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In recent years, the robot technology cultivated in the industrial field has been
applied to various fields including the medical and welfare fields. Currently, in
Japan, the chronic shortage of workers due to the declining birthrate and aging
and the "elderly care" in which the elderly take care of the elderly are becoming
major problems. As a solution to these problems, the development of robots in
the medical and welfare field with the aim of supporting the care recipient's
independent life and reducing the physical burden on the caregiver is expected,
and administrative support is being actively provided.

For this reason, various nursing care devices using robot technology are
currently being researched and developed. However, in actual sites, although lift
devices, power assist suits, transfer assistance robots, and so on have been
researched and developed for transfer assistance work that is physically
demanding, it cannot be said that these are effectively utilized. Since the lift
device 1s generally moved manually, the reduction of the workload is limited.
Furthermore, the swaying that occurs when transferring causes discomfort to
the cared person, and also presents a dangerous situation where safety and
security are lacking. As part of the development of smart hospital, our group is
conducting research on a roundabout and transfer robot that can support human
medical personnel, but it is necessary to solve the occlusion problem that causes
oversight in the invisible region.

This study deals with two major themes that are particularly important in the
field of care in medical and welfare care robots, which are the core technology for
building a smart health support society in the realization of a super smart
society (Society 5.0). One is transfer/movement, which is the biggest problem in
nursing care. The other is a roundabout/movement within a medical/nursing
facility, which supports the business services of medical staff at medical
facilities. In this research, we conducted robot research to support humans in
these two tasks.

By using a differential drive steering system (DDSS) as the omnidirectional
movement mechanism, for the first major theme movement without any
limitation in the movement direction is realized. The power assist technology




using a force sensor for the moving operation gives an intuitive operation feeling
in any direction. For the lift mechanism, we propose a power assist mechanism
that measures the load of the towed object, detects the vertical movement
amount by the operating force applied to it, and detects the horizontal movement
amount from the wire inclination amount, and enables the lift movement. In
addition, we proposed a new power assist control method that avoids the limit
cycle generated in the previous research. The developed robot is an integrated
system that can be used not only for transfer, but also as a transfer device for
wheelchairs immediately after transfer.

Next, a safe and secure control method that reduces swing generated during
lifting work by an inexpensive and simple control method without using an
expensive sensor that is considered difficult to use in a commercially available
lift device. The hoisting speed is dynamically controlled by the load change
generated on the wire during hoisting work to reduce the sway generated during
ground cutting and confirm its usefulness.

Now, as the second major theme, we have conducted research on rounds and
mobile robots. By the way, a person tracking system is often used in transport
robots and roundabout robots including the above movable care lift in hospitals
and etc. As a method of avoiding the tracking target person's loss of sight in
tracking control of a care support transport robot, we propose a method to
estimate the movement amount of the tracking target person by attaching an
acceleration sensor to the tracking target person and using sensor fusion with
the existing laser sensor. The effectiveness is verified by control experiments.

By these research results, we aim to obtain basic knowledge for academic and
practical application in medical and welfare robot technology development in
medical and nursing care settings.
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Table 1.1 Focus areas in nursing care use of robot technology
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F@g/ FERLENE | SEE TN | R LT —
PTG T MR 5 % HT%K%«EE?‘
CHLEDD | sggigic BEIZASIC
® ESTIEPN TS
W




1.23  APRIZBEFRT 2 BREZM

ARWFFETIE, T =T VA Ml#ll, 25 RBEHERE, FRabofliE, NERT AT L7
FHELRHEHE RIS LOEREMNTH Y, 6o TE, SEEIR RS B L5
BRI AT AT 7EE (SFIGEER) (BLF, S%E=sELEd) THURFEMEShTE T
W5, AWFFEICE LTz, HSRAMEEORREOMEZ FHICHET L TR<.

- DDSS 275 B Bkt

UM EEICB O TE, v XA MORFMBEEORRE I TON-. K, SFIRIX
X v A & Bl & oS g HLC K 2 e Eh e HEEAE A T H U 7 2B EREh iR (Differential
Drive Steering System : DDSS) % Bi% L7-Moll4ll =} 3—fxp 72 2 A% A ¥ CEREN9 5
ZENHRD F v AX RO IMREEE Ch ooy, Bt LB R BEDOR R L E—F %
MWz 2 &, BRIt o — 2 NMEFL LR E, =3/ X8RO [ TR
bole. Fio, BREEEEICERXT 2 HWHER T, EBENSEICRDI1ED, MERICAR
FThHotz. ZOMBEREMIT R, LB, KE, TPl B 22 8 BX E) e p s
DDSS Z#Bd% L7- (Fig. 1.10) 1244 DDSS TIXEN ) DS I ElE A2 WD Z &
T, ERF Y VT ZHRT 52 LDk, EEO/NUKICHEN 72, o, E—XITO
W 2 DD E—F DA ) &OE L O b Tl & BEE) 2 N S5 2 &SR 213,
BREN X 2 DE—HDOARFHE LTELND Z D, BREIT—XOREEZ T D &
DKL 70, ZXVFX—WRORTHEBMMERH -7, YEFEETIE, x0T
2HRBEER T (OMR) (Fig. 1.11) W2 mBHEI<y K (OMB) 48, [F@ZXE R
vk Terapio (Fig. 1.12) M6I48l7x BOBIFEIZ D723 > TV 5. ek D M B EIEREIC
TR T L X A Y 2 BRE G & L CTHWD 2 & NHED AR CliERm L, FoX
AYERD 1/3 OBREERVBIBNZMEGT LI EN/MRLT-0, BFEAEFRICBNTSE
ZONDBMRBEEERO X DI+ 07 EE 5352 &R kKD,

Fig. 1.10 DDSS Fig. 1.11 OMR"! Fig. 1.12 Terapiol*!
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e XU —T 2 A MIE

BAEANY RV Z D W EEHIEICH WD X A T o0 —7 2 MilfNL, BN T
< DIFENSH D . BlEANY R R BV EEDIAL, ZIUICEEE N 122 5.
NRBHIZFONEBRHLUCEIENDEL, T/ Fax—F2E2@3HNTHDOTHD. —,
JL—rDOu—TDMEEFEHRIEOZ oTF & T 554 7 TIE, YRR THx O
RIS TWD. KEHFHORT —7 A MFNZ LT, »—7DOEAAIZGLT,
ACEEE 2§52 o FENRENTH 1. Fl-mE HEIT, ZHoickye—7
D LEFice—RKeraiEEL, MEOHEICIY, EBHFmE, MEORKE Sk @#E
ZHIEIT L0 TH LB, LU s, MElci#ET oL Y Iy M A 7 MRS &
WO RREFFSOTWZ, £22°T, /Ng - 242XV, RAR7oREE# Lz ) I v b
TA 7 2 b e —T OFREEITY, TR AU LB LUy s, #EifzIC
T 2ZEROmV T b e —FZ 20 % OBIEEREN WO B RE TR LT,
ZHUCHE U CIRIE & 1%, fEEOEERI SR A W L, HEfificay bo—F %24)
DEESTZ LIk THIET D LW HEEHAWT, TOREEZEEL, EHL L 72b6lbs,
LUl s, SEHBICSUZ MMEIC X D FBEMENRLE L 725 L) EO SR
5.

