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Abstract

This paper proposes a 3D terrain measurement sensor
system for mobile robots. The system consists of an
infrared sensor and a RC-servo. We explain the hard-
ware of this system and its signal processing method.
Several experiments by our prototype show the effec-

tiveness of our proposal.



HRERERERERE

ggbbbuooobbboooobbo

gogbobobbooooobbbooooobbbuoooobboboood
gbuogbobobuoobobuogbobuoobobaobooobobod
gbogbdobbobooboboobuooboboobuonobobod
gbboogobouogbboooobuogbobuoobbooboon




11

HEN

gbobobooogobobod

OoooDoooooooog

3.1 O0O0O0O0O0O - -+« v v v e e e e e e e
32 O0O0O0O0O0O0O0O0O0O0O -« - « « « v v e v v oo o
3.3 OO0O0O0O0O0O - - - « « o v v v v e v e e e e e
34 000000000 - -« « « o v v e e e e e e

gooooog

41 O0O00000000 - - - « « v v v v v v oo oo
42 OO0OO0O0OMO - -« « « o v v e e e e e
43 D0O0O00O0O00 -« « - v v v v e e e e e e

00

5.1 OODODOO- O0O0OD0ODOO -« - e e e

52 O00000O- 000000 « -+ « « v v v o v v evv oo

53 D0 1 - - -« o e e e e e e
5.3.1 OOOMDO - -+« v v v v e e e e e e
532 O0O0O0 - -« « « = ¢ 0 v e e e e

BAd OO 2 -« v oo e e e e
541 OOO0 - - - -« o o v oo e e e e
542 O0OO0 - -« - « = ¢ 0 v v v e e e e

© O ok~ W W

10
10
11
12




111

6 OO 24
gg 25
goono 26
A OJO0OOO0O0O 28
A1 OOODOOO - - - - v o e e e e e e e e e e 28
A2 OOOORC-servoO OO -« - -+« v v v oo oo 29
A3 O0O00O0O0ODOO0O0OO + -+« « v v v e e e e e 29

A4 O0DOOODOOODOOODO - - - e 29




1V

[]

2.1
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

4.1

HEN

Image of Scaning

Overview of GP2D12

Principle of Distance Measurment
Characteristics of Modified GP2D12
Power Spectrum

BEF.,LPF[ Frequency Response
Characteristics GP12D12 with Filter
GP2D12 ( Output - Distance )
Definition of Parameters

Image of Scaning

10




4.2 Image of Motion Sensor 11
4.3 Extraction of Edge 12
5.1 Design of Sensor System 13
5.2 Mechanical of Sensor System 14
5.3 Operation of Sensor System 14
5.4 Operation of Sensor System 15

5.5 Overview of Robot with Angle of Gradient
Sensor 16

5.6 Control System[] Driving System 16

5.7 Overview of Robot with Sensor System 17

5.8 Overview of Experiment 18

5.9 Obstacle Derived by Sensor System 19

5.10 Section of Side Derived by Sensor System 20

5.11 Section of Length Derived by Sensor Sys-




VI

tem 20
5.12 Overview of Experiment 21
5.13 Obstacle Derived by Sensor System 22

5.14 Section of Length Derived by Sensor Sys-

tem 23
A.1 Processing Composition 28
A.2 Outline of GP2D12 (1) 30
A.3 Outline of GP2D12 (2) 31
A.4 Outline of UV-1W 32
A.5 Outline of PICO BB 33
A.6 Overview of PICO BB 33

A.7 Circuit of Sensor System 34




U 10 00

gogbbbobooodgbbbbooooobbbooooobbboood
ggobobbooooboboboooooobobbooooboboboood
gogbobobboooobbobuooogboobbouooooboboboood
ggbobbbuoooobbbooooobobbuoooobobboood
gogobobboooobboboooooobobbooooboboboood
ggobobboooobboboooobobbuoooobboooon
ggbobbbuoooobbbuooogbobobbuooobbboood
gogobobbooooboboboooooobobbuoooobobobooon
ggbobobboooobbobooogbobobbuooooboboboood
gogobbouooobobogo
ggbobbboooobbbuooodgbbbbuoooobbboood
oboobooooooboboceccbobooboooboboobooobooo
ggobbboooooboboobobobbbuooooobbbboood
ggbobbboooobbbooodobobbbuoooobbboood
ggoboboooobboooogn




20 00o0ooootddtd
HRN

ggbbbbooodoobbbuoooobbbooooobbboood
gogobbboooobbobooooobobbuoooobobboood
ggbobobboooobbobooooobbbuooooboboboood
ggbobobbuoooobbbooodgbobobbuooobobboood
gbodboobooobuooboboooboobobboobuoobobod
gogobboboobobobbooooobbobobuoooooboboobboood
gobodgbbuodgbboobboobbooboooboobboon

e J00O0O0OOODOD
e 1000000000000 O0.7+ 0.3[m]00 0.3m]00 0 0.6[m]

e OUOOODLDDOUOOODDOD

i |
n
ol ==

Side angle Top angle

Fig 2.1 Image of Scaning




30 ddubogduood
HRN

ggbbbbooodgbobbbooooobboboooobbboood
gogoboboooobbobooooobbboooobooboooo

3.1 0O0OoOoOooOnd

gbboobbuoouoobbuoobboobboobobboobooon
ccboooooooooooooopooooboooboooobooboDbo
gogobobboooobobbuooogoobboooobobobooon
ggobbbboduooobooobbbbooooobbobbooood
oogoooccboooooooooooooobooooooboobooooo
gogobobboooobboboooooobobbooooboboboood
gougogoobbbooooobbbbuooooobobobbooood
gbobodgbbuodobbodobboobboobooobooboboon
gogobobboooobbobooooobbbuoooobbboood
goggbobboboboouobbouoooobbobbobooooooobod
ggbobbboooobbbooodabobbbuoooobbboood
0000000001 m 0000000000000 0O0OOOODOO
ggbobobboooobbobooooobbbuooooboboboood
ggbbbuoodabbbod




