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I.UuIENfAXlON 

The prt^tnt documtnt la the rinai ■fmual report for the 

BlOClfBEwNin'IC CO'li.tOL IN HAM-MACHIW: [HTEKACTION project at UCLA 

COnductau unoer Aavanced rvesiarch Projects Agency Contract flo. 

■NüJü 1 f-ö9-A-^2U0-4Uj-j. i'he project be.jan in April 19/J under a 

riifrerent contract. The long term goals were described in detail 

in earlier proposals (UCLA £ng-»»24dl>-N-/3 t y-2/\V-C-4 and UCLA- 

EnQ-7b)3:.)) and are reviewed briefly oelow. 

'i'he ultimate goal of the project is to devise methods to incor- 

porate electrophysiological brain signals into man-machine com- 

munication proceoureri. The irnpl jrrentation and evaluation of such 

procedures deals with perceptual, cognitive and affective mod 35 

of communication. 

In conventional man-machine uialogues using computer terminal >, 

the terminal provides most of the external environment and gen- 

erates stinulus inputs to the operator in the form of graphic or 

alphanumeric oispla/s. Typically the response is the selection of 

a sequence of ke/board commands. This motor behavior is chosen 

based on on analysis of the situation. A closer coupling could be 

attaineJ if the terminal coula access the covert as well as the 

overt responses, and bypass to some oegree the requirement for an 

explicit motor output« 

A closely coupiad n:in-machine interfaca woulo require toe use of 

a communication moaa with the following charactariaticai 

1. Adaquata bandwidthl i.e. quick accass* 

2. Low ovarhdad in terms of voluntary aotor activity. 

J. 3tabiii&y ana rdpaatability« 

Reproduced from 
best available copy. 

■ - - ■  ■■ 
aaaa^jHa-h, — ■   ■~- 



wuß itmtmiwm\\imm.fmm MPininf   ■". wiw^ownp^-^aannri 

event '-eiaued brain potentials seem  to be  the  nost  suitable 

biosig^iala tor  ievelopmeriL or une inlendei application. 

ihe Rxperinenial approach consists or identirying features in 

th« fctJ (evoked resfjunses) which constitute feasible cooes ror 

usy in Jirectly communicating speciric messages relevant to in- 

teractive man-nachine communication. buch messages mould be, for 

example, the recognition or a photograph (matching), its accep- 

tance nr rejection baseJ on some criterion, the choice between 

visual alternatives (a visual light pen), or the appraisal of a 

givHo environmental event in terms of its meani nnrulness or sici- 

niricance to the suoject/operator. 

■  ■■ - - - ■ ■-■■  ■■-■-- ---—■—-^— 
   ---  ^ .  
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2. ^rojress to f)ate. 

ihe JCLA iruCYBhriNhiiC COMTHDL IN MAN-MACH1 N.-i INldHAClION Frn- 

jecL hd'i been underway at the Urain Computer Interlace Laboratory 

(BCD -sine? July Iv/j under AH^A sponsorship. Accompi isnnents to 

uite ror thfl eruieinoie of the project rail into three categories, 

namely i 

I. tvoked response experiment results (^,U. 

?,   Computer support system uesign ana leveiopment (2.2). 

J. )^velopmenL or computer methodology and  application 

sortv^re  for real-time  online  identification of event 

reiattti ÜüBü signals. (2. J) 

ihe  accompl i stiments ourin^ the first year and a hair have oeen 

aescribdd in th« l-iual  ieennical  Weport  IV/J-/^,  and  in  the 

Seni-Annual lochnical weport |yM-/-j. ihe present aocument covers 

the SHCond mir of the second year (iv/^-ZL)). ihe  sniient  items 

are .".urnmari ?.eu in tue present section. 

2.1 b^CKfcD .-ibScoMbl: EXKEMlMbNT .^tSuLi'S 

^.l.l Color experiments 

Th« data collected iti the previous perioJ nas been extensive.! v 

anniyzed, usinj bot.i the hCi version of Stepvise Discriminant 

Anaiy.'ii;, anu the .tew jMi) version, r'/M. In ttie current analyses, 

nil tne data sample.i had an opportunity to oe selected for inclu- 

sion Into the uacislon rule. Also« a procedure suggested oy 

latsuoka (l^/i) for computinj tiie contributions or each  variable 

3 
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in ttie Jecision rule to the classification or each group has been 

utiii7.ei. hrom this oroceüure, the htu C()L(M COttt ror each sub- 

ject can he iisplaydd* i'nese results are tabuiatea in tne roliow- 

ing  .section. 

fhfl adoption or a rirst halr/secoiKt half training/testing uivi- 

siofi ot the Jat.a hab resulted rrom a uesire to -ipproxinate nor J 

cios^iy tne procedure that i J expected to be nseu online, woer'.' 

data is cuiiected lor the generation of I training oet, and tnen 

the resulting classification function is sppiitd to suosequent 

dota. 

'<i»i,2   Pattern-Position r.xperiments 

An adultionai series or experiments testing the errect or retinal 

position variation was conducted using variour. display configura- 

tions in a search ror a more optimal stimulus lor tne visual 

light pen experiments to bo perrormed. i'hsse experiments were 

analyzeJ online, in batch mode, and tne rtsuitfl were usad to 

select the display parameters which gave the best results, in 

tarros or % correctl/ classifiei stimuli and Mutual Information 

transfer• rhese results are described in aetail in the following 

i.act i on« 

,'. \ . A  Online l-.xperi nent.. 

iri June oi I^/M the rirst online, real time evOKed response clas- 

bliication IXperifliantS were successfully completei. ihe vlsuel 

light pen experiment was implemented on a tnree computer  networ.k 

4 
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in     tne     HCJi     Lab.   .omo   or   the  dtUilS  ot   this  iCCOiipll«h««nt  are 

de'criDed   In  th«   tOliOWlng   section. 

<',d   Unnputtr   Syst««  Developments 

in  oner   to     Impitaent     the     online     ciassir ication     experiments, 

towards    which    the    HCl   lab had   ürectei its tftorta rr-jn mcap- 

lion,  numaroij« hardwart chan les were das&inacJ and constructed.   In 

particular«    three computars were natmorkad togathar  so that thay 

coulo  talk  riuontly to sach otnar«  tach parforrolng Its particular 

ninrti-i.        i*he     SUJ   VJJ  acts   as  real   tune  experiment   comroiier, 

aata  collectar.  data analyzar«   ano ganaratas    archive    tapas    and 

prlntad    anu    punched    output,    lha IMUC POÖ-I   Is an Intalllqant 

ir^phlci   llsal.iy computer,  and handlas the CHl    display    an i    ra- 

tresh    cnoras,    whii-  tha SOS VJU act. a:, n   Input/output butfar, 

an.1   lmiic;   progran   stora je   computer. 

.-.,', coniputar  «athodolog^   and Sottwara Davalopmant 

A massUe erroi t WT : unuartaicen    to    nrlng    tha    capabilities    or 

onllna,   real   time  fesü evokei  rtsponsq riata  analysis  and classltl- 

catlon   to   the   operational   staue   ny     the     clnsa     or      the     contract 

y t ■ a r . 

ih«! ma)or ,/roolfmii aolvad involve.J uha (janaratlon or a virtual 

link loauer riptratlnq systeu. This Llnklni sememe -3iiows a iata 

collection pro iram (the ocheiuier,Liuk ^U) to collect data, then 

replace itselr in cbra with .ne dati analysis proyramsCUCi SUA)« 

anu  calculate   tba   linear   discriminant   rules,   once   tha     rules     are 

....-.,-.    _ . -        .^  
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obtainyJ, the SOA link (link 401 replaces iLseli witn th« 

Scheduler djain for the performance or the online data classifi- 

cation. 

