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Tile j)UrjOLc oir our: stuuy %vas to comiete the anaiy- Js of

brain dlAta £Lioiii the first Cortical iiuq 1ant of a .-efi.icorlductor

iauiticiccuroue array. Wie ilo}e tnat our c~forto- iwre i.i aid

furtaicr tc~tz; oi rmu-Ltici"ectrcue array iii-tpants. Aitiioucjn we

Wuere- una 'ie to coi.yjete.L a-11 our dceoired oiijectives, oecause oi:

variou 3 Ijroblxci-- and deiay, we feci thIAtL we anaiyzed r.Ost of

thu Ucta anl(i Inoj-:CfuiL-Y aun-werea coi uc-,Vionj ralsea by tile
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PrevlouL ecac coriouctced at the Air Force lnstitute of
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TilL Fi"JL;.' COC,' C,'J, lr:PLALT OP A SEMICODUC'O!) NULTIALCrIPODE
ARRqAY: CO"I/TNULD DATA ANiALYsiS

I. IQ ArmLumig

The iystery of how the brain functions has been the

subject of specuiation for centuries. In recent decades

however, scientists and engineers have been investigating

specilically how the cerebrai cortex, present only in the

mammalian brain, processes functions SuCn as; hearing,

spcech, vision, thougLt, etc. Research in the above areas

seems to nave intensiiied in the last thirty yearu, since tne

asvent of the transistor mace possible the developgent o more

accurate anr seaole instrumentation, to measure and record

cerebral cortez: electrical activity.

Now, wirh tue recent progress in very iarcge scaie integra-

tion (VLS]) C;, not only is the accurate -'easure.lent of

cureorai cortcx electrica i activity possibtc, but also the

siu-atjion of cerubral neuron activity seeis to be a very

reaJistic poo. Of particuiar interest to researchcrs in tue

fie U oL Latteln recojnition i0 the operation oZ ane ±huaan

visual system. Unioc:-'.n:j tije se ts of the 1U:..In visuaZ

systelL ay !Ca& to OreatrouVO;s n tOIC a,.ea o visU: Scene

ani sis (22.3). VisunI. scone ana ysis covers such diverse

subje.'ccs as tarqLu c.mquit,oion, .wclne inspection of wniufac-

turereo parts, rc inq macaines, and UC2 rcEOnc cepJjorai

I-1



(E)analy.,.;i; to nia::.ie out a few.

The rn.ozL cui.:;zaon ietioaaL ol Iieasiuring hu;,,an visuai a;yLte~m

activity in tne cerebral cortex are tnco electroencei.lnaiocram

and thel Vi!Alal evosl;eu responLe (VEL). These inea iurernelt tech-

fli(,ULL WUrC! irilally deve.iopc u-,ifly scaip eiectroaes on the

s u iject, nrirualiy nu:.iin, and aiiaiyzed in an atteiipt to discover

SOEILa11 lj aJoLIL Lorain -Luniction Cl i: I-i). V.-'-uai evoked re-

spnerI:CrL: to tC- 01:a~ or Ui-l.atlOnl 0o cortical activity

recorou iiuiou tf.o Lcaij §ecto while tlie eye is expo-sed to

a known ifl.UL 1Jlt of rUleacuu ZQtrobe flashes or geo:.ietric

patf Lcrn<s. IAkicIjou~jn tnuce ina are userul, they can

i n f i uLnc un by iu.Lci tiiin~j: a--r~3 ioa~~ arloLit'losi

-Lev'(., aiiL Eittent.Lon. '211CY alSO rercen urAatiOn Of I-;I-

l.o~of locai anndL asl a ~ rjuit, attemjptE zo iJAodOJ tkae

VI:EUai1 c Llnonrctlion US rj LE'G or VLR scem to bea ani~o-

CJOoUL to "n.'? LiC, juiterja.L wuzori-'n1jj of all in1colnslstunt

ovaic yi CC)in "o nic roc i r IKlakQL M1;:1).

Sinice cI-.Lcrn.Ai Li~a-ULc .ct I ~ nL eJ~r to b( t t

pio\'~ck2 tat,( j-~, Lm nL &1u to InOdei Lllc ViUi Siy~tL-!,

nc(2; prcua J. aicu on icro'z3atrdinl -C.( Drai-Ln Or

on ±~ ~i~~ie wrt evc~:&u Eary CiOL~ atcL~tcdoniy

(2~o;i2;uL.~nLJi)cLIL;:to raOaily ouioy.eiytlne-

tOII o' 1: .V .O U2 i,.UiC L.0 0 U aaL y 0 (2 ha L 1-ifc L) c c n

L UJIL; J-.DC. 001.i~tL iddU,) tac ci.cilU .2 J x.CC C i.0.u to



us b~ e uLc t n eUw o rce ea to6h nr c. lie w~.as abie to aciiicvQ a

1.5 ulni~iie Ler (uc:encetru) pacin(3 usir., 400 (20 x 20)

clc-Ctro~uu5 ('U,9,10). The~ ori'jiiai work by Lortun-e 00e lo'

(26:2) i.uztra-ted th~at tlhe anauomv of the~z cel-ebral cortex was

rei. rkzoLy uniforiu. Til unifority ;:ugjcst2s tiaat the PrOCOeu-

sin: pertoE..eU by diLi~crent functrionai arc~as of tiie ccrebral

cor~e. j_ , enuont on the input signais (16:1-2). It tills is

in ract the case, tcin thle e..ainat -on of the baoic functiona'

cic"IuntI2 ill a su nl ic area or: taoe corte:: COU.LU PIoVIGU alla~LMz1

ti.~Cni~bea uillvcrz;a.iy applicaci to othler brz_:1 LuliCtionr_'-.

An ._llnution tiau t1eaeL a21 r(1Ci2. C.;i1li>2 Couid

be COOjL:ara.eet 010uro:1; iaL u-1j('(...ted Dy SCVerai

rOLc'Cdcy5(K:±-). nlerCOna;.o!!rlrinj Llio neuron p~aitern or

"wiroL§ 6:ajrc;"l1 ~.ee orualn ~ 2)~ai~ anu

be _ZlO \i,-eaia r.C±I 1to ouILI..n t110 V113101-1 L;tten noCut i

I .. C CG.A-1,ZL Oil a ICj L~ I. L; ( 1 ) and Ir: iao ug ' to havec

ZIL J U A;;C Uf( f.U ~ai .a: cvr±out)Ut 3 OC t

11 1;t- CCLI LI- 1i E.;c tL _;, C(1 r : ua Z. c: L; C'L L; uI ca 1o 1o: t or b~ 2,

A iC (,L La :J) L LilLic l, L u v, .j aoL-

K ~ C I)J t U C 111 (

C) J4~ Ic I C n : .A C,. L; J. 'k



1evcois (i.e,., tile cuioct, 1-id to olcrate betx'L',(cn 0 and +5 vo)-t-,f

where +5 irepi~ceientcc1 iogic i-tato "1" and had to cnancje s-tate

w.1tilin a- LOW, nluru.-cd riano)Leconcis.) (18':!-G)

S De-L Y, 12etect j~a 'ino ex:ternal clocz, gienera-

tor coniver-Leu tno syiicn into a TIL coinpjatibic squar e v.avc!, out

-.rnc( tiaL xouici on-Ly ~ kup one of the four rowv sijri:s, a

ti 1.,c duray wan, ric-eade to alo Poar:tiUo1nng Crhe p.uisen of the

externai c. oc-; wihil- eachii yxi~ wincoow. Th~e ren;ultinq TTL

sigiiaL (tlne cwcc!;) iau a itxnu~inie deiay oif aLjout 3.5 mnsec

Y ij - -D -loj Tile c-:te rnaj- c ock

data'- c and . utop 11 atcr a ac) ignatud r a neo of i~ai~c n I-.iic

been ta;:c-.i. Tiai 1w an, bye tile ci.rcur Countdng tibe

1:wro ~o* U.L OjnU Ore CUin S; th c- CIC:o

or ),: wnr o u ~ r C' ic' U. I I~ SO~ 0 ), U 1 (1 thru C C I a dat: UUa Ientry

Up 'U j I - C. L U D2)0 Ct a 1 L.Ul.C-CA 1;1 L i)? r ourv 0!

u1 CJO0C.. IiA.j s. L .: L 4 LUO .m . . vULi 1  a0 i.

~. LU L-... AJ..ij. .. u: a~.. ( & 1-U)
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w*.as avaiiaovLc in tiie AFIPi S:ina--L ProceL;unyl Laboratory. Since

tfie data weore recordou in anaiLoy kform, they hiad to be cligi-

tiZe-d andl enltpcxd

llaycL;' teiwwas cilvideu into t~iree ar-eas:

1. Tne Lyncnronizzation (Lync) signai conditioning

p ha -,.

2. Digi Li Zat -on and 'pre-a Iy , 4 L

3. Data anjaiyuio phase3.

T11 C, yncliroln --Zzton s ignal conditioning L.)iase was, the

moZat cul:qj 10aic of Eayau'" tIAO is ek.-iort. lie was reoiuired to

doaigri :iu UiJu flvu Circuitn" to accomlp.iiih the puise saiz_:nq

&:lu uunQ rca_.x1Ly Co cgiiethe Uata. Tne circuito 1)LI.1t

wer anex~rni c oc; jac r af tor, anll er~i ~c coniroi-

aor dc da entry cuntruiior, a i-modc control.Lcr, and a t-Ime

Ari a o-, j-D 1 L 11 Collvc L O r ofi iia u c ~o~a; ycouo

w ~ ~ ~ ~ ~ ~ ~ -taL. c ,taE cratcock oit ion wazn clio:ei~ on thec

a tar. C.i~ iia ta1 az jti Ci occ In, .tei.u I:p C: O.a.. ouLd

an ~ ~ ~ ~ 1 L,. I~L~ 0Zu cZ.~ Y'_4*& Iacal J~ iC,:C 0. t1:n. ~

1 .1 -0



Tale 1

ISIGNAL DLFII~j.i0o1 I RE2COR~DER CIIiM2,'L I

I1. L.'ternal Sync (Row One Tape On) 1 Hiz 1 ~ 3

1 2. Surouc (250 11z) & ~ 4I

1 3. VloC) o Tra Ej CI.

1 4 Ar ray Data Li-aq;i iI"eLz S

IAi,'pi if i cr 1 V

Ii Ar i j.i- r 3 v ~ 12I

Li!I .i i.i e r 4 r ~ 14I

j i i- iu: r 5 -D:, X~ c i i-L~ a~ o Exuc .i;or i i I li,11I
Licctrot.c On i~2 tt-I-- L2: i& I
1 A1 U1: L C1 U C; C L:C2 Ui1 L:1 tr I: a

1 1:L ~OiC Li; S- ZLI. (11 L L 0 c cc UU1:L I.nj t "0 j i~r t 11cuw d ay-,

OLiao V.L L .rnL ~ c:.L uc~h c h~c~

COW CC CULJ~I~ ~I C~ JJ Dfl U~ *'jWC C ~ L iccnoun O 4

tUC ~ ~ ~ ~ ~ ~ ~ ~ ~ oI 'tl wolc U; Lo~ a u.G'.:i cJ-£20r~~c.~uu~ iii



DAi Lu~~a Tw~o tLypcL: of c.-ta wkere coiicted; hmy-

s-Loloyicai loat:s and cortical, ci~~cLrical daita. Tile IIcn o Ley

and Den'Lon thesis- is, only concCrned wita the cortical. biociec-

tricai ciata. Tiie ciatu were coliecteci over a period of seven-

teen 6ay-". Data were col.Lecteu every cay for tne first twelve

day.--, anai then every otner cay. For tiie first severa]L days,

6ata were coiie-cteu in the ditiereritiai i.ocle on.-y (See, e...pla-

nation L'n cklapter I). For tlie remaindler ok tne days, coiliec-

tions w.ere done in both diii-Lercntiai and! aosoiute modes.

~ SJ~Qac. in orueL to extract fcj;Ion:3e infomaio

frcom' the v izua. cortexc.' a stm smust. be usOU. ill tiis case

a strobc Lai.,j was- u.rec t, o provide tna s;tii uius; to produce, VLPR

catL. Tw,-o ty!pez; orL- st-roces ;7ere ui.ec uuring tiae t es"-t-i n ,. The .
firz't at rooe, a snai inca s -zccnt impwas; u~eu Lor LiiQ first

six ay.It wazi tu;.inn Gon tari anl averaclu of 1(] 1Llii2.seconuzs

(la), ur.~rJ he u~ peio ofL bOLl 0~ Lh frecc uency or

tui3s :Loo. ,i 2 Pz. Lh econd ,-tzootuusri a jJ.a.sa tuie was

omilj. u on for- S a *To o-Lin" isa or .e to recduce anly

Corrup'rlnj a-Zct th sucn1:e waIve SLroOs nay avO ijpoca0

Lric e ccy i~ r iou ofi thu V1"1. Tile Seco;nd Zs r obae had a

r re~uncyOr I 1' ; trie ;erio' Oiinj 1000U m

~~L~C.Y~ dtawee toeuusan va'~;>i 2U .

LLZInc1 1'" SC00 rae r (14 c> uS: t ra cas;01L aIC %. o V U '-.C t:::n Ls)

Toinb e 1 .owawnaaw st rce C &Ci C.1 . Innc ±*Lsa~s

Wor.:il ' 11 LIOU' OUL1;,L) LOWda all~ t.1 VUICee- traL-ci

C11ailICLc± tiuc. j- L!.: LOWC 01-1w on (A*,.) 1:1 U ou aa i. syaii nc a

.11 -4
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I I DlaZt _

The principle backgyround for tils thiesis is inciuced Ji

*the work of Hensicey and Denton and that of Layes. Hlensley and

Denton desi.ried the semiconductor implant anu collected the

data usct here; Hayes conducteu trio first c'ystowatic aniaiysis

of the data. A basic understanuincj of these two thesis ef-

fi:..s is neeued to unierstand the prloblerw which were confron-

ted in this thies.Lj;. Thssection will describe the relevant

portions of tho two previous thescs and brieifly explain the

theory Doihinci Lso1e of tile actionls tak-en here.

2TiQ Li Tt,. he xJFIT' muitieioctroce array used w,,as a

four-by-'tour aray OA: JJE'L s anu asociated -JIIGuV 4d(uai

ele~rocsa-' io~n i rjuie 2-1. Ini thu eloctricai uI-acrama,

eac sorceis snown coi co o a s; juLaro "IScriS.-n~j Pau"

(i.a. ecto c crouc~h ri.c conract is, n.,acs With t110 v.LsAIZ

cortuex. -'e srics conn cit-ion of the gaLT sats anid urai.n6

mrake uj.i tire a ry ows" aIL6 "Co.;, s" rLosI.ectivuiy. A

* r~~ceerencc e.LocLrOsC (' i ~ izoL)O~~ 1£

Wrici i~i c ~ ~rais(FiIu :jz 2-2) a-, o ps. e o i.

rows, ~ torr:.. Ullt r011n 1n 1,12 -,OUrCw o ari icuba r ow

arc!ase tnrlIou,,I tril JITdsr u cic colu ,.in outputs .

T2iiuL, ioccuunL-zaj :0 otru J trie 1:~ CO 1: 0U UC t us a wL a.i u .L

out~puL i,, CLriic.un F.(ure 2-3 L:njuw; trio OZIaIc CIormat o)f

ktri0 CO..ul-io OUILLUL 1t ; 2



coi-ncidc. with the tnree main arc-as ad e.sedt in the probic-m

( scate,,:I .

Chapter 2 vijii prcisent a suimary of the dovelopMent

of the 1,FIT imultielectrode array, and thke theory wiiich tnis

thesis iii± use'L. Tnis is to inCilde a suiimary of Eensiey and

Denton'-- thes-is and al-so Hayes' tihesis.

Cnapter 3 di;scusses tae hardware necessary to condi-

tion tne tii.,iing ,,.,jnals, so 'L-Aat a TTL signal wli. oe presen-

ted to the A/1) convur~iof device. AAdit onaijy, tile hardware

devoionL nc-ccessary to synchronize tlic tiuincj sig6.nals with

the data sigLuna is is rsoto

Chlal.t-r 4 a.dasintaythie faliiiiiarization

w-ithl tlei a-c ~ aeacu l~ pLoc-ossLor, tne lilASSCOLIP 11C-

500. Lat te soIOL~cueiyi nccxs.ary to pcerrorm tiie J/IL

covel~ L n, Lhc.' V !,.', c. tao- viu (c -;ov.* %;~ ili-. Dcc uscusSea.

aoLcj picsets ~e atu reduction det i..Se-

fici~, hw he cLa c.j rnl r I.,~ o; tne If- ua. F.~tlichalnel

talpe, re!cOLucrI Le~ 11o.. -the VLIZ u'-t:: 0;er: otineu.

C i~a~e 1 di(u.;1 ts rcJ.. and .l . urawiu

Oh the d CaCoiec~tcd, a4sz to it4. ;'zlidity aens -Lo wehror

rIot ~Au ~Od iLL.C~~I\'~ ) ~cto L'Cail r.o~cJ tahe Cy

OJI&J.l On ;S.n

*UL: ta CC)JjOC t Oh ( i) £ .t.- . CLia;a ', 5u n ~ A~O i



Data coll ectecd by liensley anrd Delizon (19) were recorded

on 14 oi: tae 17 cays during which tile array was impi~antedl.

The nuraoer 01: tests rangec i:roi-a two to four deiending On

-- whether or not the dog was or was not, aneitilesized. Each

test was conducted uricer sighiitly different condlitions,, and

care maust oc' taken to anaijyze tlie resu.it. accordiagiy. Pi rst,

a AID conversioa moust be done and! all tile data derauitip.Lexed.

Ne Xt, t iie s oftr.wari:e t o c o ip u te 1)o " i t 1iL. V ER a nd the other

signa-L processing iiOL.iI icntioned above, must oC- deveio~ud.

This soL-tware r.tay have to be tailore6 to accolmdouate tile

paraiuicc-rs IPecuijiar to tuCe vaious indiLvi'dual tests.

The ci were ori 'jna Ily cc- occd at. a c oc; rteo20

Hertz (Hz) dCcQuse' 1'-ost j1oLain.ua:edon the fru(, uericy

0 ~ ~ O 01: ora.*l n inaaidc ti)- tL 25 Dz is tile j-.Lax±j.u,,a )rc~jcy

cordiponcuntL (i)33). 1f thlis LasLsul.lpt ion i s t rue , thL.Ie l2YLJUistL;

Crteia(aii;I-nj oi a £; jal uzt L C! grc-a'-terl.an tv.,cc thle

0 ~~ ~ ~ ., L-xra)i cr~ ci)hsbn sa t I f . o It nas'; t~ro

b)e en1 dtcciULd to retainr 2'50 h 0st1:aas~..in rt o

tie i'ID coinvars,.ci;n.

