2128#
BILLIN 2382 19784
BILSEN 724 933 918 1083 1112 132¢ 19238 22¢3
BILTAL 1497 1825 1511#
BLXCK 1309 19484
BLOX 27e# 1268
3usy 398 196%»
CALC 13078 1447
CALI® 1293 1298 1363 13e8 1351# 142% 1437
CALIB1 1352#% 137%
CASE 42¢  20S6#
CASHRD 1996# 2034

_ C3 1952 1952+#

: CERCP 7404 24900 2520 :

" CFOS se7 1358 1875 1881 1887 2244#
CHAN] 235# 1590 1595 1625 2208 2219 2224
CEANZ 258# 160¢ 2213
CRAMS 2€0n
CHEANS 262# 1317 1442 2250
CHANS 2644 _

CHANE 2€€# 1108 1323 142¢

CHANT 28an 722 91¢ 1312 1434

CKENT 17Q64 174% 17%¢

CKG245 370 14944

CKPOS 1285# 1315 1320

CL ceEes 20714

COLECT 910 1872»

COLRCK 415 21¢5s

COMFAP 1783# 1213 1a81e 18?5

CFr1 12e5 1187% 1187 1540 1707 2128

CP5 7194 1624 2e82

CSPERD 1043 2581

CTiM 22874 2296 :

LALD 1217 1823 1029 1834 19¢2+

DAEX 243 2416+#

DATAQK 1269 1271+

LL3 21w28 2122

LEL1C 867 854 aeg 947 1191 1247 15342 1270 172¢ 1735
1395 2084 2287

LELT 18575 1338



%@§?AN7 2698 720 914 1312 1434 C T. NT 1?66# ‘1745 1750 CKC245
0

: 14944 CKPOS 1265a 1315 1320 CL CMB5 20718 COLECT 910
1872h COLRCX 415 21e5. CO.PAP 17880 1913 , 1819 18t5 CF1 1085 -
‘11e?# 11P7 1540 1797 2128 CP5 719*" 1624  2;2<2 CS?E}.D 1}Q4g#
2581 CT . |' 22877 2296 BADD %7 1e23  1P29 16E34  1902* DAYK
20e3 24168 DATAOX 1269  1271g 21b2m 2122 rttL | 897  89%8
899 947 1191 1247 1554, 1'0 172" 1735 2999 29c4  22S7
[ERR]. 1SS Il ASSFMBLEF SYMBOL Csoss RI TEEPNCE, V2.1
PAGYISISZHDI,MPZIQ@BOL%J@& “;,1;9&, DifhbA 586 5900 DLV B, 58e  615#
DI VI C 608 =~ e12# DIVIDE 462°° %49  s81#

6S3 Msczrbéwg 10% . f!l?f'z 2350 DI VIE 597  FO3# DIVILP 5921 612
DTASHNI822885 121s ECHECX 107e# 1889 EJFCT 401 409 414 420
426 DIV1R31601 1008€ 190Mm ENDDI S 1189  1194# ENDIT 932  935# FX DRUN

DIV 2 i2# * . *
839 p1y %él B%ND§ s 236" ERTCK 5437410, 17440 EXTRA 1750 1753 ECC
11551:1v1115697 1]&39 '

DIVILP 2r 612

DTASET 1225' 1227

ECHECK 1078# 1089

EJFCT 401 409 414 429 426 431  1e92 1727«

ENDDIS 1189  11Q4#

ENDIT €32 9354

FXDRUN 839 E44n

ENDS 905 9364

ENTCK 1741 17444

ENTRA 17504 1753

EOC 1185 1156, 1159#

EOCD 11544 1154

ERRCT 3264 764

EXCEED 1794 17984

EXCLIM 293# 1228 1789

FXEC 358 362 3664 2383

FIRST 28e# 863 928 1455

FLASE 1009# 1747 1752 1951 2028 2376

FPASS 2109 2118#

FSTJAM 867 875#4

GET4 924 e31#

602 390 3628 e
cole 425 420#% '
G02 bol-13 Jos#

GoS 400 4049

306 404 4074

¢07 428 411#

Gc8 412 4164

‘Goo 419 422n

GOOD 1686 1689+

GOOD1 1645  1€524

HIOFF 2215 2231w

IDLE. 377 12874 1331
IMAGE] 2107  2466#

INIT 365 1214s
INTLAM 1287 16409
JAM s€2s 931

JAMCK 16238 1739 2131
JAMLIM 313# 3873

JAMMD 10914

i{TBEL 386 15304

3324 €91
110 257€¢ 2610
L2 329#  A8%

. LIAIL €90 A&7 TPle
LLEIT 228B6# 29592
L2 21677 217F€
LiC 218398 2175
LNGTCKX 427 B3



EOCD  1154* 1154 ERECT 326# 764 EXCEED 1794 1798# EXCLIM 293#
1228 1789 FXVEC 358 362 366# 2383 FIRST  280# 863 929
1465 FLAS7 1009# 1747 1752 1951 2020 2376 FPASS 2109 2118w

FSTJAM 867 875* CGE?4 924 931# COL - 390 392* GOLO 425
4292 396 398* GOB 400 oqzlo 404 40?7 CO?
4e8 4110 Q08 413 4161 Q09 422# GOOD  168e  1689#

GOOD1 -~ 1f ' 49 | f52# H OFF 2215, 2261w IDLY. 377 1287* 1331 | MAGEI

2107 2466w dBLih 4ssrifiGn 57113316’53&5@1}@%%57 y2,16404 JAM 8€2J,5r 931
JAM CK 1623w 1739 2131 JAMLIM 313x 873 JAMMD 1091J JlTDEL 38