L - -- MWrfM^HMUk^^MflMlB 
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j. LVOMIÜ ric:iPONSbS rthSJLi'S SUMMAHlhS 

J.I COLOH bXPHWiMhNiS 

J.I.I Methojs 

ihe methods used ror the collection or the color evoked response 

data  were detailed in the Semi-Annuai Technical Weoort 1974-/5, 

and will Lie reviewed again below, 

hirteen  ItJbJfiCti  were  evaluated, ten were used, all were a^ed 

lv-,M.  tact^ was given a Ishihara test or  color discrimination. 

Individual  recording sessions  were conducted and required two 

hours. 

Standard  silver disc electrodes are applied with eiectroconduc- 

tive paste at live locations on the scalp« Hp?., Hz,  Oz,  01  and 

02«  ailvi  to  the oarlobes,  Al  and A2, which were electrically 

paralleled, i'ho electrode impedance was always less  than  I0,00J 

ohms.  Hour  bKU data  channels  are reco.-dedt Channel I = Fz-A, 

Channel 2 = Oz-Pz, Channel J = ol-Hz, and Channel 4 =  ()2-Fz.  A 

leau  is taken rrom rpz-oz and used to scan ror artifacts such as 

those caused b/ eyeolinlcs or excessive  subject movement;  it  a 

peak  to  paak  deriection occurs in this channel which exceeds a 

parameter level, thti da'.a epoch is aborted. 

bfcü signals are amplilied over a bandwiith of l.J to /U Hertz 

■nd digitized at 4 billisecond intervals. A data epoch consists 

of samples tiken botn before {4üü to V6J msec) and after (J?J 

msec ) th« s t imijlus. 

SI'iMULi consisted or unpatterned colored flashes of light, for 

the color experiment, superimposed on a background light which 

Mas  yellow and or Iuu 11 lb 1 iminanc^(u.01 lamberts) .hour colors 

/ 
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were gei-ierated by interference  filters with peak  transmission 

wavelengths at H6b  nm. (blue), 'JID nm. (green), -J/b nm. (yellow), 

and 620 nm. (red), ihe yellow background light was generated by 

the use  of  a Wratten filter #4 and a 60 watt incandescent oulb 

operated at 60 volts by a Variac. 

Ihe color flashes were brief (JO microsecond) pulses or 6000 

uRqr^e Kelvin Xenon strobe light. The interference filters were 

nearly isoenergetic when checked with a spectrophotometer, but 

the slijhtly blue color temperature of the Xenon strobe was not 

corrected, ihe intensity of the light stimuli was 10 exp / lux in 

a collirnated oeam entering the interference filters. The attenua- 

tion due to the color rilters was about 1.3 log units. 

3.1.2 Analysis 

Data  analysis  is performed either on a SDS V30 computer, or on 

the campus I^M 360/91. Stepwise discriminant analysis  (SDA)  is 

used to develop four linear discriminant functions (one for each 

of the four color classes) which then are evaluated  for each 

epoch in order to calculate the posteriori probability of belong- 

ing to each group, 

hor this report, tne SDA routine was run repeatedly on each sub- 

ject in order to choose a more optimal subset of  variables  for 

use  in  the discriminant functions. In order to accomplish this, 

the samples were entered into runs in tlmt slices;  variables  11 

through 20 were tak.jn for each of tour EEO channels for the first 

run, then samples 21 to 30, 31 to 40, 41 to -JO, O\   to 60,  61  to 

/o,  an i  /I  to du  .  i.ach HO variable run would go at most 10 

steps, -m   tne result, or the seven SIM runs is to produce  a  list 

or  at  most  /J variaoles, and their r levels,  hrom this list , 

ri 
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the variahies with the hijhest 4Ü I- levels /vere chosen to go into 

a rinal SDA run. 1'ne first I Oü epochs are taken tor the training 

set, which is used to calculate the Ut-'s. The second I Jü spochs 

then ara enterocj as a testin.j set of rlata* 

The results 01 these 5DA runs on the ten color  evoked  response 

subjects are shown in iable I. 

Taole 1 

t<i:SULTS 
Sub ject 

SttUl 

ikQ\ 
SAUI 
Al'WI 
oDSI 
JAUI 
NLM1 
MiiOl 
ALL I 
ALL! 
J MS I 
AFNI 

These 
train 
tai lo 
l irst 
selec 

ut-  CtlLON EVOKED 
Date r.xpr 

m i J  t)C4u 
}AH I 3    (JC4J S 
Mi I 
AH 03   U 
API / 
AH ID 
mn       o 
AHOö ü 
APIb 
MW2b ()C4I J 
IM2d itC42  S 
AH I U    Ü 
IM I v 
results  were 

in^/testin»; set 
red sample winiows. hvery 

10 samples  followinq 
teJ by this procedure. 

HtSHONSH 
iraininq 
Mutual In 
I.VÜDd 
I.6173 
I.Vö/4 
1.6483 
I. /y04 
I.Hb4/ 
I.6b30 
I.0236 
I.4041 
I.6*24 
I.3086 
I.2DV6 
I.181/ 
obtained 
runs of 

hXHLHlMENfS - 
set perform, 
fo. ä Correct 

yy.O 
92. / 
100 
93.8 
90.8 
y/.9 
93.8 
96.9 
88.5 
94.8 
86. J 
8-J.4 
83.3 
first 
using 
in the 

in 
BCISOA 
sample 
the  stimulus 

SUMMARY TABLE 
Testing set p 
Mutual Info. 
.6334 
.62/3 
.6299 
.042D 
. 1 100 
•Oiit» 
.24 32 
.0613 

0. 1/10 
U.D76I 
0.3ö2D 
0.3004 
0.213/ 
half  /  s 

recursive anal 
data set ( ex 

) had an oppor 

erform. 
« Correct. 

9J.8 
92./ 
90.6 
/9.2 
79.2 
/8. I 
/7.1 
/6.0 
67./ 
64 
66 
60 
4D 

econd 
yses 
cept 

6 
J 
J 
8 
half 

to find 
for the 

tunity to be 
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J. I .3 CUNTiilBUflUHä 

In orier to ascertain the contribution ot each variable to a 

given group discriminant function (U.H.) the following proceaure 

is adopted, as sugjestea by Fatsuoka (19/1); ihe coefficients of 

the variables in the Id scrirninant hunctions are a first approxi- 

mation to the degree of contribution each variable provides (on 

the average) to classification of the given jroup, but these 

values nee-l correction by a factor (Vi*) which ca i he obtainei 

in the following manner? 

Vi* squared = vi/a.r., where tne Vi are the diagonals of the 

rasiduaifl (variance;) in the variance-covariance matrix, 'J.r, is 

the nunher 01 oejrees of freeuom associate^ with the ^i ( i.r.=* 

or npochs-1). i-ach coefficient in the J.i-. is than atiltipliad by 

>/i*. lhan« for a given experiment, these products are normal i 7.e.J 

to a maxiinuin oi 100 for easy comparisun. Thase Contrioution-s ar^ 

tabulated in fables ^ to /, for the six SubjactS who ^ave the 

best f)erf or nance in terms of percent of epoch:? corrnctl/ clasti« 

f i ad« 
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i.i I'AITUKN^OJITIOJ EXHMlMeii'S 

In orJer to t«St tne protDaolo etrect of tcKHnq 3 eathoda ray 

tub6 (CM) display to Lne ftlfMJiUS array, in piaet Of tht back- 

ground ia:np, three subjects were tested in tht patttrn-pOSitlon 

sxperiffl^ntf whila varying th« intensity of the baekgrounJ laicp« \ 

variac was used to adlust th« voitaga to the lamp« ^o volts tras 

the standard high sattlng (IJJ MIXS lunlnanee)« ind vi volts pro- 

vlviad i low intensity (l HIT luminance) to slmulata the affect of 

a Civ. Usplay« In tna s.ine series or axperiments« two sizes or 

checkeruoarJ stimuli «»era tastedl the original 2*2 iegraa visual 

nngla display« and a larger 4«4 oegrae display« fha classifica- 

tion perforroanca acnlaved  i^ given i.»  labla d» 

lahia '•i 

JLASSlhlCAiUM Phhri^:.',Ark;ii I^S DIdPLAY   SUc,   ILLuMlNATIl»! 