3.2 0000O00oooaog 4

3.2 0OUO0Oooooood

OoopoooooboooGep2bi20000DOboOoOooDoOooooOonO
gogobobboooobbboooooobobboooobobbooon
O000o00o0ooooooool0o08m|0Ooo
ggbobobboooobbbooodgbobobbuooobobboood
gbogbgbooboboboouogbobogboboobobod
ooopSDOOOOLEDOODOOODOODODNO Fig.3.1,Fig.3.200 00 -
00000 Fig3300000000000000000 0.3[m]01.0[m]
gogobobuooooboboooobon

37[mm]

Infrared LED PSD

Original Version Modified Version

Fig 3.1 Overview of GP2D12

. PSD : RN
e L e T | Ot
Infrared DEDW >~ o _______- REN

Fig 3.2 Principle of Distance Measurment




3.2 0000O00oooaog

5

Output (10 bit)

1200

1000

800

600

400

200

20 40 60 80 100 120 140 160 180
Distance[cm]

Fig 3.3 Characteristics of Modified GP2D12




3.3 0J0O0oDodg 6

3.3 UOuoooon

Fig.330000000000000000000000000000
00000000000000000000000000000000
00000000000000000

00000000000000000000000000000000
0000000000 FFTO00000000000 (Fig3.4)0000
00000000000000000000008Hz000000000
000000000000000000000000000000000
0000000000000000000000000000 Fig3.500
00000000000000000000000000000 Fig3.6
00000000000000000000000000000000
000003 12em00000000000000000000000

O0Fig3.6000000000000000000000-00000
00000 (Fig.3.7)

d =50 x107y~>1%%%

d . 00000000 [em)
v+ GP2D120000 0 10bit0




3.3 0J0O0oDodg

7

1200

1000

800

600

400

—— Power Spectrum without Filter
—— Power Spectrum with Filter

Frequency [Hz]

Fig 3.4 Power Spectrum

o
. - NIMZ304 e
260k 260k 17/ " Output
4

Input w«@i
2 0.01luF
a c::l:&.lF a CluF 37: .
L—H i
ra 1 C3 Rg
%301( T-‘uF NJ‘I}ELSD‘I E3k
i RS
1k
&-
. '
N
o
2.9 D,
! 4 N
- Ty
[ UL
Tm

Fig 3.5 BEF,LPFU Frequency Response




3.3 0J0O0oDodg

8

Output ( 10 bit )

1200

1000

800

600

400

200

Distance [cm]

180

20 40 60 80 100 120 140 160
Distance[cm]

Fig 3.6 Characteristics GP12D12 with Filter

180

140

120

100 |

60

40 |

20

—¥—Result of Mesurement
——Involution Approximate Curve

300

400 500 600 700 800 900
Output ( 10 bit )

Fig 3.7 GP2D12 ( Output - Distance )

1000




34 000000000

34 0O0OO0OO0OOOOO

Y axis Sensor

0,

Z axis
d: distance

o>

Sensor System

Fig 3.8 Definition of Parameters

gogbobobboooobbobbooooobbobuoooobboboood
gbobobsbboogobudgbbobobuooboboobuooobbod
gbobobbobobooooobobobobooooobobobn b
000 (Fig383)y0OODOODDOoOoOoooooooooo

gogbbbbooodgobbbuooobobbbuoooobbboood
goooooobobobuooooobboobbooooobbbbooood
ggbobobbuoooobbbooooobobbuoooobbboood
ggbobbboooobbbooodgbobbbuoooobbbooad
gogobooboood

x cosf, 0 sind, 1 0 0 0
y|= 0 1 0 0 cosf, sinb, 0
z —sinf, 0 cosb, 0 —sinf, cosf, d

g, : 00000 [deg]
g, : yODODOOO [deg]




10

040 O00OO00O0O0OO

gbooboobobobobboboobooboobooboob

4.1 0O0O0O0O0OO0OOO0O0O

oobobooobbOoFrg 1000000000000 00DOO0O00
ggbobobboooobboboooobbobbuoooobobobooon
coopooooGEp2p20000000000DOO0OOOODODOOO
O000383ms]00000D0000O0DO0OO0OOOODODOOOODOOO
gbogbobobobuogboboobuoboboobuoboobobod
0000 10em|D0000OO00O0OO0OODOOO

<

GP2D12

Fig 4.1 Image of Scaning




4.2 00000DO 11

4.2 0O0O00O0O0O

oo0ooboooobobooobobobodbDreg4200000000
gbo.0bob0obooboobuobobdregd42000000000OO
ggobobbuoooobbbooooobobobuoooobboboogd
ggbobobbuoooobbbuooogbobobbuooobobboood
gogobobboooobboboooooobobboooobobbooon
gogboboboogooboboooon

Blind Spot

Fig 4.2 Image of Motion Sensor




4.3 00000000 12

4.3 O0OO0OO0OOOO

gboboboooobobooboboboobobouobodbdrig4.3
goboobobooobbooobooobobooboobooobboon
UbdFegd430O00DODOOO0ODOODOODODODODODOODODOD
ggbobobbuoooobbbooooobobbuoooobbboood
gogobobboooobbobooooobobbooooboboboood
ggoboboogobbbodgooy

o nzlgga_l Ty — Z(2n+1 Z(2n+l)/2
n+1 —
n Zz(iq_'_l)/Q 1,'22 (z(2n+1 /2 )
(n=1,2,...,n)

0 (zp41,0,) 00000000000 000000O0COOODODOO
googooboogd

- 'h.