- FEA L D A

IRAVIE DI OV TIE, FERAYIZHFSE S duCu B bokle2] MEgpfseeRic 8\ CiL, 7«
— K74 7T — FHIEI T, BEC AT LA~DA Ty by = A B2 FHilfEes]) FERE o
e, Rpf 2 EICHAEeS), S Tl — T HIENE R FREL TE L. 70— RNy il
U, H IR ICHIGEI66, 27 A 7 ¢ > 77— RHIFHI67, 2 [ i L fEI68 7 BHER L C & 7.
o, RAFz7v—r, ve—2)—r1L—r, Ry h—rL—r, Hoh)—p—%
OFIE, RS2 T SR, B D = O EHIE, i o— % — TROHIE, ==
W Ol £ % < OIGHFERE, EREER AR L Lanb bk, rtk
ADEEEIRET MR H D WVIFFOA L T4 2 P RMET, It ADET LR
B - NEE72 G50, RO & 0 TRUST D ITIINEE R IGAE DN FET 5. A0S
B, T4 RV E Y OBANTIRETHY, £727 40— 74+ 7 — NG
TIiE, NEBBOWBMAMBET, 7 /AL BUR TITEE L < HEREDRIETE 220,

- [\HZuRy MBS ABEEIE

BEio ARy hOBEBENZ OV TIER A RFERTEN TS, Ziude Ry &
FRBET D2 < HENBRAZITO 2 & C, HFOAHEZREF T2 LN EMTH S,
BEMELEEZHST -0 —Y—1L V7 7 A % — (Laser Range Finder : LRF) X°
WFHh AT CTBREMRBREEZFHRL, vRy NRKEBE) S 50808,
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ZXER R v b “Terapio” 1%, EEMEFENHENEZRZ T DHEXIZ, Ry RBE
PSR AR L D ERIEFH IBIE L, FR8RHCX, ETINVTHIEZTH5H0T
H5. Fl-aRy MITEICHHB T H25Hon3HY, FTOEHTN, EFILTITHR5 L,
F7o, NDBEIZHRY, ala=r—Ta Vb AT o062 BEBEIKES XY —T
VA MERR D FEIZIIFRETH LD, vRy MBREFRIEHEHEZBERL TN E— BT
T HIV Mo TS, BREEEZBRIETAIEDICL—Y—L P T A U —F D D
LIk o T, HifgZe EEHWTITEREZIT ) FERHKD. ZHUIHPiR EONESYICE
WTC, TITANRN—DFEICESZEBENTZHLOTHLN, oV Eitgs L oMicEE
DD ERIKWDRBET L0, BREAEISTFET5 LW MENRH - 7=,

1.3 WRER & RmIBEM

Fig. 1.13 |ZJEBEN/2 ETOHEN, i, U T —2 a3 e EO—HDO~NVAT T O
MET AT LERT. ZOMIZEINE, BELIOWHGEDNEILIRERO T AT LAOF THR
O TCHEBERKRENERI-T DD, LR TARIETIE, EARX—ATEBEINTX
L85 mMBE T, LrbBRSOBENERARPBEBR TE XU —T v A MR E
WBREoRy "OBIREAETHZLIC L. £, #EICBWTL, BLEE NN —T
VAR ENWANARIFRENRH DM, NIIBRELTW HEIAEBRFXLEETH Y, i
RN STV D . Lo T, RBENTORZ TREZ&EICE X, B2 EaEIGER
2Ry MBARFETHET L LI L.

3T 1T =\
AyRiEE LAY SRR RS G\i@, JRECTEE &3 JETTTIN

"S53l " :: ‘;i : 5§$ E
gl M : :
Ffesnsns E § §: *gi > }.;{l‘/ E
) | S~ S | NEEEEICL DAL |
\ 2 | (] i e !
‘1-;~3‘:l"\-f‘,;"{ BR "1}' j:/'ﬂ BR | .o v .
"o\ I o — ; E 1 - -~
E T SiToE 2| EEue |:
- g Y T—av E Ew N E
: § L (EHABEEE) |

.'0.u| I)/\EIJ-';-_:/B‘/i& -u-l'. Ses Ejig T

Fig. 1.13 Example of autonomous action support in a care setting
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INOORBEEZERKT D720, BHEMEOMEN G, FTM#EERLE L TNT—T TR
U7 NEBEZRETHICHID, T NEBENMIET D Engholz. £9, i
KoV 7 NMEETIIHN#EEZ TV BT, BERF~ASBETHIIEORERINTED,
ZONEFEMEPRBEIIRTT DHMEICZ LS, RE LG TLMFIHT 5 2 & 23k,
BE#o ) 7 oGE, BEOEBHEHAWTHY BFE Cidtsksn, BENii A &%
LT HONRBMEEEZ AT 5V 7 MERIIUE, BRI TWRWn. LER-T, Zib
BELBEOKEZMAT-MEe Ry MEEARFRTHY, FERDH D EFHNTHD.
ek, NI—=TTANEY T MEEIIGHT L, VI y M A T AREELAERTH -
7. FRUCKH LT, T TICBRZLHIC2 OOHEREDIERZINTWS., v ha—FD
WERTYI Iy M AIZNLVOMIEETHZ L2/ « ZHDITRELRER, mOBHMKIZE
WCIHZEZEEDE WY ha—F DO T —T VA MIECTOHEN LSS, r#
BIGIZBWTIXE MBI X NERMLE L Db Z ENBEE 72D, — 0, FIE S I,
0— RELORMBEZ{LOAEZFHAIL, HOBEEZEL 5 LM LT L HET R
EERRZLER, TTIORREZLI1E, RU—=T VR M E— R bEEME— FIZU) #Hx
HDT, T_XTANY—=T VA RE— RTTERVWTCODUEEORMDIE ST, 2D OMER
DU 7 NIONRT—7 A NOFEABIZHETH 5.

72, WNHEENNY FOSEDL ENDERC, B0 EIPAE LW #EE o B OLE O
ENSENADRTET L0, ZNLOMERIEITLEERY) 7 MEEICKELEZEZ BN
2. WIS, E@En Ay MO BB GBRHENC SV TE, kAW Tz —y—t
FREGORATHE, W<bY 7 by=TOTHE LTHRARSH Y, REOCOMGIIIE
5F, THUCK L COMMRIEERET B UE N D 5.

KL TlE, TNE TR L OFEZILT 52 &k, e, 25 mBE)
IR —T7 A MBI - BE R v b, BLO, B - #EHGERBE#E e R >
KEBIFET A, FOTOIZIRD = SO AT~ 7.

—&ZHIX, RNU—T R M EIGH L2V 7 MERE L, DDSS (2 X 5258 EhERE
SRR G LTy AT AT XL D, 2 RBENARERBEHRNONY —7 2 MNEFE -
BEir#Ee Ry F2RETDH. 2T, EEONIERIToTELY 7 FORT—=T VR
NI &, HERIC BT 22 BB E LI, b ETFICLA2BE, F0EEIC
L oHE, HBICEBHTERAT, WO —#HOEENTA2HEOT VX Mrign R v
FNOBRF A HIEL, vy NOEEHEEORG, BIE, AT L0, HEHIRFICKIT D
U3y A7 v T RORE, BLUWREEREZIT, REICRET LT
VA MRy NORIWEERGET A2 Z LA B ET 5.

THRBIE, —FBHOMRIZBWTELNTZMENS, I#EEORZEMEESFDH DI,
B EFEEOBICRAET D2ENAOEREZ B E T HHE FEOREEZITY, BaEERIC
Lo TEDOHERMEERET 5.
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=FBIIRZIEe ARy o BEIGERGIENCK T 5, BRENRE O AIHEE A~ DR
ANBFAT DL RENCTONT, L—F— Mz T, EBEE 2R dR2ED
N DHEE FIEORE TV, MAEERICE > TEMEZA LTS, ZOHENERETF
EIXFERROBREE &2 FE L Tce Ry MIEHTE, oAy MTHWSZ & T, It
HEE OB BRI SHREOE LA B TE 2.