1539m Li 1'c‘:B‘E?ZJS’-""f 92@5% 8¢2)576s 2610 L2 329 RS65 LI Al L 69es

97 ?01e L;l[_d%IT ad6s 552592 LL? 2167/N 217E LLC 2169# 2175 LNGICK
MOVLIM 2536 2592 2£00

437 573 LPASS 6994
MPYSA 494  SB3#
MPYSLP 4S4# 500 508
MULPLY 4914 681 704 1043 1401 2348
NG 3164 835 1044 _
NCEAN 9744 006
NCOLCR 323# 817 2572
NE¥ 1364 1371#
NEY1l 23284 2345
NEYF1l - 2334 23384
NEXT 1369 1382
NJAM 1084 . 1654
NOBIL 1928  183es
NCINC 1057 1e6e#
NOJAM. 874 8774
NOLED 278# 1316 1441 2205 2283
NORMDA 531# 2108
NCTPR 1543 1545«
NOTPRS 1746 1751 1754w
. NREAD 2337 2342 2345«
ONXRET 28884 28EBF 2082 16351 1688 2266 23754
OPLO® 2744 1597  1€@7 :
OPLE1  272% 1682
OPLIM  234# 2353
OPSUR 1329 2337«
“w ORFAIL 774  78@x
ﬂ ORPASS 769 7764
OVFRX 831 8404
PRBLFD 18984 18Pas 1p33 1825
POS3 2874 1446 2292
PCS4 2894 9¢2 1982 1240 1627 -
REEXDED 13284 1B9%¢ 917 1438

IS1S-11 ASSEMBLER SYMBCL CROSS REFEFENCE, V2.1 FAGF 4

READ1  9cCs 934

READY 37% 19814
REJECT 11852 1738

RESET 387 1417+«

REST 363 14634
REVLOC 24344 2354

EFAIL 2338 2360%

SBTOT 30834 1533

SBTCT1 297¢ 1472 1816
SBTCT2 206+ 1822

SBTOT3 361s 1828

SNSNEZ 28884 23384 28BRA 28834 28884 2613 2829 . 428 430 432

BgusNSs TL38 F~R3 4:.40- $3044 3£°638/58M 7SOE : 1", ¥

xe 1587207 1371
TEFY <437 244Ca

CRCSS RFFTAFPNCE COMPLFRF



‘éﬁhB | SI S-11 ASSENBLER SYMBOL CROSS REFERENCE, V2. 1

PACT 3 LCCCX 819% 838 842 LP1 53#7 554 LP2 543f 551
LPASS  699* MOVLIWN 25368 2592 2600 MPYSBA 494 503# MPYBLP 494~ .
508 508 MULPLY 491# 681 . 704 3043 1401 2348 NO - 31

635 1044 NCHAN 974% 996 XCOLO  323# 817 2572 NEV 1364 -1371J
NFV1 2328 2345 NEW 2334 2338* KEXS 1369 13820 XJAM 1084

10950 ROBIL 1928 1930# NOA NC /7 * 10e60 NQJAP. 874 877* NOLID
27e* 1316 1441 2205 2289 XOkef'DA 531J 2105 NOCTPI 1543 1545*
NOTPPS 1746 17t 1 1754* NREAD 2337 23A2 2345N 11113T 2288# zz2SD
2082% 1651 1688 2266 23750 OPLO 274# 1597 16?7 OPLel 272*
16e2 OPLIM 334 2353 OPSUE 1329 239?# ORFAIL 774 7809 OhPASS 769
7?78 VOYVEfThe 83kropgSdcestRDIs48othe dpogatitedd prue@samO3» . 287#

sz SAAT N SRR E oS it andlinae b ppal he

PACT pdhng opete atgyapdetestion gapd note position
monltoring, mechanical transport control, optical data
5 collection and analysis, external communications, self-

testing and self-calibration. The program set forth in
Table I is specifically adapted for determining the
validity of a British one pound note. As already
mentioned, the apparatus can be modified to accept currency

10 notes from various countries and in various.denominations.
The operational program of Table I has a modular structure,
with each major sub routine comprising a self-contained
unit. Eéch subroutine is headed by a list of all the
variables and all memory space used by'thé routine., Where

15 an INTEL 8039 microprocessor is utilized, the ihput/output
specifications set forth hereafter in Table II may be

utilized:
Table II
Port Hex Address Select

20 Motor forward Pl X2

Motor reverse Pl X4

Motor off Pl X6

-D/A converter P2 R b ¢

A/D converter . P2 1X
25 LED switch select - P2 2X

External PAM P2 0X

LED indicator panel Pl X1



REJECT 1185* 1738 RESET 367 ~ 1417 RF. ST 368 14654 REYLOC 2434* (gés
Z-54 F.FAIL 2358 23i 0* SBTOT 303# 1833 SBTCTI 297# 1472 1R16

SBTOT2 299N 1822 SBTOT3 ~501v 1828 312332 2351* 2333n# 27SI0 2138

2180 -~ 2615 2S2! . 28 430 432 *404Nt 44&. 0- &3 4: .90-
$3042’3&6&3&/$&M 7SOF. X9 -1570N 1571 THY.V  *437 2440a rrCl'sS

COVPLETE The m croprocessor uses the operational programto control al
aspects of operation of the apparatus, i ding note entry detection and

note position nonitoring, mechanical transport control, optical data 5

col l ection and anal ysis, external comunications, self- testing and
self-calibration. The program set forth in Table I is specifical |y adapted

for determning th li di of a Brjti not e.

