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SUMMARY

I. Title
Development of a remote-controlled multipurpose vehicle for

manless emergency-rescue
II. Necessity and Purpose of Study

If a remote-controlled vehicle which can perform manless
emergency-rescue missions in toxic-gas contaminated, explosive, or
collapsive environments is available, minimization of sacrifice of
rescue manpower as well as prevention of additional economic loss
through effectively and promptly saving the accidental human life
and valuable properties is possible. The equipment which can
perform above-mentioned missions has to be developed in an
adequate structure for dedicated but actual purposes. Especially,
in extreme environments, reliable operation of the structure
should be guaranteed, and it should be simple and swift. This
research aims for developing a remote-controlled robot which can
perform actual manless rescue missions in addition to simpler
manless probing missons by adopting a unique locomotion for
running through ascending and descending steps and obstacles as
well as a two-armed manipulator for lifting obstacles or human
beings at about 100Kg weight limit.

III. Contents and scope of study

Final goal of this study is the development of a
multi-purpose vehicle robot system which can perform a

remote-controlled rescue missions. Total weight is limited



within 1, 000Kg,

limited

within

2m, 1.5m, and

while the length,

width,
2m,

and height are

respectively. Major

specifications are shown in the following table.

Major . e
L Basic Structure Specification
Capabilities
-electrohydraulic joint drive
-1ifting capacity of higher
6-DOF two—armed
. . than 100Kg
Operating | manipulator and
L . -arm length about 2m
Capabilities| exchangable/variable . )
-end effector with breaking,
end effector . .
excavating, drilling, and
rope launching capabilities
. -stairway travelling
. -catapillar type L
Locomotion ) capability
... . |~power supply with a . ] .
Capabilities ) ) —-maximum speed in plain
small size engine
ground 10Km
Two armed master with
Remote .
stereo camera and -wireless transmitting and
Control ) ] .
L force reflection receiving capability 2Km
Capability o
capability
-Ultrasonic probing
. sensor for underground
Probing ]
o objects
Capability
-IR camera
-X-ray camera

Major research contents are as follows for reaching the

above-mentioned research goals.

1) reviews on references and previous research cases.

2)' concept design and determination of development goals




3) design, test rig development and performance test of
manipulator and end effector

4) design, test rig developmet and performance test of
locomotion equipment

5) developmet of wireless remote control system

6) integration and performance test of the assembled entire

system

As the first year in this project among the above research
contents, reviews on related state of the art technologies,
detailed concept designs and development goals in system and

unit elements were determined.

IV. Results and suggestions for the applications

Results in the first year are the development of a mock-up
vehicle as a concept design model of remote-controlled rescue
mission vehicle, operating priciple and graphic simulation of
the locomotion equipment, test rig and performance test
results of hydro-powered arm joints, and a concept structure
design of remote control equipment. These results will be
used as major development concepts of the locomotion

equipment and two-armed manipulator if the budget is extended.
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o7 e TE A D39 ZAE
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2 gzsl Zolo] Wsel e 93 WE 90U ZHEuler angle)$
3 oA o Qe 7o) Wael me vl ¢ TuRe 9A B
wA $Ye A8 B

3 EEY 3

34 VAR
Parameter
approximation by
Newton-Raphson
Method

370 HY A2
370 HXRE
Parameter
approximation by
Newton-Raphson
Method

nk Lengths Euler Angles - Position & Orientation

Y 345 ¥ vAE e &3

2% 345¢ ¥ viaE ge] )7 ¢ungEe] ZEtiojo] 1dolt)
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i Current Euler Angles : @ =6.0,9 Sfi

[ Enooder Value of Links : Ai
o DR N i

" Pre Caloulated = |
. bitalUnktength: | s
Mo

1% 3.45 Algorithm of parallel link inverse kinematics

(3) <= vp~g o TR

Shoulder Part

Left Master

Right Master arm arm

Upper arm

Elbow Part

Revolute Joint

Translation mechanism

Lower arm

Wrist Part

2 346 B2 vpaE e FE
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28 oo gAE T2 P 2R & pEAY JPoR wo] T Fu
2% 29 239¢ Acigch

FZ vlay 4 3¥ 3467 7S AHH(Upper arm)® 3t (Lower arm)¢)
§Z o7 JZF(translation mechanism)-& ©l &3l P39 X

(Force reflection)o] 7bs 3ttt ¢ WA dAYEL 22271 4% o2 42

FAANE o gAste dS TR At A YA Hojg 2AY 4
Je dAYFl

Ao 2 Yurgy

FE 2 49 ¥ dAYEY FRE ol ¥ 34783 2

Force sensor Cylinder

Bellows
T XN DC Motor
Human force 0)-3!‘65 , ' . |
2508
Encoder
Universal Joint & :
Bearing Arm Base

Q=

~Q

29 347 %2 vh2e gl ¥ AFololEy Tz

Y AHE B AFololHE FAAAE 27 AnE AL & Ae

2 222l g3 g8 BAss YL pHstd
2 Yol 7tn WPoz =
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.