MSCOEERML, (1) RNU—T VR MNEEZE W22 B EN Al iE e B R - BE)
ﬁ%mﬁy%@mﬁ&%@ (i) Y BT GO EE O E LT 2 I FE O
gL (i) HEANBR I AT A TO, BEMGE ORI T LHIE S AT LORETH

L. (1) IZBWTIERDO R =T U X NEROISHIZ E EF 67, EEBEON#EBSICE
T BVEESHT D O B AR HIEEN 2 A5 Lo SN 5. Fiz, (i) ickBnwTix
ez i 8 HWTIZ %DHG%ﬂ%mkﬁéﬁﬁf rgan @%ﬁ%&%%ﬁbt
WICHTHMEDN B S, (i) ITBWTE, ik E2@ae LT, A7 r—2 g U a kT,
A~DBREMHFEIZTEDLANBR VAT LAEMHBEL, HrOFEBRICEID BIELEE LT
RAICHTHMER & 5.

AFSL O % Fig.1.14 12737, 3 1 B CIEHMET B L OEBIZ O W TR, 52
ETIXRGOBEAEER U —T 2 M) 7 FOBRAS L, F ORI ERE BIC oW TR
L. EIETIIE2ETHELEZEBEDY 7 MEEEZTNT, BV LFEIRAT 25N
RS D H51E, BRXOWIEERE R L2 /RL, TRO U 7 NEEISH D AR
FIEOREEIZOWTIHEARD. FA4ETEREZXErR Y MIEBITDH LRF Z W= BEhERE
VAT LRIBITLRINEERET S0, B Y AW —T 2 —U g Tk
5@%%%%@%%%&@%&%%%L~@m£% L ERAEE MR LTS R AR D,
FHEETIIINDICOWTHRIEL, 5 - AROBEIZOW TR, Kgaslafn< < 5.



Chapter 1

Introduction

Y

Chapter 2
Design and analysis of novel nursing
transformative assistive robot
comprised of transformer and
omnidirectional carrying

Chapter 3
Experimental analysis and anti-sway
control of jigiri behavior in a nursing
lift

Chapter 4
Development and experimental
verification of human tracking
system for circular robot by sensor
fusion of IMU and LRF for occlusion
avoidance

Chapter 5

Conclusion and future research

Fig. 1.14  Outline of this dissertation
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Hom N MBEIRNTY —T > A NBESN
TRy b OB

EHG TOBRERIDT, BOFRTOHLERTL, Xy F, ML, REREHEAE
{ETOBEO ARHOB TITON TV D, TN DR e Lz, WaPRDT
RENPPATIELL LR BHE, HRFONy FETBEISYE, o< LEAT. ZofEE
EXETDHHE, INLO—HOEENRNOTHLEITHITAD I ERRAIRTHD. £
Tz, B IR 2 W T CTHE LIOREET LT T 2172, BEbL 2 MICBE T
HIEETHTFEE A BT 2 b0 L Bbihs.

21 [ C®HIZ

RETIX, ZBEHELBERITSTELY 7 FONT—T 2 2 Ml &2 2B 525N
BEERE O 2 AL T DO X 9 7a—#EOBMEN T DO /NRU —7 U A NS ER
Ry NOBFRE BT

@ NRU—FT VAN T REHWTHEN#EELRD LTS
o iRy NOBEWMEEZHWCHMMIZERIT S
® HiyHiTHEAT

ARETIIRAR L2 EEICET 2202 7 0T A Vv, EEEHICHDLNT—=T A
U 7 MR, EETEICH DT ABEEEIC OV TR, AV AT AL LT —HEOE
EDOKGEERZITWV, ETHT VA aRy NOFAMEEZBGETAZ 2 HAET 5.
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2.2 NMEFEDDI

EEROB RN INEREDO—FIZ Fig. 211”7, ZZTiE220V 7 2HW, U7 A
THY TP THEBEF~BEL, B TRBE), BRHTY 7 & B 2> THROSGIT~kE
ALTWS., ZZCHAETFEZBEHFE (Fig. 2.1 ® 2 FEH) & LTAESELHE, AU v
T— b DEMRMN 2BMEL 2B, Z0U 7 hEENERFOLIICHBIZBEE#NT S Z
EDNHERIVEEBEREZ 1 BT 2 2 L3k, 1EEAmKRICEET 5.

C Operation overview )
v

Approach the lift A

v
Attach the sling seat to the target

v
Pull up

v

Bring a wheelchair

v

Pull down

v

Detach the sling seat from the target

Y

Move to the destination with a wheelchair
|

v
Approach the lift B
v
Attach the sling seat to the target
v
Pull up from the wheelchair
v
Leave a wheelchair
v
Pull down to the distination
v
Detach the sling seat from the target
v
Depart the lift B
v

C Operation end )

Fig. 2.1 Flowchart of operation overview
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ZIT, AEEBEHNTCGEO—#HOEMELZLL NIRRT, 22 TIIgn#EEREEL, R v
Jo—haeHWT, Motz y NIZETBERTHIEELZBEEL TS, B
PEEIE 2T ONT2PT 0 T le ARG FICE R STV D, SBASCHR O TR, s N
BET o255 (BB EISE2HN#EER) 2R, BIEXVZ U MW TEEDOER
EELIAMNEIT X TART =T U X M X DEELE o TS, RNU—T U X MEDR KD
EZAITBRIER U Z L ML THEIEHREZ N Z ZTITEIEL, RXU—T 2 N TOELE
IZOWTORELHET 5.

@
)

© ® Q @ © &

® ©

PERDRFFAZJE S TV DPITEFTICAY 7 v — N aHEET 5.

BEN BVEHNTARR Yy 2 &MY T 52 LR AE~BE)
T5.

BEU X b EHWTmY EFEERH RS Lo BEEEAILR (XA vy 7 M
1, 7 —AHE) &5,

TAXICFHEDONEMZTIAYE25% FAT (Fig. 2.2(a)).

TA VWO T onNTRAY T NR—=CRY T — &> 0nF 5 (Fig.
2.2(b)) .

AV Ty — Nae@FTONS, FHERIZ LMEDONEIZ TERICHE BT 5.
PIEE B E DS EMATY 7 MEBEISE, WMrrolhsd (Fig 2.2(0).

BEUH v NERWTEREEZME N (A1 v 7 MR, 7 —AIUE) SE5.

BN HEFHICTHMEDONEMZTEIETAL, REEOPY IR FICEREIED
(Fig. 2.2(d)).

BEANY RLEHNTRy RABEISE S (Fig. 2.2(e)).

K778 E Z AL HRHE, BIEXU X M AW TCEEEO R S 5 2 i/
IHA.

Ny RAFTICRIE L6, BESU AU P EAWTEBEZILR (A1 vy 7 b,
T—LfIR) S¥ 5. ZOREREDT DT TN #EE X 2 T L. BRI &k
U bR 28 < 51 < L& IZEME T2 (Fig. 2.2(0).

BN EZ IR XD/ EMZTY 7 hEBE#I S, Ny N I®5 (Fig. 2.2(g).
WNHEEIZTREDONZMZTIAYEBIETFAL, Xy FiZBEAT (Fig. 2.2(0)).
2N — NP DL ESETUAVESIETALED, HEEALLAEILR
BEIZL, RV I R=n52 Y 7y — ME2RY 41 (Fig.2.20)).