nentioned, the app ﬁIb@"rﬂ)dH’ I}toPﬁﬁg pttqﬁjr?éﬁey rl‘U'”‘LBFés andm
vari ous count nté¢li&gdsubroatines @ﬁnmmengnugnam'mﬁyTnhlaitonal pr ogr am of
Table | has a nodul ar structure, with each major sub routine conprising a
sel f-contained unit. Each subroutine is headed by a list of all the

vari ables and all nenory space used by BARLE dik% ne. Wiere 15 an | NTEL
8039 nicroprocessor is utilized t he input/output specifications set forth

hereafter in Table be utilize Tabl e |1 PORT HexAddress Sel ect 20
Mot or forwardde Idle, est and Calibratipgn Bawhineyerse

Pi 5 X4 Mot om, of f Check Ram Pi X@ D/ A converter
P2 SX AD Eonve&hgck Position Sensm:sp2 I X

C. Perform Optical Calibration
D. Check for Note Entry
E. Check for Inhibit S1gna1 from Host Electronics
10 F. 1Idle
2. Note Entry Routine
A. Turn on Motor

- B. Recheck Entrance Sensor
C. Check for Note Arrival at Optical Block
15 D. Check Width

3 Optical Data Collection
'A.' Sequentially Pulse LED's, Read and Store Data,
and Update Data Subtotals for Each Track
B. Increment Data Count
20 C. Check Position Sensor 4; Store Length Count
- D. Check for Automatic Cash: otherwise, Turn Off
| Motor



e 1ED switch sel ect P2 2X External PAM

OX LED i ndi cat or panel Pi ' - Xl cr5 Tables |11
and IV set forth the. main routines and utility subroutines of the program
of Table I. TABLE II1 1. Idle, Test and Calibration Routine 5 A.

Check Ram B. Check Position Sensor. C Perform Optical Calibration. D~I-¢
Check for Note Entry E. Check for Inhibit Signal from Host Electronics 10

F. ~ Idle 2. Note Entry Routine A Turn on Mdtor B. Recheck Entrance
Sensor C. Check for Note Arrival Optical Block 15 D. Check
Wdth 3. Optical Data Collection Sequentially Pulse LED s, Read and
Store Data, and Update Data Subtotals for Each Track B. I ncrenment Data
Count 20 C. Check Position Sensor 4J Store Length Count D. Check

for Automatic Cash: otherw se, Turn Of Mtor 4, Dat a Anal ysis A
Cbnputq.anduaﬁaﬂgﬂgxggibE3 Check Average Cpacity C. Nor mal i ze -
Ref | ection Corr ct fo D. Correct for Speed E.
Test Sel ect Re (ﬂ"h%% %g%\'?éu a‘%&% %?%%E% Band, using Successive Data
Shifts 5. Bdot e Cbeetk Avexaga@padbtyr On .
C. Normalize Reflection Data (Correct for Dirt)
3 D. Correct for Speed
E. Test Selected Readings against Acceptance Band,
- using Successive Data Shifts
" 5. Note Cashing '
A, Turn Motor On
10 B. Verify Note Exit into Escrow
' C. Time Out Motor
6. Note Rejection
A. Turn on Motor in Reverse
B. Display Reason for Note Rejection
15 C. Verify Note Exit
D. Time Out Motor
7. OQut-of-Service
A, Display Reason for Out-of-Service Condition

Table IV

20 1. A/D Conversion

2, Multiply

3. Divide

4, Display _

| A flow chart of the operational program set forth in
25 Table I is illustrated in Figure 10,

When the note is being propelled under the optical
scanning station, the microprocessor sequentially pulses
the LEDs for each track in cylical fashion. The PIN diodes



10 B. Verify Note Exit into Escrow C. Time Qut Mtor 6. ~ Note %lgi
Rej ection A Turn on Motor In Reverse B. Di spl ay Reason for Note

Rej ection' 15 C. Verity Note Exit D. Tinme Qut Mtor 7.

‘Qut-Qf - Service A Di spl ay Reason for Qut-of-Service Condition Table IV 20

1. A/.D Conversion 2. Mul tiply 3. Di vi de 4. D splay A flow chart of

the operational programset forth in 25 Table | is illustrated in Figure

10. When the note is being propelled under tEe optical scanning station,

the m croprocessor sequentially pul ses théa Ds for each track in cylical
fashion. The PI N di odes thus generate a plurality of read signals
corresponding to each track, the anplitudes of the read signals

representing the intensity of the color or_infrared spectral reflectance of
a particul ar cFRE8I GENSAASEe QMBI It¥e Hotkeadhedgnels corgespiagidiing e

con?/erted } nt gedcﬂl tahcknf ehenamel ithides iof Lhe ekdd) ditthdAM rlé&esffé}eung
anal ysis O t

t d t di
particul ar notgh %HESBEéSFZﬁgz B§ﬁ§°&§?a%9n3%g3%£?4uare I ég?§%ﬂ?e
of the operatiofiah part#nm@aancirﬂmixmc%pm@ﬂ@edxxnldatahewhpmh_ These
representg a Siégaa%QgB@@H| OéoﬂQErE¥geiﬂEd“5f§EgN n?kfo%ﬂ%%ﬁdﬁsJﬁﬁ%ﬁ

val idated, is determ ned  in advance col I ecting froma large sanple

of valid noteslsTﬁE°ééée$Paﬁ@§ ‘a consists of upper and lower linits
for ht he rEflect ance'rﬂxls anaggdiiggsfatha mcil &aQr lraatead iwrﬁwé4 ed)fod !f‘lﬁn @n
each trac exanpl g at_twenty circyl.ar e aregas or

each track. GEEBP&FS?61Qﬁ§|%BgPIBngar %iafrﬁeﬁeaf QQRge

whi ch show t hedh¢asts tsenefedin nthdcEPRAM APt ad\ partt huf |matopenwm1
are to 10 program. The acceptance band data, which represents a

"standard profile” of the type of currency note which is to

be validated, is determined in adyance by collecting data

from a large sample of valid notes. The acceptance band

&;; data consists of upper and lower limits for the reflectance

15 readings at a predetermined number of locations on each

track, for example at twenty circular sample areas 48

(Figure 6) for each track. Generaily, the locations in

each track are selected to be those which show the least
scatter in the readings. Also, the locations which are to
20 be tested are selected to be those which provide the best
/a = discrimination against photocopies.