Sensor Output S,
\

('an ’ an+l )

Fig 4.3 Extraction of Edge




13

o0 UU

5.1 U0O0O0OO- 0000000

000000 Figbh2000000 RC—-SERVODODOOODODOO
O000OD0O0ORCservo0ODOOO0O0OOODODOODOODOODOODOO
00000 (Figh2)DOOODODODODOOODOODOOODOOOOooooo
O0ORC-servoU00O0O0OO0O0OOODOODOO RCservoOOOOOOOOO
00000000 ODOD PICO16FS73D 000000000 PCOO
oood

S — N
=T | 2

| S | [a]
] @) | '

~
— IKSP ]

Fig 5.1 Design of Sensor System




5.1 0J0O0O0O0O- 0000000

14

Fig 5.2 Mechanical of Sensor System

Infrared LED

PSD

Fig 5.3 Operation of Sensor System




5.2 00O0O0O0O- 000000 15

5.2 U0O0O0OO- 000000

oobo0booob0o0oooobOoobOFegsd4d00000noOoOOO
gsbogboboobobobgobuogbobuoobobuoobobod
guobobobogbooboboobobbobuoobobuoobobod
ggbobobbuoooobbbooogobobbuooobbboood
gbobobobooboboboooobOobogFegssboooon
gbobodoboobobooobbobog2b000b1o0bbogoo
oooooooooooooopCcOooobooogopPCcOoboDbOOoOO
gogobobbooooboboboooooobobboooobbobooon
gbooprPibDO0bOO0OO0bOObObOO0bO0bObDOObDOnFigs.6
gbooboboobooboboobooboubdrRgs70OOO
gbooboobooboobooboobooboobooboob
ggbobobbuoooobbobooogbbobbuooooboboood
gogoboboogogd

130[mm]

L T

T AT

Fig 5.4 Operation of Sensor System




5.2 00O0O0O0O- 000000

16

Fig 5.5 Overview of Robot with Angle of Gradient Sensor

| USB4®Serial converter |

| [ |

Servo unit Servo unit Servo unit

Servo unit

Crawler m0t0r| Joint motor | Crawler motor| Joint motor |

Crawler motor| Joint motor | Crawler mot0r| Joint motor |

Motors for crawler

RC servo for joints

Fig 5.6 Control System[ Driving System




5.2 00O0O0O0O- 000000

17

Fig 5.7 Overview of Robot with Sensor System




5.3 00O 1 18

53 U0 1

5.3.1 004y

Fig5800000000000000000000000000000
0000O0-000000000 70[em]0000000 25[cm]00 28[cm]0
0038[em)000000000000022/em]0000000

Fig 5.8 Overview of Experiment




5.3 00O 1 19

5.3.2 0O0OOO

O0oobOonbDOod Figbs905.1005.110000Figs900 0000
ooooboooobobo openGLOODODDOODOOOODOODOO
ggbobbboooobbbooodgbbbbuoooobbboood
O00Figs.1005.110000000000000000O0O00DO0ODbDOO
goboboobbooobbboobbbFgs10000000000O
0000 22+ 2em)]000000OFgs11000000000000O0O0
O+ 2[em|]0 0000000000 0OODOOOOOOOOOOOOODOO
gogobbobbouoooooboobbobobuooooobobooood
gdn

LlE|p F=m sinuiar

Lie e fiwidaton Ll

Fig 5.9 Obstacle Derived by Sensor System




5.3 00O 1 20

a_x¥ (Result of Le ast Squares Method)

1
[

[x

[

-

=

1
-
]
(=)

—io = L]

L L L L
1] 1l3'7E i} n 40 al =

1
=3

—&—Realt of Least Squares hethod

RE —w— Senzor Output

-4

a_%2 (Result of Least Squares Method)

Fig 5.10 Section of Side Derived by Sensor System

120

4 1o

100

/(.x/-*\x—x

—&— Rezult of Least Squares Method

—w— Sensor Output

4 60

wlcm]

Fig 5.11 Section of Length Derived by Sensor System

a0

4 100

zlem]



54 00 2 21

54 00O 2

54.1 0O0OOO

Fig.5.120 0 00000000000000000000000000
00000000000000000000- 000000000 70[em]0
000000 25[em]00 28/em]000 38[em]0 00000000000
035[cm)0000000

Fig 5.12 Overview of Experiment




22

54 00 2

5.4.2 0O0OOO

gbooobooood Figh 1305 14000000000 0O00DO0ODOO
0000 OpenGLOOOODOODOOODOOOODOODOOODOOOO
gboobgoobooboobobobobobooboobon

Figh 140 OODOOOOOOOOOOOOOOOOOoOoOobooobooog
00000000000+ 2em)000000O00OO0DOODOOOOO

gbooboobooboobooboobooboobooboob

0000000o0ooO0o0o00(oo0oO)obooooooooooo

goooo

T =5 - cimulator

Fig 5.13 Obstacle Derived by Sensor System




54 00 2 23
m
- encor Cutpuy }
m L
diy
: {
=
w
Hy
i
o e u}
w 40 20 1] T an o] 100 110 1M

z [om]

Fig 5.14 Section of Length Derived by Sensor System




24

o Ui

ggbbbbooodgbobbbooooobboboooobbboood
ggobobbooooboboboooooobobbooooboboboood
gogbobobboooobbobuooogboobbouooooboboboood
ggbobobbuoooobbbooogbobobbuooobobboood
gogobobboooobbobuooooobobboooobboboood
gogobbooogbbbooooobbooogooo
ggbobbbuoooobbbooooobobbuoooobobboood
gogobobooooooboo