A BEA 9 22 Ao
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Aetel 22 3AAES THGD BEA RRo|= Zois o] WESF olg
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g 1AFEe ARBPE FHU

A7 2y
Local site ; Remote site
1 Remote Compulter
Lowbandwidth .
920 - Video
Local Cqmpu ter and ' Robot Controller
for task simulation Communication ' 1?4013:;1‘ unit AOn
) of trajeciory end odule
pointsandrobot ¥
control parameters B
: Stereovideo
: switching circuit
3
3
]
., s '
oy S =
Operator interface Legend: The line thickness is aqualitative

measure of band width

29 348 FZ T 4AA] Nz

(1) 28 vAd 7|8 7

34 Az ¥E 22e A% 2dde AEH Adde FAY Y2 B
e} ARET otk & % )
AHE 2E5e 37U G4S
e H2e Sle =9 I4de 4, 259 2dg
© FYY AEL ANAE 3 GHLAA SHYF F.S FgAtolol A
of uE #7 ol&ste Hol uLUstth o2 Yste] A W WU oy

T 25 AYriete] 2o 94 E7)40] Bastg

X
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2353 doh B oy, AFHo2 3RY Aust Waw A FHon,
A wAel ol g& el EYA olg¥Th % e 3N $81ee
20 349 38 %%, 33 32E AFH] AW IB7%, 292 oY@
AR E 7hEsel Aol AT + UES BHSE )¢ 5o Urolaud
2dde G4, ¢ F U sz Y 258 @ 49 dHoiH 3
AU HR(FE, disparity FHAEZ BIL)E FE3E ATE Jds gom,
H2 og Jltez 2dde 94E At Jdol WY ATE FA £
@3k 9ok

o
>
2

Bl

N

rin
e
o
(8]
ole
ko
It He
2.
il
o

N
I*; 1

A
2 e
£ oo

iAS
2
i
-
e
o

(2) =gl BAe HaA

Fz Fd 4ZANE 7] AHAE B & AE @ OFAA 4AAY A
2g 2347 ANHES dobdch o Ao 27 o8¢ Aust oY

—78—



£ QAT 2247 YARNANA =7E A% A $IF AYL FES AF
g ge oae Aotk 1Y AW FAPuwe ste] BB L
NHEE 717 ARE ASHA FAh AR AAAGHE 2 e
2 olgsted AZYRE Wkt ey o] WEe e e BHE AR
AT RAAEZ oAU Auwe AL 4 Yomz AYYRE AE F AT
By z2EA7h FAss A A5A Y 3S AD@eDARE 27
He dso A Bk T2 A0l AH 4B Fge] BAY A AZ
7 eenz Zi st Fue APeA 2@ wyeldt stAch E el
groz: 7z A (viewpoint)7h AR & Aok Aol mebdE oA
7 AUaA Q4HES SoE A$E Basth Ade 21 Qe FaHAY
Solete e o WAsel o] EAE AAHAAT T2 T AYE B9
c AQALE va @] oAdsnz Aue AAE AFAAR 2FE 5 3
ojok sk Zlolth

AAA NN E AAA EAE Az AP e ¢ ek AT A=EE =
T Qe AFYATe AR E BF §F FAL FIPsE Al 624
28553 Asizgde B$Ad &R 71(1700m/s)E 01%51"’4 BHE Mesl
s 1027 2aE Ao Aot dwtH oz ARAAL dAA | A== A
o] Dufdt WS vXNoE AAABE o¥A BUUe F2F A7 €
. Hge AZE e e Fa4 ddolnz Falo] oy ¢FEA &
& FRE BUE d 2% 30 Megabytes® Bl F345 dgdg 2730 &
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o] $1x9} AlAZH(viewpoint angle)& Y2 ALY 4 ded oo wa H
¥ ¥ (coordinate transformation) Bo] FolFHo] AHdge aHmS WA
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2o gAdAde dA F A g s enAA el FUHE o
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Interacve 6 degree
of freedom controller
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(1) #34zx2 H/W