L

Tlie objc~C&vu Of. L~i:4; c&~L. J tc o0 1 ,&j i L i )L

*th ki a ta I aaI. y i.. b eQj UoIn b ' aOOLi1l&~' n DanlL on (1'-) ai

11aYes. (180 . '2iacso!*L ioa ' i 1 OI, i.i. .~ r~IK to



.~ Lw L .. 2flc LZ~.I~. . CL!(j by Iciyes (18) , care

M iUt L i~ .jk LdI,j~ to ,;i',-U1e LliL&L tnie uata an6 the strobe

j l Il- Ii ynC. III Li %waLY# a valid averaged evoked

Tile £CCufl.u j,JL 01 iL- or b i o i.u is thie analysis of the

da t a L.;w jnai poccLsing tcchni .Iuus. The t:irst anal-ysis

imtiodi to 00 ap'p.ic-d istrio averaycd evoI,;od iresponsc whlicil

o::t ractL tihe evo;;CJ Lpor4OfZ _r teba ro und E''G cata.

SOit~lafrc Wi.LJ. beL 0CeVo-'Loj-)ed to j C 1:Lf Ii tile avagn V01.Ij1 YO

tne ,zync.ironi%ed diat. 1iles. Oilnc t h- s i s a c c o i sl 0d

aa di t io I Ia 11 s~iai proccessJIfcj ' chl 11 (1±J Ue Cpg V .

t i iiL p e I m'it ti:n. Soie~ OL tll os CGOILluill htothods; Uscoe to

u -* ; -)~s t-'i L~cIynd± fro~i tile 11oi Lc zlre 1i. an f i '"Or ii(,

(21), Fouric. zanc 1;a1,Lis i1oraun (22,41), W1eineor and

* tifLic-varyiig £i-tc-ting (11), aii10 a;,,L'-CUUO fl5(J2)~ (4).

Firiaiiy, L! V -,u~c tLap will. bc n~ol tnc clianglily.nE s..ynai

iOVoiS at CaCil Of ti.IQ 16 0erraL'y QjiC'1:OJC!L. 0h. clfllysOiS

m nay g..ive- inortinO LC~ c. t 1 :.L ifC 01 U 1BCEI2' a-, tlu

* wi±± be pri ILC iL Li £OtaEZt~ie ,j a II~jOL ,h uta

A 1..uayOj-L e LL";Lw. ; to ojovue'ok a' (Or-

UitilhIs aIlu j;OCQUULCk.; li.i C 17 Lcan Usa ' ucL y tilc nce-;t larger~

a rr I: uy~ l4LLo ~ u ~~t



BecriuSe or Lim-,e imitations cauz,-ed by circuit construction and

processor limitations, however, the data anaiysiis was not

coi:!jxletoc by Ilayes.

Current.Ly, work is underway to desigjn and faLricate a

larger array witi 256 electrodles. However, before the

*second implant Operation coz..;cnces, the data f roin the f irst

impiant shiould be ;Iaay-,;c in ordur that a 6cision, as to trio

validity of the datao, can b L ji a de. Therefore, thle main

effort of ttis thesis will be to complcte the uata analysis

proceso.

There arc, thrcc A-iain areas, wilici will be investigatoo in

an effort to s-olve this problem.. FirI:s t, an analog-to-

619ita: (11/D) coriveis ion ,-,ust be perform,,ed on tho, d ata.

This -,Lep usisc;retizesF the utL zsignalsu wnlici allows tile

ajpLic.-Oicn 02 s;iynai ptoccsifL;cj a 1 yo ri iAs A, mSpecial p-lur-

posea Cc L-i .~ U't cii u processoir hias bee-n recently

accuireu by, tiao z1XIT Slicna-t I'ocsin abozatory which can

PerfOral Z11 A/ID conIvUrZjor1 on1 UP to 1G C"C:1arm1Sl Of Ciaa, sm

tanuouLi y In LIAiz WW, L .,1 sycaroni-WlzzaLiun of- tnQ Uars with

tsrU L;jr 00s~ ca e cc-Jw~ iChout 2jLul,.5vo Cond

coi~ie re~..ai L~.19c resCi ~rY. YA'1Us, zoftwzuu m.,ust be

wiLLL(Cii L0~C j0 I. tll ! /D covc1:s . I ~ md LI11t illiUX t leo

CCO.! Uh nrII 1 " rowi uZa 0:oziecilr a Lucctirode inILo 0 r~

1 . . u" Qi.iC(-. 0~ccs C!C ' L 2A3I c 01 1 u t 0 i S L;0 11C.wv a dolCl-1
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nitroglen environrmentt) (19:5). Finally, with' the assiz tance of

personnel -Lruw tic± heros pace 11eciicaill i e--arcli LULora~urius,

Wright-Patterson AFB, 011; thie muitielectrocie array was implanted

in the visual cortex area of a laboratory beagle. Data were

Collected in two mocde-- (19):

1. The absolute wode, whlere thie signals froin. eacni of the

1G electrodes In tnie array were measured with respect

to a coinru~on electrode in trie array.

2. Trio differential mode, where each electrode signal

was measured wilth respect to the signal of tne elec-

trode in the neighooring co-luitn.

Eens~iey ana Dunton wiere unable to perform a dc-tailed

analys~is of th'e data beca-uLse of tiine iimitations. Thierefore,

aciditionii tnusi s wor;k was perfourmed oy Rooiney E. Hayes (18)

to ana-lyzu unu dtr.iethie Va.i(Ality Of the Ciata Collected

from tlic 1i~q.iantcd arlay. In his research eiffort Ilayezs needed

*to S O.L\' tljce foliowin; thiree Proolen~s:

1. Ci~rcuitry wac; rey uired to coriuW-tilon tihe data timi.ng

s jnaiL; because tiie jprocess or u:sed to eromtho

* anloyLo-iiyralconversion on ti-e datzi signals

oper'1atCu Witn tra: Lrls~or1o.c(?) Thlis

means tlhat tne1JL cIoCA' LIusti O )rzateL 0e..;~ ZU nL +5 Volts.

*2. It conrEol cirEcuit Was ncaito C)~ ta1C ictroazation

ofi the)0 stro0e) 2 a Ca 6 s i~j. ZnI -Q th'e L!r 6,l LonY L Iie a rra y

cectroucs; to compIiute th aca-eeveerc .i (LI)

* 3. Pinally, Once tlie Gata ;,ecdjiL euoi 'r au to4

I-



succeedied in 1:aLricat±inc a device whiich operated in air, the

device! failed wiien iiI~suin a saiine solution si~i-,iiiar to

tnat found on the Lsuriace of tne corte :. Thus, furtfler re-

searcli into a method of encapLsuiatiny the switcinyii ci-*rcui-'try

was, recuired to protect thie chip acainst Sodium ion contam~ina-

tion.

The nkcs;t thecsis concerning th- iultieloctrode array was

written by Georye German (10), and specifically addressed thle

area w.,iii causecd the device fabricaLL-d by Fitzgerald to fail,

triat OZ. circui.t paSZ;sLV~tion. Gruai~ln cvaluat-ed sis teen dliffer-

ent coiiiationo of i:-atorials an(. aj~plicaLion processe.-; how-

ever, only two .iuter-ai ; w:re foundI wl'ich Wulid res-ist the

degrad6ing ef Lccts, ot CSF, giophsi."t ass (PS.G) and

poiyi -iuc (LD:36). Geri:-an 6ucs ijne6 and tested tiie d rive cir-

cuitry wilficii provided thie w~u-Ltip.Ie;:ed drive siqnuis to the

array wiire it was imitmersed in a simuiated CSF solution.

*Additiunaily., cie notad-~u tozt LiO Juition Field L.'i a-ct Yai s

tors (JFIY2) cirCU.Ltr '~tCILi Ii&ILlU..Ohi ItC*n--In,' ciiarac-

to rl±stic.

The iiiilat. o tio L~iII*ctu2L.'I-I 1, cLiCic!trCoda-- arr'ay

* inLo t"'I Viual cor COtLa CoJ a uocj;a crungine.Cu iOY U5l .

hanaicy ndi Day au C. Denitoni 1J 1.) . Ti)Os u~t. thO a. r ray

*Wi til OC.L; CCQ, La(XU.~u 01. Li1 tV C)WJ J.* L. I* 3<L th uC1.0

on Wrgzt-acct~o k,' '? L;a.: t 1c suV~vc itV of tic

a~rrzay )in ~k tha (J iv±~i.arLe~k. Ta ac,~ s L :.v 1 a 0J. L C U L

tne array Ubca Lt r.ucas ii. .. 11 (.;L(1 -jc. All Za



raert ot 13cI intcraction, -everai re arciiers have attcu-~iteud to

uziu li cobcopiu t icLctrod~ 1 iy!afir-c oil tiie Lurfacc of tnc

L cortc;. at uiLstaiiccs wh.uca appro-,:imate tile separation of the
L

B3CLz. SoTrie of thle micL~t signiiificant rescarch in the area of

irdi.parlteu muctif.le eiectroie DaL3 taken p).Lce at tac Air Force

111-titute oi Tecilaoiogy (I-IiT). Tilere have been Live previouS

-flastor's Tnce3e wtuch uealt with the -subject or i.,,utipice

eiectrode ;iacciuent on thle Suriface of tiao cerce)rai corte;.

'ine initial propos3ai ofi &n Ai'i ritieioctrodo array wzus

ma&ci Lly Jo.n 1Th Tatinan (42). M~k thecorizod t~lat it wouldc be

*posLn ibic t~o conastrucu anl eiec'roci array of 100 rowL; Ly 100

coiulninl~ ."t.) ccr On 50 rt-icrol ecenterau C1no6 Iave a syZ;"e2,

*data rno- of oic i-.nuj i on wo rdkj Vcr occonu. lhowcvcr, to tcOLt

C tile 'tL'iiory o.f a uultui exc el-C C ectrocdel array ari to simplLfy

* oll:;,rucciun, a f our by iour el I-ctrodce array wa ,; iabri catc.

*Tait,,,izm i-n :tip;t Lo I- c -i~icc an oiver aticnzu. 1C Wa: un-'LCuCC.oas-

f Low 2uL h J L.2 1': rt Z; cA-c n- -ow t1;at 'L tu r L icI w r C)I: n t- '.2 area ,

wa~ ar : ~~. ~ii ~pobrei~ no encoun tore oh uzjn, oLi,

Labietio pJaLc2C0U14 !-C o)VerCono,(.

T'Ic~ ej2:Iort- bCY!"Ui b.y w~~~a ve-re cuirzied on by' Gary

VitorL c (1) c of.L6 1 hic Cro"Iuo coulLo rci by 't.n

ore L ~u J0L1 ~ t~i~ of on:,i ic con,-tacl: ,..t, the

a ro L2 0±c 11ic~~ o ca tQ i I L; a 0 L c LIZL 1: j "I- 7111UXJ

* (C~I)., Y 1 1 .ic~ a Ua C.c n&±ucr Ouc cJlx';
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£ hL~ - a L ).Ie. The riode controilor %-.as uLeu to

set/resuz flags wiiiin other circuiLo. T±ncse L~acjs eiaieciu or

*disabled the ex.ternai clocK gencrator:, set thei cxternax ciock

* controller to respondc Co tfie -irLst or iast occurrence of tiie

stii-aulus control signal (tine strove), and] set tiie ex ternal

* clocik controiler to either start or stop the external ciock

depending on whetier normal cortical activity (strobe not

present) or VER (strooe p~resent) data wL-re being sair.yled'.

Di~itj~i-, ~ riayL. Next, II yuz pef.ormed thle

6icItizat.ion anld 1,ro-aiaiyis paa:e by desicjnIng routines to:

1. Control the! ariaicg cc)igiCa to analoj (A/D/A) device

iro th Eciiipsc 0/250 im-inicuputerl.

2. Scoaw tac gitee data to bLcLwucn ±.5 vol ts belfore

3. Romovc uyslcal cracLr:.sit-c- in tiio data wh-jch wore a

f uric-i.oxj Gi twe (, oLZa coi -eCCt.;iln !;,oCC s aL; i lOWL:

* a. ~~TIC, Cai lco nctmcUrllnCj dat.. CO-.eCtIOn.

c. A r t i zct c au ed6 by (ji i-j o f t iie a rr ay o r

lian.Jlc: of ii:~~-~ V.t~e3.i thel a~rray

Anj a~ Ay s , L tflC Lii, t 'LJAl ia 01

4taue Uu TI2 ( ~ iL±c C. '"; PL j'n.ia ilyi a Zao:: L:'. L an U c:-j aIi L w I JeaC- !

Cationl j)lOCL)iL;i. 'a ye eCa ~ 10 ri2 orl (aUvc 7 0 ro LiIU~inej

to accolIiwLu 2 t 02 wrE (&1 l-i-I;

4 ~~1. Proutucu a va u ' LO li.uk a . ti2 a-



2. Cal1culatu the averayc j evoked resipono;e (ALP) at

4 tile B3CE level.

3. Dtermi ne a low. frecjiuency cut-off to aliow; iriyle-

mntat-ior oi: a sofLware iow-pasis tilter whichl would

be used to iin.prove thei resuItz; oIL the p~revi-ous

two routines.

The spatio-trc..porai. correiation re( uirea6 two routines.

The fir~t involvud the corlLstruction of a topological arrange-

nrent of LIhe cata, 16 samie . (one per electrode) at a timi-e,

witri the aiupq~jituci olf cacii eleczrode rejpresicmtedA by a varia-

4 tion in yrcy level. Pea routine was deiiiea to receive

outout odtiu r routi-ne and tiicn to u~play toe 16 grey

levula, one 4 J: 1, sail-).Le at a time, on a monlitor at a_ variable

race. Plnal~y, tlic 4x 4 disp*Ily of cjrey ievels was ob.,erved

to csce I i.L a i-eio corrciat.Lon e:ilztccd w:i'Lin tile

data, re civau Irol" toe surfaL Ce oi thlecoe.

Zin av(2rzac cvou'edj r one (Il) anIL L o.,rnarud

to so.terulatior11isn_.p o the LIA V;isual _stJ.,uiuzs (.'robc) to

LCL: actl'vity on L,,e coitex surce Tlle rOuti~);e cc sine

VI;RT f ro,, ,, L a uig'i LzoC ILG u L )' LI S:il-- t i"3 :iiL e lrobu

ile a , (A nie hc ewnae heoc:Oi and endi Of

L. Z n C Li 1. 1 .t C, I i .-1(_1 L)y rcuoin1, tie Ladr.c s o COC.jLtrCCK LLG datia, waLs so _,a rated: in'-cobLcU:ca ?C .~n c aild

