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Abstract however, only one-dimensional cursor m@ment can

This paper describes our initial research into the use &€ achieed.
the P300 eent related potential as a control signal in aBecause of its ralstness, we belie that an wked
computer intedice for lockd-in patients. These electrical potential, called P300, may seas a good
experiments are directed viard deelopment of a candidate for an EEG-based computer iateef The
device which uses the occurrence of a P300 to contrd?300 is a late positt wave that occurs between 250
motion of a cursor on a computer screen. Simultaand 800 milliseconds after the onset of a meaningful
neous taget-detection tasks are presented in foustimulus. It vas first reported in 1965 as a late puositi
compass positions (N, E, S, W) on a computer screenomponent occurring in response to taskwaahe
The subject is instructed to detecets in one of the stimuli (Sutton et al., 1965; &lter, 1965). Sutton et al
positions corresponding to the intended direction otoncluded that the late posiicomponent as related
cursor meement. EEG signals from scalp electrodedo the subjec$ psychological reaction to the stimuli
at Fz, Cz and Pz are collected andraged for tayets  and not the pysical characteristics of the stimulus. In
in each of the four locations and the direction offact, two years laterSutton et al (1967) diseered
movement is indicated by the highest P300 peakhat a P300 could be elicited by the omission of a
amplitude. \ariables such as @&t on-time, ISI, null-  stimulus if its omission as task-releant. Attempts
target inclusion, and trialveraging are manipulated have been made to use P300 as a contrnagcdeFar-
and the results are discussed in terms of a rate wsell and Donchin (1988) used P300s to operate a
accuray trade-of. computerbased communication dee by presenting
Introduction letters and commands in a matrix and repeatedly flash-
ing each rav and column. P300s were elicited when

There aists a significant population who, due to dis-tha rav or column of the element that the subjeasw
ease or injuryare totally paralyzedub have normal or focusing on \as flashed.

nearnormal brain function. In such cases, called ] ) )
Locked-in-Syndrome, the indidual is avare of his or [N the presenteriment, we will gplore the possi-
her surroundings, Ut has no &y of communicating bility of using P300s to control cursor renent on a

with the outside wrld. In cases where the person haOMPuter screen by presenting simultaneous visual
even a slight dgree of wluntary meement (e.g., \e&- target-detection tasks (oddball paradigms) and mea-

brow motion), it is possible to use that vement as a SUring peak P300 amplitudes togais occurring at
switch for controlling a computetikewise, when the €ach of four compass locations (N, E, S, W). Peak
person has goodye control, he or she can be fitted amplitudes are ¥pected to be greatest for P300s in
with an ee-tracking deice to control cursor me- '€SPONse to the direction that the subject is attending

ment on a computer screen. In mamases, hwever, to.
the indvidual may hae no reliable gluntary motion Method

to attach a switch to, angemaement may not be g piects were seated in a sound attenuated chamber
precise enough to use with ayeeracking deice. N ¢40ing 2 monochrome monitor 18 inches from the sub-
such cases, the only possible method of COMMUNICRs s face. The central fixation pointas a cross.

tion would be to use electrical signals produced by thgpare were four taget arms (compass positions N, E,
brain as a switching g&e for computer interaction. S, W) with a taget (a cross) at the end of each arm
In order to achiee this, a reliable, detectable brain- 5,4 gne centimeterway from the central fixation

signal must be found. Wlpaw, et al. (1991) &s able  hqint Each stimulus as presented for 250 msec with
to train subjects toaluntarily adjust the amplitude of 5, interstimulus intemd of either 750 or 1,000 msec.

scalp-recorded mu ythm. The mu riithm amplitude  there \were tw different stimulus sets: in the first,
was assessed and translated into up amhdIrsor  gach of the four tget crosses as replaced by an
movement. Although adir amount of training is  agterisk one at a time and in random order: in the sec-
required, this method has the adtage of using sig- onq 4 null-stimulus s included, in which no aster-

nals that are endogenous to the subject. At presenly apneared. The subjecawinstructed to fixate the
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central point and count the number of times one pamore accurate cursor motion.

ticular cross (N, E, S, or W)as replaced by an aster- angther speed-accunadrade-of often cited in P300
isk. The order of asterisk substitutiorasvrandom gy gjes relates to the frequgnaith which a taget is
without replacement within each set of four (aSte”S'i:)resented. Lo frequeny tagets generally produce
always appearing) or fev(null included) stimuli. The higher amplitude P300s than higher frequetamets.
targe_t stimulus occurre_:d with a probability of 0._25 in Hence, haing low frequeng tamgets may result in bet-
the first case, and 0.2 in the second. When a bla&k W o getection of P300,ub agin, at the cost of longer
detected (aynsignal bgond a preset threshold on the j1anals between cursor mements.

