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(1 FERBIZEEZIT W~ FERICEEZDTULY),
QRUDEEMN (1: FEBICARETHSH~5:
FRBIZKELTLVD), DERITETLHHOKRE
= (1: FEBIZELN~S: EFBIZRLY), G)ELS
FBNDIEE (1 : FEITERNZL~E : FFRITERN
5). 75, ERIRUERIICELTIE i
*EYE LT, MEERY LHAT IHEN SN
EEEY HhERE A E ALV

&ZIZ, ERITIE, MROSESRURIEE S
AT S OBEHRZEFHE L 1-. FHlid 2MEIEES D
TEDEME, BRIEH L, =, mA) X
B &35 (0.1,1.0,2.0[mm]) x #RIF3S4 (1.0,
3.0, 6.0[mm]) 3EMHTHY, &FH275ITE LT
SEIE 5 VFLICERSNARBERFCTH

HIcfEEL, —RTC&IOBRBETIEREICHE S
T, ETRFEOFEACT S (1 FFBITHEAZL
L~5: JERICEHAOTLY) ZEHEL 7.

U EDETOHOEERIE, —ADSIEIR LTHE
(+TATLY, EEREFREII2BFFEFEETH -1, £F
EBROMIZIE, 100 FEEDAREREZEEL, S
FI2DEORENME LGNS ICEE L. F:,
AEBOETOFHREE, BREETZIEIFSM
HEBZERNDARETF/-. ERZFMIBANCIE,
SMEIZ LT, EEROFFEHZHRAL, SR

BER/-

3. R
3-1 SRERI : FEEFR LT SOBHRDET
{HRERDFER
3-1-1 FRIEIIADOKRZEE b

[ZHERETRT. MEREIEFOEFHENEE
THY FG,

18) =10.92, p < 0.001), 500[gf](F50[gf] &Lk
RTEEIZEEIT M2z (p<0.01). HtEH
FEFDFNENEETHo1=H (FG, 18) =
8.62, p<0.001), EXEDEHRMICHEZILED
LNEMN -, FEEHREITEEDEHENEET
HY F@ 18) =22.51, p < 0.001), 500[gf]
(£200[gf] & EERTEZIZ< K (p € 0.01),
200[gf11%50[gf] L LERTEZIZ< M 2Tz (p <
0.01).

ETOBMEICENT, EEMNPSVEHIEFE
EEZPFIMERITH 1=, HEHIL100[ef1A
RLESPTHh oL

3:1-2 HERPOFEHPTE B5O)ITHE
BERT. EEOEHRT, IEERE F (S, 18)
=6.09, p<0.001) RWTEH (F(3, 18) =4.39,
p<0.05) IZBLWTEETH A, EXEOEH
BICHEEZERO ohiah o= FEEiEILERT
DEHSENEETHY FQ, 18) =19.38 p<
0.001), 500[gf]IE50[gf] LLERTEZIZ< A >
= (0<0.001). £THOSMEFIZHLNT, EEHN
INEWEHIFEEEOT IMBERITH - T-.

3-1-3 EZHHEEZTEDLYDRUDES
PFE S IHERERT. IREREFE
EOEHMENFETHY (FG 18) =6.63, p<
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0.01), 500[gf1(X50[gf] & LERTHEIZEEIZL
Motz (p < 0.05). PEEBFEIEEOEUREN
ETHY F@Q, 18) =9.67, p<0.001), 500[gf]
(X560 [gf] ELERTEZIZ< A>Tz (p < 0.001).
ETOSMEBIZENT, BEANSVEHITE
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TN EREFEREDEHENFETH =M
(F@3, 18) =4.59, p<0.01), £HMIZEEE
[FFEH oMM o f-. FEREIEEEDEHIREN
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(F(3, 18) =10.35, p<0.001), 500[gf](E50([gf]
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5, MEMIZEHET 5 &, EEANSVOEHIZE,
FRLOTIMERITHD Z LML EE o T-.