25

L] [

goguooooobbbbboboooodoobbbobbobobooood
gogobbobboooooobbbbodooooooooboboboooog
goon
ggbobboooobbbbooooobbbuoooobbboood
gogobboogoog
sbobbobobooooobooooggag,boooobbobbbbbibb
ggobbbbouoooobbbbodooobbobuoooouood
ggoobbobbooooooobbbbboooooooboboobobogoo
gbogboooboobooboobogboboobbobbobo
ggbobobboooobbbooogbbobbuoooboboboood
ggbbbboooobbbooodgbobbbuoooobbboood
gogbobobuoooboboboooobob
ggbobobodoooobbbooooobbbuoooobbboood
ggbbbooobobbooodobbbuooodo




26

[]

[

2]

3]

[4]

[5]

[6]

HRERE

ooooboool bobobobobobobobobboooo
gobooobbooogrobbobbboooooobobobbooood
0O 0O 0 1L2a0 2003.

gbo,0d0,0,000 oogbbuoobobooobboooboo
gooobbbbbooobbobooo” ,bbbdgooooogd
0000 051A2 S 023, 2005.

EDO Schulenburg TO Weigel™ Self-Localization in Dynamic Envi-
ronments based on Laser and Vision Data” O Proceedings of the
2003 IEEE/RSJ International Conference on Intelligent Robots and
Systems, Vol.1, pp.998-1004, 2003.

C.Drocourt, L.Delahoche, B.Marhic, A.Clerentin: “ Simultaneous
localization and map construction method using omnidirectional
stereoscopic information.” | Proceedings of the 2002 IEEE Interna-
tional Conference on Robotics and Automation, Vol.1, pp.894-899,
2002.

F.J. Toledo, J.D.Luis, L.M.Tomas, M.A.Zamora, H.Martines: * Map
building with ultrasonic sensors of indoor environments using neural
networks.” |, Proceedings of the 2000 IEEE International Conference
on Systems, Man and Cybernetics, Vol.2, pp.920-950, 2000.

NO Achour, RO Toumi: “ Building an Environment Map Using a

Sweeping System Based on a Single Ultrasonic Sensor.” , Proceed-




gogn 27

ings of the 2002 IEEE/ASME International Conference on Advanced
Intelligent Mechatronics, pp.1329-1333, 2002.

[7] T. Tsubouchi, A. Tanah, A. Ishioka, M. Tomono and S. Yuta, " A
SLAM Based Teleoperation and Interface System for Indoor En-
vironment Reconnaissance in Rescue Activities”, Proc. IEEE/RSJ

Int. Conf. on Intelligent Robots and Systems, pp.1096-1102,2004.

[8] T. Tsubouchi, A. Tanah, A. Ishioka, M. Tomono and S. Yuta, ” Con-
struction of the 3-dimensional Maps for the collaps environment
presentation in rubble by integration a range sensor and a image

sensor”, Proc. JSME conference on Robotics and Mechatoronics
ROBOMEC’04, 2P2-H-23 (2004-06),2004.

[9] S.thrum. et Al,” A System for Volumetric Robotic Mopping of Aban-
doned Mines,” Proc. of ICRA2003,2003

[10] S.H.ParkOJ.R.Kin{]” Develpment of a Practical Sensor Fusion Mod-
ule for Environment Modeling” OTEEE/ASME Advanced Inteligent
Mechatronics (AIM 2003)

[11] M. Tomono, "Map building and Global Localization for a Mobile
Robot using LRF Scan Matching”, Proc. of the 9th Robotics sym-
posia. pp. 32-37, 2004.

[12) 0000 DO0OD0OO0OO0O00OSPECIALOOOOPOOOOOO
OOooOooDor CQDhOO2001

(13 D000 OPOOO0OOOOO” CQROUODO2004




28

OA0OOO0OO0OO00O0

Al 0O0O0OOOO

OO000OoO00bOOo0o0obOo0o0obooO0oOgboFgAlDDODOPCOO
OO00000000D0O00ORCservoDOODOOODOPCOODOOOO
gboobooooboboooobobobobooboooboopCcoboO
O0O000DbO0O0O00boDOOFgAlIDODOODODDOODODDOOOOO
ggbbbboooobbbooodgbobbbuoooobbboood
O0b000o0oOoO RC-servoUODOOOOOOORC-servo0O0DOOOO
gogbobbooogobbouoooobobo

[
| Serial converter

” Communication

PIC16F873 |« 5 PICIGF873

A

— Infrared Sensor — RCServo

— Angle of gradient Sensor — RCServo

— Angle of gradient Sensor

Move —» Stop — Move — Stop

—> Commmunication — Measurement —> Communication —»

Fig A.1 Processing Composition




A4 O0000OD0O0ODOOOOOOO 29

A.2 0O0000RC-servoll [

0000000000000 (GP2D12)0000000 (UV —1W)0
0000 FigA20A30A4000 (00000000000000000
HPO OO 0)000RCservo(PICO—BB)0D 00 (00000 HPOO
00)JRC-servo0 00 0000000000000000 FigA50A.6
oooo

A3 UOD0OO0ODOoOoOooOood

O0000000Db0b00o000bD FigATODODOO

A4 0O0O0O0O0OOO0OO0OOOOOO

O0o0o0oooobooboboboooboobobopCchOOnO Microsot
O visualO C++" O0O0OO0O
PCO OO OO O O sensor.cpp
PICOOOOO0OOservo.c(RC-servod 0 0O )0 link.c(0 0 O)