dvcraIU0. T1.0 Ec5UI;-t was; a pioL si'2fteVR~nresIi

~~~~~~~.~~~~10 __, ner± i osIset) w ij . n c n _ConnedI to Lsum

H as Root LLVI &Uc.U'~ R;uu.. )



Tie linai anaiysis, routine involvoU filtering or sin.ootiiinj

the data to iiwiprove the ~eL~u-Lts of ti-e topogjrQaIic and VL~R

a ria.Lv:L;e. Ficst, a finite impulse response (FIR) f-iltering

aicjo r it Il coi'.hj-uteci thec convolution jum of the filter coef'fi-

cients ana taic aujus-ted data i-,agn.*L'%t-ucde (i.e. data rescaled,

L-ateniuaed~ zind! ijian csuLtracteu to remlove electrode bias).

Then a movincg avu~ag3e was; computed by usingj either a Bartlett

(t lag ur , ~a1r~i~ La;.~,Ln ,or BiSLac,'.man winciow.

HayLs was' onliy ~e'Co jpeii orm~ a preiinary aaysis oi1

one day's; wurtal 01. Uc..a dluc to LtaC delays encounteired during

* tile arwr dveux tPlhaLse. As3 a result, some of hiis

COI CIUs:iOllz W111l DO I'urther iIVCI!estigaZ)tcIU in tilnis thes is ef-

f oi t. 11peifkc1 al , wncftiier or not tnc shape of tile I2VR is

depe-ndcentLOi on i L;o si Ze0 oL-th datu -ilc ave r aed. That iS, i4

the VEIR CC), .:,;L ciiL 6uing -i th-e stiiuius period. Also, dupli-

CatIil Of tlie VJX'!' obtaine1 d by' ilcnsicy and Denton (19) f rom

d data &o COc- e I iou ecCI-L: - 1, a Ltackieo on th1,e dog's-- eaI a n (

tla reiieiece olacLrode' Ivitiinl the Aidi' Array bi e atmtd

Finalliy, asu be sough;t LL; to now diegreciat ion of the

* lectrozic cace tuec reliabi-iix; of th'e data.

c en c om~as~ to o. gj I. o n a& scma.I U aaa o b t a ind o b y

ces ev In I II: U0.. -. Iy D C~z~ > r e a ceo i0:! I iled by

Cs r1 un' tw t iA 1.-2 Cr ~c: I LI :,I L S c e Cha pte0r I.

0 
1



*WfLj'i niiaz a ij~mLecu Fourier s,1,ectruin, tiiat is a sp~ectruml (jW)

sucii that 2 (jw)O =0tr w > 11m, is uiiquely described f rom a

knou;ic.,e ot its vaiues at uniiormiy spaCvuu time instants, T

units apart, where T2=2x/Us arnd Ws >= 211m" (7:2). In other

words, if a iunction x(') has little or no energy content for

* frequencies above some value fm (Where 11m = 2 x fmd), then

samples of Wt() tai~ea at a rate f's >= 2frn ii.i preserve the

natureL of x~t) and analysis- of tricse samples will give

into riati on about tile anaioj proccos.

~ ii.Tile analysis',- teclinicue used to

e::tract the VEii Ifr tne nocrmal cortical activity is,- 6immation

/avera-yincj. Thie 6zita are divided into a nurtber of sec~ions,

eah ection bc(3inninc on One -trobe riasiicd a,-d- endinj just

beforo the nex t st-rooe riasn,. Tile sectionis can u e s ummer (-d ,

then avuragod (iiL- needeud) to eimphas,.ize the evo]i.edu response.

'ni as.;uezthat LIherc i ; a consistcriL Or, ~n iresionse to the

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -stLlsL~~ti ycr~l.o ihte Strokve while tile fom

COrti'Cat aCtL'1ity an16 thei noise are -ano I nd correltcd withl

the C U i-ii Uz.1 ~ re r c-ora, i io w avQa.*o r,.- f (t) c oii ls: t z o f t wo

* ojunn~:tine evok eb respL-onse c L), and no i- sc (any'tiincj

0 Cial 11*

sui~~l -ieOLion Cic I~ U Cu~ Ieuu teL~i& caruiVe

auio. 'I'e nes . n ori~ o :ca . acti v.I ty, L!oU. not

* co~~s.Luc ~ZvL A. Cl2.u, 35.Q7-&(JO, 4.-~

~4 ;J~4Q..L. §e~. ~ *iOL~. 1anay~ .. atecn .UO



47

(attempts to f ind any s.yatio-teimaoral correlatiLon in the data.

Thij can ue accOi~i-Li;Lhe6 by conctrructiig zopologic arrange-

jaent: of the aata, 16 zmJ,, t a timae (one from~ each eiec-

rl troue), dii~iiaying tlicLe in LUcceL2sion on a video i-ionitor, and

e,,.ariningj t'Le ouL~ut to see if -any correiLation can be dctected

- by vi uai obz~crvation.

!1-12



Tile m-,anner ill wilcr the data were coiiectcu dicta-Ized theL

actions [ciju1reO to Lpre-condition trie dlata and t~ii ini

lor analoj-to-i& ; itu-i (AI0) conversion arid su I oent anaiy-

Sis. S'ec fcai Y, di-ta %;C-r C co iected ov er a pc riod o~ 17

djays l;.&) but only e--gjit oi tnosc days provioaac data wilicii

cou.ld bLC fL- nyzCO. 'Cic! reasonsz Soic- ot tin. ciac)a CouiwA not bO

anaiyz--eu auc as5 fuiow.W:

1. Tixie wa no vol-ca rao recorded on da-ys 1, 2, and 12.

2. Tii, rOW 01 tULIhOh! z~~(~j)Was not reccorded

onl day 10 a-ndl dai hi Lor Led on uay 16.

3. AEZ CtOi 5.a J fo CCZ2 O - 14.

4. D),aa ;iurcrc Vronr07 a.LC'I C~lay 12, o

tncsc, Zj-(C 110 C;i5Z~a1£01:~q 13, 3b, aou 17.

on a 16 CIa-1111Oj. I'L. rccoroer ; 'y)fi~LyuaoD~tn(I v; H -

evter, oA; OL LHQ re:order Ca ILLLL Were: IOULLU to i1ncrIodiU(c

di-,sL('r con '11 tac -)U in~L siC J 1: >1 nI Iour CnIalnne.

W C IC 1£OLIfln 'CO 11ntrod(L.CU oco 110l orAI-OrL-LIo and tkhese3k

f- rQ C-Us-C: to roCCCi;. ui OUl( (A . (15 cJ. iL u oc ui ri oL tnie

arrzAy, allI L.;(2 oui uL ciru tr EC ~ iY' siowii -n. g i ',E

to rQUoro LIe 1:', orl turn--ona. .(h'u1 tz. LsiuiUs

coDItrOi (Lt~oo) a--,jinai, aiia1.i~ ~c~ ~a ..irii
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with cla 4). As a rczuit Oi thje distoi~tion, th(euc dicjital

siqnai z wou.Ld rccjuirc conditioniny to azle a ,ampiing3 puife

W*hiCLI WOuL.d be- COiTnLat.ibiC WiCh' toe procci _or. Additionaiy,

each sigjnai froma tne array mcust oc de.t~i:xdprior to

digitizincj the da-La. The RUTOS jprov.cLaos tne rneanz; to control

tac tiiiiing Of tiedeutiLxn of the data.

Prior to digi-iizing the datO, circuitry to snape and

convcrt tao mjc-n pui±,as to r.CI.L ieveis was reciuizoo. Tis

arca wiz, audrczzscd by LayQ!z (lii; tierefore, it v.was ciecided

triat a portiLon of th'e circuitry IIe- uuvclo ;Qu Could cce uzed to

acoti1ii t £ecri1(:it.LolII.w(j o. tblu sai~in( puise. The

circu2. d~CLIOf tac E,-.: rnal C -ocL Generator wlic.- is th'-e

zync : or fUTO'S r!ejapincj circuit .- ira.iusLrzited in Figure 3-2.

ba E,_'c a Ji'y, L ne L L- lrn aL CiLoc;,- Gunc!r a to r fi11r-,t p irovide s

f orl 1"02U S a±rJc a t on u Z;i a liotoro ia V/rIL op;cationlai

hupii if tc O-a) i:, ti,0 j 1 ina i .7-1a: inscrted into a 74114

Schn:Litt Trigge j £fVLL(fl ior ipir_):l"g and! convfer .ion to a

triw'oor-o-iciisi cu lVCJ (TLLI) 1 uareLI: WaVO Dy:

1. n nc i- z. i i j c iac r 2.Le a i ( i J t i i, cs of th 'Ie

2. Ci ia C,,, i9.C ""c L; 0o+ V 0 -. LU anIa t;)

:ocic U" ~at c U vo!Lt..

T'A(l t.'c WLV uc :aeWas L' to a 7,1123 Dua-,~A V~)LLO

4 I viicil JU coiijuio Ui -c IH i al 72555 Tix ac r 1 C, axi w .olr both

j)U. SC 1. 0- j AJL i i j an 1- (A' ZI V U C_)l _1 C i c: Cj. a fl o L ow -

I _31
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in 9 iscuisions- tiis variabi.e pu.lseC widta clock wijll be

referred to as the VP crLock..

The time deliay introduced by tnio timer IC poenito pozsi-

tionin~j of thle VP clocK witilan the sau-piiny window. ok eacli row

of electrodes on the ApIrI array. Tile variable pulse wiath

fcatuiL w-.as addeu to tlie Externa-± ClocK Cene-:ator c.ircui-t co

make Lhe VP c-loc.~ coiup-atible withi thje 11,TSSCWIP 500 internal

clocks (coiiverurer pulses--). it was necess;ary to vary th-e pulse

width of th-e VP clock. to permit tlie liASSCOiP to (jenerate

conivLrti. pulsce Qjuai to tLao niiuber of cliarine!.s being s aim.pied.

pThisj i;iou4-iicaceLon recjuirced that a 0 - 100 l-kiloofjm variable

resistor be connected across teri. inai pins en and Vcc on tile

mcultivibrator IC. Ficjure 3-3 shiowL, how, tn-e VP clocck is posi-

I . ticnua and. how the coniverter puiscs ap.- a r relative to the VP

* - cI cc! and the datca ron- cach rowi of Licr,~ .s

1'in zoditiLo to theo llOTO.S: siynai, the Ex-ternal Clockl

GeatrC.ICltry WLIS usCd to COli6 s-'Onl tile Liiiluu cont-rol

(Strh-. ic~jnl. ia1"is plnl ~ovf-1ud a cor.trol co start and

stop tLao- %71 cloclk, gjivingj a pjosi.,Ci ve duleircatLion ontutw

*noruai aidco! e responsec tcsc diata. Conuit il ng oi Lao~

Strooe i: luwa to Lkilat used(: for Vsac VP c~lck alnn piroceos

2. Tiii sigin was ticn :Lu co ai714~V:s

Tr 4 r~iy, r w c ii pirov .-iup±~sn Ir.eim

o rise aind l zi li 011, c(l icy C Cn r2io to
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between 0 and +5 volts.]

A ; a result, the TiTL square wavu strobe puJlse whichl wu iforr:;,ed

could be useu to control data coiiection. Thiis portion of tr~e

circuit is illustrated in Figure 3-4.

afL~j a raio g a itml lQQ al QJ voie Rcsi-onse C~tc Data

Separation of the norm-.al and evor~eu- response cortical

data into Separat-e records was required to accoraplishi one ot

the primary objectives of this thes.-sL. Thlat objective was

7A:EC 3' K:LI

?414

9Z D

i~~tern ocl (;ollucIasor , StroUI un :1n>n (bIl

to Coi..,UL;Q t"O v.'-LaIU L!VO;::c2A re 1 o. tik U~lti COi--eC!L. u

on f) . LAII..I risc u.I COcoLLk : , in ~ jc i&tCA~ ~ybe

dra. .'n a. to Liu L rc-,eicc afic ojPCI-liI )L- tiac UU ~ UjU

ili -7

-. . . .---- ~.........a..r..A2. ,~.---,--.--. ,t .,~ ,. - *- - ------ -- - - - - -



tioa 1 1 e, Ce 1U Vz (BC L s) A circuit was designeud and kguilt

wi'cil Ll ,e L110- leading edge Of tile Str:obe s -(nal to start and

LOLu tne V1, cl'oci- (Lse Figure 3-5). Basicaii Iy, uuring tiie

Sau~l~~jolf cortica d, ta cic appearance of LCfrtsro

puise indicates the end of the normal brain activity. Tne

strobe is thoun used as a control to turn off the VP clock

signai coryletiny tne collocf-ion Of tiie norimal brain data for

one est Sapliig f ne normali LEG data occurs as oilw

1. ~Iien tiue s~rob)e, whiichi is connected to tne c.l oc k

input of a 7474 Dual. "l" FipI Fiop, iLs o ff,

a nigh (Logic "l") aqjpears, On tiie "riot Q" outp-ut

of thle flip I:

2. Tne ilga icju is; .-ent to lkhei control input of

tilc tr -LzLaLD gat., cauL u theo VP clock to pass

to tile iiS0CCC:,p tc& .o

S' . iU I,,) II iSj 1L L~1f te~ tt:ODC st,:rts

1.0rcinj L (j t IjOL Uu~put il;. (wLcC' "0"),

causL;iuc,( tile LfJ-!5t LC z to cucori-, blocl ingl

tile VP ci ocok

Sto Ca~I VS~ vu a i.u a:;lU-j,-- on a~c io eStrC)0C

start Lw;.11L LiiOl za~~Cj cOC,: en. V "i( snapli QCC~i~t as

ilJ.O;s

cuC L: u.jcs :an u; c * i ,- L,-~~ 3 t L ccO~.L

2. ~ LCijG~D:jJ2ti2""OL.L.2ire

ifS

3. ~'ul a ~1 1~ tc <Oy~ ;~~1j~i.g~
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beinc te~sted for cacri data coi-icction.

-20000

-40000

-60000

-80000 -

-10000

- 120000

-140GOO

0 20 4 0 60 80 100 120

5-2.~ Dzay 3 DtroLc Su i.;c d

Tlic tiilib uac u... Ic)-ctiu'n- ilOVa(O.CLFCJ acl r:ow

t.WiCo, O zL.2 p uuo o OiLi~dt c ~iz anu ta le6trooe

CL nIZIII.. L0. oxiCOll2Kln a:lu lU--LUiij tao~Umn oi 4

('L rli. Onl LCuca Lu Col.,~c j-..n t on(2 Z4Lnli~cr.iftc tjUI

to i).. a Ltci.i,~ ~ ~r Ic~>.. Z.> tiG VP' J.uj-L(. ,Lri aJl l'. bL

to LljrOJU~UC DC LL.F r a JLZ i IJ cy Acov O.; it iLon l, L

uca~~~~~~~~~~~~ LiIU4. J(: C) Ua ;~ ~~;n . a~cL.o~ t L U CL. .

'.LV cp~~ ai&.)J ±y ~LOUA.> ~ 1~O~iL o OC' Ca'ULc;OU~ a j-.0')C!
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* the clock wi-dtn had to be adjusteu to shiow f ive trigcjerL;

(conversion pulses) on the second oscilloscope.

Once the data were coh-.ecr-eu, the array.out programa was

again used to separate the column data frIom the row data

f iles and the strobe data. Wile the strobe data were being

separated, the array.out program was made to print sam,,ple

values onto the screen in ordler to tell what vaiue - were]

associated with an 'on' and an 'off' strobe. Once these va-Lues

wurLiudetrminedi, thcen tiie- strobesuim.c procjrain, wa!s moified to

recogniizec a strobe pulse.

Care riau to be ta.en to ensure thiat the sumIi.inyj program

suwuthe fii.es correctly. To check~ tniLs, the s:trobe file

wlaz usCU not on-Ly as; thje trigger file but aiso as tile Cata

file. Iicju;:e 5-2 showzs tue out~lut wavief-Lori- f rom th-Is procdulre.

Tu~e wa-veforiL is a s(uare p-uiso, Just as e.;pected.

Suimiiiatlion sit-arted on tiie selpua rzat files. StrIctly

thjroughi ch-anice it wsdiscoveired th--at UQata co eIcced at two

6 ALfecmlc timeIs ciu not prouIucC ti-e samie suit:iatiorn waveform,..

rILiS LeCd to thu nle ;1 01- LIore srpCiar-t re COrding SL sa 1-

pc r.Theo st-rip cIuer;t reLcorUdi nq provoe:. tiiat the repeated

sa1 .nswcie nco-Lc ol ii i g t ie d ata in Loe aimner

wnlen II, taleory Llucy f,11'ou -L na,:ve rean Tui lac

repea LLwi I It- CIL aL' i L. ;t tilougit to C) DC~u CJ L)UUD t110 tejpe

r e co rZ'r j ut uLog a .es nl: urc10U31 Uu C ru cla ,

was; rue~os .ionc-,i on tiic, dateL, a prettLy c.1lse oUL!,pIlCatiL 1 o:

out~~uLva orta2i.rli,. bi:Uta.'tArou-jn 1mean-1t tuAlt ail tueQ

d ata nau to !e)o olece a:;aini 'Wit theU 6Udi'.icsLL.o.n crtrlIa

V-G



Table~ 2

Si-owjjq tile Collections and Files 1Uacte for Day 3 arnd Day 7

DAY 3 (differ_ ntiai testingj only)

NORI-4AL r1 LpC VER TEST2

Collection files made collection f iles madec

day3ociuii r ciay36ini-,r1clc4 uay3u~fevrrl day36!evrrlcl-C4

dayicdf ni.ul r2 a.,,3 c.-illil r2 cl1- c4 day3cifevrr2 day3uf tvrr2cl-c 4 ,

ciay3ufnu:2± Li3 ciav3unmLr_"cl-c4 uay364fcvr r3 cay3u.4evrr~ci-c 4

d ay Ic8 il,.Lr 4 6 ay ' ;I i niu r 4cl1- c 4 LZ ci y 3 1e v r r "I ay_3afevrr4cl-c 4

DhY 71

(diL'f kLcnt ia I a ndu absciutc testingj)

DIFF'EI.A4TI!L YTjIAJG

colioctcion files r~ccollection f iles Ladc

LIa y7 crLr. i, 11 1 da-7df n;trlcl-c4 d a v7 U'iL(-,v r 1l dav~cf uvrdccl-c 4

cday*7.i.;.ii2 cy aini7 c lClC4  aayv.rcrv2r uav,7u kcvrr2C. -c 4

day7u-L;,,i r3 ua 1:7c).i .r 3 Q1 -c,, oav7a~cvrr3  .--- 7- cvrr3c1-c/4

dayiuL~ii..r4 uay7c~~iiiLL14Cl-c-l uuy7L.LVrE/ 6ay7.AL(vir4ci-c 4

AL>;OUTLESTING

a t' I S VTE IST

Collection .ji 0Le; r, ,,d coiiection I. c, ;P F,. 6

d ay 7 ui... 3  c7 0n±L.:C')'c c yI-7 Li .2vcr a :i 7,,:,,vi; 3 c I cc

Ua y7 al -) .. l r1 oay 7 0,L),i i,..1 4ci-c c 0, y 7a Lv r I. LAO O.,' /h-v 1.

evr -v;c eV0C x.~2~in L~o~ xc:i

-j~ row cO.Li2c.Ocl

cl-c4 -co-u.'iii" orn ; uu, L'OL Z f5 u

V- 5



in Chap-ter IV anai Appendix D. Thle array.c program was then

useu to deim.uitipl.e;: all the row data files. Table 2 snow"

that it is possible to colLo~ct 64 f iles ifor just uay 7 alone,

thus illustratin tile -iacjn.-Ltuue of the data reduction effort.

The ne..t step was to runi the dei-ault-iplexed tlics out

throucjil a D/A board to a strip chart recore~er to 3110W- tile

anialogj reprusentation ofl the EELG Slona.Ls at eacri electrodie.

Da.cor,,.~anfC (given in 114pcendix 1)) accoipiisnecl tiis task.. Some

of thQ results are jiven in At1 ;'Dndix B.

U 1 k. then04- CO1iA(-flCCU on wrtnja suLly 111 proqnara wicn

wo0u.l atttcxipt to i1ny out all" eVO;-edc response. A summiny

j'royrard yes ~'iten i .'iich u:.; a s7ecif ied lerlyth oita

(i.e. su~~~deachi 250 lengtii b oc; a.-th oiiu anoL-Iir). T Ais

asScu~ieue stio robc lse at- exac-C:iy I Ez, End tniat tie 9

sarupliny wa donc! at e..:ac1Li.y 250 LI.Upon reCneChC ,ncj tiuC

strooCsL(-,; for iilclunt as it bcaal~c Q v ,.oler1i tha u

Isu~osrb re"JULency' vlas n0ot :eCcura,; C. 1 (1 E , i Qi

obvio0uL tulat tihe strobc: sigjna woUlu iiave Lo oc coi.-ectca

alongj witii itui toui. data nes nu ti.aL ta IC' .:ut io0n

procjrau o~ nv o d~ asl iI -C;u to rcounize tu beycinnin~j

of a Lsti:uC '.us n o)I~dCr toCur .nUW;Wi1201 Cf'Jt

w .i L ii-L )UL -Z L U Oae UJi 0 i n :r .. v L. C A C )O
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by the A/D or ID/A coniveLter, cienuteil by tiie letter

It c I

3. Source input, denoted by tile letter "S ", pro-

vides the capabily -co count an external clocK

signal.

4. A cicci ground, denoted oy the letter "G".

Thie VP clock: is connected to EEc" and ground on Utne second

c ioc k. T,,aC output i*s tai~en f rom torminal "1" and inserted

into thie c.Lock; input on the ADl2F llodule (A/D Converter).

Veri.fication that tne number of converter pulses is eqclu al

to Lhe niui.-ber o-f chjannels oeing sampled is performed with a

dluai chianne-l os~cilloLscopLe. One channel is connected to

temial"C' onl cloclK two, while tthe otheor ch'annel is used to

rnonltoi. thie nL,,:Lor of converter p.ulses present witnin the VP

clock V.- iuitfa of tace VP Clock.

Tiie uata wiere collected3 usiriq tne i.11-SSCOI:P Quick Choice

option to iize the desired row sigi i ro,. ai~l four data

channeis; and ro stoLc it oato ano'Lncr file. For each uay of

testingj, tnie Was a norm11al and a Vjlh test wi'cli niad to be

collectedLA. Ais.,o, c6urincj t)Ae latter days3 ai auso-,ute tes t was