EOG channel), that stimulus trialag discarded, and o ] ]

was presented aip later in the set. No setas com- From preliminary analyses, itag de'germmed that the
plete until at least one good (non-blink) triahsy Ntenal from 300 to 600 msec follng taget onset
recorded for each tget position. Thus, each set con- \Was the best intea¥ for pBQO detection in these sub-
sisted of at least four or Burials (more if the subject 1€CtS- Consequenilyve defined a P300vel on each
blinked). Sessions consisted of 50 complete sets. Fifial ©0 be the maximum signalvel in the interal
the pilot data to be presented herep taubjects [TomM 300 to 600 msec folung taget onset.

recorded data for the case where thgeaprobability Results

was 0.2. and three subjects recorded data fgetar |, yeneral, P300 detectioraw best for tasks in which
probability 0.25 conditions. tamget frequeng was 0.20 ersus 0.25 (54.02% correct
Data Acquisition. Grass si#wsilver chloride elec- and 40.85% respeutly aseraged across the eavsub-
trodes were placed according to the international 1gects who participated in both task conditions). All
20 system at Fz, Cz, and Pz and referenced to bilatemlibsequent results, Wwever, represent datavaraged
(joined) earlobe electrodes. The EOGswecorded over these tw task conditions.

from an electrode at SO2 (inferior and lateral to thel'urning to the issue of theap in detection accurgic
right eye) also referenced to bilateral earlobes. They e to summing EEG signalser a sequence of trials,

three EEG channels and single EOG channel werga cantage correct direction scores were also calcu-
amplified 50,000 times (Med AssociateS3A00 |ated for conditions in which one, twor three suc-

physiological amplifiers), bandpass filtered betweengsgje sets were summed before determining peak

0.15 Hz and 150 Hz, and digitized (12-bit resolution)p30g amplitudes. Figure 1 sheresults of these anal-
at a 300 Hz sampling rate on an IBM compatible 48§ se for the three subjects separatigraged wver all
computer with an 8-channel DSP card. Data recordingata ohtained from each subject. There appears to be a

for each trial bgan S0 msec before presentation of the,gnsiant increase in percentage correct detection of
tamget stimulus and continued for a total of 650 MseCp30g for each additional trial summed. There is no
Thus, 600 msec of EEG data were recorded for eaGhgication of an interaction among these three sub-

channel folleving taiget onset. These data wergezh

; jects.
for subsequent analysis.
. . Percent Correct as a Function
Data Analysis. While the data to be presented here ar of the Number of Trials Averaged
based on dfline analysis of collected data, we are 10—
modeling a real time process in which the computer or SEEs ]

b Jec
80 ~

estimates the direction in which the subject wishes tc
move the cursqgmoves the cursor one step in the esti-
mated direction, obtains another estimate of the
desired direction, and so forth. It is in the nature of the

0} e
i w/’//ﬂﬁ”’/éé/’—{e B
sof D//D

40 E

% correct

task that each estimate must be independent of the la 0 1
estimate since the subject must be free to change cu wor ]
sor direction at will. The estimated direction is based oL . ]
on comparing P300 Vels for tagets on each arm of ! ¢ :

# of frials averaged

the cursor and selecting thedast P300 Ml as the

most likely direction for cursor motion. This compari- Figure 2 carries this analysis further for one subject
son can be made as soon as a single set (i.e., four tégubject A whos performance as lavest averall). In

get positions) has been obtained, or EEGviagtfor  this figure, summation is carried owteo up to 9 con-
each taget location can be summesten a series of Secutve trials. As figure 2 shws, the adantages (in
sets to obtain a more stable P300 estimate. One isshgrcentage correct) of summing trialgins to flatten
we address in our analyses of the data is the trdde-dfut after about 6 trials, reaching adeof over 80%
between dst, lut more erroprone, and skw, but  correct.
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To conclude, we find thatvaraging @er trials in the

present task does not appear to be a proguehy to
FPercent Correct as a Function

of the Number of Trials Averaged improve bit rate. Hwever, varying other task ari-
e —— ables lile taget frequeng and presentation rate may
90 . lead to moderate impvements in the accunaavith
sar 7 which P300 eents are detected. In future studies we

or 1 will continue to aplore these and other tasériables

to find conditions which lead to optimum perfor-

80 E
50 E

% correct

wl | mance. As a signal for control of communication
sl _ devices and intedces, the P300 hasvseal limita-
20 . tions. The most serious of these is the nebdyi low
1o ] bit rate associated with its use. wkwver, for some
/T 3 4 s & 7 & ¢ 1t potential users, this Vo bit rate may still gceed the

# of trials averaged

rates &ailable via other communication channels, and
at present, communication rates associated with P300
Conclusion detection seem equalent to those associated with the
Overall, P300 detectionas correct about 50% of the detection of other brairvents or states.
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