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The Development and Evaluation of Tactile Drawing Pen for People with Visual Impairment
Kouki DOI™" , Wataru TOYODA and Takashi TANAKA

“! National Institute of Special Needs Education, Department of Teacher Training and Information,
5-1-1 Nobi, Yokosuka, Kanagawa-prefecture, 239-8585 Japan

Children with visual impairment and teachers of school for the children request new Raised-Line Drawing Kit for
practical use in the field of education, because the existing drawing kit do not have sufficient performance to satisfy
their various needs. In this paper, we reported that the development of the test model of our Tactile Drawing Pen using
beeswax enable people with visual impairment to express and perceive their ideas more accurately. Additionally, we
conducted two experiments for collecting the quantitative data to decide the basic specification guaranteeing the high
usability for all age people with visual impairment including the children. The results showed that people with visual
impairment felt that our device was easy to write when the pen pressure needed to release the inks was lower, and when
the radius on the tip was larger. We determine that the recommended values are 50 gram-force. Furthermore, we
determined that our Tactile Drawing Pen should equip mechanism to release inks which sizes are 2.0 mm height and 3.0
mm line width because the dimensions are appropriate to understand easily.

Key Words : Human Interface, Human Engineering, High Polymer Materials, Education Engineering, Raised-Line
Drawing Kit, Visual Impairment, Product Evaluation, Usability, Beeswax, Subjective Assessment
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/7
//

~ for "Shokuzu Fude

#include "msp430x21x2.h"
#include "typedefs.h"

#define TRUE 1
#define FALSE O

//Temperature Threshold for Kids' model

Pen - Bevo"

#define TmpLmt Up0 0x1E9 // Equivalent Tmp = 65.0 degC

Il

#define TmpLmt Upl 0x1BC // Equivalent Tmp

70.0 degC

#define TmpLmt Low 0x1D7 // Equivalent Tmp = 67.0 degC

/* For Bevo

#tdefine TmpLmt Up Ox1E9 // Equivalent Tmp = 65.0 degC (1.262[V])
tdefine TmpLmt Low 0x216 // Equivalent Tmp = 60.0 degC (1.387[V])

* /

u8t -bVspSigln;

u8t bTmpSigln;

u8t bDCIN;

u8t bHeaterStatus;

int TmpIdx; // Index for temperature control
int Veildx; // Index for voice guide

// function prototype
void Beep 1( void );

void Beep 1 Short( wvoid );
void Beep 2( wvoid );

void VoiceGuide( int );
void ReadADC( wvoid ) ;

// Buzzer output = P1.6; 0x40 = 01000000
// Buzzer - one beep

void Beep 1( void )

{

volatile unsigned int i,];

for( j = 0; 3 < 450; j ++ ){
P1OUT |= 0x40;
for( i = 0; 1 < 48; i ++ );
P1OUT &= ~0x40; // Buzer off
for ( 1 = 0; i < 48; 1 ++ );

}
// Buzzer - one short beep

void Beep 1 Short( void )

{
volatile unsigned int i,7j;
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for( J = 0; 3 < 500; 3 =+ ){
P1OUT |= 0x40; // Buzzer on
for( i = 0; 1 < 30; i ++ );
P1OUT &= ~0x40; // Buzzer off
for( i = 0; 1 < 30; i++ );

}
}
// Buzzer - two beeps
void Beep 2( void )
{

volatile unsigned int i, j;

for( j = 0; j < 250; j ++ ){
P1OUT |= 0x40; // Buzzer port on
for( i = 0; i < 48; i ++ );
P1OUT &= ~0x40; [/ \Bizzer port oLt
for( i = 0; 1 < 48; 1 ++ );

}

for( j = 0; j < 100; F ++ ){
for( i = 0; 1 < 48; i ++ );
for( i = 0; 1 < 48; i ++ );

}

for( j = 0; j < 250; J ++ ){
P1OUT |= O0x40; // Buzzer on

for( i = 0; 1 < 48; i ++ );
P1OUT &= ~0x40; // Buzzer off
for( i = 0; i < 48; 1 ++ );

}
}
// Voice guide control : voice ch. = P3.1-P3.4, stop signal = P3.5
void VoiceGuide ( int vn )
{

volatile unsigned int i;

switch( vn ) {
case 1:
P30UT &= ~0x02; // Voice trigger output = P3.1; 0x02 = 00000010
for( i = 0; i < 50000; 1 ++ ); // Effective signal duration = 50

[ms] (minimum)
P30UT |= 0x02; o OEE
for( 1 = 0; 1 < 50000; i++ );
break;
case 2:

P30UT &= ~0x04; // Voice trigger output = P3.2; 0x04 = 00000100
for( i = 0; i < 50000; i ++ ):

P30OUT |= 0x04; [ ot
for( 1 = 0; i < 50000; i++ );
break;
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(00000001),

(00000100)
// Set ADC control registers ADC10CTLO and ADC10CTL1
ADCI1O0CTLO = ADC10SHT 2 + ADC1OON + ADClOIE;
// ADCLOSHT 2: 1(‘ADy1beKS, ADCI100ON: ADC(10) enabled,
// ADC1OIE: interrupt enabled
ADC10CTLO |= SREF_1 + REFON + REF2 5V;
/i SREF 1: VR+ = VREF+ / VR- = AVSS, REFON-REFZ2 5V: ADC10 Reference
on
ADCIOCTL1 = CONSEQ O0;
// CONSEQ O: Sinole channel single conversion

if ( bVspSigIn == TRUE ) {
ADC10CTL1 |= INCH O; // Select Channel 0
ADC10AEO0 |= 0x01; // P2.0 ADC10 option select
ADC10CTLO |= ENC + ADC10SC; // ENC: ADC enable, ADC10SC: Start ADC
} .
else if ( bTmpSigIn == TRUE ) {
ADCI10CTL1 |= INCH 2; // Select Channel 2
ADCI10AEO |= 0x04; // P2.0 ADC10 option select
ADC10CTLO |= ENC + ADC10SC; // ENC: ADC enable, ADC10SC: Start ADC
}
__bis SR register( CPUOFF + GIE ); // LPMO, ADC10 ISR will force to
exit
}
void main( void )
{
volatile unsigned int i;
TmpIdx = 0;
VoiIdx = 0;
bVspSigIn = FALSE;
bTmpSigIn = FALSE;
bDCIN = FALSE;
bHeaterStatus = FALSE;
WDTCTL = WDTPW + WDTHOLD; // Stop WDT
P3DIR |= 0x3F; // Signal direction of P3: P3.0-P3.5 => output
Tt P3DIR [= 0x01; // Set P3.0 direction to "output"
P30OUT |= 0x01; // Output O(low) signal to P3.0 for turning off the
heater
B3QUIL = 0x02);
P30UT |= 0x04;
P30UT |= 0x08;
P30UT |= 0x10;
P30UT |= 0x20;
P1DIR |= 0x40;

.98.



}

/)
M

#pragma vector

P1OUT &= ~0x40;
P2DIR |= 0x02;
P20UT &= ~0x02;
Beep 1 Short ()7
for (1 =R < QIRI00 ;1
VoiceGuide( 1 );
while( 1 ) {
bVspSigIn = TRUE; /
ReadADC () ;
bVspSigIn = FALSE;
bTmpSigIn = TRUE; /
ReadADC () ;
bTmpSigIn = FALSE;
}

ADC10 interrupt service

__interrupt void ADC10 ISR(

{

volatile unsigned int j,
int tpu; // The tempera

// LPMO, ADC10 ISR

will £

++ )7

/ Enable A/D of Channel

/ Enable A/D of Channel

routine

ADC10 VECTOR

void )

k;

ture of upper limit
“orce to exit

__bic_SR_regisEer_on_exit( CPUOEE )7

//Read the voltage input from AC-DC Adapter
if ( bVspSigIn == TRUE ) {
if ( ADCIOMEM > 0x0200 ) {
if ( bDCIN == FALSE ) {
bDCIN = TRUE;
wepalt g = 005 < S0 9 amr
for( k = 0; k < 48; k ++);
Fori( e =0 Tk s A8 e )
}
Beep 1();
}
}
else(
if ( bDCIN == TRUE ) {
bDCIN = FALSE;
For (5 =0 S G085 5 e R
For (=0l 8/ B e D)=
Eorl (N =N 0N IB RN R = L)
}
Beep 2():
}
}
}
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/Read t

/ /Read =rmistor voltage
else if ( bTmpSigIn == TRUE ) {
if ( bHeaterStatus == FALSE ) {
if ( ADC10MEM > TmpLmt Low ) {
P30UT &= ~0x01;
bHeaterStatus = TRUE;

he thern and control the

}
}
else if ( bHeaterStatus == TRUE ) {
if ( TmpIdx == ) tpu = TmpLmt UpO;
else tpu = TmpLmt Upl;
if ( ADC1OMEM < tpu ) {
P30UT |= 0x01;
bHeaterStatus = FALSE;
if ( VollIdx == ) {
VoiceGuide( 2 ) ;
Voildx = 1;
TmpIdx = 1;
}
}
}
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