The infrared emitting diode 76 (Figure 3) which is
underneath the note is also pulsed in sequence with the
LEDs above the note so that at the same time the optical

25 reflectance readings are being generated, the optical
opacity readings are also being generated. For example,
during one cycle, first all of the LEDs above a particular
track on the note would be pulsed, thereafter all the LEDs
above the next track would be pulsed, therafter all the

30 LEDs above the remaining track would be pulsed, and finally



ésgi be tested are selected to be those which provide the best

di scrim nation agai nst photocopies. The infrared emtting diode 76 (Figure
3} which is underneath the note is also pulsed in sequence with the LEDs-
above the note so-that at the sane tine the optTcal 25 refl ectance ,~_s
readi ngs are being generated, the optical opatity readings are al so beiAg
generated. For exanple, during one cycle, first all of the LEDs above a
particular track on the note mouldéﬁg pul sed, thereafter all the LEDs above
the next track woul d be pul sed fter all the 30 LEDs above the

remai ning track would be pul sed, and finally the infrared emtting diode
beneath the note woul d be puTsed Thereafter, the cycl.e woul d repeat

itself. The signals_generated the PIN di ode above the infrared emtting
di ode ﬂ@%ﬂ§R§M§F%@nﬁaﬁtﬁin9nagQﬂgibah&ath tmannm¢EOmau1ﬂebaneuive

of the'p’ulé@&”s'%Me@%ﬁ@r?tehﬁdcv&:ﬁé‘% %’hlg%peat itselBS ag

refl ectgnce and opaci rea |ngs col | ected not e represent %he raw

data WRiEPradEh Q%‘?)?Bgégs&h’b fg PIN GhPdR 28RS elibeo HMEraEeept ance
band daisei t Hitngefd PodanCR 6 eadiengalsnd tbavidr te@agnlto r @3Q Noa1ar e

tl h f,l ect
Por T one e ¢t paf YR, fenkhadd ATV 0, St £ QAT By BRI di vided
by thesﬂnﬂage&ﬂ ahPtRkMré&ﬂfms foﬂh&mﬁctma&<refhesu&nmalamdlon of

the re%qidlg§t9r E'&Q’iﬁfﬁ‘&sléollré‘@géagfofzr an%eﬂérixge P éﬁetﬁswsame

aver age, | evel or a new note, Tes cated that this
si gni f 9t 1YB i&&u %@&%‘P?@P%FG foF e et r%%l%h%sc?‘f‘ﬁﬂﬂ‘&q &°ge sanpl e
of not &he éEueptxnué enid rédtact aThe refillecganeecrehbdingsr eadt atef Or

t LANSPQ; €a f Q%? readi ngs are taken, the
tllﬁne regﬁc?'e for ﬁné%‘ g Srggtgls%%? oﬁ;’fﬁeﬁ ?travel fromthe scanni ng
bl ock 38 to TR ?ér%‘b?sﬁépﬁ 8 (Bhgurkef} ok apaguraprdingsr ddpast speed

correctﬂméaet.orn&scumﬁutdad :fémébaacreee%ardaﬂn | O @%kﬂpwldlrstance of

rovel s 25, A P, ke FELRr B Ao R d e, e 7
corresphvati rer agioer Thiéls| agemdl iatiom ¢efethe- readings brings the w,
15 readings from a dirty note up to the same average level as '
those for a new note. Tests have indicated that this
significantly reduces the scatter found in the readings

from a large sample of notes. The normalized reflectance

- readings are then corrected for transport speed; As the

20 optical reflectance readings are taken, the time required
for the leading edge of the note to travel from the
‘'scanning block 38 to the sensor pair 88 (Figure 2) is
- measured. A transport speed correction factor is computed -
from this measured time and known distance of travel, and

- 25 is used to adjust data locations on the note. Finally,
preselected normalized reflectance readings are compared
with their corresponding upper and lower limits in the
stored acceptance band data. Successive data shifts of up
to two locations are made in each direction along the
30 length of a track in order to compensate for note~to-note
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'

stored acceptance band data.  Successive data shifts of up to two | ocations
are made in each direction along the 30 |l ength of a track in order to
conpensate for note-to-note -~ 99 pattern registration yariations. In
order for a note to pass as valid under the optical reflectance test, there
must \be ‘a particular longitudinal data shift for which there are no nore
than\\mb | ocations per track at which the 5 note's presel ected normalized
refl ectance readings fall outside the acce nce band limts. Were it is
required that a note be accepted when ente reverse and/ or upsi de-down,
then separate tables containing different acceptance band data for each 10
different oftentation in which the note can be entered are stored. The
m croprocessor nust then execute the above analysis with respect to each
ori entation unPrlttermexeqgisitsaftion. vasdedridingd y, Inherdetre fwid la passet be
optical reflecpane d€svalfid ii{det StRePoRASEA Pg@ 1!’&%%@8&6‘5‘&% Tndte
non-conformty between the sel ected nQrmalj zed read signals and the '
correspondi ng’ Bd&htBfca PafcigriacT %S#EVéiﬁﬁicﬁﬁéﬂ'ﬁhﬁfﬁhépéi%ﬁ%%b
rrucg_ scatter angketm aré¢ e ndyrethan mgs1ida:é-thﬂoﬁat;j>salz%iaansat_asﬁpah the
readi ngs t e rm.a han e conpari.ng a