SÜ IJ« bXPi« Cü    'i7.o ;SJ Int« ,0 

SAa2 C|4I Sma 11 Ml fh u 
CH4^ Sma 11 Lo*v (0 

Cli43 Large High JS 
Co 44 Large Low da 

SH »2 Crtel SmaJ i ili ;h / i 
C $42 Small Lo.v 0:i 

SA ^2 cß-il Large HI i>\ 06 

C|42 Lar je Low ol 
C#43 Small Lo.v J ) 

C|44 Small HI )h OJ 

Katerrlng to Fabia ^, it can ue seen that with subject bAG^, 

variations in background Illumination or checkerboard size haj 

little tffact« lh# ifirge checkerboard proved to be oetter ror 

subject :.>Ai^, wi-J.le baci^roun I iUMlnanca haJ '.ittlo affect« With 

subject    oui;     Lhe     normal   (hign)   background  gave  sliqlitly better 

U 
Reproduced  (rom        ^8^ 
best available copy. '^MP 
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results than a low oacKqround. ihe ^,H iejree Stimulus tVOk«d 

larger scalp potentials tnan the A.2 oe^ree stimulus; tie nega- 

tiv« polarity I2Ü to 1 ju mi Hi second peak seen in subject SA02« 

channel I (Dr.-A) after the "UP" stimulus Ma 2.*i uv' tnd J uV 

(Hi jh and Low background, respectively) //ith the 2*2 degree rielu 

aiiu HUV an] 'i.biw with the 4.4 üegree fielu. fha eirect of de- 

crea^inj the bnckgrouflü light was to increase the retinal juin 

anj thus increase slightly (10 to \'JA) th« awplltudf or th« 

evoked response. 

It appears tnat the raplacomant or the oack jrouiui light with a 

CHS display would not uegraoe the visual evoked responses slgnl« 

i icantl/. 

Ihe larger 4.4 degree chockerooard did perform Significantly 

battar than did tue original 2,2 degree stimulus, so the larger 

one was used for all subsequent experimentation. 

MAZt hXPhhlMhU 

In order to demonstrate the performance of the online evoke! 

response classifying system, it was decide! to incorporate a 

robot "mouse" in a computer generated maze as an integral part of 

the system display. 

A diagram of the maze is illustrated in Hi.jure I (Aopen-Jix). fhe 

mouse starts at node I, and the subjects task is to command the 

mouse to move one jump at a time through the isats by the shortest 

path to the cheese, at node II. The input alphabet of comminos 

necessary to accomplish this task consists of the following Tour» 

UP, LKMH« Lt-.td , riiQHl« ihe cofMiands ar^ salectad by the subject 

oy directinj me gazt at one or the four LED fixation points 

arrayed at  the vertices or the stimulus cisjlay. The mouse is 

14 
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dlspiaytd ia the maze on a CiiT which constitutes one rieici or the 

two  rieid ftinuiua display,  When the checkerboard display is 

bri^ily i llu-ninateci oy a strobe, under computer control«  it ap- 

pears brieiiy to the subject superimposed upon the maze display. 

uli.lNk uvdr^u MbSfuNSI: CLASSIFICATION 

it-iH NA5A-cypf! Lt'-S helmet was used ror the rollowln^ two experi- 

ments. bAL)4 was run as an orrline simulation, with I cl^ssirica- 

linn perror nance or 92% correct. SAUä COIUItitUtOd the first suc- 

cessiui online evoKe«.! response classi r icati on; th« SUbJOCt was 

ablo to conmand the robot mouse to move through the T,az<- «Ith 

relative eas«, usinj the visual lignt pen sehmie« Overall p-rror- 

mance or, tt^is run wis 16m  correct. 

A major milestone Mas been reached, online evo'<e.J respoiise clas- 

si rication nas been achieved. . 

ihe detailel ulots or average evokeo resoonsos, online outputs 

i rom SL)A, an i theoretical considerations for nayesian classirica- 

ti^n and mutual inrormation transr^r are containod in the Appen- 

ai x. 

I-J 
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4. APPENDIX 

In« appenüix contains Figure I, the Maze Jiaqrvn, and ih« oniin-? 

results irüii experinients L)AL)-+ ana SADD. 

Ih« appendix also contains olocs or average evoked ooteruiais to 

color s&ifflull ror six subjects, ihe averages ar« oi oü eoochs per 

color, ruiir colors, ror ^oo epochs total. i'he nvimbered arrows on 

t,hfj plots narK toe time sampies whicn '.vere seiectea oy trie SDA 

pru jraiti as the oest discriminators. Ihe six Samples with the 

hiqhtst t- l*?'HIS oi the ten samples selecteo are markeo, and 

iheir rvtmbsr r-jrers to their r level ran.< (I is the highest, 6 is 

th« lo.vest;. ihe SDA training set was Ml« rirst vo epochs« 

whereas all 2tX) epüc^ls are plotted. The last I uJ epochs were the 

testing sets. 

ihe next plotted averages are ror the pattern-position experi- 

ment« Similarly« the hast six or ten samples are mariceo with 

arrows ind numbered accoroing to the r level ranks. 

16 
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ON-LINE 

CLASSIFICATION 

P(w   IX) 
i 

p(w   )      p(Xlw  ) 
i i 

)     p(w  )     p(X|i»   ) 

exp r t ••     l -0.5    (X-U  )    S      (X-U   ) 
L i      i i J 

P(X|w   ; 
i 

d       V2 

(itf)    |S( 

P(w   IX) 
i 

t   -i t   -» 
p{w  )      exp     -0.5  US     U     ♦US     X 

i i i i 

p t  -i t   ., 
)       Mw)      exp-0.5US     U+US     X 
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PERFORMANCE 

HEASOHEMENT 

Mutual 

Information 

Received 

Entropy 

Received 

Equivocation 

Received 

Entropy 
V p(b)   In      
JL L p(b)   J 

Received 

Equi vocation 
\   p(d)      ) p(b|d)   In  j j 
/- A- »-   p(b|a)   J 

I r-Cu)      ■ )    I'U)    P(b|a) 

Mutual                       r* r- I            P{b|a) 
> p{a) )  P(bla)    In    —        , 

Infoi nirition               i~. U. LJ   p (a)   p{b|d)   j 
It n. m* 

] 
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STEFWISE DISCRIMINANT ANALYSIS 

RECURSION »  1 

F LEVEL. T9 ENTER • 2*200 

F LEVEL Te REM9VE ■  2*200 

SAD^-JM8-7r5-0 PATTERN 

DATA SET IDrNTIFlERS: 

\Q>   OF DATA =   100 

WGT. D.8.F. =   100.OC 

F LEVEL 9F VARIABLES*  D.^.F. -    2 J.( 

VARIABLE w 
INDEX NAME  _- LEVEL   „ 

1 1*020 9.766001 
    2 _1*025 3.711719  

3 1*030 35.548014 
4 _.1*035___  .9.C705Q6  _ 
5 1*040 .629859 

.6 1*045_ .892756 
7 1.050 2.912513 
8 1/055 . _ 1.272461  
9 2*320 1.771619 

IQ- 2i025 5.344451 
ll 2*330 7.426393 

     12- 2/035 10.089318 _ ._  _ . 