alsoC cor.(4ucLuo. Tais macic a total of.- four tetspttr day, or

SiXeeerl idata Lcolet)n pc.r da y (sc table 2). tUhile data

collionJCJ' IZOi. ';Iacc, filorLts '0C:re !,ode to UCVcilp a pj)LC ralil

whichi wouid ~,d~Cout the,- foul: co-,ulmnl siqnalls A;r1oim caca, row

of da ta. Tnil- ~ai tie array.c pLLCldl Wi~i i 5 dJeLsr aed

V-3



accesseu on the f ront panel, willie two software controlled

cioc;;s are internal. In order to sai-.ple "nl" channe.Ls tne VP

clock must be set to allow "ni" converter pulses to appear

witihin its puisu wi.-uth, as shown in Figure 3-3.

Tile cable connection configuration of the VP clock and

* the N PS COIP converter pulse clock are shown in Fiur. 51

DA08 F AD12F CK 10 O'SCOPS

0 00 00 r'

COAX 0
TOL ~0 ~ 0 0 -- ChI-1

v ~[ KEY:
7 UJLAOF-Di1git&i to Ardiaog board

CLOLK'n" 15 *ADILF-Arialuer tc Dip,.1ta! board
CLOCK~CKIO-Progrwi~mabie Clock board

:CLK UKAO :CLK0010 C G0

VP' CLOCK

Figure 5-1. CabLLC Curinzctior Con]ijufation of t"Ie VP Ciocl.
and~~- Lao I-i.CCXA Co~o~l ule C.Lock

Lacrn clock on tiv 1Oc CL cwLoc,- board consisLs; ai four

1. A floiviiaj outp)ut, ucknotL-a by a nuribeL- -Lroili 0) to 7.

*2. Control in,)ut Zaccu ..'ULJ an uxLorrial cloc!. which

dewi Lc A'o nu,-,!or ol' conveiA.cL 'ui,,*cs req.u3 red

* V- 2



Initial St.)

Tile first steps in analysis of the data focused on four

main a reaz,:

1. Reviewincj the tapes and making a log ot wriat was done

ba-ed on t'ie voice track (see Append-ix A).

2. Studyincj liensLey aii Denton's thesis in order to

unuerst-a-nd bow the datu wer~e collected.

3. Studyin 1 Hayces' tieLis anu his, circuit to understand

his anziiy-;is oLfroft.

4. Lcearn.intj a.-)out Lihe 1-!IiSC~iIP ZC-500 computer.

Tfie LIC-500 coipqutuer is imore -Llex.ible when it comaes to

* dat-. accuds.L; tLa th oc 2.is.1eaeo hS, it was;

* de;dLu tIIacL vcry -£itt-"e oi': llayes' circuitry would be necided.I
Tlic circuit: tiiatl is c~czcribuc in Cliajptor ill was des-igned for

tile syt ~/iitxicriLi1:eanl' --L't ailowed Lor atis!tinguish-

inci betwcen nri.*Lai data and stiojou WEIX) U'ata.I

leioreu ine,1/ coniversion o.' tile Oiata could oegcin it was

neceL;zaiy to sut u,- tile p)rocessLor :n i:eL multickannoe sampling

cuLLgL.L~r. *~coi :.,jurt cU _"r t. , o-I-ed -C%7o c2.ock.s. Thle

i i r t wstilo VIP Cioc,: ounuat Cu L:r 110 1C 200" ! oiLICUZ;SCe

and lptuvill. tCIc~vrter pulse toU L,'ple C1,1 ,cL IaUneIL.

indC~~~e pov1.c Ctioc cowo caaei t~o LZ.jm tiQ~ 1J1hSC1ii Ci10 .Iiodul

Tile CL,10 Ilocie provlide5 10 prj~.rcueclocl;s, eicjh~t are

V-1



varisum.c war, 'encratcd (See ALpenuix D). Tlic reusults- frozm

thi4S test are given -;n Chiiaptui V1.

To show tl'at EEG SignaiL are coiiecteci by each electrode-,

the demuitiplexed digitized signals have to be sent tnrougn

the Dig itai-t-iinaiog (/A) coniverter to a strip chart recorder.

4The coilmmanc, that Ldoci thc conversion, da.commucand, is g.Iven in

Appendix D), and saip,iezi oi tie stip1 chart recordingjs are

shown in Appundix B.

4
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channe.is tile file contains. .in this case, f ive channels were

usually saw~led (four data charincis and one strobe charine±).

The dem~ultiple;,ea channels can be plotted oin the graphics

tei~iiinal 6.icc-on and the data stored in the file specified.

VIE, L L

OncQ a daLZA and a s-trobe file are coliected tile appro

pateL ui..4gC po~iaw can bo usedj. If an unfamiliar strove

I-Dur.'jj u ,Lu, tL1 Earray.c pr-ja;i sould be modified to sriow

tlec LOJ vaiuc.3. Tis can easiiy be dione by taking of f tile

La~5 /k/)on Line 140 and recoiLi)p1j.l) tile program.

(7±ie i±lie wii1 read:

print.1-("yphoufr( di > \r.',counit,ypbuili[count));

* Once tiie C11aLactcr of tri; L;' eisccer~nd tfie ztrobesurm.c

pojrncani be jayojtciid s;o it w.L.l recojie an "on" Lstrobe-

pulse.L. Tnis is vcry iiiportant -co Ltact trio data start s u iliiang

at tueC sa.eposi.tion1 ch l ti,.:o w~cn respect to the strobe

Tile nie.*:L step iii tuie tho~is, c.Liort was to analjyze ilow

Varying theil~p e Siie. effe'CtL the( VER waveiorw. ticcordincj
tonTc form of~ tile 1' i-- Uepun'lt on thie nu'xbe

4 ~of uiociz; avern.ged, ;in.E'!e one ej)0511 LL L11C oata recorded

bctw~.cen .iui"(4lZ;:V-2). lin O;L.ue to I-rove .. 6-- cusprove this;

st-.-Lnr i was; ueciuc!6 1-(. Use> tuQ da:t ILrCeaUY collected

anld to oly vary tiao- fluauer01 Ulsw n±O actu,,ljy pe(-r formud

byteruan pora. For ti L; ui (;ation, tile prog3ram

* IV-4
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simply the -peeci at whjich thie A/D convcrter, is triggered. For

mfu.tichariflel transfer, two clocks must be used. One clock

generates the Sampling rate (the interval between framies) and

the other determines the actual converter speed.

When allocating file space on the disk for eachi transfer,

the following formula snouid be used:

Disk Space

4~Samples in a fre x Sampiing rate x tinke x2 bytes

Laj oD~ia Con vear sion

The Quick-, Chioice m-,etihod was utilized to perform tuie A/D

*conversion or digitization. Tuie data were coilucted by rows

using trne IdultiC,.1,arineCl saiupliny; option. Ralelerring baci; to Figj-

ure 2-3, thje data had four rows multipiexoed within caca outlpuv

channel (or column). By moving trie time ielay deQt-cto-r via a

*potenCio:ieter, tfie iour rows can oe csingiod out for S-a.;pling,

by tlio tetmlio:.coimand Tlisl corI..and isL expi;Lainled in

Append.Jx, D. Care noedL; to be ex.ercise& to ensure triat thec

time dulay ltriggyer is0 positioned near tne iaiddie of etach1 rokl

4section o'f diata and trat theic signal is; as forizontai as poss i-

ble. If this is) not oone, faithkul rep~ro)icction of cne data

waveiorw, is; not jpossloJio. Once a row is samp.Lcdi anu. s;tored,

it Can1 tinen be deutiL~:dintLo thie indA..6ua.. co.Luiun e.Lrec-

troac sigqnals uoiIP, tl-i coinpilud array'.ouL ljrimt Tne C-

pro~jraii,array.c, is, given in 1qqpena!iX D. Tar1)s j'ro~jr(im ta:.CL3

tim1 mutpeeurl btai-ne:d us-ing, theL n.ulitnne: sampl-i(ng

Coi,1n-anau, tc -t.iiui icoi.-iI and scl:aratuL Ji t inato hlowever m-tany
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Crioice aiiows the operator to interactively speciify the corn,-

Cmancis that would oth~erwise be typed directly into the UNIX

command interpreter or "shell". A good explanation on how to

use Quick Choice is in the I-C-500 Quick Chioice Users flanuai

(43).

DaaTase

Data may be transferred between tile input channels and the

* sytemdis~k by way of memory buffers. In a fully buffered

transfer, data are not stor-ed to disk until sampling is comn-

plie''-e . Tnic' meithod is lim ,ited by the amount of avaiiable

*memory and contiguous, file space. in- a partially buffered

disk transf-er, data are al.-io piaced in memory buffers, but

the buffers, are written to aisk while the transker is st4i in

procrcLss. Ti i.eh avoids momory limitations, but the

transtor rate is, still i).rited by the speoed of the ik.Par-

*tialiy uuffeied:-!:C tranier a preferable if one is tranzkering

large aimounts of data (i.e. > 200,000 sait-is); fulliy Dul:I~eed

transfers azru prerulk',e fol. Ai(;er speeuii.

Tiie CE1li 0 CA U.L e coiitains ton independent ciocjs,. Liyn-C

of tle ci;ocks iave connectors on tine fA.ront. oxZ tiio card(-. 11

s-ing.-e c.Loclk can bc! u-,cd ;,o tZ.gj~jr a.;lnj !1UltipLie ci.ocks

Canl be cJated Loeao O cicaLt oule- waveforyas.

Fo~r d cc1n~.~ilrJ wante LirnsiLer Late ij

* XIV- 2



4IV. Ti~ip4 -11-50 " iaQnLtaar

Tuc LiASSCOIIP flC-500 com-iputer was theo oniy computer used

in this thesis. Tne I-C-500 is a 32-bit uni.x-based mi.ni coiidpu-

*ter system whici- allows- thiree dedicatecl subsysteyms to perform

high speed computation, graiphics diL'splay, and~ data acquisition

4simultaneously. Tile computer will accept Fortran, C, and

Pascal programs, a-lLliough C is tile preferred language. It has

a 1-1-iz 680O10 CPU which works witxi a lO-1ifiz GGJOOO. Its 8-

sobac;- plane Nitiou3 handiles, G ilsytes/z. It also hias 16

EIb yt e s 02-L virtuai i-iieory (43:112-113).* For tiiis thesis, the

system wasi configured w.-ith a 297-ibyte 11inchester drive anid a

7OO-;JByte, 5 1//." flo-j-y disk drive. An upgrade is planned

whichi willi increas e thle narc disk . torage to 166-1-1bytes and

add one i.-agjnizt-c Cape urive. ArppeunCi-;: F contains more details

Ion tiic 1:i,,S,;CO1.P i;C-5001Ls spciiications-

SO2 Lti. aL e L u c L cn.s a reL con r oiicau t,,r o uc-j a pi: ;j ra.-. c a.iL c

Quick CICijCC- (theQ ~-500 Dullu Syti, by dirct acces sn

theUhi ci.;a~ci 1Lierre~rs(t Che1 C _'ieili), olr by use Cr wr:it-

ten p u W5 ~ sthiCL S is L15 CcJ tIiC QII-l e C - Cu OL ion to

64(iJ1ci"e tile uaI'. C proram L;rc ---,;o .w.ritten Lo uCI .uicpi

thej O&E~ta 1;!1( CQLUC n VokjeC4 ;~QLs Qui42c Cnoj.ce aLilOxs

toe oj)a"Lou; to snc ~StOI;f(Cc runa ofic

* hoces. cjiVui inL wlac it ca.sA ;& Uj~uniu"*L sclt. ly Quick

* IV-l



1 3 5

L EC 'NI 'C

* * INPUTS

[~~7]32-Pin
Ribbon Connector

Dotted Lines I ntern3.1 Cnnections

Figjure 3-6

l~iock Dizcr,ii of -ricccitc, interface

'IZS "CiA 0 ,1 -/D boeici. Colleur-ion oli the uata from tlie tape

6recorderio -Al L13. rEOCUireOC oly fi-V illlUtS, the~ foLur

* ~ ciii COU1f ucu :rol.: timc array nutnc --Litrokoe E~Ln± owever,

* the caj l~t'e:~Lto in."Lal. 16 D&.C coinuctor:.; siiould

I ~ ,uct 2



conLLoI1 inpjut, a.i.ow-*ny. tne VP clock; to pacs to

tnc±. NASSCOIMP Pr:oc-ss:or:.

In addition to the circuitry 6i-s-cu-sed, a 7404 1.1w: invLurter is

recAuiLQQ to chiange the VP clock" to a ne-gat.-'ve going pulse, 3o

it is; coIupa)ltibie' Wit-h the 14ASSCO11P internal cioc[ks-. Finally,

the "D" fi14i flop must be cleared prior to tile start of eacii

*test. In ti'e broadiooardoci configuration ti.5 is acco.iilisiied

by snorting the "clear" pin to ground throucjuu a "normally

open" pusf, button. 101e s'pecif iciatiions for tile integrated

circuits us;ea in a.'l tfiQ previousliy dis 'cussedcu circuit,, are

contairied in A1p ,endix a C.

TO) ~ Actu,:i. traiusrer o. ciatza iro i e rau~ticlianncl tape recor-

* der to tu u.25O 'P cr--Tiue Proccssor rccquireci the construc-

*tion wOL aa' ljtoLcCO. This inter-face 'jill periiorm t;ue phlysi-

4 ~ca± covr o 'tu :l~o ediuLul' iruw:i coxiicaol

(2 oC.. tue Ce~ ruoCc upr to the( ribbon caJbLe inpjutC on

tLuo. A/U C v0tr nLU, (2CC2 F'LJigur 3)-6).

Tile .ntzi.ceL~ wa-. c on., L ru Ct C, to aC-conl.,odaz the connuc-

t il o). 16 cou:''Ja ca SS Cs wilth i~c uconnc.,ori- tco receive theL

*OUcL-)ut L O!., Z Oi corder!. ,,?.1 inzteunsi. coonc Lion w as

ti.~ L~ ronLc.L~Cctjjj ect.o o toa 32 !p):n r ibdho conneIC-

*tor1. 01Cn-J C.' o~ ie r:'bbon cuo:necLo reLccives tiie 10 slcjnais

f iow tueQ 1-C ;onnctori3, wli c tielc ;16 s onl tu e otuelr Side

* ~a C a conI.oa1 jro uni l crl ~ r ibuoon cule r-u ntst

dota I:to ti2 i*,n2 i cusOr con1-L .C C v u~ .n up oil tie
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in the data resulting from changing capacitance in the array

JFETs.

Upon collecting day 7 data, it became apparent that

Hensley and Denton had changea their strobe to a different

type. The strobe turned out to be a quick spike instead of a
square pulse. Tiiis iuieant changing tac szrooesum.c to recognize

the values associated with this new strobe. This change also

had to be validated using the sa;;e procedure as before. Figure

5-3 shows the new strobe oeing suTmi.eu while using tae new

5000

5000

3000

I 5000
2000

1000

.4 a

0 I ,0
n 20 40 60 80 100 120

FiguIe 5-3. Day 7 Scrose Su,,,:,ec

strobe a. toie tri ggeL. TIL' (:LIIC,;. 16 %,C 1y eviderIt.

After Lhis, each days strobc w " ccCC;.eu Lo iaI;e sure that trie

4V-'
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values i tocumcwr t1.good. The plots f roixi the

summation prograw are given a.n Appendix: C. Aii the data

collected and deiauitipi.ed during thiis iaLst phase of data

collecti-on are storedi on 5 l/4inch Ioppy aisis. Appendix E

contains a tabi.e iistiny thle fiopp' -iLsis ano what isi re cordedj

upon t!ei.

IT he iast testing which aecded to be performed was using

the vairis.:um.c routine to test the eifect which the number of

sumi'ations; 1hs uponl thje ouuiput wveformi-. Tne data which had

beendicit: Z0 an6 su I,,,Imed previousLy wCere used in this program

IWith OfIly tiie riu cr of sur:.,tations ciianyea. Th.e results of

this test are discusseea in Ciialpteri VI.

V0



4 VI. Result a" PLn.Lalys

Investigations were carried out in three areas on the

*data collected from tn-e m.,ult ielect rode array implant

*experiment, performed by Hensley and Denuon (11V) in October

an. Novebert12. nitialy, hardware was designed to

condition and control the tilming and sync signals. Next,

software was developed- to digitize and demuitiplex the 16

signals from the AFIT array. Th~us, eEacn electroUC-S, L(! signa

*could be converted to an analog file for exaininaLion of EEG

characteristics. FialaC otn a written to caicu-

latu tne visua.i evo, e-d response of the signals co-iected off

the cortexc Sur.Lce. The res ult. of those investigations w'il

* now be ciizcu Scea.

* ~~DatA ~ ~ Q il~

The Lnitih areU LO be audresseL~d, as outlinc-d in Ch-apter

* I wa topreareCueeat fo -gitization. Tnis -was achieved

throucjh ti,- cons truction of Lii-rcd'a,- wh-ich genciatedl synctiro-

* ~ni'Latiorl anA tiiuiny pu.ises (See Cnaj ei. iii). Sync ~ nl

were 6L-veloL-,ed wiicii 52up a cieimazrcalci:on b(eL*.:Cer Cne nsrnal

ELG dat an tuvo;ked respI.-onse, LAaLa Zac I-.Lov'cu tkue two

types or uaT-a to bo .Xorou in sepaarate sies a sami Ling

PUlse (V2 c*o&';) ~: Col)sCructeu rrolm L,-,L rowd onc control

* signal (io%/ onie turn-on sI1iia, OTOS') w.'hici ta~e ive

channeILs, pe)rriLL.1H1J sir;..UitazIeoUL; A/D CO.IvAeIsiori. Fina.Lly, an

VI-'



interface was fabricated to convert frolii a coaxial to a ribbon

cable transmission medium. This facilitatea tie simultaneous

digitizing of five data cnannels. Thus, the hardware construct-

ed supplied the necessary sampling sicjnals for the correct

operation of the software.

baua[ BLUM rcorgi

As a result of the software developed, reduced data were

recorded in two forms. The first set to be discussed is the

deuitipiexed data from each array electrode wnich appears in

analog EEG formiat. Numerous strip chart recordings were made

by performing a digital-to-aiaiog conversion on the files from

eacii electrode. I- typical analog recording is illustrated in

Figure 6-1.

V-

Recorded at 5rm/sec

Figure 6-1. Day 3, Pow 3, CoIlumn1 4 Electroue Recording

The data ii.lustratea in Le azove figure api-eoars to

contain oursts of seven }1z alpcia waves. The aL;earafnce or the

ailia waves seems to indicate that the arLay is a suitaoie

mutnod of coilecting iriZori;:ation from tie corte:z surface.

Additional recordins are contained in Appundix U. Aitlougn,

VI-2

,'; - . ., , , : . : i, -.L ;, ,,,.',, .',,:e;..... . - .. .



alpha frequency waves were found in tne early days of testing,

recordings of later tests, day 6 and beyond, showed some

undersireabie effects.

Some of the data appeared to be contaminated by tie

strobe stimulus signal and 60 l1z interference. Recordings

from day eignt seem to show that the strobe signal was intro-

duced ,,'ithin the cortical data channels. This anolaliy may

have been caused by the close proi:imity of the strobe circuitry

to the array output circuitry. Additionaily, the large magni-

tude of the strobe (0 to -G volts) was another factor w~ich

may have cause'd its appearance in the data. This is especially

prevalent in data coilcctea after day 7 when the stroe was

chaniged to a short duration hili ri agnitude spii;e. The effect

of 60 11z interference can be o0cerveo in data collected froio

day 6 on. However, this interference appears to be uncorre-

iated ancm nas litLie efiect on the evoked responsc caiculations.

It is also inte-estjnt 1o note that the presence of 60 Ez

interierence w7as uiost prevalent in clue aata colLected in clue