9 8. Pehbldils .ﬂt’reééréi?ggtg%cqpéﬁggg12%<flﬁ%fﬁﬁg)égfn%%r$ggsdw&%gfall

plurality of the opaci eadi ngs agai ns
upper and | onePuksdast aRgRPYange Pan bts. t he opacity readings

along the Iength of Wer@ote ga Pegayeedotha g Hesepd tdd eeggaa%en
opacity can befzcr:!q:I a?rgd with furthe -accegi nce, band data in the form of
Ly

upper and | owe FeYSERE FRAQY WFiAesdowRoreennsere ra R takles
menory. Thus, cometapading Bdstf es eal tsoapasspdainfcé h&yan8s da paeded £r HaHER
maxi mum a nt ~GO0 r W | 8. P l.fe I SCrim Ion | NSt one-
si ded coprgg aﬁgkggg?3§tQ%@ﬁ?%é“ﬁgﬁgdﬁbdggghgf%P%eﬂkﬁﬁufgﬁ)??pggg ted are
thi ckness.  9k@FadwercThe Rd AFRRr QeSS Heweht bhele epecusle the above

analysis with respect to each orientation until a "match®

is found. Accordingly, the note will pass the optical

— reflectance test if there is a predetermined maximum amount

15 of non-conformity between the selected normalized read
signals and the corresponding acceptance band data.

Tests have indicated that there is too much scatter
and too little dynamic range in the optical transmission
readings to perform a reliable acceptance band test by

20 comparing a plurality of the opacity readings against a
plurality of corresponding upper and lower acceptance band
limits. However, the opacity readings along the length of
the note can be averaged, and the resulting average opacity
can be compared with further acceptance band data in the

25 form of upper and lower limits for the opacity which are
stored in the program memory. Thus, the opacity test is
also pasSed if there is a predetermined maximum amount of
non-conformity. This provides discrimination against one-
sided copies and against copies using paper of the wrong

30 type or thickness.



Qj§panning station, i.e., during the idle cycle, the LED drive current for
ach track is adjusted by nonitoring the light reflécted fromthe optical
reference surfaces 82, 84 S and 86 (Figure 3) nounted bel ow the optii cal
bl ock 38. Wien the LEDs for a particular track-are pul sed on, the )
radiation is reflected fromthe reference surfaces to the correspondqu,PlN
di ode. The output of this PIN diode is conpared against limts stored nNo
the programnenory. |f 10 the reading falls outside these limts, the ¥
m croprocessor re-adjusts the LED drive current and the process is
repeated. This self-calibration prd¢@ure automatically adjusts the opti cal
outputs to correct for differences anount individual optical conponents and
for dirt build-up 15 on the optical surfaces. |f the proper adjustnent
cannot -be dhkireveheruchs aaov\hmt@np:efsddte beﬁﬁ@tﬂntshba%p‘ﬁideﬂ then the

O OPLORRITY £1aRIRA e Bl BUHlg SERY o EVRYHU LY epds sl builds

up on refer'enc@ surtaces,” i ncreasin
curre@t%vﬁnhutmsnxofQﬂﬂﬁﬁ¢th¥%ﬂha£htaﬂnﬂﬁhsdcﬁmlanltnEinghtbeneans t hat

the 'ﬁi@ﬁétréfﬁgbﬁgﬁ'@Hﬁﬁt@ﬁens IcQPt?%f@&bhcge@dlfdhé?“éfp g pe upper
gnversmn limt of %? #o gurl‘ﬁ_tﬁ his occurs on any
pPedeRRE nd GebtF HIBES, H°Bf‘tﬁ bedo¥y é’:Ptjf‘Eﬂl eR)a‘PI?)‘Féhlen‘t’?eBut of

oEe Bﬂ}adr etdsnensmutla/epa&mtas,a¥herrackorarmgwsea pt(rj@gracrmg to place
t he bi of o\ser and tQ provide an_jndication
o 1 naaiP) BRc R, FEELERLYE, BHCR RELYBERESRRE ‘A Se R S nsbet he
refereqceeapdudbagneé@ dlicxde.ng The raptpokngf thﬂ512iﬂzﬂiedm tesmerci al
enbodj t e gyl ty a | e acceptlng
or ot SORPRESE a%%*“@?%i‘s%%eﬁit&of“ 1 SR CPE by 2t d6ET: B g
féPgthesreqrﬁens. 1ds ouytsid e‘ehesepiéeé%rarthq—]dvwaqaaromeorn the
cormer:el-aald e nemte dl.sinncar eyecesh 2 e Secands . tilke ;ﬁdo@aéetslswan be

tho rESRFRERa0ccERt araeteseR fLbRashin RERRRRy S 4 R GhagY Saflyove P N
operaadommtqwbgeamptical outputs to correct for differences
amount individual optical components and for dirt build-up g;
15 on the optical surfaces. If the proper adjustment cannot
be achieved, such as when one of the components has failed,
then the microprocessor places the unit out-of-service.
Eventually, as dirt builds up on the optical reference
surfaces, increasingly larger LED drive currents will be
20 required to maintain the calibration. This means that the
largest readings from the newer notes will begin to exceed
the upper conversion limit of the ADC 110 (Figure 7). 1If
‘this occurs on any predetermined proportion of processed
-notes, for example twenty out of cne-hundred consecutive
25 notes, the microprocessor is programmed to place the bill
validator apparatus out-of-service, and to provide an
indication. of this malfunction so that maintenance
personnel will know that the reference surfaces need
cleaning or replacing.