PEEOLEEIEERERL, VA YDEE B, V7 baXy RIp~BEISE 2.
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ZDEHIE, EEOBIIBENY FLERANT, ##EEO LT TTALIFZAY VT
— MTEEANZMZTNT =T A MTTEEZITO 2EBHRD. Ny R oiiF~0
BRIZZOKOENETHL-DEMT S, ZNOOEEIZ RN L2 d, oL ns—
YTCHWAZ ERHES EEbID. ZO—EBHOEROEFIIHIIEIZ TR

Picture of series of tasks
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23 BRI I2EBOHEMN

231 EBOEXRMLH

AWFFEC N D FEBREE 2R T DICHTY, AN 7 M2UTOXLIICED
7=,

@ RU—FT ALY MEEERANT, AV T — MIBEELEXNREEZ Xy K

LRENT D LAk D Z L

o FlEMEZEZ, SFMEELHWCHEICBINRS Z &

® HKTU TV MLHRFAHRNIEETHDLZ L

& ENTHEXLYAATHLZ L

Fig.2.3 134 ke, SWELZEEONETHS.

Upper boom —— - Extend boom
Winch box —

Loadcell

4‘_3“.? ——— Extend actuator

Q " Wire detector

Onperate handle :
“Sling bar

Main shaft
Control box — ~ Folding chair

—— Extend actuator
(inside)

= Battery(inside)
— Extend leg
3-DDSS —

Fig. 2.3 Appearance of experiment machine

2Ry haXy KA RTOBEY 7 b, BLXOWEERFELTHATLIZD
2Ry NOBELELET HAEICHET 2 MNERH Y, KR TILT — L4, /%7bk£
OHORESEZAMRICERTES L9, BEEEEZRTZ. ZoulRy hOXLE-HELZ HF
T 5. HEEIX Fig. 2.4@) (R TEEBY, Xy FORIFMICERLL, M#EE2HY EiF5
LOLETDH, ZHIREONBEELFEC/ELELMTHY, EREITR.



20

Ry ROWEF BV A RNZOWTOREEIToT-. ITi#EXy RORKIE (EH~y FLAD
i) 1% 830, 910, 1000mm 72 EN&H Y, ZDRINTH KRS A4 X LT 910mm 75
WHILTWD., MRy RIZIEFT0Rlbbh, TODOEERREEZMEKT D ERy
RAREOIEIZE L% 970mm L7325, Z0=), Xy FiRE ToOE 485mm % 7 — A
DNFR ) —FELEDT. B FRIZOWT, A CIItn#EAE R FIF5FEL
LT, MiROAY > 7 v—1 (Liko {8, ANy 7 2147 (Fig. 2.4(b)) M5 Z &2
L, MY FF@HBETHDLIARY I R—2HNTZDORY 7o — b a2R0 FiF5. R
= S DY A RITEN G DRI L > TET D8, BARANDRANEM: (60-64 7#%)
DI HEMN 164.5cm EDZ LD T, ZHUTESNWTRAY VT o— haRE, AV T
Nt 2 Ty — NOMBAELETESE 1,000mm & L2, 728, AL (60-64 7%)
D) F FDS 154.8cm 72D T, [A—HEETHNN—TEZHHL0O LW L1z, M#ESy Nidl
R EDTDIZEER T 7 F a2 — 2 NEfHSITEBY, £/, MH#EEMEELLTW
LA BEHEEDS A ENTND Z RN TH S Z LD, KEMN D 600mm %17
EmS L L. ZhICkY, BE BEFEHORIKS XX 1,600mm &7 5.

-_Boom reach = 485

s = <<= Sling bar [
o
S ing s S
g Sling seat Seatback =2
Al
= S
z w
2 (=l
: et
o
@l

unit: [mm] unit: [mm]

(a) Position reference (b) Size of sling seat

Fig. 2.4 Requirement of size of the machine

Jbile EORiRIZI b HAADZ L, —fRRFRTOMM BB L, FELUIDEHTIC
BENTE 2L 0ICT 27DIRIEY A XDl eE Lz, £9, F7Z@BHTE S
A XL LTEE 1,800 X 7 750mm & L, BATZZOWTEZ L _X—Z 2 8 TBEIZE
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LT 1,100mm % EfRE L7z, 2 bDOFEMENSG, BEOEG 7 —NhiEEE L L
WS, BRECH), BEEMRRED D RIEER IR Y DA 0B HCTRERR L 72V REEE T Fig.
2.5(@)@DF 5 Fig. 2.50)DED X 5 722, —BRoifE 7 — g & Uiz, —BaUTidaks
D 485mm DV —F ZFERT D ENEEL W=D, A A v v 7 b (Fig. 2.5(a)(ii)F6
% Fig. 2.50)IIDE) O XL 912, BEIGHEATF~BET 282 H0AL, Xy R ~8
T L72BRIC S ATREZR R Y 7 — Aﬁﬂﬁ%_ﬂﬁf%é%mkbt.

WNEEEZRY D707 A BLOAAL Uy 7 NEHIF~BE#ISES L, EE
WS ERTEA~ET T 5. B0 TP bR mO BN T — 2 EHICH D T4 OO
B B2 & D%, B 240 L 0 b RN WG A, FEFIE L TS5 2 L1272,
G T D, £ TAREETIE, BENIZAAL VY 7 MER SR Fig. 2.5(a)
GV)iEB, WEBER T T2, A A v 7 MBRFTT~BE) L7ZES, RIS L TS0 5 kS
EL, VA YHODOIMET XY bEMNCHEE A BET oG s Lc., 2k D EEEOR
BN &AM O T, SEE OEE 2513 5. ZEIEOE O, ()R- TDHE
DEDTEREITH T DK D . TEEOf/E (Fig. 2.5(a)) O~FEILE & 1,750x10E 720
BATZ 1,050mm, f kI (Fig. 2.5(0b)) (Z1EE & 2,100x1E 720x84T X 1,600mm & 72 5.

U ()

L=

(IV)
(a) Folding style (b) Expansion style

Fig. 2.5 Transformer structure of the machine
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EEARRIIESEY, NvT7 VU —, fIERREED TR IE 100kg REH Y, TDOKRY:
TEE N OBRHEHICAAET H. fi 7 — 2 &2 2B L2 Do e OITRE MO 729
THHDH. B, REEITT — L& ER S oG L9, BEAKIIAEL IS ICE
EMARET DL LW D720, B5 0 0B UL E TS E 245 516 O I AFEE LT
WHEDE LTS,

23.2 EEDOBEKE

SEATHIFE TR SN2 DDSS W5 = &I ko TG MICBENT 2 58 @ 239 TICB %

ENTNDHOT, AREFETHLLEFMBEHEEICIZ DDSS 2R3 252 &Lz, &2Fn
& ZH T 52O TR 3 HHEDOREN ) AMEIZ/R 5. 2O DDSS & V7= RIS E
& LCa BB ER - (OMR) (Fig.2.6) <°oxtf —#w23 DDSS o4 m##~ » K (OMB)
(Fig.2.7), =®o2FmBE 75~ » 7 +—24 3D-OMP (Fig.2.8) #BHF LTk, =
NHOMRIZHESE, BmOEEIC OV TRFZ21T-72. DDSS Tid OMB & X 5 1Zx%f
A ZH O T2 2 MBEMEREEZ S OND Z EBMEE SN TWS. L, AT
ITEEE BRI 7 MERE A AL TRBY, U7 MBIZHRENBD TIF 5 THDIRI TIX
FEEFATTICRE RMEIND Z EBREE SN2, OMBIZEBW T, #akW Th D878
FHIXEEOTLTHDH Ry RHEIIZH D> TW\WA Z EREIN, WEISHRE & D7
PUBGIZ BT D EB X LD, REEO X ) RIEERTF IR EZAE T 2 2EED
B, B0 DI OoONWTEHEm CH LRI LE . LrL, ZOnitm _imo A
DDSS IZ L2 DA . BT IMA~OBENZ T X BRAET L2 E L, toet i)
MREZRFL Z EBNHRNWZ ERH 5.

