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Fig. 3.1 SAW excitation by pulse wave
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Fig. 3.4 A basic model of a SAW filter
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Fig. 3.6 Equivalent circuit for the SAW filter
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Fig. 3.7 Equivalent circuit for a single SAW transducer with a transmission line

Yi3 = jwCr + GO4NFSmnh§ (3.5)
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E 1
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Table 3.1 Parameters for second-order effect[29][30][31]

7 || 1.02838
1.0178
be || 0.0241
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Fig. 3.8 Frequency and time response of Smith’s equivalent circuit (1st model)
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Fig. 3.13 Circuit diagram of FET driving circuit (half-bridge configuration)

Fig. 3.14 FET driving circuit (half-bridge configuration)
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Table 3.2 Specification of ARF448

Vpss 450 [V]
Ciss(max.) || 1700 [pF]
t, (max.) 10 [ns]
t¢(max.) 25 [ns]

Table 3.3 Specification of IR2110

ton(max.) || 150 [ns

[ns]
togr(max.) || 125 [ns]
t, (max.) 35 [ns]

[ns]

t¢(max.) 25 [ns
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Fig. 3.15 SAW transducer
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Fig. 3.18 Vibration velocity by pulse wave (half-bridge configuration)
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Fig. 3.19 Propagation of vibration velocity by pulse wave (half-bridge configura-
tion, 1.0mm away from IDT)
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Fig. 3.24 FET driving circuit (full-bridge configuration)

Table 3.4 Specification of STD3NM60

Vbss

650 [V]

Ciss(max.)

324 [pF]

t,(max.)

4 [ns]

t¢(max.)

10.5 [ns]
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Fig. 3.26 FFT analysis result of vibration velocity (full-bridge configuration)
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Fig. 3.34 Vibration velocity by edge of pulse wave with 3420 degree phase lead
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Operator

Fig. 4.6 Pen tablet type interface using SAW tactile display|[85]
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CCr-

Fig. 4.7 Tactile touch screen using sheet-like ultrasonic transducer[88]
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Table 4.1 Specification of electrodes

Metal strip width | Pitch

IDT 63 pm | 127 pm | 10 finger pairs
Reflector (OMSA) 100 pm | 130 pm 120 strips

Tactile and Visual Device

------------- Driving Signal

\SAW Transducer : Amplifier Synthesizer \
| : 4 Pulse Signal
|| Pen Display ! | SH2-7045 |
! . | Host Computer | d’ r

Styl !

| ylus |
|

Stylus Velocit }— Frequency
Sty A o i A |
k"

» Stylus Position —Roughness Database]|

Fig. 4.11 Control system of pen tablet type SAW tactile display
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Table 4.2 Specification of Wacom DTI-520 U Model|[66]

LCD display

Screen size 304.1x228.1mm
Screen resolution 1024 x768
Pixel pitch 0.297x0.297 mm
Video interface VGA video-in, Composite video-in

Graphics tablet

Detecting system Electro-magnetic
Report rate 100 point /sec
Data interface USB
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Fig. 4.12 SAW tactile display with pen display
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Table 4.3 Parameters of panels

Color || k. [um] | d [%)]

Blue 500 10
Green 1000 10
Red 250 10
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Table 4.4 Distribution of subjects

Age || Male | Female || Total
10 8 3 11
20 1 0
30 0 4 4
40 4 6 10
50 2 1 3

Total 15 14 29
(a) 11 13 24

4427 0D00O0ODOODOOODODOOOOO

ggoboboooobobooooboboooobbbooobbboooobLbboooono
gogoboboogobbboooobobbooobbobuoooooboooobbooooobo
gbodobgobobobuoobooobuoooboobooboobobbobboboon
gooboobodoooouooobodooobbboooouobb b oo oooooobo
gooooboooooooboboooooobobobboooooobbobbooooooobo
gooooobbobbbooooooooouoobobobbb b oooooooooo
goobbobodoooobbbboooooobbbooooobbbboooooobobobo
ooboooboobooobobooboobbo 1hmm 00000000 OOOOOODO0
guobobobbooouobbobooooobobobobooouobbbiboooooobooon
0000000 Wacom 00 Cintiq 12WX OO ODODODO0O0OOOO0ODO0OOOOOODOOOO
(Wacom 6D Art Pen) 00000000000 O00OCintiq 12WX O OO (O 0O) O Table
450000