13 2*040 6.364330 
    i.%  - . 2*045 .. 3.172332  .. . .. 

15 2*050 1.215869 
   1£ - 2£055_... _. 4.3029^8  . 

17 3*020 3.'♦80814 
    18 3/025 30.412805 

19 3*030 9.675748 
20 3,335 11.825252 
21 3*340 27.628447 

   22 3,045 5.783466 
V    23 3*350 2.411817 

2^ 3*055 7.773142 
25 4,020 9.089666 
26 4,325 17.949392 
27 4,030 5.238561 
28 4,035 27.327971 
29 4*340 28.063357 

30 4,045 3.151955 
31 4*050 2.825919 
32 4*055 4.687158 
33 5,020 9.675697 
34 5*325 I1».316160 
35 5*030 33.365C11 
36 5,035 4.95466'+ 
37 5,040 1.7529?9 
38 5,045 6.157CU6 
39 5,050 .557396 
4C 5,055 5t3l5Q*4 

0*  96.0 
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SAD4-JN18-75-0 PATTERN EXPERIMENT 5 CHANNELS WIDE GENERAL WINOQ'A 

DISCRIMINANT  FUNCTIONS  AFTER  10  STEPS, WITH  D.e.F. =    3,0»  87.« 

EP9CHS ACCEPTED UNC8N DITIONALLV. 

VARIABLE         F 
*"* 

GROUP  NAMES 
INDEX  NAME     LEVEL UP DOWN         LEFT RIGHT 

3    1*030   .15682E 02  " .268UE-01 .14359E-02  -.91716E-02 -.14896E-01 
18    3*025   .gS'fOSE 01 .20395E-01 .63263E-02   .26941E-01 .70659E»02 
19    3*030   .37238E 01 .34340E-02 -.72899E-02  -.19233E-02 .10476E-01 

„21 3*0tJD ,77mE. 01—?. »24?53E-02 -.969a0E-03 ..-.10359E-01. .15176E-01 
22    3*0^5   .27873E 01 .12972E-02 -.52925E-03  -.97816E»02 .90792E-b2 
2*    3*055 ...tlWlL   01.._- .11393E-01 .22786E-01  ..72999E-03 -.35367E-02 
28    '♦*035   .12088E 02  - .32905E-01 -.51839E-02  -.47860E-02 -.33267t-01 
34    5*025   J<*4858E 01 .li*232E-0l -.41469E-02   .11776E-01 .13752E.01 
35    5*030   .i3226E 02 .20110E-01 •.il750E-01   .ll85aE-0l .85444E-02 
40    5*055   .a5215E 01  - .13.819E-01 .16827E-01   .16431E-02 -.83356E-02 

CONSTANT .13866E 02 -.51323E 01  -.83885E 01 -.89523E 01 

APRI8RI PR9BABILITY .25000E 00 .25000E 00   .25000E 00 .25000E 00 

TRAINING  C6NFUSI9N MATRIX IEPA ■   I    NEPI » 100 IEPS 3   2 

SeURCE   PERCENT  MUTUAL CLASSIFIED  AS 
DEFAULT CORRECT  INrBRM. .. UP DOWN     LEFT    RIGHT . 

UP      lOOtO   1.7066 19.0 •0       .0       .0 6.0 
".  DE^N     lOOtO   lf8477 .0 24.0       .0       .0 i.o . . 

LEFT     lOOtO   1.7333 .0 .0     22.0       .0 3.0 
_ .BIGHT  lOOtO   1*7108 .0  .0  ..Q_  _21.Q 4.0 

T8TAL      100.0   1.7496 

TRAINING  CeNFUSlON MATRIX IEPA »'  1    NEPI « 100 IEPS "   2 

SOURCE    PERCENT  MUTUAL CLASSIFIED  AS 9T^o.C 
... .^ CORRECT . INF8RM, ..   UP DOWN ..  LEFT.  .RIGHT. _ DEFAULT 

UP       95.2   1.5491 20.0 .0       .0      1.0 4.0 
D9WN     100.0   1.8800 .0 24.0       .0       .0 i.o 
LEFT      100.0   1.8400 .0 .0     23.0       .0 2.0 

RIGHT      91.7   1.5468 2.0 •0       «0    22.0 i.o 
TOTAL       96.7   1.7040 

TRAINING  C9NFUSI8N MATRIX IEPA »   1    NEpI a 100 IEPS •   2 

SOURCE    PERCENT  MUTUAL CLASSIFIED  AS VT o.M- 
CORRECT  INFBRM. UP DOWN     LEFT    PI3HT DEFAULT 

UP        92.0   1.5004 23.0 .0       .0      2.0 .0 
D9WN      100.0   2.00C0 .0 25.0       .0       .0 .0 
LEFT       96.0   1.8098 1.0 .0     2^.0       .0 .0 

RIGHT      88.0   1.5091 3.0 .0       .0     22.0 .0 
TOTAL       94.0   1.7048 
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TESTING     C9NFUSI9N     MATRIX IEPT   ■        2 rjEPI   "   100 TEPS 

9URCE    PERCENT MJTUAL CLASSIFIED AS pT- a.« 
._ CORRECT., INFBRM.   UP D9WN LEFT RIGHT DEFAULT 

UP        75.0 1.0486     15.0 .0 1.0 4.0 5.0 
DOWN _._   95.5 1.5048       .0 21.0 • 0 1.0 3.0 
UEFT      100.0 1.4044       .0 • 0 20.0 .0 5.0 
I GMT       a<f.2 .9898       .0 . •0 3.0 16.0 6.0 
8TAu       88«9 1.2369 

TESTING  C9NFUSieN  MATRIX IEPT ■   2 NEPI ■ 100 1 EPS -'  2 

9URCE    PERCENT MUTUAL CLASSIFIED AS ?>r-- o-fc 
C9RRECT INF9RM.     UP oewN LEFT RIGHT DEFAULT 

UP        73.9 1.0804     17.0 .0 1.0 5.0 2.0 
D9WN       87*5 . ..Li 1993 _    .0. 

1.2910      2.0 
 gi>o  . 

• 0 21.0 
1.0 
.0 

1.0 
LEFT       91.3 2.0 
IGHT .     87.0 1.1722       .0 .♦o 3.0 20.0 2.0 
OTAL       8^*^ 1.2357 

TESTING  C9NFUSIBN  MATRIX IEPT »   2 NEPI ■ 100 IEPS •   2 

9URCE    PERCENT MUTUAL CLASSIFIED AS- 
....._ 

" ^r^ö.M 
_..  C9RRECT INFBRM.     UP DBWN LEFT „ RIGHT DEFAULT 

UP        72*0 .992*     18.0 .0 2.0 5.0 .0 
D9WN    a^.o 1.4U2       .0 21.0 3.0 1.0 .0 
LEFT     . 88.0 1.2613      3.0 .0 22.0 .0 .0 
IGHT.   .  84»0 ..It 1184..  _„ 1..Q •0 3,0___ ...21...0 .0  
9TAL       82.0 1.1958 

TESTING  C9NFUSIBN  MATRIX IEPT »   2 NEPT » 100 IEPS «   2 

i9URCE    PERCENT MUTUAL CLASSIFIED A3 
" pr- o.^r 

   C9RRECT INF9RM.     UP DBWN LEFT RIGHT DEFAULT 
UP        72.0 .992*     18.0 .0 2.0 5.0 .0 

D9WN       84.0 1.4112       .0 21.0 3.0 1.0 .0 
LEFT       88.0 1.2613      3.0 .0 22.0 .0 .0 
IIGMT       8^*0 1.1184      1.0 .0 3.0 21.0 .0 
RTAL       82.0 1.1958 

COMPLETED    10   STEPS   BF    ANALYSIS 
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bTtPwISE  DISCRIMINANT  ANALYSIS 

RECURSION =     i 

 -F  LEVEL IB.ENTER     =     2*230 

. _    - F  LEVEL. TB  RE^BVE   =     2i20Q 

SAD5-JM9-75-0   PATTERN   gj 

DATA   SET   IDENTIFIERS:      E: 

NB.   tF   DATA 

WGT,   D.B.F. 