- CLAI VS 1. An apparatus for validiating a currency note, conprising:
transport nmeans for propelling the note along a |ongitudinally extending
. path; 5: nmeans for separately illumnating each of a plurality of

Iatgfally spaced sanple areas on the note in a repetitive sequence with
rad\ébion'in a presel ected spectral range as the note is propelled al ong
the-path, and for separately taking a plurality of optical reflectance
readi ngs from each sanple area along each of a 10 plurality of

| ongi tudinally extending, |aterally spaced tracks on the note as the sanple
areas are so illum nated; neans flﬁlstoring_acceptance band data for the
type of currency note to be validated; and neans for conparing sel ected
ones of the optical reflectance 15 readings corresponding to each track to
the acceptance band darp ANhdt{alPHindirtd -8 \eaiboddided® sicgR@k i f there is
| ess than a predeter- mned maxi mum anount of nonconformty. 2. An

appar atus accor girgsent diratentiomd the tapparesms: waisngapabadesofor taking a

plurality of optica city readings alaqng 20 _a | ongitudinall xt endi ng
track on the -not eﬁC%@Qﬁ?g 'cgresate%r% %@c@éﬁ%{fﬁcﬁg&t Q%F&enlth_ggoé&gi ty of the
type of currency vitid tribthes \ilildatredje ctiithg g elrdle sGONMTAL REmehe opti cal
opacity readings to the acceptance data for the opacity and for providing a

val i dati on s gnalremiined Ha Proresss an Hadiyiguedenots dad thexi num anount

of nonconformty. [ ac ing .to clai,mil and_f.urt her
conpri si ng: rrea_nsc' %er#e%lu%go@h%ﬁterﬁ%%gﬂ.te%(é;e%& g:po_aﬁﬁcf"rggﬁs for
providing a vali deid eippedrEtls idar R @il yoleonlfa glieed itd sateakREI €.
4, An apparatus according to claim1 and further conprising. nmeans for
determ ni ng a mal¥amQuorEynes v Sirmencys noted bve devedopingsfhayi ng t he

| f ion. 5. ' i |j ' .2, . i sing:
g OO s g R H e, W e R oA R BT e

extendi ng patd; the operational program.




ns for separately illumnating each of a plurality of laterally spaced

| e areas on the note in a repetitive sequence with radiation in a ~_
presel ected spectral range as the note is 10 propelled along the path, . and
for separately taking a plurality of optical reflectance readi ngs f r om~aach
sanpl e area along each of a plurality of |ongitudinally extending, '

| ateral |y spaced tracks on the notk@R&s the sanpl il | um nat ed,;
means for taking a plurality of optical opacity ,mﬁmemmm"lS a
| ongi tudi nal |y extending track on the note; means fdr freauring the length
of the ntAMSand controller neans for providing a validation signal if the
optical reflecgtance readings,.,onti o) ' i and. .| ength of the
not e con{'orm B a@fpﬁfaetdlgt ké?‘-?ﬁvral]él 131(?% taaﬁ%g’% yarqllgg?’dgg@%ngg&° An appar at us
for validati ngranspart seeys (foreprapeiingsthegnote ahens et LoRgEHIIN8IYpr opel | i ng
t he not ee,ggegggnéapggﬂgi tudinally extending path; a plurality of emtter:
means_positioned at |laterally spaced | ocations along th t.h for
separitel y i| PaMafPhgSePPRGPH | tiiupinarane afafhy Py §pa"§8§aa]5‘§¥rpl°5 areas on
t he no\t,ﬁléﬁrafiﬁ?%ﬁ vmdequefuae_ vht the a:dr:etinlo!’a k-apftiapmsesleemel spectral
range when pul s Wi a drive si ;_a rality o tect Qr ans for
each sen®fy ’F%?(e}faﬁjﬁ“oni'} efl gﬁf%eéegg?a)ém %Pes?gxr%l e  Affsa 1 Iﬁlr% n%’? gdqu a
Cor r espoprbpeglenealohg 3the lmmthbii atdrforeesrmrabelyl dekimener alunadity r€ad signal
whose a &éitcég_eréﬁeggﬁﬁgr E‘EQ@@Jgst OrdnGabR ! SOphEYalta ta'fﬂ@n% ebheddred radiation
sensed thereby; M S* “means for sequentially pulsing the emtter
neansiO plureditesof pkangl fefigalie ¥tgnding, adateralhpt ép?"sedprtSB%sl &8 by the
ltransfoaﬁnm:e;é atsom@légﬂpmalhewu&% ﬂlfi&l‘il__ﬁnéﬁédi;l lumnate a plurality of
ongi tudi n- al spaced s e areas definjn correspondi n rack on the
note, 5 and mFé“%éﬁEes?ﬁg%@F@at@f‘c ﬁﬂé Jta&gg%ﬁe?% gyge ;ﬂqlu?%rlg?iy of read
si gnhal s aete espmndahigiatedeanl track; neans for storing predeterm ned

t ba f e i )4 ;
accept ance am@aﬂétgf%ge%m&sgﬁxgt ¥Pfectba GHEL TCUnd Upkrdd) Pericatindal ed: and

means for conparin C ones o e rea ignals corres- 10 ponding to
each 1% acRadipee (RoTAeERIPLANE D aRER dAREK divd PO RCPFRIAPAR F™d PARi W&t i on
si gnal i fof hsHoRidihg 8SGalidabich RigAt €f MHepd IS XiedENthan a predeter- O/

mined maximum amount of nonconformity.