- DOSS

Fig. 2.6 OMR®! Fig. 2.7 OMB!! Fig. 2.8 3D-OMP!

3D-OMP Tix, =i DDSS TOEGMBEMN AR TH H I & AR LIe)y, ARIEETIE
IAYERLEHLOBSREDOHELH Y, WENRLEICLDL I ENH D, R —migiE
(TR ZARICERE S ND Z b, WIS IZHAS TERE~DHN DB 2210
I<, B v —T =2—A L LTRITIZeR y b EFOEEAN RIS Z2A 5 &)
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DANFENZ L > TUIEEMER T D2 03 o7-. 2D, —EiEiEic oW iy
IRBLEN RO LIz, F 2 OARBE TIE, RATESNMEUE SN D EEERTTIC W, %5 —
DA EF sk & L7z,

F /- AR R 0 S E 2 RRAL T 5 7= 512 DDSS OBk s 2 B¥ 755 0 # 2 GE 1O\ TR
MLz A RFIETEZOND, BOEZRNVEREEIUTOL IR bEONREZHND.

® S| X MR

® LR a— RN/l

® FhREHXDOHI—y |k

a2 El3Emn & 2 ATIE 15~20mm OEZENE L TWAIEGENRH Y, a2 Z i
Ex, AT 2HESNEZLND. 2D, ZOBREFESTIIREEELHEL S TEH
EITHZ 0D, IEEa— FIFENTEEZ HHRGATICEE T 5 O RE 7
WERM BT H 20, TTIREN TV AIEE a— NIZBEH S TWah b =—L1F vy 7% A ¥
=7 (VCTF 1.25sq X2 572 &) THEZ Smm EEEDOKRI LR 57D, 2 bOEE
MEFRVEZONIBEOERERVBIENEEZDVERDH D EE X Bz, DDSS X
gL, ZOXAYHEHRDO 1/ 3BEOERERVBIENZG 252 ENHKRDT2D, iR
20mm DEZEFRVEZEEI 252 572012132 A4 YELEDN 60mm UL EHIVUEEB W &I
705, AEBETIIHRSOF S ELR 130mm OFFE I L8O % 4 v 2 RELT-.

2-Motors
. ——Input
Absolute : % P
encoder - |-
Base plate —__ «(,.,,»u

Differential gear

Bevel gear ( i)
~~

- \
Q;/ Turn table

Wheel —L Timing pulley o[jt;_)dt

Fig. 2.9 Mechanism of the DDSS

233 EED') T b EBRENRHEE

U7 MBI, VA YHRERTLEZ DCH—RE—FIZL o TERE LITA1TH. BEOE
BrRes RV MOEBEEBIOR UL VITAT-1Z2#E E L CR#ET 572012, 5l
SIEDHOa—RELEZTUATVLERVGOFITHALTCWEZ., ZOBYmOfhrice— K
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TAEREET D FEE, FHUSAKOISEENGELND —F, HERR-CRBEOREE O
e OBEr — T NVHPEEFE O ICHEIND Z LI2L D, WEHSBARCHEE S —7
OOV 27 N EmE 5.

Z T TASEE TITEE RITHE S EERKROMICEH 2R Y - EfR O e — N2V 2 RLE
L7z, Z OO % Fig. 2.10 (25T, UA VICERY T SRR e EEEN T
MEXDS, b LI EMEDONEMZDEICLST, VA VYOEIBENL, Bx FIF
WARKIZOTZDY, ZONhEa— REABNEZD Z ERHEKD. BE EITFHEEIEEARR
EATA RL— VI THE SN TEY, BEj Mm%z E T AL T\,

ZOREEICE Y, MO EIEEE D DEHIBESS AR LB Z Lk, WfED Y X7 %
K2 2 kD,

Stainless wire

Winch box with
Servo motor

N |:| ! Load !

!

=  Slide rail

. — Push/Pull loadcell

Body( Uppef rboom )

Fig. 2.10 Overview of operating force detection mechanism and drive unit
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2.4 HEDRETERME
241  HIEHEBORE

FHAIALIEIRIZ B NT, EERTITHARALB A a0, PCav te—7, 7ua /7
~7n yy7 av ha—7— (PLC) ZHEHTL2ENZ. LiL, EERFEROR AN
mEEBETHE PCR—ADay ha—I03FHTHD. &2 CARIEE CILEED I
REBES A XD RN NEBLEBEL, A X —T 2—ZFHD PC XR—2ar tn—F
ZHLDICHERTHZEE L. OS & LTI ARAIARITHL L 72 Microsoft Windows
Embedded Standard 2009 23 && = 1Tk Y, LHE OS @ Windows OS & [FlER DEE/EDS

AREL 7o T A . B S EEIC1X Microsoft Visual C++% W T 5.
L7 PC 2> b u—F OAE% Table 2.1 (27,

Table 2.1 Specification of main control system

Maker Interface Corp.
Series I/0 Classembly Device
0S Microsoft Windows embedded Standard 2009
CPU Intel Atom Processor Z530 1.6GHz
pPC
Controller RAM 1GByte
Storage SSD 4GByte (OS Area)
Ports USB 2.0 x 4, RS232C x 2
Size 180(W)x118(D)x44.2(H)
Model CZ1-485120
CAN unit Comms. CAN 2.0 X 2 Channel
Baud Rate 60kbps ~ 1Mbps
Model CZI-293166
DIO unit I/0 port 48 ports (input/output selectable)
I/0 voltage DC 5 to 24V
Model CZ1-320312
Input Channel Single ended 16 Ch., Differential 8 Ch.
A/D unit
Resolution 12 bits
Input range +5V, £10V
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F 7=, HlE O C b ERE 7 ENARE R EEFTNICOWTIE PLC WS Z &2 kY
AArvarvie—J0a—7 4 Y TAMERBTHZ LI L. H L PLCIZIZT U T
JVBEAR— 228D, Port11Z PC Z8akt, Port 2 (T[RRI L » F R L HEER
TPk U T IR OB RE A FF -8 7. Z v F RV DOIRGIEICIE, LAY A A
YTRFRI NI T 7 47 E LTHEEND., FRENTZAT V=27 bERETHEZD
& PLC NERD A E ) 228 &85 Z & TRIERILEZ AW+ 5 Z L3k D,

/]l L7z PLC OftAkE% Table 2.2 (Z7~7.

Table 2.2 Specification of PLC

Maker Keyence Corp.
Type KV-N24DR
Power Source DC 24V
PLC Input TTL 5V / open collector 24V selectable
Output Relay contact 8 point
Communication Serial Port (RJ11) X 2

£, RSN DY v F IV EGR OLLERIT Table 2.3 D@ Y TH 5.

Table 2.3  Specification of touch panel operation unit

Maker Keyence Corp.
Type VT3-W4T(A)
Touch Panel Power Source DC 24V
Operation unit | 1.CD TFT Color 32768
Size / Resolution 4” wide / 320 X 128 dot




27

ZZT, L PCEBIOPLC OHIfHIX Sy % Table 2.4 [CR7.

Table 2.4 Sharing of control

Use for application Notation
EPOS2 for DDSS 2 motors for 1 DDSS
EPOS2 for winch 1 motor
re Operation input for vehicle control 6 Axis force input sensor(USB)

Operation input for power assist winch A/D converter
Transforming mechanism Boom (Up/ Down, Expansion)
Operation end detect Forward/ Reverse prop.

