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In response of body to playing games,

check up “amusingness”

Kazuma TOMIZAWA

Abstract

We measure the heart rate and brain wave during game play and check the relationship
between game, heart rate and brain wave. First we measure heart rate during game play.
However we do not use sphygmograph on the fingertips. Instead, we use sphygmograph on
the ear, because we cannot be measured in terms of fingertips. By use it, we can curtail the
use of both hands. It is evident; we can measure the heart rate during the course of a game
to not use both hands. Second, we measure brain wave during game play. And we examine
the association between heart rate, brain wave and game state. From these results, we

want to help to create a video game.

Key Words : Heart rate, Brain wave, Video game
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5. 4 RBRLEE
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5. 4. 2 RBRFEE
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2 7 —ABtR) BRRICHBLL TR Y, #BRENERAICET LT 72 ERP A 23 HEL
LictEZ oD, (20 1 X7 >O8RLE 57— L5 DAOBGTH Y BlEX v 7
7 H—=> CPU OATEILIANOBGUZ L0 HBLL, & ITHBRE N THI L TR0 o 7o BE0
AOIVELZLE) LW TEP LI X R EICHBLLT.
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&%
ITMICERR 1, RBR3 TR LT r T T A2,

EBR1-7055 L4
WRF s 5 0% 2 E10 9 Arduino D 7' 7T A xR T.

/*

A.P. Shield 05 Demo Program +
*/
int sensorPin = 4;
int ledPin = 13;
int sensorValue = 0;
int integral plus = 0;
int integral minus = 0;
int count = 0;
int elapse_up = 0;
int elapse_down = 0;

int ave = 0;

int current_millis;
int diff millis;

int heartrate;

void setup() {

/1 Arduino FEYERH D 7 ]
pinMode(ledPin, OUTPUT);

Il T3y TR T AR
Serial.begin(9600);

void loop()

{
int currentValue = analogRead(sensorPin);
int diff = (currentValue - sensorValue);

sensorValue = currentValue;
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/AR 0WZIE< . 2 ORESE TORME A
/| —EETHIUT MO L LTk
if (diff <10 && diff > -10 && integral plus > 160 && integral minus < -200 )
{
JZARVA ST S/ R 153 Rl el S0 B/ 13 e RN
11 NI EONEEIZ 2 > TWhiUE, e LTHRT,
if( elapse_up > 50 && elapse up <400 && elapse_down > 96 && elapse down <800 ) {

/] JODADRRH S ND & 2 ZITEDR B D%
//count++;

THHSNERERERR 22T O TOMBe£rRT 25X OER

A D Z A X 7D EHR
[millisIEEITH O T 1 7T KPR AL — K LTHDHOFREE HALIE msec(1/1000 )
/£ diff_millis Z7RE, Z DOKFOD current_millis=0

diff millis = millis() - current_millis;

/) RN 2 81T 2 O Ta & U CRUG LR - 724y DR 2 5%
//% LT millis() - current_millis & ¥V 5[\ THIF 5

current_millis = current_millis + diff millis;

/1131 = 60/((500/1000)/1000)=75,000 > 75 £ 72 %
heartrate = 60.0 / ( diff millis / 1000.0 );

I TNy TR Y 7T va sy — i)
/*

Serial.print(count,DEC);

Serial.println();

*/

I RN

Serial.println( heartrate );

b
nrur

elapse up = 0;
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elapse_down = 0;
integral_plus = 0;
integral_minus = 0;
}
else if ( diff > 20 && diff <280 )
{
I BIGODSLS B30 &
integral_plus += diff;
elapse_up +=20;
}
else if ( diff <-20 && diff > -200)
{
/I W DSLTF Y Ak
integral minus += diff;

elapse_down += 20;

if ( heartrate > 60 ){
digitalWrite(ledPin, LOW);
}

//20ms Z LN H Y ST B DI, o,

delay(20);



EEB3- JAssSL
FRR—VBEO T 0 /T MRt

clear all
tic; %% ETEHEMZEHLTINS

W ZEHERTE

fs=44000; % BT TRIRBDOERTE
t=(0:1/fs:0.1); % BFEDERTE
s=(0:1/fs:1.2); % BFEDERTE

f_1=1000; % BRIK#BDETE

f_2=2000; % BRIK#BDETE

f_3=0; % BLIRBDERE
count=zeros (120, 1) ; Yhovk

%o BIEFE

y_1=sin(24pixf_1xt); % 4 DFHE
y_2=sin(24pixf_2%t); % U4 DHE
y_3=sin(2#pixf_3*xs); % H4 L DiE

%% Oddbal |
for i=1:120
soundsc (y_3, fs) ;
r=rand(1) ; b OTID—HRELMERERESED
if r<0.8
soundsc (y_1, fs) ;
else
soundsc (y_2, fs) ;

count (i)=1;
end
end
count_all = sum(count) ;

b=x|swrite (' ookubo_3count. xIs", count) ;

toc,
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HORUROHT E BBV DT v 7T K RT.

clear all

close all

data3 = csvread (' C:¥BData¥ookubo 3odd. csv', 1,0) ;

%data4 = csvread (' C:¥BData¥1Tomizawa19880815.csv', 1,1);
dt=1/128;

y = data3(1:end, 1) ;

x = data3(1:end, 2) ;

y=y-mean (y) ;

N=10; BBV FHDT—2 8 #HAS

subplot (3,1, 1) ; W& EIZEH/E L

%set (gca, 'XTickLabel', data4 ,"XTick',1:length(datad));
plot (x,y)

%%

MRHERE

count_1=length (y) ; %E2 51 D {E %%

s_l=std(y) ; WERFI DIFERZE

a_l=s_1/count_1;%iZ#82=

%%
%AR:%E & AIC

order=14; % order : ET)L#

% ac = zeros([count_1,1]);

% for order=1:count_1-1

% ar_1=aryule(y, order); %aryule CTAfidatak ETI)LDorder(Zxtd BARIZEZIRT
% aic=count_1*log (2*pi*a_1"2)+count_1+2% (order+1) ;%AICZE R & %

% ac(order) = aic;%AICODIE % +&HH

%

% end

% [x,yl=min(ac) ;% AICOE/IMEZRHSD CAICDIE y:AZFEEH)

ar_2=aryule(y, order) ;%AICEEIZH E D= EFH W -ARFZHZRD 5,
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%%
hikZE 2B EBEEFBETIV
i=1;
M=14;
st=0;
r=zeros ([count_1,11) ; %count 1=length(y) x 100475l
for i=1:count_1-M
c=0;
st=0;
for j=1:M
c=st+ar_2 (j)*xy (i+M-]);
st=c;
end
r (i+M) =y (i+M) —c;

end

subplot(3,1,2);
plot(x,r)

%%
WREDTHZ LY, REZHTESE D SHERBTY
H=zeros ([count_1,11);
for i=fix(N/2)+1:count_1-fix (N/2)
H(i)=mean (r (i-fix(N/2) - i+fix(N/2))); %FHEEZHAH
end
subplot(3,1,3);
plot (x, H)

%%
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