A4 O0000OD0O0ODOOOOOOO 30

SHARP
GP2D12/GP2D15 A HI=w b

EREABE Iy

m o E B AETiER CHLE © mm)

ae— T HIEE 2 GP2D1 2/GP2D15E
PSD{*), HAFAL A4 —F, {E50
(el B 2 — Al U e i R R g 2 2 )
dZw T,

Ao, R, BRI
KB UAEA T < <L MRV RIEY
ARETY,

*PSD:Position Sensitive Detector

0.1 8
T 1405 | SIBPH ORGSR

mHE
(1) EShof, Katsic k288 75 415 163 @ vo
FtHE — @ GND
(2) BEEEHCDR b BEREHIERIA 77 [=s2] «l2 @ vee
FESEC Iy @EE) HEN®! © GP2D12 )"
A B N

HEHPERE © 10cm~80cm

FEREHIER © GP2D15 T, LKt e iETEET B,
FSEPERE ¢ 240m
CHISEZERELE 10~ B0cm AEE70 78
WTHAR LG
(30 SLERHIGHH e SR, Tl B RS ,;;—n'_ ______
Cif ] : 1| RS 26l
(4) HR" # 1___}%;: B 200
! :
u fﬁ & o | ‘1'7"!_1 .
) RAERE. O ARBSO &M \% | b oG s
! v O
fht, AfkRERE | | beeeri—d ! Rt
Pull upERTI 2k 0, GP2D1SDHZ B
B B RER (Ta=25°C, Vee=5V)
W_H e B B i =
Wi Ve 0.3~ +7 vV -
oy~ GP2D12| Vo -0.3 ~Voe +0.3 \' -
TR | Vo | 03 <V 203 V | F—T7oaL s amA
TR Top —10 ~ +60 C -
[CES Tstg 40~ +170 C
wT i)

- HEBICEEYA TV SERECUBOHIZE. SYREOTNTECEIOIL. FONSECHEIET LISHVLET. BERLIIOR, fURBREETATVS

= “‘!-‘ HH FRGMLTSTREAFSEVELLS, BRcNEAROR TSI ET £ 3EHVELET.
- FRARNRSNTTOT, HANRORATEE L0 IETRTSILEBUET,
(A F=Fy byl
ERAT LTS AUNAT=F A DT = R A 2B =2 b LTRMLTOET, (FFLA  hiplbeww.sharpeo jpecg)

SHARP HIE970501—A

Fig A.2 Outline of GP2D12 (1)




A4 O0000OD0O0ODOOOOOOO

31

SHARP
GP2D12/GP2D1

5

AL 1=y b

B SEEREE
H5 ] ® ® (8 | & %
vee | 45~55 [ v ] -
B TRHAFZREHE
GP2D12EB &M (Ta=25°C, Vec=5V)
B B 25 % & BME | 1ZEE | BAME | B4
I PR AL - En| 10 - 80 cm
HORTFEE Vo |L=80cm En| 025 0.4 0.55 vV
HBEA AVO | LEE@ad b0 BORHELE (E) | 1.75 2.0 2.25 Vv
Y B E Icc | L=80cm [ - 33 50 mA
GP2D15B MR (Ta=25C. Vec=5V)
25 % & S/ME | ZEE | BAE | B4
IR AL )| 10 - 80 cm
- VoH | HightsH AEE (ED | Vee 0.3 - - \
WHRTRIE o | TowsEEE @] — o8 [V
HH DR BRI L GED (F2) (x| 21 24 27 cm
B ER Tcc - - 33 50 mA
L : &M % TORERE
(GED) ERREY  BEE Xy SHBY L —F v — FR2T-ERE, KEEW0%)
(E2) £ PICT, HAY) 0D 0 BN =24cm+3om & 15 3 RRICEED L HH,
(FE3)  HUBEATRBENE (L o AR ORIZET] B
(F) HOTOEDOEE ATV Y ARERES TED, Vol THET 2 Bkt

FERH(HAL)D SR T 0 €0 SR E ¢ 5,

W HAHEEEERRFE(GP2D12)

W GP2D12OHHRA IV TF v —+

N
s 2 \ Veo(BiR)
R 2° 383msT96ms
N f——
] AN BIEEE | EEWE | 2EENE | | nEEME| |
™D 12
o
7 T 1 Vo(H) | WhFE IEEE EEET] nEIE )
oo =< FrEe 11“)77 | . MAxmnj XU ‘
04 S RAH(RETE 90%) || i
[ [T 1 [ [T
0 10 20 30 40 50 60 70 80
R4 E TRk (cm)
W HHEE &R (GP2D15) B GP2D15DHARA VT F v —
[T LT 1]
w2 1] Veo(BH)
I I N | =it S I I O O R I 383052965
—
BEEEHE | \ERME | 2EEME | | nEIRME| |
WAL L=, GHBHY)
ow B T VotiF) [ mhFE EEEED EEETT (I T
]/] ‘ ‘ . 76mst1.9ms
10 20 3 40 50 60 7 80
e RIE O Cm)

L=24%3cm

CDOEMERONRIE. 1998F4AREDHDTT,

SHARP

FEI5970501—A

Fig A.3 Outline of GP2D12 (2)