100 

100*00 

F  LEVE L   8F   VARIABLES,      D.e»F.   ■ 

ABLE                               F VARI 
• 

 INDEX _NA«E   . -   _  .LEVEI  
i 1/020 13 ►485518 

...    2.   . li025  .17 .009937 
3 1/030 33 .075112 

 JIL. .. 1*035 2 .659483 
.315708 5 1/0Ä0 ' i - 

6 . 1*0^5 i .263415 
7 1/050 8 .196180 

..     .     8 1/055 20 .983362 
o 2/020 1 .418554 

 10.-_. 2^025 _..  5 .307304 
11 2/030 4 .230269 

.12 2/035  1 .696842 
13 2/0^0 1 .779694 
.u 2/0^5 

2,050 
4. •126825 

15 .306714 
      -. 16  _2/055 . — 1. .102535 

17 3/020 6 .031110 
-    Iß     . 3/025 22 .418901 

19 3,030 16 .309053 
2C 3/035 18 .875936 

V     21 3,0'»0 6 .897306 
.-.   1.   22 3/0^5       1 .221283 

23 3,050 3 .0^9672 
24 3,055 5, .862851 
25 4,020 8. .«53769 
26 4/025 4. .25^303 
27 4,330 22, .376233 
28 4/0^5 14, 265531 
29 4,040 19. 598626 
3C 4,3^5 8. 3W4-33 
31 4,350 1. 329457 
32 '♦/OSS 5. »22729 
33 5,3?C 21, 820222 
3^ 5,325 29, 977M2 
35 5,333 39. 63633^ 
3t 5,035 1. 6^3686 
37 5, 3^3 <* • tninz 
^e 5,0^5 3. 3c,a?'+6 
39 5,350 8. U'*3r,?5 
»c 5,355 18. ??63(36 

3.0'      96.0 
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SAD5-JM19-75-C   PATTEKM   EXPERIMENT   5   CHANNELS   ^ICE   GENERAL   MI^OOM 

DISCRIMINANT     FUNCTIONS      AFTER     10     STEPS,   UlTM     D.C.F.   « 3.C»      87.0 

EPBCHS   ACCEPTED   UNCONDITIONALLY. 

VARIABLE F 
DEX  NA^E LEVEL 
1    2,030 .M818E 
5    2#050 .57813E 
0    3*035 ..96830E 
7   %«010L ■.14932F 
9   ^#0^0 '•.10265E 
0   «►•045. _ .58562E 
3    5i020 .71038E 
4    5,025 ^.10106E 
b          5,030 y .i774aE 
9   5/05Q. _I*16JLME 

CONSTANT 

01 
01 
01 
QJL 
02 
QL. . 
01 
02 
02 
02_ 

PRI9RI   PROBABILITY 

GROUP     NA^ES 
UP DQWN 

.11106E 00 .35220E-01 

.97677E-02       .73871E-01 
•.10250E-01        .61206E-03 
•_.68552EL-Q2_.-JLl^7i5E-01 . 
■.2^236E-01 .11391E-01 
fll874E-01__ .30012E-03 
..70f35E-02 .73535E-02 
.3S536E-02 -.86153E-02 
.26896E-01  -.65272E-02 

• ..1090.5E-01  • 25S55E- 01. 
..11767E 02  -.10987E 02 

.2500CE 00   .25000E 00 

LEFT 
.81780E-01 
^löy^E-Ol 

-.242b3E-0l 
-..332^8E-02. 
-.12S60E-02 
.23718E-01 

-.80218E-02 
.31943E-02 
.12961E-01 
.743C^E-02_ 

-."91997E 01 

.25000E 00 

RIGHT 
.68^32E-01 
.3S8^7E-01 

-.16553E-02 
-.23932E-01 
-.10303E-01 
.11310E-01 

-.238^2E-02 
.36852E-02 
.76221E-02 

_ .102^6E-01 
-.91542E 01 

.25000E 00 

P9STERI9RI  PR9BABILITY ._FR9^__GR9UP_ 

EP9CH SUMMARY Q ROUP  NA^ES 
;9. GROUP CHOICE UP DOWN LEFT RIGHT 
1 RIGHT ooooo . ...11828 . 00045 .88126 
2 UP 91995 •ooooo   « 07911 .ooog'» 
3 D9WN.... 

LEPT 
LET-I_  . * QCC0.0 

C1220 
. .JA6870  .< 

.00000   . 
52330 . 
98539 

.00800 
5 .00241 
6 UP 99966 .00000   i 00003 .00031 
1 D9WN 00000 i.ooooc  . ooooo .00000 
.2 LEFT •00113 •0017^ 61649 .3806^ 
.5 RIGHT .00096 .00^83    • 01020 .9S4CI 
.6 LEFT .XC015 .006^7    . .58830 .405CS 
.7 DOWN vT         i .00000 .99996    . .00000 .00003 
.9 UP .95729 •ooooo  « .03533 .00737 
>o RIGHT .COOOV .00007    i .00099 .99890 
!« D9WN .00000 .99996    i .00003 .00001 
'6 LEPT .00006 .00078    i .99882 .00035 
>i J OWN •OOOOO .P9999 .00001 .000C1 
'9 R IGHT .00106 .00000 .00006 .99387 
JO UP .99905 »ooooo .00092 .00303 
i2 LEFT .03263 .00001 .95057 .01679 
M LEFT RIGHT .00075 .I42t»l .39970 .45714 
37 LEFT »00043 .OOOC^ .96328 .036^:5 
39 RlGwr .00082 •OOIM .04065 .956f9 
»2 LEPT •C0301 .00003 .99693 .003C9 
♦ 3 i)9** .CO300 .99357 .00003 .00142 
,5 UD .99961 .cocco .00011 .00028 
»a 09m .ooco: .99^96 .03303 .003C- 
»9 Lt'T .0^*27 .co^cc .9954^ .30329 
j~ v.'"3 .9^75.1 •GOCCO .OOOCn .3C_5«»? 
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SAD 5      CWT      " '"*'■ ** * 

-    ... ——■• 

TRAIMNJG  C^NFUS19^  MATRIX ._. IEPA »   1 NEPI = 100 IEPS -   2 

S?L=CE    PERCENT  VJTUAL 
C9RRECT  INFORM.     UP 

. UP ..  _LOQ..O   I.S032     23.0 
D9*/\       95.7   1.6249       .0 
LEFT      100.0   1.7101       .0 

RIGMT       95.5   1.5403       .0 
TGTAL       97.8   1.6696 

CLASSIFIED 
oewN 

.0 
22. Ö 

.0 
• 0 

AS 
LEFT    1 

• 0 
• 0 

21.0 
1.0 

^IGHT 
.0 

1.0 
.0 

21.0 

P.T.= 0.8 

DEFAULT 
p.o 
2.0 
4.0 
3.0 

TRAIMNCI CSNFUSieN,. MATRIX  .. IEPA. =__  1 NEPI = 100 1 EF5 ■   2. 