PLe Operation pendant Small size touch panel
Safety operation Operation panel / Controller box

2Oo0ay hu—7ZHWCRENZREIES A7 AT Fig. 211 O X 51272 > T 5.

Control PC PLC
T
e ee————————— -
]
--------- v.-..--.lo.-..t....-f"""""""'lll-l. '
. I
Servo Servo Servo Servo
amp 11 amp 21 amp 31 amp 4
Servo Servo Servo
amp 12 amp 22 amp 32
L 11 ]
T T
DDSS X 3 Winch
““““ CAN(Control Area Network) X 2

—_—— RS-232C Serial communication

Fig. 2.11 Connection of control unit
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EF—HBLOE—4 K71 33 DDSS BAF YW HH A L T % Maxon #:80 DC 7
TV AE—ZBLIO EPOS2 #fifL7=. DC 77 v L AE—X[X[F UH I THIIRM
R E Y /RTH Y, Fie, REOYA XTRIET S EGELD MLV BREWNTD,
FEELLT V. EPOS2 (3 —R7 7t E—Fflilar he—In— KL=y —=R
2y hr—7ThHsb. EPOS2 (L RS485 #X— R L L7=#{EH#, Controller Area
Network(CANIZ L > TT A4 V—F = — > TN ARETH L 720, BLRR-CH il »3 i {8 &
WO AUy FHREV. EPOS2 O =2 > b v —F CIXEHIE, frEfliE, v il
EWolo, iR E— 2R TENEEINTEBY, PCar ha—I b/ T A—4%
BE, I SIS TE—ZEIEDN LR > TWD. ZHUCE -2 TR 7 7 AEED
AP, HIEHERICREE CTH 5.

242 EMHBORGTERE

AIEEIIFE 2.3 1 HO X ) RERHELZ A L TWDHD, U7 MILE S FHFROHED A
A% 7 MV —FHAEDOMHEDO T — LD 2 2LV END. B FFUA v a2
BT 0 F R 7 RIAAL % 7 FOEEICHD T —LEIZEY T 5nTnwWb iz
WD, TAVYESITIAAL %7 bOMETIIEEL S 2 0nEHICEELE. L, —
BMET 27 — 20 LB L CWD72, TOREEZITDH. VA Y0EE BLIF, B
TTFEITOTIC, 7—2F5ELTHEMITNY, T—LEMITT TNy, &E
BAUVAYEMSSES. CNEBIET S0, 7T—AOMEREMERT g A—H—
ICE - TR L, fffE L7y BB U A YO0 L 21TV, U A Y Ol i %
BSIELTCWVWD., AL vy 7 FBIXOT —2A0OMEIIERERICE ATHEOHE T 7 F =
T—HIZEoTiThbIvd., AL v % 7 FORIHZEEIZOWTIEM D i dH HIRETOEIE
NEZLNDTD, HftE 77—V, R—= 32 T&N L CHEHKE—XIZTEHE#T L. 0B
Bl XAy K 8.5mm/s TH 5.

ARAEE CIX DDSS IZIESE 130mm DX A Y EHWTWATZ®, ZD 1,/ 30 45mm M
Y BEZHET) 72 By, MEERTHICET 720305 - O B 12 B0 A1 7= 4 Bh g o
HEEN 50mm ThHH72H, ZOHIKEZST 26mm OEZAEFT DB N A[EEE 2o 7.

AKIEBTIHIEEMZZEPICHY EFA20ERND L7290, EEARKIZ OGSO EEPHLE
E7D. T, AIEE TIIAEERIRY EEYZIEE FHICRE TS Ll Lz, £,
BIRIISEBEMZH NS Z LIC Lz, ShEBMIRY FUuLEmR S L5 L )—E&E
EEME S, AMEE CIIAREROBIMNZIA, BH Y & L TOMEL R, 250 —
NV REA T OREBMEESEGE L, 24V EERE LTS,
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25 D MEEIZBITH/NT—F7 X b
2.5.1 JIw M A TILOFEEA DXL EREXE

FATHRZEB3ITI, RN B MY FIF UA YT b iEE n— FEATEHIL, “he
TICTAYDEE LT 2T O NU =T VA MV AT LAORENMTOIL TS, n— Fer
TR L HGEOMICHASH, SROBERB LURITNAT= % ) TE A LICE
W22 LRHBkD. ZOWMEBFROBME T A ¥ OBEITEY E— X ORI KM 2
ZEICEo TR =T VA NEERT D, R, ZHFLMToCE ST =T VAN T
N O FEAR % Fig. 2.12 22 HatH9 5.

Motor
~

Rope
~

Loadcer
\
Human hand

Object
operation JRehm

fu

—

f.;md

Fig. 2.12 Lifting mechanism of power assist operation

2P DMEMOEE m (T L, BAEEDIREMICESSRIE 2N 5. RS E
BEEHEIT O — e f(0) Z2HETS. 2R ENTEDT mg 22LEI< 2 &I
Ko TEIED fut) ZHET 2. 2 bue—J13F5— 2 OHIEAEZ £k, T—F Ol
HZAT> TIREM Z AR ST 2 E0NHRD. LLZOFETIZY Iy Mo 7L LI
TNDHENEET D, ZNITEE T O, MEMNEMERIC e —7 NS, m— Rk
NOBRHT DENEMITNS LD s, ZLlE LEEBEAZ bmE o Hh LR+ 52 &
TEHEE ETEMEZLTLE Y. TOK, HREWNZETITTROIRETNA S5 TV 5 1#EME
NTHOTET 282K KT, ZORBEIZOWT, /NG BITRR T DL EEHZ Hv
2V Iy A7 ay b =T OREHEIT Tz, ZHUTZETICH D RHTIZRNSED
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bHary hu—J%, HEMRIIIZEEOE L Fr—T0D 2 D1 — RE/LOMREE
MICK-oTUVEZLZLICL>TY Iy M7 ZMmIE LTz, UL, BRI HEH
TOLREMEOE WY b —T 2 L0 Bk OBAEMER T, T8 O (AT B O L BRI
MO AZ WL, BHRFICa he—F 20T 2 Ll Lo THIE L. ZOHIET
TR TR MBI K D HEEMER L E L 72 5.

AWFIE T, REONERLG TIThN TV D Y 7 MEEICXH L, AT —T 2 |
Btz LIRS AT 2 BEORIE A T L, EE21T7H. Ao L5722 b
— T DA, HEHRICRALIHORKRE LRNE, AV T v— MEATEIC U Z 2 b
BIER VBN 72D, ZOFENRT—T VA MERETRY V7o — PN LETUA Y&
B D Z ENHRIIERF L MMMEE T LTS D,

252 RESTDINT—7 L X MIEFE

FROTFCB T, =2 hr—F OBFHETRLTHRHEORK =Y o —F L%
EMEOEWa Y he—F ZENICY) D Bz -0, BEHHERICa he—F 200 EEL /-
DFBHZLICEoTY Iy A ZAZEIELTE. AT, FEEHE (50 MR
ZEHZHDH L E) NOEMT OB E T, BIXOHEMPORE S ZHODREICHBIL, Z
DA b r—F O L BT 2 LIC Lz, Fig. 2.1312, T L OB Y
Ly YA 7 ABERRAEET, 1o, BESERIICT X, BIEED BU VT —T 2%
MHBEFEO 7 0 —F v — &R L, UTFICZOBEOBHETT.

v HE—S@EEARL, ETFK, ATERLARS. Step i Fig.213 10 (1, @) ...
ICAHHE L TND.