2. An apparatus according to claim 1 and further comprising:
means for taking a plurality of optical opacity readings along
20 a longitudinaily extending track on the note;
means for storing acceptance data for the opacity of the type
of currency note to be validated; and
means for comparing_ the optical opacity readings to the
acceptance data for the opacity and for providing a validation s.ignal

25 if there is less than a predetermined maximum amount of nonconformity.

3. An apparatus according to claim 1 and further comprising:
means for measuring the length of the note; and
means for providing a validation signal if the length of the

note is acceptable.



‘anount of nonconformty. 7: An apparatus according to claim®6 wherein:
t he conparing neans includes-neans for dividing h read 15 signal by the. "
average .of the read signals for its track to genmw
'nornal;zed read signals corresponding to each traﬂmmml”m mne I ned ‘
accé'pt ance band data consists of upper and | ower ’r ’!!rr mal i zed
read sy gnals corresponding to pre- sel ectyed sanpl e "arbast fdr each of the
tracks; and 20 t he conpari ng nmelAe determines if the normalized read
signal corresponding to each presel ected sanple areas falls within the

upper and | ower.l i mmaﬁmatdwtacsmq:hg t@r ebaizantl prdofurkder acomprisdagi on

signal if |ess than dbaRh HE! SRR nBleck 0P (HOLIPLbgEd oA 000! <
fall outside their corres ower mts

appar at us accor di ng megng|ferndise a!lmrﬂﬁeﬁ‘a%%mﬂ%i ng: neans for taking a
plurality of optical opacity readings along a |ongitudinally extending

track on the note means for storlnq and | owner cetancellmtsfor
the opacity of >the tAfH@PRAT3EYS L8R ﬁg%)tgngoa FETVERSY a2y CURG BEE¢

nmeans for cgnparing traesgorer agpmsofac propeldind mhe trmtbtmlmgperloagictuﬂmaety

acceptance |im, theyopacity and for providing a validation signal if
the average opa;é??rrdq'&ﬁlg{;shw thin the upper and lower Iimts for the

opacity. 9. Aeapppfioat FePARRIEEYi Alumdnatingm eechn PLf \fr tlaality of
conprising: .a mh%@dm&yssﬂceaefseﬁ@.@cer&g foRCRfe Ot RRSA tz*e%@?:ﬂ:i@é eguéde’
path for illum npation jr% correspondi n% ones of the emtter ns; neans for
sequential ly pYRER ngadidrion LRe REGREISRTEY FPRFBRLl orpOE® s?sgn’é & RFten 18

note i s notigr gsepdllied alumgt rtamspathi, aBdnfort eeﬁaus:el;t heakdag ec pduralbtn ot O
generate ref er%gE 268d¢5 &Qﬁéé re@'& Igl;m si re‘lﬁé&‘r:ﬁ‘oﬁ' dea!: f& gnce

si gnal ranges; ¢ freans 1or e re ere e rea o t he
ref erence si gnaturaldges Oﬁndommué&}}%é!i extendngnpliatenaidy @Paﬁﬁe fd'P‘FKﬁe on

signals 10 sothb%ttehss rtﬁzegﬁe@@a&eaéaeewkﬁm&twthln the reference
signal ranges. An apparatus according to claim6 and further

conpri si ng: rreans r Me3BATFe tRking R PABTAIALY R ARthral nR2AFH AT IRgS plone
val i dation g4 graahoxigmuhﬁﬁgli Luédtaﬂdnlng &hbfctdmghé heckpcati ons of the 15
sel ected ones of the re RL § det d nugber gf positions to

gene?tate an al t er nat'e Sgat °5f %ﬁ"@c?%& T e308 suj’ aﬁ’s correspond| ng to

controller means for providing a validation signal if the
optical reflectance readings, optical opacity readings, and length

of the note conform to a predetermined acceptance standard.

20 6. An apparatus for validating a currency note, comprising:
| transport means for propelling the note along a longitudinally
extending path; '
a plurélity of emitter means positioned at laterally spaced
locations along the path for separately illuminating a plurality of
25 laterally spaced sample areas on the note in a repetitive sequence
with radiation in a preselected spectrél range when pulsed with a
drive signal;
a plurality of detector means for each sensing radiation
reflected from a 'sample area illuminated by a corresponding one of

30 the emitter means and for generating a read signal whose amplitude

is proportional to the intensity of the reflected radiation sensed

thereby;



sel ected read signals to the acceptance band data and provide a valid

- h track and for causing the conparing neans to‘ conpare the alternate set

gnal if there is less than a predeternined naxi num anount of 20 -
conformty. 11. An apparatus for validati QH Emmﬂ"ur“m SN
conprising: transport neans for propelling th I limhgi t udi ?far’l y

extendi ng path; neans for taki ng;g&pl urality of opct i al "reflettance
0

readi ngs 25 along a plurality | ongi tudinally extending, laterally
spaced tracks on the note; means for storing acceptance band data for the
type of currmesns T6t csdqeiidialpy iplabitg theaamitter meanpawithgcaeksct ed ones of
the optical reflectance 30 .readi.ngs corresp I-ng to each track to the
accept I i%%lrﬁjﬁi‘(ﬂ%tség%aﬁl& ?%rthﬁr%?ﬁed?%d’ rgpe\(jé'lelg(r}gﬁ_itgen #glarbs RFE i P here is |ess
than a pr edesereacheemitart meansf tnddluninhte A plurfadityt b€ Bogewidén-ones of the
opti cal gigf %sﬁe%ngwlgaqfé&s deFEAR h; YorkEBhlittl BAldkYors Rht tokg, t he