&7 ol$ oY =

e

A
[+]

X] 2% Master shoe®} Master hand& At
FPFA 2FL 409 A= 4x FHA,
o9 o]y E ZF L Master shoeTt2Z2E T3
master hand& AMg &l AN FYEFA 2F34 F&E

(gripper)d] Z%Fo] FEHA Heg g3 22 2 71X He] AdHUG.
E 311 3 93 =% #FA
AL-g by g @
k&= (gripper)
o 3 &7rer Z (A B
24 A4 |84E A8 master |0 ot T 1A% pose® BRI
R AL 8l Aol & &7+ posest
2 9 hand9 2= A% . ey .
Hel st} Faurgks Y X A7)V
gl
mater armE ¢l
Master |master arme] ¢l

joystick AM&

A s 2%

E£Fo] 4o

#3287 gt

3 %7t

Master chair

248 A& 3 master

master arm 2 hand

arm % hand®] 2= =&l gt
lever A& |7 T A 4 A8 7h
FgAe A% Fguy % Rod we F4 47 2F FA 8L
24 ¥ & Atk WA J12AA FY 24 pgel did el el o

A = master chair leverol] tjs} A
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Z B o
—’—;'{‘ILT [
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lo{n

/M9 %3 dv(Master hand)2 F28th 27 #¥E Z2F9 &4 Al
ol g3t gripperdlolst F3 Ao} Rz W@y zEAe) &g 2Y ©
deojz Ao & Y HHL Qs 2E:A7L Alo)FA "o e oo
7 JEE S HAsHY .

e 19 351 73 2F H<(Master shoe)9 7Id = olt}. inner shoe:
outer shoeZ#E &&told £ 5& & 7 fo s FgA&%E Xz F
25 w2bA inner shoedoll 2FAe Be YW1 o H Lo ojFo] 7tw
3m ML FAHLER AEA ¥27], HEA F27] T 2¥S € & o
=3

Torsional spring
Encoder

Inner shoe

1Il|
N\

/ 4 /
\ )74

Outer shoe
Sliding

Linear spring Mechanism
Potentio meter

a9 351 4 23 #9 A4 AGE

o 3 #ld F(Master shoe): F3 #AZL 72 T 22X A FAAY
ol AA (xy) o A2, yaw) B HE Aot 25 AL $& A9

e A7 A HE F Ao wAS $5 F o) Y Aolsin AnHow
H= Fohel B3} 92 T sje Be Z47 @ sle MY 3750} AojHct
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o 27 #¥ R(or Master hand): H2d QA 7z 7 22X HA
% 2 platform® £012271(z, Lifting) ¥ platform®] #¥(6,, 8, - roll,
pitch)& A& st dlo] Agdnh 712Foz u e L o% 5
$50] 7153 EE Hol Ut ARHoz 32 T I &5 F Y LS
Ztzt 4 e 3 AFdAP BFHo Aojdd.

® 312 FY 2F FA 2 7T

A z
A 7%
% & =3 +
ZFg #H< & | & = = F¢2 A/FAN &2
(Master shoe) He He H e He (R/FA/3]1H)
A%/
=8 7
( ;{:f NEEERE Az 2w ATHY 2%
r r ha
or Yiaster fian 4A 8 =9 A5/
(2) 8 3 =
Tz P 2R FPAXE 4700 FF AEA AR FAHY FE v
UEdgole7 Zag ZAZo Fae Ao aAAE 2RI o) F=
g 280 o 71z Fubo) o3t £F-& Master shoe®t Master hand€
25 B3tz woz FHEAG. TE Fd 2 ZAE ARG AAd £

2 BeeE A g gol I
(7h) BdAe €% (PMM, Plane Motion Mode)

7z Fg 2pol dMel AHME SAswd HAYe AXG 2

(x,y,8. )& non-holnomic motion® 2 v}¥= Ao g thg3 Zol 2z
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o 71 F3 wc=(¥HE, Master shoe)

Aoz #Ags ol8Y FYPYYPo2 WF shoed LS ¥ WF shoe
9 9% shoed] HHAY FAAL T3 AojFd

- AA(F, Forward) : ¥% #lgS A &% v,
- (R, Reverse) : ¥& HEE TAld AFZFoz2 EFWA 2o JAFA2
g
A A w3 A z2ta) 3 A (CW, Clock-wise Spin) : 9% dHde JAFAE F
=153
- WA A 83 A zbE] 3 A (CCW, Counter Clock-wise Spin) @ 9& #Hg&
GEXNZ FEUM QEF HYe AFXNIZ FEO.
- AAS, Stop) : 9EFH 22F HAY 25 LS dF R shoedt &R
shoe7t THHAXNZ A HH AXsA Ao

o AA F3 R=(sleg, Master shoe)