00000000 (00)000000000000000 5x1.5mmO0000000O0
0000000000000 00000O000000U00O0DU0ooOO0O0OUU0DO (Doooo
0000000)0 Fig. 41400000000000000000 Fig. 415000000
gooooobbobbbooooooooouoobobbb b ooooouoooooo
ggoboboooobobboooobbbooobobog

gogoboboooobobooooboboooobbboooobbboooobbboooonoo
goobobodooooboobbbooouoobobobbbbooooobobobooooooo
gooobbbooooouobbtbodoogobbb oo bbobooooobo
O0bO000o0b0Ob00O0D Fig. 4160000000000 000O0DOO0O0ODOODODODOODO



72

040 000000000000O00O00O00000

Aluminum film

Fig. 4.14 Slider nib for SAW tactile display

Slider Nib

Fig. 4.15 Marker with slider nib
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Table 4.5 Specification of Wacom Cintiq 12WX|[66]

LCD display

Screen size 261.12x163.2 mm
Screen resolution 1280x800
Pixel pitch 0.204x0.204 mm
Video interface DVI-I video-in

Graphics tablet

Detecting system Electro-magnetic
Report rate 133 point/sec
Data interface USB

(a) Using grip pen with slider

(b) Using marker

Fig. 4.16 Comparison of tactile display with/without slider
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Fig. 4.17 Experimental configuration of measuring pen velocity
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Table 4.6 Mesh size (#12 — #220) from JIS R 6010[90]

Grit number || Mesh size [pm]
12 1400
16 1000
20 710
24 600
30 500
36 425
40 300
50 250
60 212
80 150

100 125
120 90
150 75
180 63
220 53
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Table 4.7 Particle size (#240 — #1200) from JIS R 6010[90]

Grit number || Maximum particle size [um] | 95% of particle size (minimum) [pm)]
240 110 44.5
280 101 39.2
320 94 34.2
360 87 29.6
400 81 25.2
500 7 21.5
600 72 18.0
800 67 15.1

1000 63 12.4
1200 58 10.2

Table 4.8 Particle size (#1500 — #2500, by precipitation test) from JIS R 6010[90]

QGrit number

Maximum particle size [pum)]

95% of particle size (minimum) [pm]

1500 58 8.3
2000 58 6.7
2500 58 5.4

Table 4.9 Particle size (#1500 — #2500, by electric resistance test) from JIS R 6010[90]

QGrit number

Maximum particle size [pm]

95% of particle size (minimum) [pm]

1500 30 9.5
2000 20 4.0
2500 18 3.0
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Fig. 4.20 FFT analysis result (rubbing canvas)
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Fig. 4.22 FFT analysis result (rubbing sandpaper #380)
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Table 4.10 Parameters of panels (discrimination experiment for control method
referring to MLS)

Color || ky [pum] | d [%)] Control method
Green 250 10 ON/OFF control
Red 250 10 | ON/OFF control (referring to MLS)

Table 4.11 Distribution of subjects (discrimination experiment for control method
referring to MLS)

Age Male | Female || Total
10 1 2 3
20 18 1 19
30 1 1 2
40 0 1 0
50 2 0 2
Total 22 ) 27
(a) 21 3 24
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Fig. 4.39 Experimental configuration for measuring vibration velocity distribution
of large-size transducer
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Fig. 4.40 Vibration velocity distribution of large-size transducer driven by sine wave
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Fig. 4.46 Vibration velocity distribution of large-size transducer driven by pulse wave
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Table 5.1 Specification of SensAble PHANToM Omni[104]
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Tactile and Haptic Device
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Fig. 5.1 Control system of tactile and haptic device using PHANToM Omni

PHANToM Omni

Fig. 5.2 Integration of SAW tactile display and PHANToM Omni
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Space for
Presentation Area

Fig. 5.4 3D virtual space for operating PHANToM
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ERSimple Rigid Body Dynamics

Fig. 5.5 Generating different sensations
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Presentation Area

Laser Doppler SAW Transducer
Velocimeter

Fig. 5.6 Experimental configuration for measuring stylus velocity
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Fig. 5.7 Stylus velocity (k,=200um, d=20%)
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Fig. 5.8 Braille display (amedia Braille SENSE OnHand from amedia’s website[125])
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Fig. 5.9 Braille keyboard (Knowledge Creation Blekki from Knowledge Creation’s
website[126])