A4

gooboooogboboodag

32

Blue Pot

uv-1w

s E |

CE 0 RREELY

ST B DR ST R
- WRA—ATUY

- H AR TIRE OB ST

LLstalie:
Ao E A a5
NS IS ZUTF (EXFUVARAG)
B oh ® = 2.5% Vin /10°kLE.
YTy 7ARAVE 5025%
¥ 08 ft +3%FS (FS=90%)
Ah1vE-FV2 15k0) £30% (25°C)
H N ® B DC10VLLF
n B OB R SMOLLE
® B E R 100MOLLE DC 500V
il = 3 ACS00V_1 431
LT ]
L] # A 90°RLE
BOE B M 048 (27w TI6E)
i #10g
WRSYE
EHAEEE 0~60°C
B | ~40~E0C
TR
- MUFRERIC & HREHME AR &
RERNEESREE
BB RIS TCA
2 E EE 0~60°C
o°{f B +0.3°
EATOR A ] 0.5

RERE (BRSERETER) EHEL Y

—o— &
W R
&0 -
A
i
*
10 A
i
|
-4 0 45 HEm 7
W B 55E () |
HPCF— FITlE
ARy R

WFEMY S

Fig A.4 Outline of UV-1W




A4 O0000OD0O0ODOOOOOOO

33

GWS Pico BB Servo

Mlodel: WS Pico BE Serve

sDimension: 228 29521505 mm (0.90 2037 x 061 in)
Weight: 540 2019 oz)

oSpeed 48V 0012 secffl deg

sTorque 4.8 V. 070 kg-cm {10.00 oz-in)

oS3peed A0V 009 secftl deg

sTorque 6.0V 084 kg-cm {12.00 oz-in)

Fig A.5 Outline of PICO BB

Fig A.6 Overview of PICO BB
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PCO OO OO O O sensor.cpp

#include <windows.h>
#include <iostream.h>
#include <{stdio.h>
#include <math.h>
#include <conio.h>
#include <time.h>
#include <gsl/gsl_fit.h>

#define DATA_SIZE 16
#define SAVE_SIZE 8

void ErrorHandler(char *message, DWORD error)

//RIN_FE x RE
//BRIN_FE y RE
/IRINRE Y RE

{
cout << message << endl;
cout < "I5—FHE = " Kerror < endl;
ExitProcess(1);
1
int main()
{
printf("MIYASKY sencor Ver.1.0¥n¥n");
FILE *fp;
fp=fopen(”01.dat”,"w”);
int p0,p1,x0,x1,y0,y1,81,52,83,84,count=0,pool_count=0,lcad_count=0,save_count=0;
double psd_cm,psd_x_deg,psd_y deg,s_rool_deg,s pitch_deg,a now,sub_load count=0;
double psd_x_rad,psd_y rad,s _pitch_rad,s_rool_rad,x,y,z;
long psd_16,psd x_16,psd_y 16,s_rool_16,s_pitch_16;
double b,a, cov00, cov01, covil, sumsg;
double x_pocl[DATA_SIZE]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
double y_pool[DATA_SIZE]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;
double z_pocl[DATA_SIZE]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
double a_pool[SAVE_SIZE]={0,0,0,0,0,0);//a & 7F 5
clock_t t1,t2;
t1=clock(};
BOOL fSuccess;
DCB deb;

HANDLE hComm; /% LU FILAR—FDAVEL %/

DWORD dwErrors; /* TS5—1{&4R */
COMSTAT ComStat; /* T /31 AMIRAE */

DWORD dwCount; /* S{ET—RD /1M */
BYTE pszBuf[100]./* A HLTF—H/\wT7 */

DWORD dwRead; /* iR—hkADEEAH U s N1 MR */

COMMTIMEOUTS timeouts;

hComm = CreateFile(
“COM1”,

GENERIC_READ | GENERIC_WRITE,

NULL,
OPEN_EXISTING,

FILE_ATTRIBUTE_NORMAL,

NULL
)3
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if (hGomm == INVALID_HANDLE_VALUE)
{
/T IR—b A —T o TEihE
prntf(" )T ILR—hF—T o TEE R A, )
]
elsel
/)T NR—=M =T CE S
printf(" L) FILR—hA—TF o LEL -, ¥n7);
]

fSuccess = GetCommState(hComm, &dcb);
if('fSuccess)
{
CloseHandle(hComm);
]

dcb.BaudRate = CBR_38400;
dcb.ByteSize = §;

dcb.Parity = NOPARITY;
deb.fParity = TRUE;
deb.StopBits = ONESTOPBIT;
deb.fBinary = TRUE;

fSuccess = SetCommState(hComm, &dcb);

/A R—RDRA LTI DEETE*/
timeouts.ReadInterval Timeout =MAXWORD;
timeouts.ReadTotal TimeoutMultiplier = 0;
timeouts.Readlnterval Timeout = 0;
timeouts.WriteTotal TimeoutMultiplier = 0;
timeouts.WriteTotalTimeoutConstant = 0;
SetCommTimeouts( hComm , &timeouts );

EscapeCommFunction( hComm , SETDTR };

if (ifSuccess)
{
//DCBAER R A&
printf("DCBEFRFE H R FEE Aso ¥n¥n");
CloseHandle(hComm);

else]
//DCBAERE TEfe&E
printf("DCBA S ETEELIz, ¥n”);
printf(“ ZEfESE T LELFz. ¥n™);
printf(" BAEBIIRL TLIZEY, ¥n¥n");
]
t1=clock();

printf("Enter F—Z TR TUET, ¥n7); /% AvbE—SFRTFLET ./

while(lkbhitO}
t2=clock();

while(count!=3){

ClearGommError(hComm, &dwErrors, &ComStat);
dwCount = ComStat.cblnQue;
fSuccess = ReadFile(hComm, pszBuf, 10, &wRead, 0);

if('fSuccess)
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ErrorHandler("ReadFile CT5—%4 " GetlLastError());
pszBufldwRead] = '¥0;

count++;

p0=pszBuf[0]; //PSDELHH A

pl=pszBuf[1];

y0=pszBuf[2];
y1=pszBuf[3];