MO T LT ) XA (Step 1~9)

Step 1. XX MITHEMAE SV B, v— FE/MICTTEHIT 5. 10 BPROFY)
% frtl, 206U —T X NEMET5.

Step 2. B— RFBLDOERE f, e REMOER mg #751L5lE, BIEN ffEED.
Step 3.  BAENOBE fry Z2EX TWOIUTHEBELSE (2— FEAD ) A4 XK.
Step4. I b —JTE—XHEEESE v 2HH.
ay b —=Z X PRI T Ak, ITPRFEBRICE VG L, AEEOLA,
0.5 & L7

Step 5. HHINWEE v TE—& ZBEH).

Step 6. E—XHE v 230 TRVPFHE. 5@ =0) LT\l #uX Step 2 ~, I
HIZ 1 U 72 i1X Step 7 ~AT.
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Step 7.  {EEF XM, T—2MEIELE LR LRI ET2BET (B2
M ALEEREAT U T —).

Step8. ZOFROn—RNELEE fi PREVWOEE mg LT TRWEATT Step 2
~NRD.

Step 9. KRNI FICLLE8E EFEIILT5720, 3 B, BELEIZL T
%, BHPOBRICBITT 5.

ZOHIETETIE, FTWEMICEEN 2 5 2 T E=ERICH 5E, fu=f,— mg X0
Zal, v=0&72% (Step2). Z ZITEAFEDBIMEL Lo HhEMx 5 (Step3). 72k %
X 50N O FE WEMESIZTITD) ONEMxbE, fu=50 £720, v>0 (Step
4) Lo THEY Z TRIE 5. BIEENEY L FEZEET &, fu=0720, T—X4
HEIET 5. FREFICIREM DN Z1hD D &, B DRSO TEIE ) fy & B HE 0 5
DLEMEDT) fong DIV EoTRRTRNT L, fr=0 L2V, v=0 LR>TE—X
(32135 (Step6). Z ORHRIEH L, HK AR LR CTE—ZMEIELEZ & 2R
WL, MEM S TS & TiE o103 kbin (Step 7), 22— RE/LIZIE fL =mg +
fona fgna/ZLEMEDTDIZDA) BBND. UL fr<mg ThoHnGH, ZITIOM
EEDODEEFHWDLE v<0 L2, E—HITEX ETFE{ToTCLEY. 22T, ZOF—
ZDMEIE L TV DIREBICEWT, EMEDNEET mg + fing S ogho (R
Jo) HEEHBRT L, f<mgxa (REBEDOLE a=95% & LT) 2o THEMPTH
% EFET S (Step8). ZOWRFDOMELHMABIER LR LI LICL - TEX LI AR &
BRWEDICT D728, SHWHOEIEZES) (Step9) & Licobh, TRt 7 12
ALIIBATT 5.

B o7 L2 X2 (Step 10~19)

DDOEELETD.

Step 11, #ENOBUE fry 282 TV 7204 Step 10 ~ R 5.

Step 12. BIESOFFE (Fm) ICX-oTHE v #HMH.
c II—TEHETOFIEDI=D, TH.

Step 13. BHINHEE v TE—X 2 5FE).
Step 14, BHIPROWEY O ELIE Af, ZHEH.

Step 16, Af, DHEIA X ¥ o O—EEEZBZ DB (REEIL 20N & L) iR
L7z % Step 18 ~.
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Step 16, B—XHWENE (FFR) OFF, f3EIEEX Y /&L &3 Step 13 ~ R -
TE—X IR ERHT 5.

Step 17. E—XHENA (LH) OF, f3FIEE LY HREZ UV E XX Step 13 ~ R -
TE—ZILEHEZHT 5.

Step 18. Step 15~17 DWT NN Ao S e olz b &, T—X XEILIHS.

Step 19. E1E%, f, 28 mgk 0 b RE W& X ITWEEMNZEHICH 5 & L Tl
Wz 'y M 5.

iR I L DDA, BENE fu= () - fit—1) [ZEE#Z S (Step 10).
0%, BT THoTH FAXOHEMZT £.06) > fit—1) THDBIT sen(fy) 1%
EZEL, EREohzEMz<T i) <fit—1) LRdRbITA%KRT. BEIN fy &
M2 T7-%0, T—4HE%E v=cxsgn(fy) & LT (Step12), E—F ZHixHE 5 (Step
13). —X [Efs IS E RO LN 2§ IR L, T— X FHENEORIX f, MED,
ADFRHL f DML TWD L&, T—F RS WEkET 5. BN —E& (ZOHEFE
TIZ20N LV HR&EV (Step15), b L ITEMRAE—FHEERE LW (FRRICRE < (E
<), EHEFRZ/AES (8L)) 2ol &fFIE3 % (Step18). F1k1%, f 28 mgXk v
bRELS ol b X, WEMIIEFIZE X BT oz &l U ORI P ALBE~R 5 .

AERICBNT, BT OE—FHEETEEE Lz, JIUIBE%R O & T8I
AV 7= MO LDTZDITITO b D &7 L, PORH72 8 B HlAE 23 A B & HUE
L7cledTh D, < OFERIZEY ZOHIEFIEO LY EOMHREIT 7o, £ DFEBRKER
O—FNIFE 2. 7EIRT.

ARFEIZBNT, BERE fry L0 /NS WERIER fy 2B LGS, T2 35 1E
5720, /INEDLOFEITHS, E TOEREITHRZR V. UL, #BERE fry LT T
ITE—FZELEIHETLEIENLY Iy MA ZLOREEFMIESND. $T0, ZDE,
W EE mg (TREL, BT OESR f, »DOOESTHMERE L CE— X RIELTT
I EMD, BE—AELFIII =T EEBI L TCLEIFIRLOTEE R, R
VI R EROANT LD REEE T =T VR MMEDBRTITZAD L DI b,

BB, AR TIE, BEEZIVAYEZN L TR —T X MMERZIT->TEBY . #HBfES
VHEUNPEEREOZ RN EREBZOND. T DD, BRAEIEEER EOReE
IEEENMTUVDIZ W, 22 TAREETIIY A YOBREREIZ EIRMEZRT, Zll Eoin
Moo= Y 7 by =27 TREUEIETHZ L L L. BAKZIZIYVA P2 E TV
DHFENIIRLS Bl oIED Z LI L o TEBITEILSH L Z LS.



I Measurement Mg (1) |

P controller
v= kP X fu 4)
)
I Motor amplifier  (5) |

I Disable 3.0 [sec] |(9)

|5 = 1) =t - o) |

(11)

NO

ful = fra

v=cxsgn(fy) (12)
E

3
Motor muplifier  (13)
N
Afy = () - fult — 1) (14)

l v=20 llS)l

A
NO YES
fi

No grounding mode

Grounding mode

Notation:

mg :load net weight

fi ‘loadcell measurement value
fu : manual operation force

fru :power assist
control threshold

v ! motor velocity
k, *gain of P controller

Afp  * displacement weight

Fig. 2.13 Flowchart of power assist control
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253 BFMALDOHBE

e T BE %, NU—T A Y 7 MEREIZTH & BiF 2 EBREZITo7-. FEBR
DOFEF % Fig. 2.14 13T, fEEZH LN UDPBREICAY 7y —FE2ELLEEL,
VA=W TCTRELETS, EWOr—AEELTWA.