differential iuoae (Sce A;pcnaix D-6). Data collected in the

absolute mode was iceasuced froii a row output a-ui;ifier to a

refercnce clcctrode. Diffe:iertia± data was measur'ed oeiween

two row output alaplifiers. T12e data co±LCcte.'i inl tie asoLoute

MOCab for day 9, roW 1 coluun 1 ,sn o0ws; no dIscernaije .preLsnce

o the strobe. Therefore, pur..aps crue 'ack ol. a positive

ground in the differential noue aiJlowed the strobe to leak

into the corticaL daca.

* VI-3 -
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Another anomaiiy observed in the anaiog data caused

j noticeabie variations in tile evok:ed re-sponse calculations.

This was the lack of repeatability in tile analog data. In

other words, recordings -made of data taken from tie sai-.e data

sam,,pled twice showed marked d.Ii e~eiices (See Appendix B-8).

Although these diffeirences appeared as Tmor perturbations on

the str iart. recordings, tile VLR plots- showed rnarkeuj differ-

ences. As maentiorned i.)rovi-ousliy, by snifting thie VP pulse to a

moire stable (bl:at) area on tile data signal tile efrects of

these pertubations were minimized.

4 One final observation reyardiing tile arioi ELG data viould

seem.- to providle inforimiation as to 'tile State of deterioration

of tile array. Data recorded from the row 3, coiui~in 1 and It

electroces collected on d-4ay 11 jecems-' to snlow only Ltrobe a~nd

60 Hiz interference (Sue Appen iz B -7). L~xai', nation of a ph'oto

taken titru an electron miacrosco-,c- of tiwc imutic ecrrode array

*(19: 113) -1, er 1:4L wa L rr. 'o0V L o so!,;eu significain degradaltion oL

tie arrlay e..e c -C1oaes'0. in "Cc, tile elecCtrOQc0 at ostolrow"

*3, co.Luiuni 4 i-s mis.in 1 L00 to iiotuoirapii. The re-fore, the iaci:

*of any noticcable brain a.tt-vity on- txne day 11 strip czkart

recoruingj i-maJ indicte acray1 de-,-radatio0l StarIted sooner tilan

was thou,.,.n by 1:enul cy aiiu Den-rton. T.ssuboct is adurcss'ed

agI(ain Ill tlhu U.Lwgsectionl.

F irst, i t w J i o -11 o ~t Cu L i iA i te '10 ou 1. T l Li~o routincLs

uzeo to C;:tract cueV2I wav~u>. .ru vafL'-lted byco.iccting;

WX-4



anid suaiiing a Known viaveiurm (i.e. a sine wave). Tiie ncext3

area or. concern ucalt with the riui.iuer oi sawples wiiicii were

coilcued in cach tuest. Tneoretically, a specific sample size

could bt deri'ved u.ng statistics. Reaistically, tbis method

should be used if each sarnyle cost thle exierimenter somuecani

sucri aLs money or tiine. in tnis case, zaimples cost practicaiwly

nothing. If: Zanythling, tihe Cluestion was not "How lmanly saraples

Slnoulb onia tal:-.?", but imore, "Iiow many s;amiples can one tk-"

Lecau:se o,'f tne i-emory constraints addressed prurviousiy, a

raimple size of greater thian 200,000 was riot po sible usinj

fuij y ibuj':erd dzata transbfer. Partially ouffered transfers

hau been ruled out uOCCause of increasec triime foi coil ecti on,

even titough it p-eriuj,.t'Leu largjer saimjpies sizes.

AppadiMC coritains ulie c ue VIJR plots for uos othre

6 a0. "ole Of tl)C Vi~h PlOLs ror speciiric ail ctroues are

.dsincj bcua u:; oL te ina o iJ. ty to o clc ve a rua:soxia ic ±v i

Ot0 rcpuatabuiizy iwhein data Zro., a s ;Cclrlc ejcctrodc Nx'QLre

saBtij)ea anld -,otted twaice. UaIL; 3-3 sow Vi"'-, unucx: ttio!frs

*stroLoc useu by Hernzlicy aridA 1 Dn o ri When thie jrocs are

* ryla.yamrangou-L in ro-,. and colum foriiiit by ociuay, san-e

oiusorvztion.s can oe m-auc.

1. All theC- Uassiv aroeace or nuegaiv

sp, 1c at tnaaxct~c. tiim cx CLIC strob cut-

o01 C nui :AUcUt1ing laa oir Lnc! st-obe! signyal

into the 6bars

2. As, Liiuay o;: coL.1L~igvoro~ejh wviom

;1moothl ou c. cons oulzaaiy, allu, by day 6 tiae V J",R

* VI-5



plots show inirtia-. pertuoations. This could in-

dicate that trie dog was becoming accustomed to the

180 iillisucond sqjuare wave strobe signal.

3. Some coiLective column output sigjnals appear

smoother than 4th-e rest. This is~ especially ap-

parent in column 4 waveiorms for days 5 and 6.

This could6 indicate a degradation oi thle cir-

cuitry by the CSF in thle cog's brain.

* It is known thaL when the AFIT array was removed f~roma the

*dog's bra.-*n, so~e of thle electrodes hlad acteri-oratua. Hensley

* and Denton oe-Lieved that tile damage was a result or tne ext rac-

* tion tprocedure (19:82) since trie cortex area undcer tile implantIL

apJearOci norlma-L. However, looking at hlow tile VER waveiormis

charicjed as trie dayis irogressed indicavcs that tile implant was

* proozahly afcc!.eci by the CSF prio~r to remova±L.

*Froii pictures in !el 'Ley anld Denton's thesis it appears

thiat; row 4 elecrode 1111~oLt C04-;,~itpetey OCC.1 St1:pj-ed

awa, CO-,u1afl- 4 out )UL channel and11 rowsz 3 and 4 iiiput signal

*clianineis naa oegjun to deter.Lorate, anu row l's internal

circuitry had aiso been slcr~pj)eci awaly. Ililiat s nlot k~nown is

how s;oon tiso cturioraci-on Luejan, aiiu what ciiect itL had Oil

*t;ac ua~a coliecc-uu 1froi, czlcn u. 0 C T- :Uc U

To minivize ile ei.-cts oil: t:P2 s(,juair. wae -s"robe on tile

uata, honoicy and Duinto.- ciingeu tic: -crooc stjiuuu mar e-.r to

*a sp~ewavQform: on day 7. 'iney al~. Larntiy oe.Lievud thiat thle

zcjuare vwavo stroe marker couldj reDJaf tzie d~ta too rlucn.

* VI-6



If the data coliected while the new; strobe stimulus was

applied is laid out in columns and rows, it is harder to tell

the spike strobe cut-off point. One also sees a suuden in-

crease in activity in the waveforrias, maybe because the dog was

not accustoded to this new strobe.

On day 7, a test had been done using a metal bucket and a

black cloth to shield the light from the dog's eyes. This is

an interesting test because it allows surt'mmations to be performed

since the strobe is present, but the data should also be

absent of any evoked response. Unfortunateiy, only one row

Was cajlable of being collected fro;i this test because the data

was unstable. If tnis row is used as a comparison for the

evoked response caua collected, one notices in day 7 that

there are usually twuo spikes that appear at the beginning of

tlle piots within the firs;t 20 illiseconds. Some of the plots

do not siow tuiese sikes, uut usually these piovs also indicate

a less ned orain activity. in fact, as w;itii the squarc wave

strode, tLe piots sn-ow a lessening in waveform pertubations

from aay 7 to day 8. Aiso eviuent is a columnar correlation.

The coLu:..n waveform,1s be.cwcen the two days are very simi.i.iar.

Since tihe uaLa were digitized by rowms and noL by col.umns, this

again inc icatn-t th"ere r.,ay iave been soi.;uviinC aLLecting

the column ouL ut channels from tue array during tile actual

testing with tihe sog.

On cay 11, Uhe strobe's ;,rnu.Lude %:as douoled. This

caused a 1oLucu.ao/e cil,.je i, ;.Ost r Cuie u La e:cept column 1

data (for uo)L auso±usc allu ui ierentia testing). Tiius is

VI-7
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also seen in day 8's data. T~ie fact that day 11, column 1 uata

also exiiibits the samae waveform as (day 8, column 1 data sigjnifies

that there could have been something wrong with column 1's

output chianncl at thiat time.

Tlhe final area of analysis covered tne effect thiat

changinyg the number of summations, to derive tne VER, had upon

the shape of the waveforii-. Aj maentioned previously, Hayes

believed tiiat varyin tiie number oi sumim ations wdouid greatly

change thie waveforma because ofL possible non-stationaleL;.

Using the vari.,uin.c progrUam t~le plots for 40 suimmationz and

60 suituations are shiown in Fiqure 6-2 and 6-3, respectively.

There are difierencces, out thecy are minior compared to the

gene ral sI-Fape o-.'- thie xavef o irm,, wiii iLs ti-e sa me in both

SuInI.,-at4 onlL. rThesu differences in t.,e, WIT. waveforims- are pr)loba-

bl1y ca u LecdA by variazions in trie summatIon off uncor A oIaced

noiA. Thus, th-e re-liacility of the etosuseu to ce:ILraCL

the VLfl seeims- to have been yeriied-. U o it u Aiteiy t.jc! ICiicjth

of tie tesr on.Ly a.Lio%,..'Ou 60 su;.jdatlof2.

Tnis variu.e zuimation test was oeioie cart u iy

data wh,-ih were auile to 700 COiOCtCd Zroi. an Curjl Lroue

referencaci to tiic L-shaCfOe'J eailod LIc a)I1a y

45). it Was -; pa 11i1kL a L)t .LO aC~jinnC 11nsu d1J (J 11 1,i

v I
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E, 2)

127

Figure 6-4. ilen,,j.,y and Denton's VLR Dcrivea' ietwuon the
L-Siiapeu 1L;-lctrOue UTnC the ucY's Ear U(i,:1-13)
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VII. onclsiom;aiiI

Concius ions

Th~s thesis accompxjLished m~ost of ,.hat it set out to do.

Thie EEG -,trip chart recordingjs display evidience of iow

frequency aipha waves, thus indicac-4ing that tlie sei-..Lconductor

array il.plnt i.s a Suitable method for a;sractinyj brain data.

The fact that sixty cycle hL'w (cvident in thei LEJG strip cflart

recorcdincjs) does niot appear in tne VEfl curves conirms the

theory that the sur~mation/ave rag ing method can ekifectively

fiitur out uncorreiated noise.

llo-- of th0e data collected by Hiensl~ey andi Denton was

studico and coiparisonS, made betwoeri wavefor.,.s of dififerent

davs an(! ote ntLteat. Tuie tests conducted usingj thei

I Ld trobc oif day:a 7 tru11 are probaby %ne -ot useful

since eviuunce icicate-- thlat tile ±Lonar st-robe 's Signal

lea'uIILO LCe UaU-a collectionl circuitiy. Un fortunately tie

sp.~cuato~'WasL IIOL uLscl untilI wull af ter tioe array was

impanc~.Dytine the C SP in thle docj'ac birain probably

had beolur Lo LICter:10ortC thC irlaii*L. Tiis creaatcsa a lack of

coiikiuence to solne uoc rue .n tiIQ ILct tLla "I p)ozsible evo)"ed

reaponf~e w/O i ounu.

Tniish ia~a cv. e a bu~ o y w a ick fur the r

expolrii.ents can ciir ctl m . tlie duta a~nd analyze it

Witoout tilt U.,e 01: SonC. rcCOI:U-IIg 135io usi.ng the

intefaceiooano .;e i~jIzIri-1drii~xc ioitr er



reaiti~ile oats., anialysis ana feedloack isposbe

None or: the writi-Any so f ar adequately ex presses the

ar.,ount of work the anialysis reqluired and the numerous f rus-

tratincj probierms encount~ered. Thie work and the f rustration

were urougant on I n part by tne f act that tis thesis fLollIowed

aftei: two otiner thesis, effort- (Henisiey and Denton's, and

Hayes') vihicii supi.iiea, theL d~ata and aiiso the first data analy-

sis atteupt Critical intoriimation neededl by tIiis tiiosi was

riot doCune,-:ritC!d, thus 1,ucii efforc~jt and tim-e was~ spent in areas

wfhich'- znfou.id not havu ueen rccui red. Two m.-ajor ex:zanles of

tile iac; or0o1: ~ aio are:

I N ~ 1) 1No log was %1ritton clown by llensiey and Denton, as to

whiat et or dono ochcr day andi no inca ion a, to hen

t i ey cnianIJ-ed, Lsroijes ano n theL ciaracteriEsticsc o each-

s~trobe wero. Al Liouji;i '-icaere is a volce tracxk on the uzope, the

inror:.~1:11ul ieoua UL s very Litca n( o1nc t.. needs;

LO hiave2 a written i.o. -.. cnd.Lix A now cornta~.nu the i og for

days; 3 th-1ro 11, ta' en r rou th voI"ce Ltracin. Tnoeo dooes not

~~nc ~ uI-e ovs a 2, ana-- 12 s-nc 1 C; ice(Iata f roIi tihcsu

Uzl 'L;~di CO!ocd 11C r2Jor reo ns )'L -"I;ne ~ Ciaa L;ter

2) 1.ie el.. no 2centi o ,:ne cir~cuit i cli *:edsg-

ed. Fruiti' >Stai~--. cli no.:ice to ul-l iiucn of

IlayU.3' ci rCLILr,.

rjhiS doejS 110L ccssr i,i02fl LhactLii, t%;'o priori tiu sir

V± 1-2



APPENDIX C

VER iujatio Piots

This appendix contains the VER sujmiation piLots. Trio time

scale along the x -axis represents 540 wilijliseconds. This

length of tiim.e was; chiosen to shiow as imuckn detail as possible

in the waveforrms. In some instan-ces an ev- qhorter time

length, could h.aVQ Drougilit out more detail, L t to keep the

time scale cons is -eInt, tin-is wias decided against.
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APPENDIX B

EEG Analog Recordings

The strip chart recordings illustrated in this appendix are demulti-

plexed data collected from a single electrode. They are representative

of a "typical" analog EEG output. All data shown here were recorded at

25mm/sec (millimeters per second).
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Date/Day# I Tape Counter I Comments
I Position # I

Nov/8 1412 1 Cain set at 5000
1435 1 Data starts

1 1440 1 Start 60 count flash test,
differential mode

1467 Test ends
1472 1 Start 60 count flash test,

I Absolute mode
1495 1 Test ends

3 Nov/9 1508 1 Gain set at 2000
I No normal data recorded this day

1528 1 Start 60 count fiash test,
I absolute mode

1561 Test ends
1595 1 Preliminary differential mode test
1627 1 Start differential mode test
1631 1 Test ends

4 Nov/10 I 1644 I Cain set at 50
I I Gain to low for data to be useful

1h0 Lifier '5 usea
1609 I 60 count uifferenzial test begins

I 1828 I Test ends

5 Nov/11 I 1048 1 Amj.±iifer #5 used

I 18GG I 60 count differential test begins
I 1iG5 I Test enfas
I 1920 I 60 count aosoiute test begins

1S3b 1 Test ends

A-2



"'"APPENDIX A

Data Taa LD

Date/Day# Tape Counter Corments
I Position # I

------ I---------------I--------------------------------

27 Oct/3 I 109 1 Gain set at 500
, 114 1 Ricky stiriulated w/strobe
1 198 1 End of Data

28 Oct/4 1 232 I Gain set at 1000
1 275 1 Amplifiers on, testing begins

I normal miod
290 1 Strobe starts, VER data
306 1 100 Count tesz begins
332 1 Test ends

29 Oct/5 1 520 1 Voice track starts
1 550 I Data starts

570 i 100 count VER test begins
624 1 Test enas

I 626 I oral test starts
670 Test enus

30 Oct/6 1 819 I 11. count nori.3al test begins
836 1 test ends
838 I 100 counL- EVR test begins
907 I Test enas

1000 Test 'WiLl uucKet over Ricky's
I head

1 1065 1 Teut with bucet over strooe

Uov/7 1140 1 Cain set at 1000
I icw s Liobo i. intr-oduced

12U5 I Start 60 count flaii test,
I I ii:frntia± n~ode

1308 I est onus
1 1315 1 SuCrL 60 count flash test,

Il: L I u ioiu e '. 0 U
1 134 1 T2 e 1 (n

1360 S tart 60 count fiash test,
I I diierenta.L aoae, strobe

1305 I Yeost aus

A-I



2. The spiked Strube should De used from~ the outset.

3. Good documentation should be kept tnroughout the

expjeriment.

4. The spatio-temporal correlation technique should

be accompiisned. S.2

5. Other siynal processing techniques, su cr as Kalman

filtering arid Fourier and kla-Lsh transforraations,

could be attemapted and thieir results coIuipareo.

VI1-5



7w7

- guous file space for data collection added som.e more probleris.

Althougli contigLuous fiie data collection iieans faster collec-

tion; on a system with no repack cap,.ability for the nard disc,

th t eans limited iile lengti-ns. A work aroundistcolt

directly onto a filppy disc and then the f ile can be

* derduitlilexed into the column outputs and these f iles al~so

*stored on floppy disc. Even then, Mer.,ly size ii:t: collec-

tion to undler 300,000 samp).les at a time. This syst-em- turned

out to b~e adeLuate for th-is thiesis. However, the follow on

- thesis using the 256 electrode array will definitely need a

much largjer contigquous f ile Spce and ,ieimory cajpacity since

sixteen cranneis will be sampled instead. of five.

c TheC Stored d.are aInd tile T.iryoex machine, wi,.ca wa used to

plytedata bztc1 ;, brougjht .n anotheor set of problem~s.

*Filrst, tLue data were wu1ll inrfus;ed IIarn1 L z.~±t cZycl CY.L:ium when it

0 di was- recordedj. Tnis is vcery apr~arent wne-n ioo."ancj at some of

the IXh st'rip chetts. Als-o, at som-le point the 6ata became

dist-orted with noisec and jizter. The tapce recordec-r would also

*devuei scuueaks a.-orig ce rtain portions o.-L tiie tape which als o

*Caused treilenCsouL UiLrort.jn in tnie de,:ta. liany times thje data

inad to be co- lecteu ov(er e-,,a.Ln inr tl( im oLes tnlat tills Squeall.

* wou.ld rnot Fai uortuna-tely tri rocoruer ncinot- be uoed

in further iiai-,Lznu :pridn.

Lecmianut ioii a.o urthri.ai p m~ include:

O1. I'iij.e siou.ld be spei~;iL r~r a plan lor teJscang

with~ CUIIcrOl tests inc-LuJJJ ro: COI.IL~aL i!on iurkCoscs.

*i



47 7-A7 -- 7

efforts were negigjen t. Their problemi was -Laclk of time. Fo r