3:2 SEERL : RUSEDHARFFLERL LT
= DEEROFHImEERDIER
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#RY. INEREIIR VEDEBEZED TR
NEETHY F@G, 18) =7.32, p < 0.001),
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271z (p < 0.01). HEHFHMEFZFOIHEN
BEETHY (F@Q, 18 =2.113, p < 0.001),
0. 15[mm] (X1. O[mm] & LERTHEIZEZIZ D
f= (p < 0.01). PEEFIHEFZFOEUMREN
BEETHY (@, 18 =166.69, p < 0.001),

0. 15[mm] (X0. 35[mm] & LERTHEICEZF(ZC< L
(p < 0.001), 0.35[mm](X1.0[mm] LLERTHE
[ZEZFIZ<h 2Tz (p <0.001).
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3:2-2 HRPOEZFHIET 6D IZHE
BERY. IMEREIIR U EDOBEBEZEDES
BENEETH-=M F@Q, 18) =5.73, p<0.01),
EURMICEEEILRO onigh o fz. HEHILH
RERDINRENEETHY (F3, 18) =8.26,
p < 0.001), 0.15[mm](&0.5[mm] & LERTHEIZ
EF(2<< P <0.01), 0.5[mm]IX1.0[mm] &Lt
RTEEIZEEZIT Moz (p<0.01). 5k
FZIIHEEZOTVENEETHY F@G, 18) =
36.86, p < 0.001), 0.15[mm](&0.35[mm] &t~
THEIZEZIZ<CLC (p<0.001), 0.35[mm] &
1.0[m] ELERTHEIZEZ(ZThoT= (p <
0.05)

ETOSMEIZENT, HEREEHAKREOEH
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0.5[m] A RBLEEZPTILMERTH-T=.

3-2-3 EZTHHEEZTEDLYDRUDES
PFE K6l [THERERT. MMERER
UHEFIZTBWT, ROEDHEEZEOENRIL
Ehongmhof-. hEEE I HEFFEDEIHR
NEETHY FG,

18) = 15.59, p < 0.001), 0.15[mm] (0. 35 [mm]
BU1.0[m] EERTHEIZEZIZ A o7z (p<
0.01).

ETOSMBIZHENT, BHEERNREVES
FEEZOT IMERTH 1=

3:2:4 RODOKTEHE K6(d) [TFHERET
9. IMEERERIEERIZB LT, XUEDR
REROIHDRIIBOH NG o1, hElEE
HELZOEHNRELFEETHY (FQG 18) =
15.21, p < 0.001), 0.15[mm] (0. 35[mm] B2 T}
1.0[m] LLERTHEIZEEIZS Moz (p<
0.01).

ETOSMBEIZHENT, BHEERNREVES
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3:2:5 RLHENDIEE [X6(e) ITHEE
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ERY. INEREEIN DV SEOMEFEOTHR
NEETHo1=A F@Q, 18) =4.95 p<0.01),
EHMICEEZEIIRD oG o= TFE(TH
REZEOEIHDRIFBH NG of=. PElE
HMELEOEINRNFETHY (FQ 18) =
21.07, p < 0.001), 0.15[mm] (0. 35[mm] B X
1.0[mm] & LERTRNAALT Mo (p < 0.001).
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EROKETE SEROEREIY 2T0S
MBIZENT, RUEDOBEBEFENKE VEHE
E, RELTERLTHIENTE, BoMITERL
TEHERL OGN, TEMITRNICSVMERTH
of=. BUEDT EMD, BEMISEHET H&, N
VEDOHEEFEL, KEWVNFEFEL LT LMER
THAHZENALIEL T
3-3 HEBI: MEOFSRURIEEHRAOT S
DEEFROFHIRERDIER ~ F0IS, /MhERE
DIERIZONWTHAS (H7(a). REMEAER
4K (F@, 36) =5.65 p <0.001) RUMmEMAR
K (F@4, 36) =4.48 p<0.01) ICBLWTHEE
THof=. Ft=, BERVRBEOENRE, A
K EE:F@G, 18) =15.73, p<0.001, #E :
F@B, 18) =8.42, p<0.05), =@k &=
F@3, 18) =15.21, p<0.001, #zig:F(3, 18) =

8.83, p<0.01), AR (FE:F@Q, 18) =22.21,
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(E1. 0[mm] EEERTEHEAIZ< v o71= (p < 0.05).
RIZ, HEEDHERIZONTIHRARS (FT(D)).

