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I t d  ti  Introduction
Introduction
 
Brain computerp interfacesinterfaces (BCIs)( )  enable(BCIs) enable theBrain-computer the
 
severelyy disabled toto control computers usingg
severely disabled control computersp using 
only their brain activityy TheThe PP300300-basedbased BCIonlyy their brain activity. BCI
 
allowsll users t selectselect it fromfrom a rapidlyidl
toto l t items f aallows users items rapidly
 
flflashinghi matrixmatrixt i  off targetstargets bby attendingtt di toto ththe
flashing of t t  by attending t the 
desired item Only fl off attendedd idesiredd itemit . OnlyO l  flashesflashesh of theththe attendedtt d d itemitemit
 
elicitli it a target responseresponse—theth PP300300 i l
a target the P300 potentialelicit potential 
((Donchin et al 2000))(Donchin et al, 2000). 
ThThe checkerboardh k  b  d  (CB) methodth d retainst i  “row-The checkerboard (CB)(CB) method retains “row
 
columnl ”  i ti  i th fl hi but
column” organization in the flashing pattern b t 
organization in the flashing pattern, but 
hidhides iit ffrom thetheh useruser bybyb meansmeans ofoff i lhides it from virtual
virtual 
matrices (Townsend et al 2010)matrices (Townsend et al, 2010). 

virtual matrices virtual matrices 

1. the method matrix divided two 
virtual matricesmatrices, whitewhite and blackblack (shown inin middle) The 
FigureFigure 1 InIn the CBCB method thethe matrix isis divided intointo two
 
virtual and (shown middle). The 
rows f b h  matricesi fl h f ll  followedd byb h columns. A flrows of both matrices flash followed by the columns. A flash
of both flash the l A flashh 

f th t p f th hit t i  pp th i ht  of the top row of the white matrix appears on the right.g 

HereHere,, wewe compare the CB to a newcompare the CB to a new methodpa method 
calledll d “nn chooseh mm”” iin whichhi h thethe associationi ti  called “ choose in which th association
 
b tbetween physicalh i  l  t ttargets andd flflash groups
between physical targets and flashh groups 
bbecomes purelypurelyl abstractb t  t  Each t tbecomes abstract. E h  target appears
Each target appears 
mm titimestimes iinin aa sequencesequence ofoff nn flflashesflashesh . TTo illillustrateTo illustrate 
this new approach we use as an example a 36this new approach, we use as an example a 36 

with five target flashes calledflashflash sequencesequence with five target flashes called 
the five flash (FF) paradigmthe five flash (FF) paradigm.( )  g 
FF example:FF example: Example Sequence of 36 flashes Example Sequence of 36 flashes 

(36 flash sequence with 5 target flashes) (36 flash sequence with 5 target flashes) (h i t l) 72 t t ( ti (horizontal) over 72 targets (vertical) l) 
ith 5 fl h h n with 5 target flashes each. n Initially 376 992 Initially, 376,992 ( )mcombinations ( )( )  combinations m


il bl
are available. 

Remove “double-flashes” and “too close” stimuli by y
 
eliminating choices that place consecutive flashes 
g p 
  

less that four “flash times” apart
 p 

Remove choices which lead to sequences 

containing more than two instances of flash groups 


with common targets
 

Eliminate choices in which the first and final flashes Eliminate choices in which the first and final flashes 

are less than four flashes in total from the
 are less than four flashes in total from the 


beginning and end of the sequence (to permit
 beginning and end of the sequence (to permit 

multiple back to back sequences)
 multiple back-to-back sequences) 

Finally there are little Finally, there are little 

Generate Flash Sequence more than 72 viable more than 72 viable
Generate Flash Sequence 

bi ti i icombinations remaining. 

FigureFigure 22. InIn thethe n method abstraction of the flash groups n method, abstraction of the flash-groups( )( )( )m
leads to a large numbernumber of possiblepossible item combinationscombinations,
leads to a large of item 
h i i  f b dbased constraints dhowever imposing performance t i  reduces
however imposing performance-based constraints reduces 
the number of viable combinationsthe number of viable combinations. 

A representation of a target flashing during a sequence p g  g g q  

n 36( )( )  = ( ) 
m=5 

( )( )  ( )( )( )m 55

(flashes)( )  
min 4 ((3+1)) min 4 (3+1)min 4 (3+1) 

min 4 min 4 
n=36n=36 

Mi i i ti f fl hMinimization of common flashes: 

Choose any threeChoose any three 

fl h
flashes off any target 

(In this example the first (In this example, the first 

three flashes of the first
 three flashes of the first 


target are chosen for 
g
 
illustration.))
 

Therefore,, anyy three of 
the five flashes are 

sufficient to uniquely 
identify the target beingNo other target No other target attended to by the subject 

can be found that can be found that ll fi t i d–all five are not required. 
will share all three will share all three (This is another constraint 

f th  fl  h  imposed on the selection of of these flashes. 
f )flashing patterns.) 

Figureg 3 Imposing performanceperformancep -basedbased constraints TheThe
3. p g  
way the targets are grouped to flash and the time selected 
Figure Imposing constraints. 
way the targets are grouped to flash and the time selected
 
for each group to flash must be constrained to eliminated
for each group to flash must be constrained to eliminated 
double flashes and other problemsdouble flashes and other problems. 

D ring test sessions During test sessions, During test sessions, 
bj  l t d  t t lsubjects completed a total subjects completed a total 

of 25 item selections with of 25 item selections with 
each method Weeach method.  We 

d th  fcompared the waveform compared the waveform 

morphology information
 morphology, information p gy  
transfer rates (ITR) andtransfer rates (ITR), and( ),  
accuracy.accuracy

Figure 4 Figure 4. Red locations indicate Red locations indicate 
the electrode locations used by the electrode locations used by 
th l ifithe classifier.   