examp-.le, Hiensliey anci Denton collected their data in late

October thru early November, a tim-,e when their writing sn-ould

have been nearly complete. For future ezperiraients, a plan of

analysis should be written down prior and followedl as cilo.seiy

- as possible with a written log ikept forfureeeen.

Anotner area of major problems lay witri the comlputer.

Poor documen tation caus;ed many of these problems. Th'le learning

curve for this comp~ute~r turned out to be tremendous. Anyone

who plans to attufmpt furtl'er diata acc~uisition and analysis

Iwith tne IIASSCOLP 1I-C-500 shiouid at least attend the data

accuisit-Lon course q:,ven by M'Ias.comnip in Boston. it would also

be very iie.Lprui to at.tend the _grapifjicLs courzse, if tir.,.c and

mony revalb. bcgrounc, in cor,.puters and computer

p :r Ja r.-&minc (czspecIally "C") would b(, invaluaboLe.

Lack of needed e ,U i p i~ !11t caJused 11ore: prob00lemIiS ior

Iwhich some wor'-arounus Lau to Loc uovised. A D/A board was

*needed to obta-Ln tiic s rip cnart recordcingjs of trie LEC] signals

from~ tlie iriuiVidaua e~cctrodes. Tnls board haud to be borrowed

from aiiother Lab on base 1;zrlenovc: It \was ncLoed. Aiso, anotner

* one of the tiia-:ss oojce';LIves couj.u iiot ocaco.ilsLe be-

* cause eitiu the Lzagi-iti' ta L rivo ncor a iioder iiad come.i in

*(ooti" htaa beeno- ee 0rued)-. il )e 1:p di vu siiould b.- available

for the nex;-t exe~in..t is ilicn.y recoi-i(.,i~itd -Liiat tne

spaio-tepori crrlatontachniq.(,uo Lse- testcu'.'.i tac largerc

array 's Uaca.

Thie fact thair tne jata ac(, uiz,.L.Lion pro~jrais- neC'U COn'ti-

4 l-
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APPENDIX D

SotaePrgasand Comad

test.multicom command

dacq -TA -D/dev/ciacp/adf0 -M -cf2 -cs3 -cn5 -cvlOOOO
-ch250.000000 -G -n5 -fO -il -B -d/usr/collier/filename
-175000 -A70.000000

This comnand line tells the computer to read in through

the A/D board five channels starting with channel 0 and incre-

menting by one up to channel 4. The five channels are sampled

at a frequency of 250 hz with a converter speed of 10000

channel/s. Two clocks are used with one triggering (or gating)

the other. The computer samples 75000 bits of data. If it

has not finished sampling the data in 70 seconds, it times

out. The data that is sampled is stored under a specified

filename.

da.comi.'mand command

dacq -TD -D/dev/dacp/ dafO -c16 -cH250 -cd50.000000 -nl -fO
-iO -D -d/usr/collier/fiiename -30000 -A120.000000

This command tells the computer to take 30000 bits of

data stored under a specified fiiename, at 250 hz, and run the

data through the D/A converter out through channel 0.
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DACQ Switches

-Af alarm timeout value in seconds

-B set main memory big buffer mode

-Ds device pathname

*-F set file transfer via driver mode

VA- multiple clock setup

-Tc device type (A = a/,', D = d/a)

-b differential input on A/D

-cuf clock frequency in H1z

-cdi& clock duty cycle in percent

-cfi first clock number

-cli clock number to use for single channel clock

-cni number of channels for multi-clock waveform

*-csi second clock number

*-cvi converter speed in channels/s

-ds disk file name

-fi first cnannel i.n incremental mode

-gi gain for incremental mode

-ii increment between cniannels in iacremental mode

-Ii transfer length in items

-ni number of chartvels in incremental mode

-rs file nai.,e .:or random ctiannel list

*-5 simultaneous samp.ies (D/A, A/U)

"i" in a switch listing means tliat the nodule is ex:pecting an
integer value in place oi tkie i

*"t" indicates a floating-point number

a s" indicates a string of characters, such as a disk file name
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Compile command for "C' programs

cc filename.c -lpg -imr -im -o fiiemane.out
Iq

cc Calls up the 'C' compiler program.

filenare.c The name of the file written in 'C'.
Must end in ".c".

-Igp Tells the compiler to call up the graphics
library.

-liar Tells the compiler to call up the object
archive library.

-im Tells the compiier to search the math
library.

-o Tells the compiler to output an object
file.

I filename.out The name which the compiled object file
is called.
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Plotp Commands

-g suppress grids
-a suppress axes
-cs string of plot characters.one per line; set marking
-f suppress frame
-gxbi bundle for x grids
-gyoi bundle for y grids
-Ini,bi bundle for piot line i
-lniIak mark plot line i
-ri region to draw in
-txbi bundle for x tics
-txsi size for x tics (% of frame size)
-tybi bundie for y tics
-tysi size for y tics (% of frame size)
-xa no x axis mark label
-xbi bundle for x axis
-xhf x axis high limit
-xi x origin of plot
-xif x axis tic/grid interval
-xif x axis low limit
-xni x axis no. of tics/grids
-xt no x axis title
-ya no y axis mark label
-ybi bundle for y axis
-ybf y axis hign limit
-yi y origin of plot
-yif y axis tic/grid interval
-yif y axis low limit
-yni y axis no. of tics/grids
-yt no y axis title
-Axbi bundle for alternate x axis
-Aybi bundle for alternate y axis
-Xi(P,T)s X data file for line i, Permanent or Temporary
-Yi(P,T)s Y data file for iine i, Permanent or Temporary
-lni,Tmbi text bundle for mark character for pLot line i
-lni,msi size of mark characters for plot line i

i = integer #

f = floating pt i
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Array.c Program

/*This program is to extract from an already created binary
D/A file, a specified channel. After extraction tne cnannei
is displayed using grapnics routines and then written to a
user given output file. The program repeats until user wants
to stop.*/

#include <stdio.n>
#define FLDUFSIZE 600
#aefine BUFFSIZE 600
#define /IAXCiiA'IILS 5
#define fINUSONE (-i)

/*the control array for the mgiosc command*/

int control[13] = {

0, /* 0 starting index */
0, /* 1 number of 'x.'points plotted, filled in later*/
100, /* 2 starting x value */
0. /* 3 starting y value */
0x36,/* 4 master controi word, enable scaling 36=11110*/
1, /* 5 data points per increment */
1, /* 6 increiment value */
0, /* 7 offset, filled in later uy scaling routine */
1, /* & scaling multiplier */
1, /* 9 scaling divisior filied in later by scaling

routine */
60, /* 10 secondary addition, used to raise off bottom

of screen e/
0, /* 11 sync windo width */
0, /* 12 sync value */

int xl,yt,yr,yu,nuii;

main C)

int Lb,channum,DOUE;
cnar dataIn_tile[30],daa_outfiie[30J;
short int ypuuf [BUFFSIZI];
int nchan;
static short fileouf(FLBUFSIZL * f.lAXCHAIRELS];
int c;
int E14DFILE = 0;
int bufferflag;
char stopchar;
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int
int count,count2;
int vunum = 2;
int ipin, ipout; /*for use with read and write ~
int nbytes, data_items;

/* initialize graphics, files, how many channels per how many
framnes*/

D0O4L = 0; 1* flag to let user quit *

/* get info f rom user ~

printf ("Before continuing I need som.e informationf rom you.\n\n");
pri-ntf ("This programn reads f rom an EXISTING binaiy f ile, \n");
printf("a-Lsplays a selected channel, then writes that chiannel\n");
printf('information to a given output fi.*le. 1);

nigiasngp(0,0);

while(DOINE ==0)

/* this user info inside loop, will nced for every
extraction *

printf(' I need from you the following; \n\n");
do

printf(" Tne number of channels per frame;")
scanf ( "to , ,ncnan);
if (nclhan <z:- 0 1 1 nchan > !iAXCHANd4NLLS)

printf ("\nl~ui.aher of chiannels is vetween 0 and %d \n",IHA XCHANNIIELS);

while(nchan <=0 I I nchan > iiACIiANNELS);
do

printf(C" The channei number to ex,'tract )

scanft"i~ &ckiannum)

whiie(channu-m. <= 0 1 1 channum > ncnan);
cnannuim = channuA - l;/* bring from 1 - 4 to 0 -3range *

printi(" The IEX 13r21 iG biaary input file na-me: "
scanL("%",6ata_in-file);

fpin = oipcn(da~a-in-fie,0); /*0 -reads ~

if (fpin == fliiusoN4E)

printf("Error in opening Ocs ,\n",data..in-ile);

exit(l);

printf(" Tne output file name: "
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scanf("%a" ,da ta-outfiLe);

if ((fpout = open (data-out-file,l)) ==-1)

fpout =creat(dataoutfile,07G6);

printf ("Error in opening %s .\n",data-out-file);

exit(1);

/*init graphics */

rngipin(-l); /* enable all planes ~
mgibue(3);
rigifb (1, 3);
rgiciearpin(2,-l,0);
fb = 1;
zgifb(3-fb,rL-b);
mgigetvcoor (vunur , &xl ,&yb, &xr, &yt, &null); /*get windo

coordinates for scaling*/

while((n-bytes = read(fpin, filebuf,(E'LSBUFSIZE*nchian*2))) > 0)

/* do the el,;traction, graphics~ and writing ~

count2 =n-bytes/2;

/*extract the cnannel from the file butfer ~

if(count2 > 600)
count2 = courit2nchan; /*do only 600 iiax for graphics

or do up to whiat ever counrt2 is*/

for(count =0;count < countI-2; count++)

gpbuff [count] = filebuf f count*nchan)+canmum;
/*prinitffI'ypbjuk.-i 'Od I = 00-d \nh,cont,yjpuffcount]);*/

1* count now contains; tiue numuber of itens in the graphics
buffer count is <= 600 w7ill scale only the numoer of points
obtaine6. ex.cept for last o.L file this nuimaber snoula oe 600.

1* now scale tne data to the wincio

scale-data(gpbuff,count);
controiIl1 = couriv;
bufferkiag = 1;
mgiosc(ypuf,controJL);
mgifb(fb,3-ro-);
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mgiclearpin(2,-l,O);
rngaaol (l'0,ngfadd (&oufferiilag));

while(buffertlay != 0)
f b =3 - fo;

/*write cjpvuff to tile data outfie /

/* for(jL:0;j<counrt;j++)
putc(qPIui tj,fPout); *

write(Upout,9piff (B3UFFS I ZE *2));

1/* end while ~

/* close tile files ~

c.lose(fpin);
ciose(ipout);
endfiie -- 0; 1* RLSLT THE END OF 'TE FILE %IAIKLR *
ngic.learpin(2,-l,O);

printf("Wouliu you iike to do anotiier chan ??? 1=Y or 2=14 \n\n;
scaif "aJ)

if (j : /) * II(--"")
DO1NE = 1;

else
DONE = 0; /* corit stop ~

/* end while ~

xjiiiifb (1 , 3)
igicieaL-pin(2,-l,G)

scale_data(gpbuff,cournt)

short *g 1bu f
int coun"L:

int iua : i rui'n, m~inii,,uiu, l. a: ru ;

maxiriurm finuiiax(cj-burff,counz);

/*mlake data zuro reiatUivo u

contoit?]
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33 daylldfrlcl daylldfrlc2 strobeillcfri
daylldfrlc3 daylldfrlc4

34 daylldfr2cl diayllcfr2c2 strobelldfr2
dayllcifr2c3 dayllafr2c4

35 d~caylldfr3c3 daylldfr3c2 toeld4

3$ ~daylldfr3cl daylldfr3c2 t4elir

36 daylldfr4cl daylldfr4c2 strobelldfr4
daylldfr4c3 daylldfr4c4

37 dayllr5 strobedllr5
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15 day6r4cl day6r4c2 strobed6r4
day6r4c3 day6r4c4

16 day7dfr2cl day7dfr2c2 strobed7dfr2
day7dfr2c3 day7dfr2c4

17 day7dfr3cl day7dfr3c2 strobed7dfr3
day7dfr3c3 day7dfr3c4

18 day7dfr4cl day7dfr4c2 strobed7dfr4
day7dt-r4c3 day7dfr4c4

19 day7bucr4cl day7bucr4c2 strobebcd7r4
day7bucr4c3 day7bucr4c4

20 cay7abr4cl day7abr4c2 strobed7abr4
day7aDr4c3 day7abr4c4

21 day8dfrlcl day8dfrlc2 strobed8dfrl
ciay8dfrlc3 day~dkrlc4

22 day8dfr2cl cay8dfr2c2 strobeaci8dfr2
day8dfr2c3 day8dfr2c4

23 day8dfr3cl day8dfr3c2 strobed8dfr3
day8dfr3c3' day~cLfr3c4

24 day8dfr4cl day8dfr4c2 strobed8dfcr4
day~dfr4c3 day~dfr4c4

25 day~abrlcl day~3abrlc2 strobed~abrl
day8a'orlc3 day~abrlc4

26 day8abr2cl day8abr2c2 strobed8abr2
day8abr2c3 day8abr3c4

27 day8abr3cl cay~abr3c2 strobed~abr3
cay8abr3c3 ciay~abr3c4

28 day8abr4cl day~abr4c2 strobed~abr4
day8abr4c3 day~3aor4c4

29 dayllabrici dayllabrlc2 strobellabri
dayllabrlc3 dayllabrlc4

30 dayllabr2cl cayllabr2c2 strobellabr2
dayllabr2c3 daiy11abr2c4

31 dayllabr3cl dayllabr3c2 strobe11abr3
dayllabr3c3 dayJlabr3c4

32 dayllabr4cl day12labr4c2 strobel1abr4
dayllabr4c3 dayllabr4c4
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APPENDIX E

List Fie U. lopyDik

Disk # Files On Disk2
----------------- --- ---- --- --- ---- --- --- ---

1 day3rlcl day3rlc2 strobed3rl
day3rlc3 day3rlc4

day3r2cl day3r2c2 strobed3r2
day3r2c3 day3r2c4

2 dayer3cl day3r3c2 strobed3r3
day3r3c3 day3r3c4

3 day3r4cl day3r4c2 strobed3r4
day3r4c3 aay3r4c4

4 day4dfrlcl day4dfrlc2 strobed4cfrl
day4dfrlc3 day4dfrlc4

5 day4dfr2cl day4dfr2c2 strobed4afr2
clay4dtr2c3 day4dfr2c4

6 day4dfr3cl day4dfr3c2 strobed4ciir3
day4dfr3c3 cay4di.Lr3c4

7 day4afr4cl day4&ir4c2 strobed4cifr4
day4dfr4c3 day4d'L-r4c4

8 day~rlcl day5rlc2 strobed5rl
day~rlc3 day5rlc4

9 day5r2cl day5r2c2 strobed5r2
day5r2c3 day5r2c4

10 day5r3cl day5r3c2 strobed5r3
day5r3c3 day5r3c4

11 day~r4cl day5r4c2 strobed5r4
day5r4c3 day5r4c4

12 ciay~rlcl day6rlc2 strobed6rl
day6,rlc3 day~rlc4

13 day6r2cl diay6r2c2 strobed6r2
day~r2c3 day6r2c4

14 day6r3cl day6r3c2 strobed6.-3
day6r3c3 day6r3c4
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/*This is the subroutine which is called to find the first
strobe pulse. It then returns to the main program with the
pointer set.*/

int findstrb(strobuff)
short strobufff];

int i,j;
short *bp~l, *bp2;

bpl = strbbuff;
for (j=0 ; j<STRBBUFFSIZE; j++){

if(*bpl > -100 && *bpl < 100)
{[

return(j) ;
}

bpl++;
) /*end for loop*/

return(-i);
1/*end findstrb*/
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recognized. */

if (*strb~ptrl > -100 && *strbptrl < 100 && nottop ==I &&
optndx > 100)

optndx = 0;
nottop = 0;
strobecnt++;

if(*strbptrl < -100)
nottop =1

if((ndata~bytes !=&& nstrbbytes 1=0))

A~optndx] A[optndx] + databuf[datandx];
optndx++;
datandx++;
stbndx++;
strbp~trl++;

/* end while ~
for(i 0; i < BUFFSIZE; i++)
AM A[i]/stroioecnt;

/*Th~is section writes the summed array out to th~e output file
and clozes out the pointers. It then calls up the plot program
and querries wilether the operator wants to sum another file.*/

write(fpout,A, (120*4)) ;
close (f pdata) ;
close(fpstib);
close(tpout);

printf ("Plotting the output file \n");

strcat(BTOA,data-out-file);
strcat(L3TCA," >tempfiie\n");
system(13TOA);
system(scysteiatext);
strcpy(dUata-out-fiie,blanks);
strcpy (B2OA, "btoa") ;
for (i=0; i<I3UIFSlZE; i++)

AMi = 0;
strooecnt = 0;

printf ("Woulclyoulike tosurdanotherfile??? 1=Y or 2=N\n\n");
scanf("%d",&j);
if(j == 2)

DONE = 1;
else

DON'E = 0;-
)/*end while*/

)/*end i raain*/
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exit (1) ;)
J

else

printf("Strob file is empty\n");
exit(l) ;

nottop 0; /*must be at the top of a strobe or findstrb would
have returned a -1 and tnen exit oefore here*/

/*This section reads in a buffer of the data file and set the
datandx to the stbndx so that the data corresponds to the
first strobe pulse.*/

ndatabytes = read(fpdata,databuf,(FLBUFSIZE * 2));
datandx = stondx;
strbptrl = &(strbbuff[stbndx]);
printf("\n\n Starting summations. Please wait.\n");

/* Here begins a while loop which continues as long as there is
data in the strobe file and the data file to read, or until
strobecnt is equal to the number of iterations specified.*/

while (ndata-bytes > 0 && nstrb_Dytes > 0 && strobecnt < iters)
(

/*test to see if need to read more data*/
if(datandx >= (ndatajytes/2))

{
ndatabytes = read(fpdata,databuf,(FLBUFSIZE * 2));
datandx = 0;}

/*test to see if need to read more strobe file */
if(stbndx >= (nstrb_bytes/2))

f

nstrbbytes= read(fpstrb,strbbuff,(STRBBUFFSIZE*2));
strbptrl = strbbuff;
stbndx = 0;

}

/*This section checks to find the next strobe pulse and sums
the values in the array. If a strobe puise is not found,
the counters are increased by 1. "optnax" must have advanced a
minimum of 100 data points before it will recognize anotner
strode puise. Tliis tries to guarantee that no unusually high
noise is recognized as a strode pulse, but it allows a
variation in strooe period. Once another strobe is recognized
"optndx" is set to 0 and "nottop" is set to 0 signifying the
strobe pulse top again. Once the strobe pulse falls again,
"nottop" is set to 1, signifying a low stat of tne strobe.
This is necessary to occur before another strobe pulse is
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exit (1);

printf("\nThe output file name: )
scanf( %s",data-out-fiie);
if((fpout = open(data_outfiie,1)) -1)
1pout = creat(data-out-fiie,0766);
if (fpout == 1M1hUSONE)

printf ("Error in opening 'Os . \n",data-out-file);
exit (1);

* printf("\nThe strobe file namie: Hl)