Fig. 5.10 Perkins brailler (KGS Perkins Brailler from KGS’s website[127])
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Fig. 5.11 Demonstration of pen tablet type SAW tactile display for blind persons

Fig. 5.12 Demonstration of tactile display using sheet-type ultrasonic transducer

for blind persons
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AC : alternate current /00

Al : aluminum /000000

AM : amplitude modulation /0000

API : application programming interface
/0000000000000 00O

ATM : automated teller machine /000000000

CATV  : common antenna television /0000000000

Ciss : input—source capacitance /000000000000

Cr : chromium /000

CRT : cathode ray tube /0000g

DC : direct current /00

FET : field effect transistor /0000000000

FFT : fast Fourier transform /00000000

GUI : graphical user interface /00000000000000000

IC . integrated circuit /0000

IDT : interdigital transducer /0ooo0o

IPA : isopropyl alcohol /00000000000

LAN : local area network /0000000000000

LCD : liquid crystal display /00000000

LED : light-emitting diode /0000000

LiNbO3 (LN)

: lithium niobate
LiTaOg3 (LT)

: lithium niobate
MLS
MOSFET

: maximum length sequence

/00000000

/000000000
/0000

: metal-oxide-semiconductor field effect transistor
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/00-000-0000000000D00000
OMSA  : open metal strip array /00000000000000
OS : operating system /000000000000
PZT : piezoelectric zirconate titanate (lead zirconate titanate)
/0000000000
RF : radio frequency /0o0oo0o
SAW : surface acoustic wave /0oo0o0o
SMA : shape memory alloy /000000
SMSA  : short metal strip array /0000000000000OO0
SSC : spread spectrum communication
/0000000000
te : fall time /0000000
toff : turn off delay time /000000000
ton : turn on delay time /000000000
ty : rise time /0000000
USB : universal serial bus /000000000000
Vbss : drain—source surrender voltage
/0000000000
VGA : video graphics array /0000000000000
VR : virtual reality /0000
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data[0]
7 6 5 4 3 2 1 0
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l ‘ Byte order
Duty(char) mark
data[1]
7 6 5 4 3 2 1 0
0 1
l ‘ Byte order
count(bit 15-10) mark
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7 6 5 4 3 2 1 0
1 0
l ‘ Byte order
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7 6 5 4 3 2 1 0
1 1
l ‘ Byte order
count(bit 4-0) mark

Fig. A.1 Bit stream of TDCTP 1.0
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Tactile PenTablet
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Now in Panell
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Fig. A.3 Demonstartion software for tactile display
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Fig. A.4 Flowchart of demonstration software
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Fig. A.5 Tactile demonstration software covering whole LCD
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oo

[System: :Xml::Serialization: :XmlRoot ("App Configration")]
public ref class ApplicationConfig

{

public:

[System: :Xml::Serialization: :XmlElement ("foo")]

int foo;

};

0000000000000000 XmlElement 000000000000 0O00O20
0000000000 System:IO0OO0O00OOOOOO

public ref class Config

{

public:

ApplicationConfig” Load(String~ FileName){

XmlSerializer” serializer = gcnew XmlSerializer(ApplicationConfig::typeid);
FileStream™ fs = gcnew FileStream(FileName, FileMode: :0Open);

ApplicationConfig” ConfigData = (ApplicationConfig~)serializer->Deserialize(fs);
fs->Close();

return ConfigData;
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}

void Save(String~ FileName, ApplicationConfig~ ConfigData){

XmlSerializer~ serializer = gcnew XmlSerializer (ApplicationConfig::typeid);
FileStream™ fs = gcnew FileStream(FileName, FileMode: :Create);
serializer->Serialize(fs, ConfigData);

fs->Close();

}

};
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setting = gcnew ApplicationConfig();

ConfigFile = Path::Combine (AppPath, L"config.xml");
config = gcnew Config();

setting = config->Load(ConfigFile);

setting->foo = baz;

config->Save(ConfigFile, setting);

000000000000 00000000000000000 AppPathO00 OO0
00000000000 000000000000XMLOOOOOO “config.xml” O
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hDC = GetDC(NULL) ;

hCDC = CreateCompatibleDC(hDC) ;

hCBitmap = CreateCompatibleBitmap(hDC, ResolutionX, ResolutionY);
h01dCBitmap = (HBITMAP)SelectObject(hCDC, hCBitmap) ;
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Graphics::FromHdc O O O O
O0000000000000D000 GraphicsOOODOOODOOOO O Graphics O
0000 Graphics:FromHde OO OOOOO0O0OO0O0ODOOOOOOO

public:

static Graphics”™ FromHdc (
IntPtr hdc

)