/IyBREYAE-H—R

x0=pszBuf[4]; //xEH[EAYEE-H—KR

x1=pszBuf{5];

s1=pszBuf[6];
s2=pszBuf[7];

/MEREAEE-O—

s3=pszBuf[8]; //MERIBELH-EvF

sd=pszBuf[9];

/== L YERES 8bit — 16bit ———————————————————
psd_16 = psd_16+p1*256+p0; // PSDELHH A [16bit]
psdy 16 = psd_y 16+y1%256+y0; //vENEY B - —R[16bit]
psd x 16 = psd x_16+x1%256+x0; //xEAEY) B E-Y—7R[16bit]
s rool 16 =s_rool 16+s2%256+s1; /MBS ALY -0—)L[16bit]
s_pitch_16 =s_pitch_16+ s4%256+s3; //EE AL Y-y F[16bit]

]
count=0;

psd_16 = psd_16/3; // PSDt- 4 Al16bit]

psd_y_ 16 = psd_y_16/3;
psd_x_16 = psd_x_16/3;
s_rool_16 = s_rool_16/3;
s_pitch_16 = s_pitch_16/3;

//vElEY B E-H—R[16bit]

//xBEY) B -t —R[16bit]
//ESE Y -0— )L [16bit]
//EMA Y -EvFl16bit]

e oo EEE 16bit — SIBf ——
psd_om = 27704457.574*pow(psd_16,-1.95755222)+2.7;
psd_y deg = -0.2166%* psd_y_16 +148.27+3.6-20;
psd _x deg = -0.4332% psd x 16 +164.7412;
s_rool_deg = —0.22% s _rool_16 +144.33;
s_pitch_deg = -0.22*% s_pitch_16 +148.0683;

Ve INSA—=FHHR L
psd_16 = 0; // PSDEz2HH Al16bit]
psd_y 16 = G //yEREY B -+ —R[16bit]
psd_x_16 = 0 //xBAE)Y B - —R[16bit]
s_rool_16 =0; /@S A Y -0—)U16bit]
s_pitch 16 =0; //MEfRIAEH-EvF[16bit]
if(psd_cm < 120 && psd_cm > 50){

/[ deg — rad B ¥ ———--——————

psd_x_rad = psd_x_deg*(3.14/180);
psd_y_rad = psd_y_deg*(3.14/180);
s_pitch_rad = s_pitch_deg*(3.14/180);

// PSDEHH Hlem]
/ /v E Y B EE-Y—R[deg]
//xBAE)Y) B E-H—K[deg]
/MBS ALY -0—)U[deg]
/MBS AL -EyFdee]
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s_rool_rad = s_rool_deg*(3.14/180);

e LS

x=psd_cm*cos(psd_x_rad)*sin(psd_y_rad);
y=psd_cm*sin(psd_x_rad)+22;
z=psd_cm*cos(psd y rad)*cos(psd x_rad);

[ RPN ZREHHE-
x_pool[pool_count]=x;

y_pool[pool_count]=y;

z_pool[pool_count]=z;

pool_count++;

if(pool_count==16)pool_count=0;

gsl_fit_linear (x_pool, 1, z_pool, 1, DATA_SIZE, &b, &a, &cov00, &cov01, &covil, &sumsg);
sub_lead_count=pool_count-8;

if(sub_load_count<0}load_count=sub_load_count+16;
else load_count=sub_load_count;

x=x_pool[load_count];
y=y_pool[load_count];

z=z_pool[load_count];

e @R

printf,”%3.4f %3.4F  %3.4f  %3.4f¥n" xy.za);
forintf(fp,”%3.47 %3.4f  %3.47  %3.4f¥n"xy.z,a);

1

EscapeGommFunction(hComm,CLRDTR);
]

felose(fp);

CloseHandle(hComm);

return 0;
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PICO OO OO OO servo.c

/ /
//servo. c
/LSRG T — % 131~ 624

/

#include <16F873.h>

#fuses HS, NOWDT, NOPROTECT, NOPUT, NOBROWNOUT, NOWRT, NOLVP
fidevice ADC=10

#use delay (c|ock=20000000)

f#thyte RC = 7

f#idefine chl PIN_G7
#idefine ch2 PIN_B1

int state=0, ac=0, bo=0, ab=0; //REDUYEZHD4A
long pwm1=300: //H—HR1DpwmTF—4>17624

long pwm2=300: //H—HR1DpwmF—4517624

long pwm_data=0;

long a=1,b=1,1i,s;

long s_pitch_16:

int ¢=0, ki, kii,ai,aii,e=1,d:

int ofst, s_width, ps_width, spt, count:

[/BARDI)VTEERDAD T TF///7/717/7171171/
#INT_CCP2
void cop2_int O {
switch(state) {
case 0 : state=state+l.//AH U +Fo 7
GCP_2=pwm1+562;
output_high{cht};
break:
case 1 : state=state+l;//AH Ty
GCP_2=740-pwm1;
output_low{chl);
break:
case 2 . state=state+l.//hAH 2 +F v 7
CCP_2=562+pwm2;
output_high(ch2);
break:
case 3 @ state=state+l.//AH L FrFTv T
CCP_2=740-pwm2;
output_low{ch2) ;
break:
case 4 : state=0;//HhH L bT v
CCP_2=9948. //16msec
break:
1
set_timer1(0x0000) : // TNR1Z 1) 7

main3

S N

ain{)

—_— T Tl T

setup_timer_1(T1_INTERNAL | T1_DIV_BY 8):

//setup_ccpl (CCP_COMPARE_INT) : // CP1a o RF T v FEAHETE
setup_ccp2 (GCP_COMPARE_INT) : // COP2a 2 RTF < v FEIAHETE
set_t imer1{0x0000) : // INR1S )7

