000000000000 02900000 (2011.12.12)
oooog 269-7

Ooon
-gog

[]

[0 UROV
00

Jooodoogod 0O
Jooooogood oo

[
Development of a small and modular UROV

for environmental surveying
-Development of main module with wireless communications-

opugo*wobooo=pooobg -

o Yuhei SARUTA* Takuya OMURO**, Takayuki TAKAHASHI*
*LOoooo**oooood

*Fukushima University, **Graduate School of Fukushima University

O0000 : D00000 (Underwater Robot)D 00O OO OO (Modular Structure)d
0000 (Wireless Communication)

b0 : 0960-1206 O0O0O0OOOODOD 10000 0000000000 OOOO ODOOOO
0000 Tel.: (024)548-52590 Fax.: (024)548-52590 E-mail: saru@rb.sss.fukushima-u.ac.jp

1. O O 000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000000

00000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000

0000000000000 Fig.10000

uboobooobooboobbobbon
gobobooboobbobbooboon
gbobooboboobbooboobooboon
gbobooboobuodgboobgagbaon
gbobooboobuodgboobgagbaon
gbobobobooboobbobbooboon
gbobooboobbobobooboboboob
gbobobboobooobobbooboon
ooooooooooooYoooooooo
gboboooooboobogoboboboboog
gbobooooooobooboboooooog
Dooo0o0?002000000000000
gboboooooboobogbobobooboog
gbobobooboobooo

gboooooooboboboooboooboon



Fig. 10 Schematic diagram of conceptual
model of the proposed underwater robot

gboboboboobooboobooboon
gobooboooboooboobooboon
goboobooboobobooobooboon
goboobooobooo

2. DOOoOooooon

gboogobooooboooobooooa
000 30kg]00 00000 500[mm]x500[mm]
x500mm|0000000000O00OODOOO
00000D00000000000 93.5[m)
gbobobobobooooooooogoog
0 100m] 00000000 1.0[MPa]0000
gbobooooooboobobooooog
gbobobobobooooooooogoog
goboooooboooboboobooboobn

21 0O0O0O0O0ObDO0Od

O00000000o0oo0oooog AUV
(Autonoumous Underwater Vehicle) 0 ROV
(Remotely Operated Vehicle) 0 200000
O0DoAUVODOOOOO0OO00OO0000000
ggooobobobbooooooooboooa
ggodobobobtboooooooboboooaa
gboboogbbooooboooboooboa
ggooobbobbooooooooboodoa

00ooooooooooooooooooo
oooooooorOovOooOooooooooo
0o0odoooooooooooooooooo
0o0dooobooooooooooobooooo
0o0odoooooooooooooooooo
0o0o0ooooobooooooooobooooo
0o0ooooooooooooooooooo
00ooooodoo AuUvoooooood
ogoooooog
0doddoooooooooooono rROVODO
00000 UROV(Untethered Remotely Oper-
ated Vehicle) DO OO OOUROVOOOOOO
0oodoooooooooooboobooooo
o000 100000o0boobooooo
0oooobooboooooooooooooo
00O ROVOOOODODOOOOODOOOOODOO
0ooooooboooooooooooooo
0o00ooooobooo0oooooooooooo
Jooooooboooboooooooon

22 0OOO0O0O0OO0OO0

gboooooooboboboooogboon
gboobooooooboobobooooog
gbobogooboooboboboobooonog
goboooobooobobooobboon
gbooboooooooboobobooogonog
gbobooooooobo3boooooognog
gbool1oobooboboboobonog
gboobooooobobobooboooogog
gboboboobooooooooooogog
gboobooooobooboobobooogog
gooobooooooooooooboboooo
goboooooooooboooob2000
goboboooboboboooobooobobooo
gboooooooboobobobobooooDog
goobooooooboboooobboog3y
gbooboooogoobobobooooog
gboobooooobobobobooogonog
00O00000oooooooo 9o

~ 9



gboooooooboboboooooobon
oboobobooo

() D00DO0DOoDoDooooooOoOoOoooo
goooooobooobobobooobo
ugboboobooobooobooooon

(2) 0O00O0O0O0OUOODOOOOOOOOO
gbooooooooooooooon

(3 bOUDODOoooOOooOOoOUODOoDOoOoOoODO
gboboboobobooboobobob

0000o0o0oOoooooo()ooooood
gobobbooooboooboobooboon
gobobobooobooobobobooboon

dooooooouooooooooooon

(20000000 U0DoDOooDOooDoooooOO
goboboooboobooobooboooboon
gobooboooboooooobooboon
gobooboobobobobbooboon
goboobooobooobbooobooonoon
gobooboobobobooboooboon
O0obo0ooooooo@)oooooooo
gobobobobboobbobbooboon
gobooboobobbobboooboon
gboooboooboobbobbooboon
gbobobooobboobobooboobobooon
gboboooooobogobobooooog
obobobobobobob
gbooobooboboboooooooooon