SOURCE   PERCENT ^JTUAL 
CORRECT  INFQRV.      UP 

UP       100*0   1.S312     24.0 
D#mN       95.«   1.7093       .0 
LE-T      100.0   1.796S       .0 

«ISWT       91.3   1.4323      1.0 
TOTAL       96.«   1.6924 

CLASSIFIED 
oewN 

• 0 
23.0 

.0 

.0 

AS 
LEFT    1 

.0 

.0 
22.0 
1.0 

^IGhT 
.0 

1.0 
.0 

21.0 

9T» o.(o 
DEFAULT 

1.0 
1.0 
3.0 
2.0 

MUlNINfi  C^^F^SIQN  MATRtX IE PA =   1 NEPI • 100 IEP3 =   2 

59U»CE    PERCENT  ^wiTUAL 
CORRECT  INFORM.      UP 

'^                      96.?   1.7512     24.C 
0°.^       g2.D   1.62^3       .0 
Lcrr     9^.0  i.60 3i     .c 

«IßHT       8fe.O   1.3992      1.0 
T^TAt        93-0   1.594U 

CLASSIFIED 
oewN 

.0 
23.0 

.0 

.0 

AS 
LEFT 
1.0 
l.C 

24.0 
3.0 

BIShT 
.0 

1.0 
1.0 

??.o 

DEFAULT 
.0 
.0 
.0 
.0 

TESTING  C9NFUSie\  MATRIX IEPT . 2 NEPI • 100 IEPS =   2 

SOURCE    PERCENT  ^JTUAL 
rQRRFCT  iN^BRMt ._ . UP. 

UP        90.5   1.3627     19.0 
D9^N      100.0   1.5611       .0 
LEFT      1C0.0   1.^665       .0 

RIGrIT .     89.5   1.2963       .0 
T9TAL       95.0   1.4217 

CLASSIFI 
.__DJBWN 

.0 
22.C 

.0 
2-0 

LD 

2 

AS 
.LEFT 

2.0 
• 0 

18.0 
• 0 

NEPI 

._.RIGHT 
.0 
.0 
.0 

17.0 

= 100 

. ...DEFAULT. 
4*0 
3.0 
7.0 
6*0 

TESTING  C9NFU3IPN  MATRIX IEPT « IEPS ■   2 

SOURCE    PERCENT  ^JTUAL 
CORRECT  I\r9Rfc'.     UP 

UP        ?3.3   1.2562     20.0 
D9.VN .    ICQ.O   1.7963  . .  .C 
LEFT       91.3   1.3731      1.0 

RtOHT       87.5   1.322E      1.0 
T9TAL       90.5   1.4370 

CLASSIFIED 
DOWN 

• 0 
24.C 

• 0 
2.0 

AS 
LEFT 
3.0 
.0 

21.0 
.0 

RIGHT 
1.0 
.0 

1.0 
21.0 

pr- O'(o 
DEFAULT 

i.o 
. i.o... 

2.0 
i.o 

TESTING  C3NFUSieN  MATRIX IEPT » 2 NEDI = 100 IEPS »   2 

S9URCE    PERCENT  NjTUAL 
CORRECT  INFORM.     UP 

UP        04*0   1.233?     21.0 
D9«<N       06 •?   1.7034       .0 
LEFT       |«*0   1.2124      2.0 

^IG^T       ?4.0   1.2bC6      2.0 
TOTAL        87.0    1.3507 

CLASSIFIED 
DtMM 

.0 
24.0 

.0 
2.0 

AS 
LEFT 
3.0 
1.0 

21.0 
.0 

FIGHT 
1.0 
.0 

2.0 
21.0 

PT- O.W 
DEFAULT 

.0 

.0 

.0 

.0 
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r 
ihe roilüwinq table is a blow by blow account of the first on- 

line m.ize control run. In this first run. 24 moves were required 

to run the mouse through the maze to the cheese. The columns on 

the right give the posteriori probability that each commano be- 

longs to the group JPf DUNN, L^i, HiUHl'. .Mhen the probability 

was less than the posteriori threshold of Q.d, the epoch was 

ueraulted. Two commands were defaulted,  which  meant that  the 

mouse dio not move on tnnse epoch s. 
EP9CH l CA 2] IS CLASSED AS 3 U6FT EPSCH 2 CA 3] IS CLASSED AS 1 UP 
EPSCH a C^VL_IS CLASSED AS 2 DOWN 
EPOCH u CA 5] IS CLASSED AS l" OP 
EP9CH 5 CA 6] IS CLASSED AS 4 fl»t6-Kr 
EPSCM 6 CA 7] IS CLASSED AS 3 L€.FT 
EP9CU 7 CA aj IS CLASSED AS 1 u 
EPOCH 9 CA 9] IS CLASSED AS <♦" R 
EP9CH 
EP8CH 

9 
10 

UlStl. 
CAll] 

-IS CLASSELQ.AS L 
IS CLASSED AS 3" 

U 

EPOCH 11 CA12] IS CLASSED AS 3 L 
EP8CH 12 CA13] IS CLASSED AS 3 L EP9CH 13 CAlf] IS CLASSED AS 0 Otf. 
EP9CH Ik CA15] 

CA'lö]. 
IS CLASSED AS 4 R 

EPOCH 15 IS CLASSEC AS 3 L 
EP9CH 16 CA17] IS CLASSED AS 2 D 
EP9CH 17 CA18] IS CLASSED AS k R 
EPdCH 18 CA19] IS CLASSED AS 0 Dtr EP9CH 19 CA20] IS CLASSED AS 1 Ü 
E^QCH 20 CA213 IS CLASSED AS <♦ K 
EP9CH 21 CA22] IS CLASSED AS 1 ■ i 
EP8CH 22 CA23] IS CLASSED AS 3 
EPOCH 23 CA2#J IS CLASSED A3 3 i 
EParn 24 CA251 IS CLASSED AS 2 P0*J(V 

UP 
.00000 
♦99952 

_*00001 
.9855V 
.00000 
.02232 
.99501 
.00000 
.98534 
.00003 
.00092 
.00007 
.00001 
.00091 
.00017 
.00000 
.00199 
.00001 
.99700 
.00204 
.87448 
.00056 
.00010 
.00000 

po\>iN     ten     KAGMT 
.09229 
•00000 
•72063 
.00000 
•00039 
.00000 
•00000 
•09035 

. .00000 
•01765 
•14388 
•00000 
•41593 
•03325 
•00001 

uooooo 
•00000 
•10511 
•00000 
•13895 
•ooooo 
.00000 
•19792 
1.0000 

.90685 

.00004 

.03076 

.01439 

.00000 
•64453 
*0008l 
.00374 

...01055 
.96482 
•85286 
•94769 
•44421 
•00474 
•99930 
•ooooo 
.00011 
.42648 
.00015 
.15521 
.00030 
.990^4 
.73774 
.ooocc 

•00086 
•00044 
•24^60 
•00007 
.99^60 
•33315 
.00418 
.90591 
.•00411 
•01751 
•00234 
•05224 
•13980 
.9M10 
.0J052 
.03000 
•99789 
•4t«^l 
.00",85 
.70'iR0 
•12522 
.00^00 
.06425 
.00000 
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50   EPOCH  flVERHGES  X2.5,   SUBJ.   SB01 
riR13-75,   EXPR-   0C41.   CH.l.   PZ-fl. 

RED  ~- 
YELLOW 
ÜREEH • 
3LÜE  ■ 

■TINE   IN   MILLISECONDS 

27 
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50  EPOCH RVERflGES X2.5, 
MR13-75.   EXPR.   0CH1,   CH 

5UBJ,   SB01 
2,   OZ-PZ. 

RED  - 
YELLOW 
GREEN ; 

Dl UE  - 

- TIME   IN   MILLISECONDS 

28 
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50   EPOCH  AVERAGES  X2.5,   SUBJ-   5B01 
hR13-75.   EXPR.    0C41.   CH.3,    01-PZ. 