OO0 hdeOODODOODOODOODOODOODOODOODODODOODODODOOOD
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public:

Pen (

Color color,
float width
)

color ODDODODUOUOOOARGB: 000000000000 00000widthOOOO
gooboood

SolidBrush OO O OO QOO

O00000000000000000SelidBrushO0OOO0OODO

public:
SolidBrush (

Color color

)

color 000 0OO0OODOOARGB: 000000000 O0OOOOODOO

FontOOOOOOO

Color::

OO0DO0O000O0Font0OOoooono

public:

Font (

String~ familyName,
float emSize

)

fammilyName 0 0 FontFamily 000000000 OemSize 0000000 em O
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FromArgb 0000000 Color OO O ODODO
400 ARGBOOOOOUOOOODOOOOooooooooo Color00O0O0OOOOO

public:

static Color FromArgb (
int alpha,

int red,

int green,

int blue

)
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DrawPolygon DO 0000 FillPolygon OO0 O0OOO0OOODOODO
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00 00DrawPolygon 000000 FillPolygon D OO0 O0O0O0O0OOCOO0OOO

public:

void DrawPolygon (
Pen” pen,
array<Point>" points

)

public:

void FillPolygon (
Brush™ brush,
array<Point>" points

)
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0000000000000000"000000000000000 FillPolygon O
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public:

void DrawEllipse (
Pen” pen,

int x,

int vy,

int width,

int height

)
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public:

void FillEllipse (
Brush™ brush,

int x,

int vy,

int width,

int height

)
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0 O ODrawRectangle 0 0 0 0 OO FillRectangle 0 00 00O 0O O O O DrawRectangle
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public:

void DrawRectangle (
Pen” pen,

int x,

int vy,

int width,

int height

)

public:

void FillRectangle (
Brush™ brush,

int x,

int vy,

int width,

int height

)
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00000000000 DrawRectangle D000 O0OO0OO0OO0OO0OOOOOOOODO

gooo
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public:

void DrawString (
String~ s,

Font™ font,
Brush™ brush,
float x,

float y

)
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TransparentBlt 00 000000000000

goobooobbuooobbboobobooobbbooobbbooobbooo
gooboooobooboogoobbooobobooobbbooobbbooobbood
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BOOL TransparentBlt(
HDC hdcDest,

int nXOriginDest,
int nYOriginDest,
int nWidthDest,

int hHeightDest,

HDC hdcSrc,

int nXOriginSrc,
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int nYOriginSrc,
int nWidthSrc,

int nHeightSrc,
UINT crTransparent

)
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delete g;
delete pen;
delete brush;
delete font;

SelectObject (hCDC, h01dCBitmap) ;
DeleteObject (hCBitmap) ;
DeleteObject (h01dCBitmap) ;
DeleteDC(hCDC) ;
ReleaseDC(hDeskWnd, hDC);

O0000000000000000000 GraphicsOOOODO delete0O0000O0O0
0 0 PenO SolidBrushO Font 00 0000000000000 delete000000O0O
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double DetermineIntersect(Point a, Point b, Point ¢, Point d){
double x;

x = ((@a.X - b.X) * (c.Y - a.Y) + (a.Y - b.Y) * (a.X - ¢.X))

* ((a.X - b.X) * (4d.Y - a.Y) + (a.Y - b.Y) * (a.X - 4.X));
return Xx;

}
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Fig. A.6 Algorithm to determine if a circle contains a point
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Fig. A.7 Algorithm to determine if a line intersect with second line
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B

Fig. A.8 Algorithm to determine if a triangle contains a point

A

B

Fig. A.9 Modified algorithm to determine if a triangle contains a point
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Fig. A.10 Algorithm to determine if a polygon contains a point
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Fig. A.11 Tactile demonstration software running on determination mode
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Tactile Paint
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Fig. A.12 Paint software for generating drawing sensation
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Fig. A.13 Paint software for generating drawing sensation with texture image
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Fig. A.14 Measurement of roughness k, on the texture image
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Full color ‘Black/white

Fig. A.15 Binalization of full-color image
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Fig. A.16 Coordinate system for graphics APIs
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Form1~ frm = gcnew Forml();
//0000000

frm->init () ;