ETOKIZENT, KEERARUHRIEO TR
FEROLNGEM -1z, BIDEHRIE Ak
(F@3, 18) =16.67, p<0.001), =&Af2K FG,
18) =20.10, p < 0.01), WMARIK (F@Q, 18) =
17.65, p < 0.01) IZBLWTHETH-1=. &IE
DEHRIFZBHONEI - T-. ESDEURDH
EEFZRELER 2TOBKIZONT, &S
0. 1[mm] (FZ &1, 0[mm] B U2. 0[mm] & U £5EA4 12
Motz (p <0.09).
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7(00)). ETOMRIZENT, REERRUVRIE
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Bk (F@B, 18) =31.04, p <0.001), =AH
1K (F@, 18) =28.30, p<0.001), AR F @G,
18) =29.37, p<0.001) [TBEWTHETH-T-.
B SDEHHEOREEZERTE LI-ER, £ TR
KIZo2WT, &&0.1[m] (& &1.0[mm] B U
2.0[m] &Y £LERA <o (p < 0.01).
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TBOTEIEFEAOCT SIZHEIZRE LGN T
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LME, ERFDEETPTE, RUDELEHEDS
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[2HWT, ST, 0[m] LAEAEEAXOT L MER]
THoT=. Ffz, gL, NPERETIEHELE
EFRAOT LD, HEFE & hEEnE TITRIEDE
BIIFEEINEN o 1= INPEREHLHLVERIEZE
FAPTCRELCBERE LTI, HEECDEE
FHELERTFHEA/NE =8I, fi%0 LAST LD
blzEEZ NS, —A, fRiEh. 0[m] TIE,
B DOREIFEACA ) OEEORREN 5,
TEESHNROENET=H, KYLLMRIETHSD
WENHD. TIT, IMNEREICEIT SR
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Abstract  Until now, there is not a writing implement with serving a ink on the paper that the visually-impaired

children can draw and understand it by touching. On the other hand, the visually-impaired children and the
visually-impaired school teacher request the practical use of the tactile drawing pen. In this study, using bees wax as ink
we developed the tactile drawing pen for visually-impaired children. It is useful not only as a tool to make pictures and
figures for the whole education of the visually-impaired children, but as a tool for art.
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Battery charger Heater & voice guide controller

ot
bl
9[v] T heater |
e 3[V] voltags ON/OFF L E:E:toMUS
regulator monitor ®*|T AGM!'CE526
A/D in Dout"
heater 4[@]
Test B @ 2 TP 3mAooeTol
Ve 2 =
Extarnal Power == § ] == s
60V] 9 W DD egEy  mEEnam
é | FET M % T A
slay 72 LT oo :
OFF. :g_l Rrieoet== i : =B i thermistor l
PavsMCo g 12 "7 35
) ) | Pa2som0 B 13 B
L FaucLko O 1« 15 0 P23 4UTX00
batteries >
MSP430F2122
(Um3) o) Dout
1.2V/2000mAh
x4 = 0000
JTAG
¥ Tﬂeﬂratﬁwﬁ' charger “"N’“‘ digital 1/0
and the batteries are we oo T
for the cordless model G T <—| DG 5[V]
orly. Ve e LI 0 regulator
=R
akd s
speaker
Voice Board (S£BF) E]J‘ (g
WAVAA1S Dm |:|]
# Kids' Model only gg Wi - &
oM [ e
1 2EEREORREZ ~ T Ry 7K
AC-DC adapter
Pen
| s g
. = s ~
Pen Station Heater Controller ON\/PFF X healer
s "% 'T‘ 4[Q]
( Battery Charge )
Controller MCU
a[v .
b0 2
ACG100V
ON/OFF J---c-ccacnnns > # In case of external voltage
MCU supply, the relay switch is OFF.
AGC adaptor \L ~ g
9[Vv], 3.5[A]
battery | 6LV] o battery (UM3)
charger ~ 1.2V/2000mAh x4
\ J :
\ v . J
v

free contact

X2 BIELIZAX AT (2—KLR) O7rv 7K
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Power ON
Buzzer: Patttern A
LED:

Voice: CHI

ON (continuous)

Measure
power input (Vin)

Vin < 44 7

NO

YES

Buzzer patterns

LI L ]
s [ UL

A

Buzzer: Pattern B
LED: rapid blink
Voice: CH2

Measure
temperature (T)

Heater OFF

# Alarm of low battery voltage

* T-target = 65[°C] = 1.1 [V],

when the thernister nput is 3.3[V]

and R7 = 51[kQ].