M th  dMethods
Methods
 
E hEach ti t (n=888))) completed oneone t t 
Each participanti ((n completedparticipant l t d  testtest 
sessioni i the CB andd one usingi the FFusing th CB one th FFsession using the CB and using the FF. 

the test sessions each subjectPriorPrior toto the test sessions, each subject
 
g of calibration data in
generatedgenerated 1010 minutesminutes of calibration data in
 
order to characterize their uniqueq ERP
order to characterize their unique ERP 
responseresponse ttoto flflashes ofoff the t ttargettarget item. IInh ththe item. thflashes it In thethe 
test sessions,i a stepwiset i  linear didiscriminanti itest sessions a stepwise lilinear discriminant 
classificationclassification algorithm identifies flashalgorithm identifies flash 
responsesresponses asas targetg or non-target basedtarget or non targetg based onp on 
theirtheir similaritysimilarityy toto thethe targettarget responseresponse defined byyg p defined by 
th lib ti d t  (K i ki l 2008)the calibration data (Krusienski et al 2008)the calibration data (Krusienski et al, 2008). 

R lt  Results
Results
 
Waveform morphology for each subject
 Waveform morphology for each subject
p gy  j 

d th  dand the grand average: and the grand average: 

Time (ms) Time (ms) 

FigureFigure 5 In general thethe target waveforms in thethe FF
5. In general, target waveforms in FF 
appeared to have aparadigmparadigm appeared to have a diminisheddiminished amplitudeamplitude asas
 

comparedp d t the ones i theth CB paradigm,, b tto th in CB dip g  but b th  both 
followed a similar time course otherwisefollowed a similar time course otherwise. 

AAccuracyAccuracyAccuracy 
There was no significant difference (g (ρ=0 1) ) inThere was no significant difference (ρ=0.1) in 
t f b t th CB (93%) terms of mean accuracy between the CB (93%)
 terms of mean accuracy between the CB (93%) 

d FF (88%) di and FF (88%) paradigms and FF (88%) paradigms. 

I fInformation Tti  T  f  R  tInformation Transfer Rate
 Information Transfer Rate
 ransfer Rate 

FigFigureg re 66. Mean information transfer rates for trial (left 27 8
Mean information transfer rates for trial (left( : 27.8 
CB and 31 2 FF) and effective (right: 48 3 CB and 63 3 FF)CB and 31.2 FF) and effective (right: 48.3 CB and 63.3 FF).
 
TheThe trial ITRsITRs include thethe “dead” timetime between sequences
trial include dead between sequences 
while the effective times do notwhile the effective times do not. 

nn )V iVariations of ti  f  (((((mmm)))))
 Variations of ( 
Importantly, Importantly “n choose m” isis veryy generalgeneral andand
p y,  n choose m very g 
th FFFF variationi ti  i only one iblthe is l l
the FF variation is only one possible example
possible example 
ofoff iits implementationimplementationi . A li i d thatits i l  A preliminary study h
A preliminary study that 
teststests another variation of n choose m, inanother variation of “n choose m ”  in 
which item times a series ofwhichhich eacheacheach itemitem flashesflashesflashes 333 timestimes ininin aa seriesseries ofof
 

33 a 2020 flflashesh ththe (  )20 methodd hashash d d 
a 20 flashes, the ( )( ) th produced
 ( ) method, produced 
encouragingencouraging results 

20 
(n=(n=( 33))). Mean accuracy isg g  results Mean accuracyy is 

90% with an ITR of 44 b pbmp (trial)(t ) and 133 bmp90% with an ITR of 44 bmp (trial) and 133 bmp
b p  
( ff  (effective) i ) UUnlike ththe FF paradigm,di this(effective). lik the FF this
Unlike FF paradigm thi 
variation imposedimposedp thethe CBCB constraintvariation constraint 
concerningg adjacentj squares ggconcerning adjacent squares suggestingg that it
q suggesting that it 
mighti h  bbe an essentialti l constraintt imight be an essential constraint. 

C l iConclusions
Conclusions
 
Th ITR th hi h The present ITRs are among the highest
 The present ITRs are among the highest
 

to date and further demonstrate the utility
to date and further demonstrate the utility
to date and further demonstrate the utility
 
of the CB p gparadigm In addition the FF is
of the CB paradigm. In addition, the FF is 

examplel off thethe more generallone example of thone more general
 
“n choose m” paradigmparadigm andand resultedresulted inin aa
n choose m p g 
  
hi h ITR th th CB
higher ITR than the CBhigher ITR than the CB. 

 “n choosechoose mm” is a novel methodmethod that
 n is a novel that
 
providesid purelyl abstractabstractb t  t  flflashflashh-groupsgroups. BBy
provides purely By 
completelyp y  dissociatingdissociatingg the rowsthe rows andcompletely and 
columnsl andd placingplacing any numberbcolumns, of
and l i  any number off 
constraintsconstraints onon the flashflash pattern, thetheon thethe flash patternconstraints pattern, the
 
“nn choose mm” method is a powerful
method is a powerfulchoose p 

th d th t f th  ti i th P300method that can further optimize the P300
method that can further optimize the P300 
BCI flash patternBCI flash pattern.p 

33 (  ) methodd d t  th 20 method demonstrates the power TheTheTh ( )( )20 th demonstratest the power
 
ofof “n choose m” asas it is only the second
n choose m it is onlyy the second 
variationi ti  t ttestedtestedd andandd thetheth li ivariation preliminary
preliminary 
resultsresults suggestgg that it may lead to thesuggest that it mayy lead to the 
highestg accuracyy and ITR to datehighest accuracy and ITR to date. 
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