//GCP_1 = 312; // 0.5ms

CCP_2 = 625: // 1mS

// set_tris_c{0x00); //RC 7-0:0UT
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enable_interrupts (INT_GCP1): //CCP1a U RF T » FEAH T
enable_interrupts (INT_CCP2) : //00P2a U RF7 T v FEAHFFA]
//enable_interrupts (INT_RDA) ;

enable_interrupts (GLOBAL) ; // &R EAHEFA

setup_adc_ports (ALL_ANALOG) : //RAO,RA2, RA37+O %5 A A
setup_adc (ADG_CLOCK DIV _32) .

e 85 A— BRI -
ac = 1.
bc =1:ab =10
a =389 .
b = 580:
d=1;
ofst =40; //iT+5BE A2t v ME
s_width = 8; /T TR BEEMH Y
ps_width = 30; /BT LR EEYALL
spt = 200; [T FE 4L
/
// H—REEES X
//
while (1)
{

set_adc_channel (1): // ¥—HR y#@EYRTF > 3ERE
delay_us (30) :

s_pitch 16 = read adc(): /] s ITHE
//
/= BAMZF v VED
//
if(d==1)

set_adc_channel (O); // ¥—F& yEHREYKRTFLIIEZRE
delay_us(30) .
s = read_adc(); /] = s 12

if(a >= 530) ¢
if(a <= 220) ¢

if(e 1= o)
{
if(b >=595 && a <= 240) d =0;

else
{
b =b + ofst:
delay_ms (40) .
1
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J frm e BEWRN  BY

if(s <550 || s> 870)
{
if(c == 1){a = a +ps_width;}
elsela = a - ps_width:}

f fmmmmmnnnne EEWRM AL -

if(s > 550 && s < 870)
{
if(c ==11{a=a+ swidth:}
elsef{a = a - s_width:}

}

pwml = a;  //PEN/LRIEEHE A #HEFHRA
pwm2 = b:  //PAN/LRIEH A AR
e =g

delay_ms(spt): //HTUVLTEAL

/== HAMR F v B

if(d==10
{
set_adec_channel {0) :
delay_us{30):
s = read_adc () ;

if(b >= 5695)¢
if(b <=100)¢c

if(e 1=0)
{
ifla >=510 & b < 200) d = 1:

else
{
a = a + ofst:
delay_ms{40) ;

}

//

j=mmee YUTYLIE ATy bR
/7

e BEWRE  HY e

if(s <550 || s > 870)
{
ific ==0) b =b + ps_width:
else b = b - ps_width;
1
e R B
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if(s > 550 && s < 870)
{
if(c ==0)1{b =b + s_width:}
elselb = b - s_width;}
}
pwml = a; //PWN/SULRIEHE A HEAM a
pwn2 = b //PWN/SILRIBH D AR b
e = G!

delay_ms (spt) : /T TR L

1
/ ALV EERE—
if {(count==1)

{
output_high(PIN_B5) :
output_high{PIN_B7):
count=0.

1

else

{
output_low(PIN_B5):
output_low(PIN_B7);
count=1:

1
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PICODOOOODO O link.c

/ /
//link.¢
/ /

#include <167873. h>

#fuses HS, NOWDT, NOPROTECT, PUT, BROWNOUT, NOLVP

fidevice ADG=10

f#tuse delay(CLOCK = 20000000)//%7 O % BEE#IEE

#use rs232(baud=38400, xmit=PIN_BO, rcv=PIN B1, parity=N, bits=8)
#tbyte RC = 7

et
void main{)
{

long data:

long r1,r2, spl,sp2,sl;

int rla, rib, r2a, r2b, spla, splb, sp2a, sp2b, sla, slb, timer=0, timer2=0, count=0;
set_tris_c{0xff):

output_float (PIN_B6) ;

setup_adc_ports (ALL_ANALOG) ; J/ALL 7FoF Ah
setup_adc (ADG_CLOCK DIV 32);

while (1) {
/) B4 E T RBE———————
timer = input (PIN_B6): /IBARVOT AR

if(timer!=timer2)
{
timer2=timer:
output_high{PIN_B7):

// B

whi le (count!=3) {
count++;

set_adc_channel (0): // £oHERSE O—L
delay_us(20):
rl = read_adc{):

set_adc_channel (1): // oY ERE EvF
delay_us{20);
r2 = read_adc{):

set_adc_channel 2): // xBEY AE-Y—R
delay_us(20):
spl = read_adc() ;

set_adc_channel 3): // vEEAYAE-—RK
delay_us(20):
sp2 = read_adc{):

set_adc_channel (4): // PSDtz >4
delay_us(20):
sl = read_adc () ;
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// PCIZ3E{E

sla = sl & OxOOFF;

slb = sl > 8; //EfL8bitHE
putc(slay: // PSDtz %
putc(sIb).

sp2a = sp2 & OxOO0FF:

sp2b = sp2 »> 8: // L5 8bitHuE
putc (sp2a) : /) yERY BE-H—R
putc (sp2b) :

spla= spl & 0xOO0FF:

splb= spl >> 8: // LG 8bitElg
pute(spla): // xEAEYBE-H—K
putc{splb);

ria=r1 & 0xO0FF.

rib=r1 >> 8; // L4 8bitHg
putc(ria): // oHEERE O—)
putc{rib);

r2a=r2 & OxO0FF:

r2b=r2 > 8: // BRI 8bitHE
putc (r2a); /) owiERE EvF
pute(r2b) .

delay_ms (50) :

}

count=0.

else

{
output_low(PIN_BY);
}
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