Heater ON
LED: slow blink

X3 b—ZHEAR— R~ 2 D7 7 =L =7 7a—Fy—h
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[P
£ (B)
e9n [/CE=1; Charge OFF =

<3»

<d>

<G>

<7>

<>

|

Memorize BATV(=VB1)

BATV =0.72 7
Yes
BATV >=1.16 7
Yes
<5 =

/CE=0; Quick Charge;
CMODE=1

|

Keepfor 5 minutes

|

[CE=1; Charge OFF

BATV >VB1 7

Yes

The Voltage lists:
BATV=0.72
BATV=1.1

—

S.i.' } :.':..T- AL Fis

i

Battery Dead

JCE=0; Quick Charge;
CMODE=1

|

Keepfor 150 minutes

|

/CE=0; Pre-charge;
CMODE=0

|

Keep for 30 minutes

CReturn >

Yes
<9

BATV <177

I\

A
x
=

W

J/CE=1; Charge OFF

X 4—1 FEMEZ 2 —Fv—h
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<1> Power ON.

<2 Stop Battery Charging by /CE=1 and measure the battery voltage VB1.
<3> If the total voltage is lower than 0.5V, the battery is not put on device.
<4 If the total voltage 1s lower than 3.2V, the battery 1s dead.

<5> If the total voltage is upper than 4.8V, the battery 1s full.

<6> After quick changing during 5 minutes, check the voltage increase.

<7=1f no mcrease can be seen, the battery unit may be dead, the battery isn’t dead
and start the quick charging duringl 50 minutes.

<8 Stop the quick charging, and start the pre-charging during 30 minutes.
<9 After the pre-charging during 30 minutes, keep checking if the total voltage 1s

lower than 4.8V. If the total voltage 1s lower than 4.8V, go to the start point of
this measuring flow.

LED Indication | © ;  Nenow(n)lvellow2)] Green
LED BUZZER
When Power ON >>> Red short, one time

When quick charging start >>> Red, Yellow(1) none
When pre-charging start »>> Red, Yellow(2) none

When charging is completed >>> Red, Green short, 3 times

When battery 1s full =>> Red, Green none

When battery 1s away from

device >>> Red none

When battery is dead =>> all LED flashing (long, 4 times) * repeat 3 times

4 —2 FedEflEY v —F v — O SEY]
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Pen (small type for children)

AC-DC adapter

Heater and Voice
Gontroller

roi R

g[v] ON/OFF heater
N 4[Ql]
AG100V *

M

J, &— MCU
thermistor
[ AC adaptor I l

9[v], 2.5[A] 1 \
voice module
. B4

5 MELI=B XA (a— KA, FFIA4 &) o7 v 7K
% Tvoice module) 1335/ AER— K

EWAV-4A1S 7i4FUBIE—F @ sWAHh ON
CH No. W) 1 | 2| 3 | 4| 5 | & T | 8| 9|10 11 |12]|13]| 14|15
SW1 | Do ® ® ] ® ® ] ® ®
swz | D1 e 0 L I [ I e o
SWa | D2 e o o @ ® | o @& @
SW4 | D3 o @ | © @& & & & o

SW2(In)

SW1 (In) \_‘ I_I
L

SWa(lIn) !
L | |

2
|#ﬁh L
| L]
L]

STOP(In) ' ' ;
BUSY{OUH} : E E J
t
[ ] L I

s | BETCH [ ®zuen | [ | [®&sen |

BAE6CH
6 EAELEOT v o RRE IR L AR
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DCIN
oy