//0000000

frm->Show () ;

//00000

LARGE_INTEGER q_start, g_end, q_freq, q_count, g_diff;
//000000000

QueryPerformanceCounter (&q_start) ;

//000000000

QueryPerformanceFrequency(&q_freq) ;
//1000000000000000

g_count.QuadPart = q_freq.QuadPart / frm->FPS;

while (frm->Created){
//000000

frm->mainloop();
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//Windows 000000
Application: :DoEvents();

//000000000

QueryPerformanceCounter (&q_end) ;

q_diff.QuadPart = q_end.QuadPart - q_start.QuadPart;
//0000000000

if(gq_diff.QuadPart > g_count.QuadPart){

//0000

while(q_diff.QuadPart < g_count.QuadPart * 2){
QueryPerformanceCounter (&q_end) ;

q_diff.QuadPart = q_end.QuadPart - q_start.QuadPart;
}

}

//0000

elseq{

//0000

while(q_diff.QuadPart < g_count.QuadPart){
QueryPerformanceCounter (&q_end) ;

q_diff.QuadPart = q_end.QuadPart - q_start.QuadPart;
}

}

//FPS OO

frm->s_fps = ((double)q_freq.QuadPart / q_diff.QuadPart).ToString("F");
//000000

g_start.QuadPart = g_end.QuadPart;

}

return O;
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w(z) =1 (A.6)
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w(z) = 0.5 — 0.5cos2mx (A7)

000000 hamming window(
Richard Wesley Hamming 0 000 0000000*0 0000000000000
0D0000000000000000000000000000000000000
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w(z) = 0.54 — 0.46cos2mx (A.8)
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w(x) = 0.42 — 0.5cos2mx 4+ 0.08cosdmz (A.9)
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Fig. B.1 Connection diagram of SAW tactile display using glass substrate
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Fig. B.3 Structures of felt nib and slider nibs
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Table C.1 Electric components in high-side switching circuit

Symbol Category Model
Q1 FET Advanced Power Technology ARF448A
Ul FET driver International Rectifier IR2110
C1-C3, C5 Bypass capacitor Nippon Chemi-con KTD251B104M32A0T00
C4 Bootstrap capacitor Nichicon UBX2D100MPL
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Fig. C.1 Circuit diagram of high-side switching using IR2110
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Table C.2 Electric components in half-bridge switching circuit

Symbol Category Model
Q1, Q2 FET Advanced Power Technology ARF448B
Ul FET driver International Rectifier IR2110
C1-C3, C5 Bypass capacitor Nippon Chemi-con KTD251B104M32A0T00
C4 Bootstrap capacitor Nichicon UBX2D100MPL
D2, D3 Gate diode Toshiba Semiconductor 151588
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(b) Bottom layer

Fig. C.4 Circuit layout of half-bridge switching using IR2110
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Fig. C.5 Circuit diagram of full-bridge switching using IR2110
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Fig. C.6 Circuit layout of full-bridge switching using IR2110
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Table C.3 Electric components in full-bridge switching circuit

Symbol Category Model
Q1-Q4 FET STMicroelectronics STD3NM60
U1, U2 FET driver International Rectifier IR2110
U3 Hex inverter Texas Instruments SN74LS06DG4
U4 Regulater STMicroelectronics L7805CDT-TR
C1, C2, C4, C5, C11-C14 Bypass capacitor Murata GRM188R71H104KA93D
C3, C6 Bootstrap capacitor || Nippon Chemi-con KTS500B684M31N0T00
Cr, C8 Bypass capacitor Murata GRM43DR72J104KWO1L
C9, C10 Deadtime capacitor Murata GRM1885C1H101FA01D
D1, D4 Bootstrap diode Shindengen D1FK60
D2, D3, D5-D9 Gate diode Fairchild Semiconductor FDLL4148
R1-R6 Register Panasonic ERJLIWKF10CU
R7-R10, R13, R16, R17 Register Panasonic ERJ6GEYJ102V
R11, R12 Deadtime register Panasonic ERA6YED332V
R14 Register Panasonic ERJ6GEYJ104V
R15 Register Panasonic ERJ6GEYJ471V
LED1 LED Toshiba TLGV1022
LED2, OUT_SW LED with switch Omron A3DA-7121
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Fig. D.3 Discrimination experiment to a subject
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