| ocations o e selected ones of e read signals aag{ edet erm ned nunber
of [Sosi ¥ 1epusE thejchehester afeaRSt &PnBLReREe §f PYWAdéte Py #488dsi gnal s

corr espoippang dodr&stioidingdek each R8RS for conparing the alternate set. of

sel ected read si | s to . the_ac t gnce band_ data, and, neaps for providing
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a plurality of normalized read signals corresponding to each track;
the predetermined acceptance band data consists of upper and
lower limits for the normalized read signals corresponding to pre-
selected sample areas for each of the tracks; and
20 the comparing means determines if the normalized read signal
corresponding to each preselected sample areas falls within the
upper and lower limits for that sample area and provides_a validation
‘ signal if less than a predetermined number of the normalized read

signals fall outside their corresponding upper and lower limits.

25 8. . An apparatus according to claim6é and further comprising:
means for taking a plurality of optical opacity readings along
a longitudinally extending track on the note;
means for storing upper and lower acceptance limits for the
opacity of the type of currency note to be Qalidated; and
30 means for comparing the average opacity reéding to thé upper
and_ lower acceptance limits for the opacity and for providing a
validation signal if the average opacity falls within the upper and

lower limits for the opacity.



‘means for determning a mal function in the apparatus; and 20 meanss. ™

for displaying an indication of the malfunction.
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each track and for causing the comparing means to compare the alternate
set of selected read signals to the acceptance band data and provide a
valid signal if there is less than a predetermined maximum amount of

conformity.

11. An apparatus.for validating a currency note, comprising:
transport means for propelling the note along a longitudinally
extending path;
means for taking a plurality of optical reflectance readings -
along a plurality of longitudinélly extending, laterally spaced tracks
on the note;

means for storing acceptance band data for the type of currency

note to be validated;

means for comparing selected ones of the optical reflectance
readings corresponding to each track to the acceptance band data and for
providing a validation signal if there is less than a predetermined
maximum of non-conformity for the selected ones of the optical reflectance
readings, means for 1ongitudinaliy shifting the locations of the
selected ones of thé read signals a predetermined number of positions to
generate an alternate set of selected read signals corresponding to each
track, |

(®



mone area of the note with a second set of reflectance’readings taken
@m anot her area of the note. -and for provigmepHri son
lidation signal if there is less than a preiﬂl‘ﬂ”mwm m am)unt of.
nonconformty between the first and the secon uWﬂlu :
Apparatus for validating a currency note, the appér a't us' béi ng substantlalﬂ y
as herein described and shown in thé drawi ngs.

\.

means for éomparing the alternate set of selected read signals to
the acceptance band data, and means for providing a validation signal
if there is less than a predetermined maximum amount of nonconforhity
for. the selected ones of the optical reflectarre readings for the

S alternate set of selected read signals.

12. An apparatus according to claim 11, furthef comprising:
means for taking a_plurélity of optical opacity readings along
a longitudinally extending track on fhe note;
means for storing acceptance data for the opacity of the type
10 of currency note to be validated; and
means for comparing the optical opacity readings to the
acceptance data for the opacity and for proyiding a validation signal

if there is less than a predeterﬁined maximum amount of nonconformity.

13. An apparatus accordiﬁg to claim 11, further comprising: .
15 means for measuriné the length of the note; and \\J
means for providing a validation signal if the length of the
note is acceptable.

14. An-apparatus according to claim 11, further comprising:
means for determining a malfunction in the apparatus; and

20 " means for displaying an indication of the malfunction.

15.' An apparatus according to claim 11, wherein: _
the comparing means includes means for dividiné each read
signal by the average of the read signals for its track to generate
a plurality of normalized read signals corresponding to each track;
25 the predetermined acceptance band data consists of upper and
lower limits for the normallzed read signals correspondzng to pre-
" selected sample areas for each of the tracks; and
the comparing means determines if the normalized read signal
corresponding to each preselected sample areas falls within the upper
30 and lower limits for that samble area and provides 'a validation
signal if less than a predetermined number of the normalised read

signals fall outside their corresponding upper and lower limits.
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16. - An appafatus according to claim 11, further comprising:

means for taking a.plurality of optical opacity readings along
a longitudinally extending track on the note; .

means for storing upper and lower acceptance limits for the
opacity of the type of currericy note to be validated; and

means for comparing the average opacity reading to the upper
and lower acceptance limits for the opacity and for providing =a
validation signal if the average opacity falls within the upper and
lower limits for the opacity.

17. An apparatus according to claim 11, further comprising:

a plurality of reference surfaces each positioned along the
path for illumination by corresponding ones of the emitter means;

means for sequentially pulsing the emitter means with the
drive signals when a note is not present in the transport means to
cause the detector means to generate reference read signals;

means for sorting predetermined reference signal ranges; and

means for comparing the reference read signals to the reference
- signal ranges and for adjusting the amplitudes of the drive signals
so that the reference read signals fall within the r;fence signal
ranges.

18. An apparatus according to claim 11, and further comprising:

means for comparing a first set of reflectance readings taken
from one area of the note with a second set of reflectance readings
taken from another area of the note. and for providing a self com-
parison validation signal if there is less than a predetermined
maximum 'amount of nonconformity between the first and the second
set of readings. ' '

19. Apparatus for validating a currency note, the apparatus being

substantially as herein described and shown in the drawings.