Rl

REEI
IN4148 b1

2
WENERY I1N41a8

IN4148
i

Ui +3vd | o
AIC1734-33
Vin Vout

—Cl
luF/3sy

GND

5
|d’ ‘ AQV252G

RLY1
BSI2B-6VDC

Ql
2802412

+3V3
o

- O
1
o3

4. TuF-120¢
C4

32768

104-0603 -

M
N4148

BZ1
KCVG-084B16

Thermistor =

R10_330R
T

MSP430F2122

bl

o
EEEE -

= TesT |22 TEST

= Bz R9

180R
a2
AREEEEAEE 2802412

X7 b—ZHliEAR— ol

s

8 b—AHlHIR— ROV > NEK
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Lt |
M| NC NC f—{
n +oy =] NC NC == prer
o @ GND  OUT
ADSZIT
SHD-2014
N
R
1
0.1 2
. Heater
N l': - o f LI R4 Fl al.e
2 e T —
e . - ] (=] N4 ouT %[ Ll e g MF-MSMF75/24-2
- ar 10uF 100uF/ 16V O o8 - " - -
AICI734:33 C e L] Az :,E:'; 18 (] R7 Battery Charge
2 fvin _ Vou |—2 STAT 2 | crary : 1 owrsv 0.1 TouF/16Y <4T0K
L ; L = = K G S
& b N - 15 = = =
1uF2sv ° 1aF135V g | N =
U ] ATV
i3
- 10 ISET] (— -
19 NC NI; [F] R6 o RE
! S - 2001
2L pap vrse |—1 10K 00K -
EQIATISRHL 0031
C—y SEUH R2 B3 ) =
s RESI RESI —
0.1 +3V3 +3V1
= B
+3v3 =2 a1 jp2
[l =
!_/. (= c
Y e ] i e Ef Dl n
Ui N4 148 IN 148
D) RZ VM
i
HELS c9
LED} +avi 43
4.TuF-120 ci
c10 " Bz RIL yw RI2
X 104 2. TK 180R ol 150R o
'““‘“””fj ——— p2aoaN =] st 2502412 25C2412
= P2 7XOUT BE
2768 DT
29 TEST L ~ ~7
MSP430F2122
+3%3
=]
s
. AR
et ) LED)
RIS L]
LED
THy
. AR
R11 | LED
RESI )
LED
o7
AR
I~J LER
LED
et
\ AR
R14 i | LED
ETS L1
LET:

9 FEFEHEIA— RomlE

10— 1 FEFER—ROTY > MK
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AC-DC7 574
9[V] 3.5[A]
95 x 45 x 35[mm]
[8k2] FEREM:
77—L"917:
BRI [min] RATBHIZE[V]
0 0.1007
5 0.1003
10 0.0998
30 0.0915
65 0.0766
70 0.0712
80 0.0695
85 0.0649
100 0.0559
110 0.0480
120 0.0404
145 0.0210
150 0.0175
154 0.0158
155 0.0083
160 0.0089
180 0.0083
184 0.0080
185 0.0000

313
g BIEQe
B &l IE(:ﬂs

AEDe

° A=

1]

§EpE)

10— 2 FEHER—ROZY > MER (LED #riAh— R)

[~rEE8]

9[V]

E— 2 SR
65 %25 %xH16 (max)

11 BYWELTZAHX A T OHM & B 7%

eneloop Typ.2000[mAh]; 4 REESELNEINEE (0.9~1[V]) = BikILAER
CE enable D E#EfE=4.8[V]

EiRIAl  LED
1.007
1.003 Fr-#&H1
0.998
0.915
0.766
0.712
0.695
0.649
0.559
0.480
0.404
0.210
0.175
0.158
0.083 F-EH2
0.089
0.083
0.080
0.000 -

Current [A]

1.2

1.0

0.8

0.6

0.4

0.2

0.0

L

R

™~

50 100
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{Et5%c]

{EREM:  GP Typ2400lman] X4FET] 02, TEMERE

Jp—4U1F: CEenshle® EE{@=500]

filmin] R4 BRI ENV] FifilAl LED | CE

0 01000 1.00 |7 0 |Eith i OEE: 4660V]

2 00964 098 |7 H1

5| 00995 1.00 0

10| 00996 1.00

25| 00936 054 [FA DY 8 » ¢

40| 00861 086 /

50| 00851 085 AERCR oA ~—

60| 00813 081

70| 00780 078

80| 00790 079

90| 00855 086 i ADEL TS, Bl Al
100 00920 052
10 00850 085 iEhEnii i iEL, BUL S SR
120 00881 058
130 00879 058 EnDHD, 2l ——j
150 0o08Et 058 AU ] ‘ i i =
154] 00980 058 i % 130 20
155] 00053 oo [FeE2 | 0 FLEER [min]
184 00080 0089
185 00000 000 |5 #F 1 |l OEE: 5510V
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