scanf("%s"-",strob file-in);
if((fpstrb = open(strb-fiiejin,O)) ==-1)

printf("Error in opening %s .\n",strb_fiiejin);
exit ( );

printf("\nllow m~any iterations do you want? a);
scanf ("%a" ,&iters) ;

*printf("\nls the plot to be printed? 1 Yes or 2 No "0);
scanf( "Os" ,plotorpr int);
if(piotorprint[O] == '1')

strcpy (systemitex;t,PRIN4TTEXT);

else

strcpy (systemte.xt,SCREEINTEXT2);

/*This section initializes the variabies which need to be*/

stbridx = 0;
datandx = 0;
optnd~c 0;
A[BUF'FSIZE] 0;
strobecnt = 0;F /*Thlis section reads in a buffer of the strobe file and calls
asubroutine 'findstrb' to locate the first strooe. If no

strobe vaiues are iound or i 1 the file is empty, the
appropriate response is given and the program is exited. If a
stroce is founu, 'nottop' is set to 0 to indicate tflat we are
at the top of the strooe. 'findstrb' also returns with the

k' stbridx set to a number so we know whien the first strooe
begins.*/

if( (nstrb-bytes =read(fp~strb,strbbuff, (S~r2BIUFFSIZiL*2))) > 0)

if((stbnh: fincistrb(strbbuff)) == -1)

r. printf ("No strobe in strobe file\n");
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Varisum.c Program

/*This prograi-m does the same thing as the strobesum.c program
above, ex.cept it allows the operator to specify how mkany
summations he/she desires it to perform, and plots the output
as usuai*/

/*Tis section defines or delares all variables*/
#include (std.Lo.h>
#define FL1DUFSIZE 125
#define BUFFSIZE 1254 define ST1UIJ1UFFS1ZE FLBUFSIZE*2
#define II4USON1E (-1)
#define PRIIW!LTLXT "piotp -YlPtempfile -xnlOO -9 rimxd\n"
#define SC.IILAE'LXT "piotp -YlPtempf ile -xlOO -g I wiadcn"

char systerite.Ntf5O];
char B'20A[5O] = {"utoa ;

* char plotorprint[21;
char bianks[310] = {1 11);
int ifj,DON E,stbnax ,datandx,optndx,;
mnt nstrb~bytes,ndata-b.ytes;
mnt A[BUFFSIZE1 = 0;
short strbbuf(STRLBUFFSIZEI;
stat Ic short databut iFLDUPSIZE];
mnt fpstrb,fpdata,'fpouc;
char data-iinilc(30],data-out-file[30];
char strb-ile-in[3-0];
short *strl iptrl , strDiptr2; o toe en ttpo
mnt nottop; /*'if a 1 at neg o toe en ttpo

strobe*/
mnt strobecnt
mnt iters;

maino(

/*This~ section qjueries the operator as to which files should
be opened or createi, and taezn opens or creates thera.Error
messages are given if an incorrect reospon~c is given ando then
the proram- ex-its.Tifis sect;ion also cjuerics the operator if
the output plot is to be senL to the printer.*/

printf("\nPiease IIaL,,e Existing binary input file name: )

scallf C -s",data-in_f ile);
*fpdata =open(data.L'nrfiie,0);

if (I"Pdata == NII US3O2,1E)%

printf("\nLrror in opening %s .\r",data-j*n-file);
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scanf("%d",&j);
K if(j == 2)" DONE = 1;

else 1
DONE = 0;

) /*end while*/
} /*end main*/ j

/*This is the subroutine which is called to find the first
strobe pulse. It tnen returns to the main program with the
pointer set.*/

int findstrb(strobuff)I snort strobuff[];
{

int i,j;
short *bpl, *bp2;

bpl = strbbuff;
for (j=0; j<STRBBUFFSIZE; j++)

I {

if(*bpl > -100 && *bpl < 100){

return(j);
I I

bpl ++;
I /*end for loop*/

return (-1) ;
}/*end findstrb*/

D1

Ii
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strobe pulse. This tries to guarantee that no unusually high
noise is recognized as a strobe pulse, but it allows a
variation in strobe period. Once another strobe is recognized
"optndx" is set to 0 and "nottop" is set to 0 signifying the
strobe pulse top again. Once the strooe pulse falis again,
"nottop" is set to 1, signifying a low stat of the strobe.
This is necessary to occur before anotner strobe puise is
recognized. */

if(*strbptrl > -100 && *strbptrl < 100 && nottop ==1 &&
optndx > 100){
optndx = 0;
nottop = 0;
strobecnt++;

if(*str.ptrl < -100)
rottop = 1;

if((ndatabytes 1= && nstrbbytes != 0))
4 {

A[optndx] = Aoptndx] + databuf[datand];
optndx++;
datandx++;
stbndx++;
strbptrl++;

/* end while */
for(i = 0; i < DUFFSIZE; i++)
A[i] = Afi]/strobecnt;

/*This section writes the sum-aed array out to the output file
and closes out tne pointers. it then calls up the plot program
and querries whether tne operator wants to sum another file.*/

write(fpout,A,(120*4));
close(fifpata);
close(fpstrb);
close (f pout)

printf("Piotting the output file \n");

strcat(ET'OA,dataout_file);
Sst rcat (BOA," >tempfile\n");
system(ETOA)
systea(systclate-xt)
strcpy(oaca-outrile,bDan ;s);
strcpy(CD'O, "btoa") ;
for (i:0 ; 1<BUFFSIZE; i++)

Mi] = 0;
strobecnt = 0;

printf("Wouidyouliihe tosumanotIierfiie??? 1=Y or 2=Ni\n\n");
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stbndx set to a number so we know when the first strobe
begins.*/

if((nstrb-bytes = read(fpstrb,strbbuff, (STRBBUFFSIZE*2))) > 0)
{

if((stbndx = findstrb(strbbuff)) == -1)

printf("No strooe in strooe file\n");
exit(l) ;

)
)

else

printf("Strob file is empty\n");
exit(l);

nottop = 0; /*must be at the top of a strobe or findstrb would
have returned a -1 and then exit before here*/

/*This section reads in a buffer of the data file and set the

datandx to the stbndx so that the data corresponds to tne
first strobe pulse.*/

ndata-bytes = read(fpdata,databuf,(FLBUFSIZE * 2));
datandx = stbndx;
stroptrl = &(strbbuff[stbndxl);
printf("\n\n Starting summations. Please wait.\n");

/*llere begins a while loop which continues as long as there is
data in the strobe file and the data file to read.*/

while (ndatabytes > 0 && nstrbbytes > 0){
/*test to see if need to read more data*/

if(datandx >= (ndata.bytes/2))
{
ndatabytes = read(fpdata,databuf,(FLBUFSIZE * 2));
datandx = 0;

}

/*test to see if need to read more strobe file */
if(stbndx >= (nstrbbytes/2))

* {
nstrb_bytes= read (fpstrb,s trbbuff, (STRB6UFFSIZE*2));
strbptrl = strbLuff;
stbndx = 0;

/*This section checks to find the next strobe pulse and sums
the values in the array. If a strobe pulse is not found,
the counters are increased by 1."optnd;." must have advanced a
minimum of 100 data points oefore it will recognize another
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messages are given if an incorrect response is given and then
the program exits.This section also queries the operator if
the output plot is to be sent to the printer.*/

printf("\nPiease name Existing binary input file name: ");
scanf("%s",data-in_file);
fpdata = open(datainfiie,O);
if (fpdata == IINUSONE)"{

printf("\nError in opening %s .\n",data-in_file);
exit (1);

printf("\nThe output file name: ");
scanf ("%Os" ,data-out_file) ;

if((fpout = open(data-out_file,l)) == -1)
fpout = creat(dataoutfile,0766);
if (fpout == MINUSONE){

printf("Error in opening %s .\n",data-outfile);
exit (1);)

printf("\nTne strobe file name: ")
scan- ("%s",stroo fieri);
if((fpstrb = open(strb-fiie-in,O)) == -1)

{
printf("Error in opening %s .\n",strb_file_in);
exit(l) ;

}
printf("\nis the plot to be printed? 1 Yes or 2 No ");

scanf("%s",piotorprint);
if(plotorprint[0] == '1'){

strcpy (systemtext, PRINTT'EXT);
I

else{
strcpy (systemtext, SCREENTEXT);

/*This section initializes the variables which need to be*/

stbndx = 0;
datandx = 0;
optndx = 0;
A[BUFFSIZEI = 0;
strobecnt = 0;

/*This section reads in a buffer of the strobe file and calls

a subroutine 'findstrb' to locate the first strobe. If no
strobe values are found oi: if the file is em.ty, the
appropriate response is given and the program is exited. If a
strobe is found, 'nottop' is set to 0 to indicate tnat we are
at the top of the strode. 'findstrb' also returns with the
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Strobesum.c Program

/*This program inputs two files, a strobe file and a data
file, then produces an output summation file. The summation is
triggered by the strobe pulse in the strobe file and the
output is written from the addition buffer. The program will
then plot the summed file to either the screen or the printer.
This program looks for a strobe that is unique. The algorithm
is based on a strode that is negative at 'off' state and then
goes to +100 or -100 within zero to show a strobe has occured.
The presence of a leading data point within this range
triggers tne algoritnm to start summing the data at the zero-
th element in the output Duffer.
If a different strobe is to be used, it must first be clearly
identified as to its digitized values. This program can then
be modified so that it will recognize the leading edge of the
strobe.*/

/*This section defines or delares all variables*/
#include <staio.n>
#define FLBUFSIZE 125
#define BUFFSIZE 125
, define STRDBUFFSIZE FLBUFSIZE*2
idefine NII2USONE (-i)
#define PRI.2TTEXT "piotp -YlPtempfile -xhl00 -g lir.xd\n"
#define SCREEUTEXT "plotp -YlPtempfiie -xlOO -g Immd\n"

char systemtext[50];
char BTOA[50] = {"otoa "I;
char plotorprint[2];
char blanks[30] = {" "};
int i,j,DO1CE,stondx,datandx, optndx ;
int nstrbbytes,ndara_bytes;
int A[BUFFSIZL] = 0;
short strbbuff [STRI.BUFFSIZE];
static short databuf[FLBUFSIZE];
int fpstrbfpdata,fpout;
char dataAin_file[30],dataout_fi±e(30];
char strD-fiie-in[30] ;
short *stroptrl, strbptr2;

int nottop; /*if a 1 at neg of strobe, 0 means at top of
strobe*/

Sint strobecnt

main()
{
while (DONE ==0)

{
/*This section queries the operator as to which files should
be opened or created, and then opens or creates ttem.Error
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else
control [7] -minimtum);

maximum += control [7];
/* scale data to y axis ~

if (maximum > yt

controi[9] = maximum/yt; 1* scale down ~
if ((naxirnu % yt)>O) controlA9] ++;

else
control[B] =yt/maximum; 1* scale up 8 *

1/* end scale--data ~

int f indmax (gpbuf f count)
short *gpbuff;
mnt count;

4 short shortniax;
mnt k,returnvai;

shortrnax = gpbuf f [ 0];
for(k = 0; k < count; K++)

if (gpbu'f (k] > shortm'ax)
shortm~ax = gpbuffIM;

returnvai = shortmax;
return(returnvai);

1/* end f indm~ax ~

mnt findmin(gpbuff,count)
short *gpbuff;
mnt count;

* short shortinin;
mnt m,returnM4 r;

shortrnin = gpbuff [0];
for (i=0;m<count;m--+)

if (gpbuff Im]I < shiortmin)
shortmin = gj;Luif Ir.;

returnim = shortnirtn;
return(returnmlim);

I/* end f indmin ~
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APPENDIX F

MASCO14P k1Cz-500 Specifications a Capabilities

Specifications
Processing elements: A 10-MHz 68010 CPU and a 10-MHz
68000, the latter handling page faults in virtual memory while the
former executes another program. The CPU has a 4-kbyte cache,
a 1024-element translation buffer, a 1024-entry 1/O map, and
three serial lines.

An optional FP-501 floating point processor performs single-
and double-precision arithmetic and holds 16 sets of 32 double-
precision (64-bit) registers.

An optional AP-501 array processor executes single- and
double-precision floating-point vectors, locally stores 32-bit ele-
ments, incorporates a 68000 that moves data to and from virtual
memory, and requires the FP-510 for double-precision tasks.
Memory: 1 Mbyte (Minimum), 6 Mbytes (maximum); up to 16
Mbytes of virtual memory per process.
Mass storage: A 1-Mbyte floppy-disk drive, a 40-Mbyte (for-
matted) Winchester disk drive, and a 45-Mbyle '/4-in. tape car-
tridgn (all optional).
Network: An optional plug-in Ethernet controller and supporting
software.
Backplane: 8-slot enhanced Multibus with transfer rate of 6
Mbytes/s; eight alphanumerical terminals can be attached through

4backplane.
Ports: Three serial lines through CPU.
Graphics: Two 19-in. terminals (optional) attached through Multi-
bus, each with its own 68000 and 128-kbyte program storage.
The monochrome version displays 1024 by 800 pixels, the color
unit 832 by 600 pixels by 6 or 10 bit planes. Each has 60-Hz non-
interlaced refreshing and a 117-element keyboard; a mouse (or
puck) and tablet are optional.
Operating system: The real-time RTU with virtual memory is com-
patible with the source code of Unix System III and of Berkeley
4.2 Unix and includes communications, text-processing, and sup-
port utilities; editors: source-code control system; and Bourne and
C shells.
Programming languages: Fortran 77, C, and Pascal.
Minimum OEM configuration: CPU, power supply, 1 Mbyte of
RAM, 8-slot backplane, and cabinet.

Fro t L ,ni& a volure 32; July 26, 1984; page 112.
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The following section is based on "Designing For High Performance
Data Acquisition," Coiate D , September 1983.

MASSCOMP's IC-500 is a 32-bit Unix-based mini-computer

system built for realtime scientific and technical applica-

tions. The system architecture distributes the processing

load among three dedicated subsystems that perform high speed

computation, graphics display, and data acquisition (Fig F-1).

SE -'-

. r : c I

SI I *

Figure F-1. MASSCONIiPs IIC-500 Architecture (5:2)

These subsystems are linked by three high speed buses: a

proprietary bus links the main central processing unit (CPU)

with phiysical mem~ory storage; Intel's Ziultibus connects system

peripherais to the graphics display processor_-; and twin ST'D

buses ch~annel data oetween the sys tem and user input/output

(1/O) devices.

F-2
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The data acquisition and central processor (DA/CP) allows

the MC-500 to collect realtime data. The DA/CP is a frontend,

user-programmable, data acquisition controller and allows

input or output analog or digital data at rates up to 2 M

bytes/s. When coupled with an analog input interface, the

DA/CP enables the minicomputer to acquire analog data at a 1M,

12-bit sample/s rate. The 14C-500 also features a continuous

21-bytes/s transfer rate from an analog to digital (A-D)

converter to IC-500 memory.

Clock Control

The DA/CP uses 2901 bit-slice chips for its data path,

and 2911 chips for its program sequencer. Usually, bit-slice

based processors have wide instructions to simultaneously

control the sequencer and the data path. Instructions ranging

from 64 to over 100 bits are common. However, the DA/CP has a

narrow instruction width of only 40 bits, and includes instruc-

tions for controlling the data path and the sequencer. This

approach results in a compact instruction set. 1MOVE class

4 instructions control the data path and cause the sequencer to

increment the program counter. BRANCHI class instructions

control the sequencer in program jumps based on the previous

4 MOVE instructions.

While the narrow instruction width saves program-store

random access memory (RAM) space, this savings could easily be

lost in decoding MOVE and BRANCH instructions from the same

bits. The clocking scheme simplifies decoding and also reduces

F-3
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gate delays in decoding instructions and achieves 125-ns exe-

cution times for all DA/CP instructions.

The DA/CP's clock control circuitry is shown in FigF-2(a),

while Fig F-2(b) illustrates the specifics of clock timing.The

SEQUNCERSEQUENCER CLOCK
CLOC K
ENABLE

ALU CLOCK

REGISTE INSTRCNSORUECTSTE

CLOCK iSRC!NRGSE

C~ALOCCOC

CLCK

I ALU BRANCH I ALIJ
I INSTRUCT ION INSTRuCTO N -NSTRIJCTION

Figure F-2. Clock-control Circuitry (5:2)

arithmetic logic unit (ALU) clock enable signal is represented

Sby 1 bit of the MO1VE/BR. instruction. When set, this bit

enables the 2901's internal clock. The rest of the MOVE/BR

* F-4
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INSTRUcrO. REGIS!E,

P INE

________ -- REG:STER

LOW OA A-STRE DPESS

IIT INPU IBUS

OUTPUT
REGISTERS

Figure F-3. Data Storage (5:3)

All MOVE class instructions aliow merge operations on the

input bus to the ALU. The 2-byte wide input registers can put

data on low byte, mid byte, or both , while a data-store

location provides the other input bus bytes. The merge opera-

tion is useful for assembling bytes from an STD bus module

into words in the data-store before sending them to system

4 memory. For example, all 12-bit A-Ds on the STD bus (exc

Masscomp's) transfer data 1 byte at a time. An STD bus read

operation can put 1 byte in the daca store, and thle next read