Fig. 20 Proposed design of main module
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Fig. 30 WAT-250D2 CCD camera Fig. 40 YV2.8x2.8LA-SA2 Wide angle vari-
focal lens

Table 1 0 Specifications of WAT-250D2

Pick-up Element [in] 1/3

Number of Effective Pixels 768x494

Minimum Ilumination [Ix] 0.02 F1.2

Power Supply V] 12

Power Consumption [W]  1.74 (145mA)

Size [mm)] 34x34 x50
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Fig. 50 OSPR3XW3-W4XME1C1E LED
lamp
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Table 2 0 Specifications of YV2.8x2.8LA-SA2

Focal Length [mm] 2.8-8

Iris Range F0.95 - T360 Table 3 O Specifications of LED lamp

Field Angle(Horizontal) [deg] 99.52 - 35.14 Toput Voltage(DC) V] 9

Field Angle(Vertical) [deg] 73.17 - 26.24 Input Current(DC) mA] 400

Size [mm] 38.3x33.5x51.3 Color Temperature K] 6500
Whole Luminous Flux  [lm)] 300
Beam Pattern [deg] 120
Diameter [mm] #31.5
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Fig. 60 VAD-SD201A.L1.TC/RC.8 Fiber op-
tic repeater

Table 4 O Specifications of fiber optic repeater

Voltage Supply V] DC9 - 12
Operating Current  [mA] 280
Data Rate [Mbps] 1

Size [mm]  89x52.6x22.8
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Fig. 70 XBee 802.15.4 OEM RF

Table 5 [0 Specifications of XBee RF module

Indoor [m] Up to 30
Outdoor line-of-sight Range [m] Up to 90
RF Data Rate [kbps] 250
Supply Voltage V] 2.8-3.4
Operating Frequency [GHz] ISM 2.4
Operating Current [mA] 45
Number of Channels 16
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Fig. 8 0 AP-SH4-1A Development board

Table 6 0 Specifications of AP-SH4A-1A

Operating Frequency [MHz] 266
Serial Interface [byte] 16 - 4ch
Supply Voltage V] 5
Operating Current [mA] 280
Interface 12C SPI
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Table 7 0 Specifications of LEX18A1-BS12

Voltage V] 12
Capacity  [Ah] 18

Size [mm] 148x105x66
Weight [kg] 0.997
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Fig. 9 0 Setup for testing visibility of small

object
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Fig. 10 0 Actual photograph of small object

using camera
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Fig. 11 0 Graph of displacement
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Fig. 120 Graph of velocity
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Fig. 140 Actual photograph of model fish
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Fig. 150 container for main module

5. UOOogoggd

oob0o0oobOod Fig.150000000DO
gobooboobooboobooo3onon
gbobobooboboooboooboboobooobn
gboboboboooboooboobooboboon
gbobobobooobooobooboboobn
gboboboboooboobooobobooboobn
gboboboboooboooboobooboboon
goboobooboobbooobooobon
uboboboboobooobooboobonboon
O0000D0O00O00o0OoooOoon A5052-
Hi12000OOO0OO0OOO0OOOO0OOOOoOODOOO
oodboooOobooobooobooo

5.1 0OO0O0O

gbooobooobooboobooboboobbon
O0000000ooooooooogo (2)
gboobooood

el < (1)
nt(n? —1) l

n?—1 t\21/t
T (= - 2
+12(1—y2)x(r>]<r> (2)
000000000000000 Tables OO
0000000000 000000OD0O0O00

gbooooooooobogbobooooog
gboobobooboboolsbooonoog

P, =

-8 —



Table 8 0 Variables and parameters

Symbol Unit Recital

Py [MPa] Elastic buckling pressure
E [MPal] Youngs modulus

n [2,3,4...] Buckling mode number
v Poisson’s ratio

t [m] Cylinder thickness

r [m] Cylinder inner radius + ¢/2
l [m] Cylinder length

o [MPal] Maximum stress
oB [MPa] Tensile strength

P [MPa] Crushing pressure

a [mm] Cylinder inner radius

tp [mm] Required thickness

B8 Stress factor

Sy [1,2,3...] Safety factor
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