Tr rx1 

1 6 5   2 
f 
4 

50 100 150 200 250 300 

RED  - 
YELLOW 
GREEN • 
3LUE  - 

- TIME   IN   MILLISECONDS 

29 
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• 

50   EPOCH  RVERflGES  X2.5.   SUBJ.   5501 
nR13-75.   EXPR.   0C41,   CH.4,   02-PZ. 

RED  ■ 
YELLOW 
Ü.REEN - 
BLUE  ■ 

TIME   IN   MILLISECONDS 

^n 

Mta _^— ^J._ « A   -   ■ ■ -    ■    -- -■ 
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SflGl   COLOR  EVPOT   F1VGS,   50   EPOCHS 
CH   1   PZ-fl.   EXPR=0CHS.   SCALE   2.5 

50 

RED  « 
YELLOW 
GREEN  • 
BLUE   - 

100 150 200 250 

TIME   IN   MILLISECONDS 
300 

31 
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SflGl   COLOR   EVPOT   flVGS,   50   EPOCHS 
CH  2   OZ-PZ   EXPR=0C4S.   SCALE   2,5 

RED  - 
YELLOW 
ÜREEN ■ 
SLLE   - 

- TIME   IN   MILLISECONDS 

32 
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SflGl   COLOR   EVPOT   flVGS.   50   EPOCHS 
CH   T   Ol-PZ   EXPR=0C4S,   SCALE   2.5 

RED  - 
YELLOW 
ÜREEN • 
51. LE   - 

- TIME   IN   MILLISECONDS 

33 
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SflGl COLOR EVPOT HVGS. 50 EPOCHS 
CH4  02-PZ EXPR=0C4S, 5CRLE 2.5 

HED  - 
YELLOW 
ÜREEN • 
BLUE - 

TIME IN MILLISECONDS 

34 
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SflDl COLOR EVPOT flVGS. 50 EPOCHS 
CH 1 PZ-fl. EXPR=0C41. SCALE 2.5 

4- 

* 

/I s k 
UJ 

^ \ T( A \   > 
^"K 

LD /i\ \ Y^ hJ^ ̂ ^ ̂ wW 
CT vw 0 L yj^ 

/ 

^C ̂ v tf 

O 
^ f 1 ^ 

? V f^ 

> ., 

1 

if 1 k 
4 3    S 

0               1 iO                  100                ISO               200               250                300 

fl€0 ■ - TIME   IN   MILLISECONDS 
YELLOW = 
ÜREEN = 
BLUE  ■ 

»                                                     i 
1 

1 
■ -■ ■-   - - ■ -■ 



SflDl   COLOR   EVPOT   flVGS,   50   EPOCHS 
CH   2   OZ-PZ   EXPR=0C41.   SCALE   2.5 

• RED  -- 
YELLOW  ■ 
GREEN  - 
SLUE   -- 

100 150 200 250 

TIME   IN   MILLISECOMDS 

36 
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SflDl   COLOR   EVPOT   flVGS.   50   EPOCHS 
CH   3   01-PZ   EXPR=0C41.   SCALE   2,5 

HF.D   -- 
YELLOW 
ÜREEN - 
SLUE - 

50       100      150      200      250 

- TIME IN MILLISECONDS 
300 

37 
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SflDl COLOR EVPOT flVGS, 50 EPOCHS 
CH 4 02-PZ EXPR=0C41, SCALE 2-5 

50 

RED --•- 
fCLtOU 

SLUE ■ 

100      150      200      250 

TIME IN MILLISECONDS 
300 

38 
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flTWl   COLOR   EVPOT   flVGS,   50   EPOCHS 
CH   1   PZ-fl,   EXPR=0CH1.   SCALE   2.5 

YELLOW 
ÜREEN « 
BLUE = 

-. TIME   IN   MILLISECONDS 

39 
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flTWl   COLOR   EVPOT   flVGS.   50   EPOCHS 
CH  2   OZ-PZ   EXPR=0CH1,   SCALE   2.5 

RED  ^ 
YELLOW 
ÜREEN • 
BLUE  = 

50 100 150 200 250 

- TIME   IN   MILLISECONDS 
300 

40 
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HTMl   COLOR   EVPOT   flVGS.   50   EPOCHS 
CH  3   01-PZ   EXPR=0C41.   SCALE   2.5 

RED  - 
YELLOW 
GREEN • 
BLUE  ■ 

100 150 200 250 

TIME   IN   MILLISECONDS 

41 
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; 

flTWl   COLOR   EVPOT   flVGS.   50   EPOCHS 
CH  4   02-PZ   EXPR=0CH1.   SCALE  2.5 

0 50 100 

RED ~ 
YELLOW ■ 
ÜREEN = 
BLUE  ■ 

—« 
TIME 

150 200 250 300 

IN   MILLISECONDS 

42 
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5051   COLOR   EVPOT   F1VG5.   50   EPOCHS 
CH   1   PZ-fi.   EXPR=0C41,   SCALE   2.5 

RED •• 
fELLOW 
ÜHEEN -- 
3I.UE  - 

- TIME   IN  MILLISECONDS 

43. 
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S0S1   COLOK   EVPOT   FIVGS,   50   EPOCHS 
CH  2   OZ-PZ   EXPR=0CH1.   5CflLE  2.5 

RED « 
YELLOW 
GREEN - 
SLUE  * 

100 

TIME 
200 250 

IN   MILLISECONDS 

44 
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5051   COLOR   EVPOT   flVG5.   50   EPOCHS 
CH  3   01-PZ   EXPR=0C41.   5CRLE   2.5 

RED =» 
YELLOW 
ÜREEH - 
3LÜE ■ 

- TIME   IN   MILLISECONDS 

45 

■ - - -   -- . - -    .   _   .   - ^ —. _ II^ÜÜI ÜMM 



I""™"" .*■—-^p«^*"- miMWPipi. ■■ IP"    - i'-w»^^)WB^"«^WF«»W^ 

SUSI   COLOR   EVPOT   RVGS,   50   EPOCHS 
CH  4   02-PZ   EXPR=0C41.   SCRLE   2.5 

- 

SO 100 150 200 250 300 

.RED ■ 
YELl.OH 
GREEN -- 
BLUE  - 

- TIME   IN   MILLISECONDS 

4« 
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NLMl   COLOR   EVPOT   RVGS.   50  EPOCHS 
CH   1   PZ-fl.   EXPR=0C41,   SCALE   2.5 

RED  -- 
YELLOW 

3LUE ■■'- 

■ - -  



NLMl COLOR EVPOT flVGS. 50 EPOCHS 
CH 2 OZ-PZ EXPR=0C41, SCALE 2.5 

250 300 

RED «• 
YELLOW 
CRECN - 
SLUE t 

TIME IN MILLISECONDS 

48 
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NLMl   COLOR   EVPOT   RVGS.   50   EPOCHS 
CH  3   01-PZ   EXPR=0C41,   SCALE  2.5 

Rr.ü  = 
reuou 
SLUE ^ 

150 200 250 

TIME   IN   MILLISECONDS 

49 
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NLMl COLOR EVPOT flVGS. 50 EPOCHS 
CH 4 02-PZ EXPR=0C41. SCALE 2.5 

rELLOW 
13REEN • 
BLUE ■ 

TIME IN MILLISECONDS 

50 
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S0S2-MY28-75   ONLINE   CONTROL   CHI   OZ-fl 
50   EPOCH   RVERHGE  X   2.5.   EXPR=CBM1 

UP  - 
DOWN • 
LEH  • 
HIGHT 

50 100 

-.. TIHE 
150 200 250 300 

IN  MILLISECONDS 
- --• 

51 
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S0S2-nY28-75 ONLINE CONTROL CH2 PZ-02 
50 EPOCH RVERflGE X 2.5. EXPR»CBH1 

UP - 
DOWN • 
LEFT « 
RIGHT 

- TIME IN MILLISECONDS 

52 
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S0S2-MY28-75 ONLINE CONTROL CH3 Ol-OZ 
50 EPOCH RVERflGE X 2.5, EXPR=CBM1 