can merge that byte with the rest of the data f rom the STD bus

input register on the input bus.
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All MOVE instructions can write selected bytes of a data

store location while writing the output registers on the

output bus. This feature improves the performance of some

common DA/CP operations. For example, a Multibus direct memory

access (DMA) address kept in the data store can be updated and

returned to the data store in the same instruction that writes

it to an output register for use in a DMA. The DA/CP also has

shift and rotate operations on byte, word, and gulp data

types.

Although all MOVE class instructions produce a 24-bit

result in the ALU, test condition in the BRANCH instructions

exist for the byte data, word data, and the full 24-bit gulp.

Arithmetic tests fall into two groups: unsigned integer tests,

and tests on 2's-compiement signed data. Full 24-bit arithme-

tic is only done on Multibus addresses for DMA. Since these

are not signed numbers, the tests provided are for unsigned

integers. Word data can be unsigned integers, like those from

a 16-bit digital I/O device, or 2's-compiement data from a

biploar A-D converter. Therefore, a set of signed and unsigned

data tests are provided for word data. All the unsigned

integer tests and several of the signed data tests are pro-

vided for byte data. BIRAiCII-IF-TRUE and BIRANC-IF-FALSE in-

4 structions exist for all the tests. There are 32-arithmetic

test conditions in all.

Addressing

The DA/CP nas a 1K-instruction program store and a separate,
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256-iocation data store. Direct addressing allows a BRANCH

class instruction to jump to any location in the pr-ogram store

and a MOVE instruction to access any location in the data

store.

Moreover the DA/CP has an indirect addressing mode that

uses the contents of a data store location as a BRANCH ad-

dress. Changing the contents of this data-store location
alters the program flow. This feature is useful for elimina-

ting code from a program loop after it is no longer needed.

For example, a routine can include code to test input data for

a threshold crossing. Once the threshold is detected, changing

the value in the data-store location that was used to jump to

that location eliminates the threshold-detect code from the

routine. This yields faster code than using a threshold-

detect flag bit that is tested every pass through the routine

to determine if the threshold-detect code should be invoked.

In addition, DA/CP features indirect data addressing in the

data store. A pointer register on the output bus can be

loaded with a vaiue and its contents can be used as the data

store's address source in subsequent 14OVE instructions. This

feature is useful for implementing ring buffers in the data

store. A block of data-store space is allocated for the

4 buffer, and a load address and an unload address are also kept

in the data store. When data are put into the ring buffer,

the load pointer is moved into the pointer register and used

to address the data store for the load. The address is incre-

mented and saved for the next load. The same process is done
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for unloading the ring buffer. For nigh speed data output

devices, it is necessary to compensate for normal Multibus

latency by prefetching some data into a ring buffer.

The DA/CP has also eliminated interrupt service overhead

by overlapping it with useful instructions and maintaining an

interrupt-disable default condition. This interrupt means no

overhead penalty for multitasking data acquisition.
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APPENDIX G

Integrated Circuit Specificationsj

L~f Mi748GOPERATIONAL AMPLIFIERS

RIC1743CG

HIGH PERFORMANCE MONOLITHIC
OPERA110NAL AMPLIFIER

OPERATIONAL AMPLIFIER
.. designed for use as a %umm'iria aniplifer, sw-Lto or apierINTEGRATED CIRCUIT

with operating characteristics as a func tiori ot thevx terriatl leedback
components. MONOLITHIC

SILICON EPITAXIAL
" Noncompensated MC1741G PASSIVATED
* Single 3OpF Capacitor Compensation Rectuired For Unity Gain

" Short-Circuit Protectiorn

411 Otfset Voltage Null Capability

" Wide Common-Mode and Differential voltage Ranges

* Low-Power Consumption METAL PACKAGE

* No Latch Up CS 0

FIGURE I - POWER BAND WIDTH
(LARGE SIGNAL SWING ainius FREQUENCY) FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE

I. __J _,_ -10

40~~T -ttc -25-C %

2 40

to i00 l0k 101, 10 D 0o t 100 10. 04 I~k IOU ICC'

I. FREECY (iKO I. FREQUENICY 14,1I

FIGURE 3 -CIRCUIT SCHEMATIC FIGURE 4 -OFFSET ADJUST AND
FREQUENCY COMPENSATION

NOR 4[.TII

S
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MAXIMUM RATINGS (TA = +25
0

C unless otherwise noted)

Rating Symbol MC1748G MC1748CG Unit

Power supply Voltage V.
"  

+22 18Vdc

V" -22 +"8

Differential Input Signal Vin ±30 Volts

CommonMolde Input SwngQ CMVn ±1s Volts

Output Short Cirrt Diralon ts  Continuous

Power Dissipation (Package Limitation) P0  680 mW
erate above TA - + 25°C 46 mW/°C

Operating Temperature Range TA -55 to 125 0 to +75 °c

Storage Fernueratue Range Tstg -65 to +150 -65 to + 150

ELECTRICAL CHARACTERISTICS (V 
=

15 Vdc, V = -15 Vdc. TA = +250C unless otherwise noted)

MC1748G MC1748CG

Characteristics Symbol Man Typ Max Min Typ Man Unit

Input Bas Current lb  Adc
TA - 25

0
C - 0.08 0.5 008 0.5

TA = TIlow to Thigh®( - 03 1.5 - - 08

Input Offset Current uj uAdc
TA - +25°C - 0.02 02 - 0.02 0.2
TA - TIOw to Thlgh - 0.08 0.5 - -- 0.3

Input Offset Voltage IRS _- 10 k 12) 1Vio mVde

TA - 25°C - 1.0 5.0 - 1.0 6.0
TA " TIo to Thigh  - - 6.0 - - 7.5

Differental Input Impedance 1Open-Loop. I 
= 

20 Hz)
Parallel Input Resistance Rp 0.3 2.0 - 0.3 20 Megohm

Parallel Input Caoacitance C0  - 1.4 - - 14 pF
CommoinMode Input Impedance If - 20 Hz) ,nI - 200 - 200 Mtegohms

Common-Mode Inpti Voltage Swing CMVn !12 ± 13 - 12 ±13 Vpk

Common-Mode Rejectron Ratio if - 100 Hzi Ctre 70 90 - 70 90 - d8

Open-Loop Voltage Gain, IV, = t 10 V. RL z 2 Ok ohms) AVOL VIV

TA - +25°C 50.000 200,000 - 20,000 200.000
TA * TIow to Thigh 25,000 - - 15,000 - -

Step Response IVn ' 20 mY. Cc = 30pF. RL -2 kil, CL 100 pF)
Rise Time I - 0.3 - - 0+3 - As
Overshoot Percentage - 50 - - 50 - %
Slew Rate dVout/dt - 08 - - 08 - VIus

Output Impedance (I = 20 HZ Zou t  - 75 - - 75 - ohms

ShortCircuot Output Current ISC - 25 - - 25 - nAdc

Output Voltage Swing IR L  10 k onmil V0  ±12 ±14 - ±12 ±14 - Vok

RL= 2 k ohms TA <TOw tO thigh) .1t0 ±13 - ±10 ±13 -

Power S upply ensitt~v A4V/V

V- . constant. R 10 k ohms S+ - 30 150 - 30 150

V- "constant. R - 10 k o5n s- - 30 150 - 20 150 1

Power Supply Current I + - 1 67 2 83 - 1 67 2 83 mAdc

lc "  - 1 67 283 - 167 283

DC Outescent Power Oissoation P0  I
IVo-0I - 50 AS - 50 85

FO.r sappi V OIta1g.. I. thin - 15 V. the Maimum Input Voltage iseiuol to rhe Supply Voltage

T,. w  oC for MC 1748CG
-S5OC for MCI 748G

Th n ?5OC tor MCI748CG
0125OC for MCI748G
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MC1741SOPERATIONAL AMPLIFIERS

MC1741SC

HIGH SLEW-RATE INTERNALLY-COMPENSATEO OPERATIONAL AMPL IF I ER
OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
The MC1741S./MC1741SC is functionally equivalent, pin corn INTEGRATED CIRCUIT

patible,. and possesses I . same ease ol use as the popular MCI 741
circuit, yet offers 20 times higher slew rate and power bandwidth.,
This device is ideally suited for D-to-A converters due to its fast
settling time and high slew rate. G SUFFIX

* High Slew Rate - 10 V/Mus Guaranteed minimum (for unity gain only) CEASE 60102

* No Frequency Compensation RequiredCAE02

* Short-Crrcut Protection

* Offset Voltage Null Capability ~
* Wide Common-Mode and Differential Voltage Ranges ,v~,

* Low Power Consumption ~ad
* No Latch-Up

TYPICAL APPLICATION OF OUTPUT CURRENT TO
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER

P 1 SUFFIX
PLASTIC PACKAGEVCC So CASE626

A ., . 5 0 MCi1 i4 1C Onliy)

:30 -vr, Soo, a 
cc

R2 42 4 v62 6 o 5

Pins not Shiown are noi connected Adjust Vref. R I or Re so that V0 with all digital inputs at high level

SetlnIranar to wrtiin 1I2 LS8 0 19 5 miV) is aprorst
"lately 4.0 .s trwin iet- un thlat all Dal; are switrhed 2V I It I t I t 1 r2551
"Thgevalut of C nin be selected to mniniieoveshoot VO -1, i )2i FI 6 i2 a-n 2*-8- F561l I-I6 9 9 61V
and -rnig[C -ISO pF) ?481 26 2 5J 26

MCIIAIS LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versusMAC1741SRESPONSE COMPARISON

I u.soDv H0

St P-ekagin9 10ilt -arn.u~n O. foreiin , ncn~n
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SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

03 V 48 L* S13 *I

QUADRUPLE 2-INPUT 1 j [ )
POSITIVE-NANO GATES

positive logic: I a 3 4 5 a
y-X8IA Is 1v 2A 28 20*0N

SN5403/SN7403)J, N)

SN54LO3/SN74LO3(J, N) :
See P" 88 N54LS03/SN74LSO3fJ. N, W)

SN54S03/SN74S031J, N. M

V &A 51 SA S1 4A .1 V1 SO 81 o*0 sv E.

04s a 12 " 10 1 8 14 13 1 f I I

HEX INVERTERS

positive logic: *V2* *1 *

IA 1 Z 2* 3A 3y Gh A y 2A0 3

SN5404/5N7404(J. N) SN5404/SN7404(W)
StNS4HG4/SN74HO4)J, N) SN54H04/SN74H04(W)
SN54L041SN74L04(J, N) SN54LO4ISN74LO4(T)

See pae. 86 SN54LS04/SN74LSO4(J, N. WI
SN54S04fSN74S04(J, N. W)

v 8-A 51 SA 5V 4A 4Y1 yVN y S

05 Uaa4 4

HEX INVERTERS
WITH OPEN-COLLECTOR OUTPUTS

Positive logic:

IA 1 2 2 3A 3y G14 ' 2 * 
4
cc vC A 3V LA

SN54051SN7405(J, N) SN5405/SN740SMW
GN54H05/SN74H05iJ, N) SN54H05/5N74H05)W)

Sm page 88 SN54LSOS/SN74LS05fJ, N, WI
5N54S05/SN74S051J, N, VY)

v. "* SI %A S . IV

06
HEX INVERTER eUFFERS/ORIVERS > [>
WITH OPEN-COLLECTOR
HIGH-VOLTAGE OUTPUTS

positive logic: E

IA IV 2A 21 MA 3v 00

See pp 10fSNS406/SN7406(J. N, W)
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FLIP-FLOPS ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)
AND-GATED .J-9 MASTEFI-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR72 F UNCTION T ABLE V ..aC.e I.7 a . .2 a NOo It a a

INPUTS OUTPUTS I '79 a 1 4a 11

PRESET CLEAR CLOCK J2 K a a

L N H L . a ! IH

H L X x H C

L L X X XIH. H. .

H H H L H

L IL H H TOGGLE SN5472/SN7472(2. N) SN5472/SN7472(W)
postis. ogic: J=JJ1J2-J3. KV'K2-K3 SN54H72/SN74H72IJ, NI SN54H72/SN74H72(W)

Seepe~. nd 28SN54L72ISN74L72(j, NI SN54L721SN74L72(T3

See ages120 124 and128NC-No internal connection

73 DUAL .2-K FLIP-FLOPS WITH CLEAR
73It to to Grip So 20 1

'73, '173. '173 'LS73
*FUNCTION TABLE FUNCTION TABLE 0~L I

INPUTS OUTPUTS INPUTS OUTPUTS CE w L E

CLEAR CLOCK J1 K~ a a CLEAR CLOCK K Q a
L x x X L H L K x x L H

H t XL L O0 00 H 4 L L Go o 1c. Ie IRV= 2CR 2 2

H it H Lj H IL H S H L H L CLIN 4:411

H XL L H TLEH H L I H SN5473/S1I7473(J, N, W)

H XL. H H TOGGLE__ S H H TOGGLE SN54H73jSN74M73(J. N, W)
SN54L73/SN741731J. N, T)

H x x, 00 0 j N54LS73/SN74LS73(J. N, W)

See pages 120. 124, 128. and 130

- ~DUAL D-TYPE POSITIVE-EDGE TRIGGERED FLIP- FLOPS WITH PRESET AND CLEAR

[7ll] cl CLE 1 CE 2'. t0 10 a 10 Gri 0020 20 2PE

FUNCTION TABLEa a We
I PUTS OUTPUTS II

PRESET CLEAR CLOCK 0 I L L li 0 0 

L L X K H H

H H 1i H H L 2II

*H H -L K 000 QO SN5474/SN74741J, NI S57/N44W

SN54H74/SN74H74(J, NI SN54H74/SN74H74(W)
SN54L74/SN74L74.2. NI SN54L74/SN74L741T)
SN54LS74/SN74L74tJ. N, WI

See pages 120, 124. 128, 130, and 132 SN54S74/SN74S74(J, N, WI

H -high level lstead tlate). L - low level Isteedy State), X irrelevant

XL - high level out.ls data iouts showcl be hold constant hit@ ClockI is high; data is transferred to outpuat on the falling edge of the pulse.
t- transitioni fromtlow .- , high level, I- transition Irom, high to low level
00- the level of 0 before the indicated input condition% were established.

TOGGLE Each output cha-j.cs to the Comstiensent of -is pirevous level on each active transition (pulse) of the clock.
"Thitt confi ouration is nonstorle. that is, it -. 11 not persist when prese and clear ir-Dat% return to their inactive thigh) level.
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SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

125
QUADRUPLE BUS BUFFER GATES
WITH THREE-STATE OUTPUTS

positive logic: I

Output is off Iditabled) when C is high. Ic ,. 11 Ic 2AzyC

SN5412515N74125(J N, W)
See poge 142

4c U .1 3AI

QUADRUPLE BUS BUF FE R GATES
WITH THREE-STATE OUTPUTS L§ §

positive logic: 
A

Y -A1 a 1
Output is off (disabled) when C is low. It 1A l XC IA 2v 6110

SN54126/5N74126(J, N. W)

See poge 142

128 Is a0 2 4
SN41... 75-OHM LINE DRIVER
EN74128. ... SO-OHM LINE DRIVER L

positive logic:

y -B F;-j

SN54 28/5N7412811J, N, W)

Sae page 104

132 14 a a 5

QUADRUPLE 2-INPUT E L_6*OIIENN
SCHMITT TRIGGERS

positive logic: m

SN54132/SN74132(J, N, W11
SNS4S132/SN74S132(J, N, WI

Se0ae9
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MONOSTABLE MULTIVIBRATORS ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)
MONOSTABLE MULTIVIBRATORS

121 -

FUNCTION TABLE * g a
INPUTS OUTPUTS

A l A2 B 0 Q
L X H L H
X L H L Ha
X X L L H
H H X L H S40Notes
H I H .fl I a a a
4 H H r11 1-rsi A t X? 41 0 Gko

4 4 H J-1 tJ' SN54121 /SN74121 (J. N, WI
L X I .tL. U SN54Ll21/SN74LI211J, N, T)
X L t J1 1.1 '121 ... R,, 1 - 2 knNOM

Se. pop. 134 '1121... Rint - 4 kfl NOM
NC-No irtrnal connectioni

122 RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEARi

FUNCTION TABLE V C.,. W CeCA 0

INPUTS OUTPUTS A 0 1

.CLEAR Al A2.61 132 0 0
L X XX X L H

X 11 H X X L H
X X XILX L N

X X XX L L H L a

X L X H H L HIML

H I X T H fl 11
H I X H? t l If A w l 9 2 &Z c~ 0 GNO
H X L H H L H Sm Notes SN54122/SN741221J, N, WI

" X Lt H r J-rSN54L122/SN74L1221J N, T)
H X L H H A U '122 ... Rint 10 kri NOM

I)H H H J-1. U 'L122.. Flin - 20 kfl NOM

H jH H H .fL UJ

L X H H XL tTr
t X I H H _ft UL

See p" 138NC-No internal conne~ction

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

311 lt'1 I 2
v C.., c..' t0 20 CL-A M 20

FUNCTION TABLE a ts 14 13 12 1t 1

INPUTS OUTPUTS
CLEAR A 6 0 CL.

L X X L H-

Xl X1LL 1 SeeNotes ULt1

1f. U A is 1 Ia 20 2 2 s-cGNO

See page 138 SN54123/SN741231J. N. WI
SN54L123/SN74L123(J, NI

NOTES. A. H - trigh level lstitads state,. IL low level (stady state)., transition from~ low to high level, I - transition from, high to low
level. SL - 0.4? high-level pulse. -if - on. lcw-AceI pulse, X - irrelevant (any input, including tranlsitions).

S. To use trin internal tirvng rrssor of t2t, LI2t '122. or *L122. connect Rimn tO VCC.
C. An external timing caracitor may becConnrected between Cent and (Plostinl.
0. For accurae, repevtatne pulse widlths$ connect an ex ternaol resstor between RC. and "cc With R,, oee-circilted.
E. To CsOtjin variatble oiise withs, connect enternal variable resiance between Rn or Re,,t/C~vt and VCC

G-14
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SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

V Ic IV x Is 'A TV K "V K G.0 A u x

TRIPLE 3-INPUT
POSITIVE-AND GATES

positive logic:

Y-ABC , f

1^ '6 2A i K v 2 1 0 (II A *Is 11 w * AV RA 1

SN54HtISN74IIIJ, N) SN54H11/SN74HtI(WI

See pp 94 N54LS11/SN74LS1IJ, N, W)
SN54S11fSN74S11IJ. N, WI

I2s a a 1 8
TRIPLE 3-INPUT

POSITIVE-NANO GATES
WITH OPEN-COLLECTOR OUTPUTS

6 ~~~~postive logic: I 1 ii VGl

SN54121SN7412(J. N. WI

vcc I0 It WC N 2A N

13 1a
DUAL 4-INPUTt

POSITIVE-NAND
SCHMITT TRIGGERS

Positive logic:

%A IAsC K x 0 lo GcO

U45413/SN74131J N, WI

Se pop 98
NC-No Inernal connection

* HEX SCHMITT-TRIGGER

INVERTERS

positive logoc:

Y-A

1A 11 M* 21 M 3 0.0

* SN5414/SN7414(J. N, W)

Sm pope So

G-1 8
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TYPICAL APPLICATION DATA

I

I TTL SYSTEM _vT.

RLINPUT VT
- RTL [Z C --

I I
IOII

SINE-WAVE I IOSCILLATOR -II I

' -T~ 7 -- --II OUTPUT

TTL SYSTEM INTERFACE
FOR SLOW INPUT WAVEFORMS PULSE SHAPER

H.Hz to 10 MHz I V T +

INPUTUT 111111I II1I

,,, I II It

II II ,I

OUTPUT~h
MULTIVISRATOR THRESHOLD DETECTOR

Open-collector
A O outputUTPUT INPUTJ

r OUTPU

INPUT I I-OTU----- L1 ' ' '
I I I I I I

I -' I Ii I)I
I I~ - -J; I.# i+I-J VT

Ii / .: 1i ' i , i i

PULSE STRETCHER
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