- AA HHAFCW) © $5 Hge SAo} ¢oz FuAy 9= HFe R
22 21 2% Hue P¥AZ FE

- AR $3H(FCCW) ‘%% HYS FAd oz JdN 92 sze g
B2 F231 92E YL I¥AE Feu

- 32 FIARCW) F% AZL SA0) H2 TAN 92 A2e HAEX
2 23 92% jue YEAE v

- 32 SHARCCW) : 4= WS A Ha ZUA 92 e ¥
A2 F23 22E Ae JEA2 Feu

() 2AA E71 2 29 A

TE Y 2RO XNA ZHEY 24 £7 ¥ olFH A4 (6,6, &
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Rog o= F 719 master hand %3 d@uvjg} H 29 %Q%EHQIH
g &3 2 waoeR xaH.

o 3 4% 2 d%HF A )% Ao)

we ZYLYAM F 2% ABE 25 =9

o y%33] A (pitch, 6,)A

HS
lo

- AA S 57 W2 FYLUANA F oA 23 dulg 2F
2 29 gutAE sojgart
- AA 9 57 A2 FAAHAAN T le 2% ANE 25 A2

o x%&3] A(roll, 0,)A°

- A AZ £V 0 % HEy e FILHANA 9% yu T £
AME dFY SAUG

- A 5 7] & HEe FHAHAA LEF Huy S8 AAe 2

2% 40
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Ragd A7ly S o= A ol 7|0

2 FAe] A= A7 FEE ¥ 415 2o

E 4] 453 47 5% R ATHE

T B ATFNLER AFALUNE L HY
. - 23 % A9 ATabe 24}
. 7‘3 7]3‘_ E}o_}’ ) 5 3 oA =1} v} =2 B
]Z]";:_‘E 7}]1"—3 *‘77-‘“ o = }‘]-}—\-Fboﬂ EHT\S_}_' 7“1:: 27"“ = 7“2 =T ‘E}'Xé
H = = . A= ! ) 1~}
(1997) 7HBE_" ‘E‘E 3?!—,]'7(6] E‘"ﬂ —9-—/;\—7"3-?.9’] )6"‘]] 7Hu ES 7HE‘——’_ —13:_
: %A
- manipulator A A 2 13 AlA 2
oA Z9 71589  end effector AA 2 1x Al 3
(19‘9—8) 12 2A R - olER AA R 1A AA
A) A =} - 24 AAzE A" sEgo FE
- A% 2 F7 AlgAde] Az
- manipulator A% B7F ¥ F34
S ZQ 7]%589 |- end effector A% H7F € /A
Qoge) | BT BEF - olER A5 93 ne
12 A28 12 - BN 9AZRE A2 ATZEYo &
- 12k Al2" 7hERY 2 A w24
2 Yz QA bl =o] 2R o
47(]“{:15 27_(} }\]_{:Fé} /\]Z-]]Z} %,- o]v%zoxl, T:].—v&%zozl 09’] ¥4 5’—9{_}'2
(2000) AR 22 A" AlA 9] A 2}
=21 4 A AFL - A $AL ZA FEAY Ay 1A
SRR ea mza 4% 3AE AQ 2 Rasel AT A4
e T S T
9o} 2& A5 AFEF Fslod £ 1adEe] AFE mock-up BE
o Az, B BE FEFAY AL 5 S8 st ¢ 2Kz N A
Be4e s sgn, FagAe AuTE Ade Yz S34E e
=3
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A5a AT Fael HBAY

2 A7sAe Axe 72 FUE FAEXF Vehicled A4 HAE A4 72
pdezx 289 Aotk v AWFE dFAGY FHAEA 2 HA
g ARDAZ N4 ABdRIe AL A 23dE ATFHIIL 50% FaEol
e 2 A 1AEE 9F2 S 237 WHAA HAS & A7 2
AdENME FYFX, Uy Edole, F2F FA T F2 2289 14 AA
£ AYY TF A 499 o] APt Lo v W) A7ele e
A7 A#He] RAHE ujsinz B So) oz A7t WHAA & Zolt. o
AR A 1AEE AFETdE FF ojejd A7t wEA dad 4rt & R
Jdg 7Idstz 2 AE guid A 2AAT ZA2A 8 s WA HU
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