UP » 
OOUN ■ 
iin - 
RiG;-i7 • 

ICC 

TIME IN MILLISECONDS 

53 
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S0S2-MY28-75   ONLINE   CONTROL   CHM   02 
50   EPOCH   flVERRGE   X   2.5,   EXPR^CBMl 

-0Z 

UP « 
DOWN ' 
LEFT . 
mom 

50 100 150 200 250 

~ TIME   IN   MILLISECONDS 
300 

54 

.  -  --..--  - - - --    - ■ — - ■--    ■ - 



r"^"^ W^mmtmrnm^p-arwr   ^j^gl***""*' ■■•'". ."IW^«.II.I.P.»PP.«BP9^W^PI^UI"II"|'I«.NII v wm,nm.'m'w~*mimm*mm^*W"    ' "'■■*l ' ■—im—-^—■'-  

S0S2-nY28-75   ONLINE   CONTROL   CH5   J-02 
50   EPOCH  RVERflGE   X   2.5.    EXPR=CBMi 

IP   ■ 
OÜUH 
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SF1G2-MY30-75  ONLINE  CONTROL   CHI   OlSfl 
50   EPOCH flVERHGE  X  2-5,   EXPR=CB4] 

TJ.0   » 

L£rT » 

50 100 150 ?00 ?50 

- TIflE  IN rULUSECONDS 
300 

56 
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SflG2-MY30-75   ONLINE   CONTROL   CH2  PI-O? 
50   EPOCH AVERAGE  X 2.5,   EXPR»CBH3 

?on ?5Q 

LLJSEC0ND3 

57 
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3flG2-m30-75   ONLINE  CONTROL   CH3  01-U2 
50   EPOCH  AVERAGE  X  2,5>   EXPR=CBM1 

Mi3  - 
DOWN ■ 
ui/7 » 
fiir%H7 • 

1 
300 ISO "200 750 

TIME  IN MILLISECONDS 

58 
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,3BG2-MY3D-75   ONLINE   CONTROL   CHM   02-0T 

50  EPOCH  AVERAGE  X  2.5,   EXPR=CB41 

Ltr'T • 

inc 

- TIME 
130 ?nG ?5D 

IN  HILLI3EC0NDS 
30C 

59 
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3flG2-riY30-75  ONLINE  CONTROL   CHS   J-OZ 
50  EPOCH  AVERAGE  X  2.5.   EXPR=CB43 

Lin  « 
HI Gill ■ 

I ME i IN 

20C 250 

MiLLlSECOND5 

60 
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SflD2-JN05-75   ONLINE   CONTROL   CHI   0I~B 
50   EPOCH  AVERflGE  X  2.5,   EXPR=CBM3 

U! 

LD 

CL 

 j 

> 

1 

200 

•jp   ■ 
DfJWW ■• 
LEPT   i 
R i r,Hl 

50 100 150 

■ .. TIME   IM   MILLISECOr 
250 

J o 

300 

61 
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SflD2-JN05-75   ONLINE   CONTROL 
50   EPOCH  AVERflGE  X  2.5,   EXPR 

H2  FZ-07 
CBH3 

200 250 

LI SECONDS 

62 
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^ 

SflD2-JN05-75   ONLINE   CONTROL   CH3   Dl-02 
50   EPOCH  RVERRGE  X  2.5,   EXPR=CBH3 

n 

DOWN = 
itn =■- 

so ion isn 

- TINE   IN   MILL 

200 

I5E 
250 

i 

300 

O 

63 
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5flD2-JN05-75   ONLINE   CONTROL   CHM   02 
50   EPOCH   RVERflGE   X   2.5,   EXPR=CBH3 

0 

DOWN  ■ 
LrlrT   - 
RXGHI   « 

50 100 150 

I ME  IN mi 
200 250 

0ND3 
300 

M 

  



SflD2-JN05-75 ONLINE CONTROL CH5 l-OI 
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SflD2-JN05-75   ONLINE   CONTROL   CH7 
50   EPOCH   AVEKflGE   X   2.5,   E>/PR=CPM3 
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SflD5-JN19-75   ONLINE   CONTROL   CH2   PZ-02 
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SflD5-JN19-75 ONLINE CONTROL CH3 Ol-OZ 
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ü« FACILITIES 

Ihe project in bei.io conducted under tne auspices or tne Comput- 

er irience Department, university or Caiirornig, LOS Anoeies. 

me principal facility i or this project is tne conputar systan at 

the hrain Computer interrace Labor.Jtory. Laooratory •quipmant 

includaa thraa oaoicatad computers (XL;S ^3ü« KOS ^20 ano IMLAC 

PDJ-I) A'ith complete peripherals (caru raadars« car) punch, rapi i 

access Jrua« tape drives and line printer. 

bxparimant subjacts are monitorad rrom a specially de.sionei 

shi'ldei enclosure tnat contains various input lavicas and jutput 

Jisplays dasignad in a modular fashion ror tast ot    intarfacing 

^iti> tne digital system, Tue experiment is conducted from an 

adjacant room containing the control terminals to the system com- 

puters, tne recording equipment ror t&i and other oiosi )nais, do 

well BS vole? and video communication devices, i'he ampliriea EEJ 

Signals are routed to a oiqitizinq station capanie of handling OJ 

simultaneous channels or analog input, Jurinj exoeriments, a 

dadicatad XOS ^oJ computer ./ich löK Mords or core nemorv ana 2M 

Characters on nagnacic jrum lets as data input controller anj 

reu-ti'ie experiment control er. Ail real-timi processing func- 

tions are perrormou hy the V3J ahich also creatas CO^platf pxoer- 

imant records for on-line hdtch processing« i^nese contain, ror 

each data "epoch«" the experlaent parameters (sampling rate, 

epocfi lengths« etc,) Specified by the experimenter as well a^ 

Selected results or on-line computation, suniect responses, etc, 

ihe ^Jo also controls an IMLAC HL>O-1 minicomouter ini display 

terminal eith o^ or memory which is reserve! i or  the  generation 

oi      visual    feedback    lispla/    anu    SOUJ    other    functions«      in 
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aoditioii, th9 W)S*I -TJ H ..ta.id-jione computer can perror-1 axten- 

blv« c.iicui itioru. ana general^ SOphiStlcattd jraphics iacit ^in; 

animti L i MI . 

hor substantial oata procassing programs, ths nain computing 

power is providad by tha campus IBM 36ü/y| (Campus Computing M«t- 

Wur::) "hlch is squlppad «itn a large core mamory ot 4M bytts« 

Iba ui;iiK:oj tata raac^os tha i: ,v. ioo/VI from tne laboratory by 

i üpacial hijh speto uaca line that is used to write and real 

directly into md iron the MO/yl cor,:. The Jatfl transfer is 

controlled with a separate processor (xos MO) to allot« buffering 

and transfer without intaifarenca with experiments. A monitor 

program in tha 3dO/Vl controls both the data rlow and the oro- 

cessing protocol from 9 privileged position with respect to the 

360/Vl Operating System software, thus insuring imine-üate execu- 

tion. Jonpiex programs can be parfotmad and the results tea back 

to the laboratory with minimum turnaround tine, [ha "awakening" 

oi this software system ^nd all subsequent riie landling are 

placei under the campus time-shared system (UKSA) and controiiei 

by  an   IHM  £2/7   terminal   in   the   laboratory. 

hinally, the EJC1 laboratory computer system has wlred*ln 

direct access to the A«^A Network« ihe network is bain.; useb ror 

accesslnrj aid transmitting i^ta to other facilities (e.g., ^:LA- 

AT;., COM, Mir-ULiI :s, liQH am LBL.) 3n^ for connunlcati on with 

other research   iroujs. 
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