(a) Sitting on the chair (b) Lift in the air

Fig. 2.14 Picture of lift hoisting by power assist

ZORFOFERIERE Fig. 2.15 ITR-7T. 2l kb &, 30N BED L&D a2 5
(Fig. 2.14 (a), Fig.2.15(a) Z tick>»TCu— R DIEREXEAS L, Zhad b T—
IZUA Y aEx BRSNS, FaEET (Fig. 2.14 (b), Fig. 2.15(0) Z&ick-T

BEN DL, BE EFIIELRTS. ZoBo— ReLidxsd mg Offiz/RL, (£
I L TR BT E B



600 -
el =
580 A T o el
— 560 el
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= ’ 0.95x mg
g ’/
= 540 t—rASs 7 =
- . ”~
= WL P
§ 520 Tt —
3 v / (b)
= 500 4
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480 - 7 = = = [oadcell value
(a) - “Load position
460 +—— , T T L B B e S B B B T T
0.0 0.7 14 2.0 2.7 3.4 4.1 4.7
Time [sec]
Fig. 2.15 Experimental result by power assist hoisting
254 RNy FADHBE
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NU—=T VAR 7 MEEICTHY FTFoNlRE L2 TRSE, Xy FICE#ISES
KRZEAT> T, RBROKT % Fig. 216 1TRT. SEREFR, AV 7y — MIF20,
THMCHEMAD ZLIZE>TFRSES.

(a) Landing of foot (b) Landing of hip  (c) Landing of whole body

Fig. 2.16 Picture of lift lowering by power assist
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FEERFE R A Fig. 2.17T 12179, AV 7 — hEMFTONH, SONFED R E DS
Mz 7z (Fig.2.17(a)) Z &2 X0 FREEMENBLG S, AU 7y — FHOHEERE O
Ny RICHEM U 7238 LA BN & — =k (Fig. 2.16 (a), Fig. 2.17 (b)) &
L. EEEIT - E T2 L (Fig. 2.17©), ZOBFOFHEOHEMZ T (Fig. 2.17 (d)
Tz EB S8, B (Fig. 2.16 (b)) 2382 L7-BEfE R & RmELS b2 (Fig. 2.17
(@), HETmEOEMAT (Fig. 2.17 (g), &&O#H (Fig. 2.16 (), Fig. 2.17 (§))
SHETWD. HEHIRFHZRAE LT EACOBERIC I > TE—228E LT Z 272 <&k
SHDHZLET, Uy bIA 7 AMBEEREL, AL—RICTRENEEZ S8 52 L0tk
TW5.

800 - 1200
| \I‘"\"-’-‘\\ ’
700 + 1> N - mg
e St (1um
| N IO 095X m =
600 + N S g z
e . A" ‘ —
2 - (a) \\ \ - 1000 =
500 + ) - =
: b (0 @ o £
< Cc N pa oy
= 400 + et - 900 =
E ‘ . S
E 300 - A %
3 oIV N L 800 &
200 , s | E
2 \ Q
f \ - -
100 + === Loadcell value s
= Load position (i) () l
O 12 ™ T T Y T T T T T ™ T ™ GOO
0.0 4.0 8.0 12.0 16.0 20.0 24.0

Time [sec]

Fig. 2.17 Experimental result of power assist lowering

WTHDOEAIZBWTY, VI ATV EALITELZERL, BEXF U g
ExHWTICHBEEMEICBIT AN —7 R NN ERTX TV A.
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26 2ARBHEE S ITEH/NRNTD—T7 X MEE

261 XEEICRTI2BBEEAZE

B TFFRXDY 7 FTlx, Wii#EEZ2 R 7 — NMIBATIRE T A Y 2&E% BT
TZEPICHIE LTS, Z0LERZEEOBEND, A YIZEREGANICET LTV 5 IR0
THIE BT ZENEE L.

ABFZE TR BB DDSS W T, SEZERLM~BETE 2BHI AT A
ERALTVD720, ZOHEEZMEAGDELHFICLY, JI& LTRO T A ¥ E2EICR
DI LRAREL 705, BHEOBEHRIEICH L TE, KX AT ATEHQ) BEERAZRNCT 1 H
A T OB~ NS L BE), () BRI IZBEN Y FVCE DT —T v
2 L BE), (i) VA YoRhAELRH UBRERE LU =7 v X NBE), © 3
EHVWDZ EDHKD.

[0 3 FHH OB B (]

@). BEXHUMNMEIC S 2BE) (EREH O ERE)
BERH L MIF T RF Lo TEY, B EIHADNTZRZ ALY,
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(CTHEREDOFITITHI & FE L Z L3k, A OBEIRET 52FHKS.

(). #BENV BVICE 2B BEREMRET) .
HEE % I Fig. 218 [RTHEAEANY RAVZED 72 6 il "2 o &4 2, /ri#
FEIMEEDOF NI EMZHZ LICLVEHEABESE5 2 L0 Hk%. DDSS %
HTHARBEEIL, AiRERT CTRMEBINZDOL CORRINFETH DN,
AIEEDEIERZ Fz )6, BEZ Fx fihn 6, FERIZ My #2253 5. 20
BB I #EEDIAREELZZ R BHICBEI S L2 EICHWD Z ERHEED.

(). A YOENAZHAVEBE (BERIEET) :
HEE FJ7IZ Fig. 219 (R T IEEMAIO U A YALER NS 20 2, 28tI2mY TiFbH
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HIVXEHEITFEICT A Y EREIROEEL 220, ROMmY 2T T2ENRHIKS.
ze iz & BiF 7% ThhiE, BEN FAZHWARL THERy RASEER S5
TENRRELE D, WERICH PAERZA T ERENAREL o TR Y, K
DEV. HNEENH T onRETCOBEI L 05720, ZettEaEEEL T—
EHEOEHIZCTBENITS L 91278 > T 5.
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6-Axis

Forward Force sensor

Right turn

/ Backward

Left turn

Fig. 2.18 T-bar handle for power assist control
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Fig. 2.19 Non-contact wire position detection system
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Fig. 2.21 Block diagram of the three-wheeled vehicle
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Fig. 2.23 Reference speed of motor generated by the operation pendant
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Fig. 2.24 Experimental trajectory by the operation pendant
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Fig. 2.26 Reference speed of motor generated by the operation handle
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Fig. 2.27 Experimental trajectory by the operation handle
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Fig. 2.28 Experimental result by a series of tasks (pickup)
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Fig. 2.29 Experimental result by a series of tasks (unloading)
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Fig. 3.2 Posture change due to lifting
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Fig. 3.3 Lifting experimental result of wire angle and load weight

(Winding speed is 0.014m/s)
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Fig. 3.4 Lifting experimental result of wire angle and load weight

(Winding speed is 0.030m/s)
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Fig. 3.5 Motion analysis of lifting experiment
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Fig. 3.6 Lifting experimental result of wire angle and load weight

(zoom version of Fig. 3.4)
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Fig. 3.7 Experimental result in lifting
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( Decide winding speed )

* Notation:

Reset low speed mode
into high speed mode

W : Load Weight
AW: Change quantity of load weight
v : Motor Velocity

Process loop

Low speed Yes
mode?
Yes
AW is €7 >
#:1 Additional function
( for Capter 4.3.3)
W >600[N]?
/{es
No
Y
High speed mode Low speed mode
No
P AW < 0.5[N]
I last 3[sec])?
Yes
Reset low speed mode
<€ into high speed mode
Y
Winding

(motor move)

v

| Loop end I

Fig. 3.8 Flowchart of proposed method
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Fig. 3.9 Experimental result in lifting by proposal method ;1st time
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Fig. 3.10 Experimental result of control input and sway angle ;1st time
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Fig. 3.11 Comparison of experimental results in three cases
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Fig. 3.12 Experimental result of control input and sway angle

for 2nd time (angle and winding velocity)
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Fig. 3.13 Experimental result of control input and sway angle

for 3rd time (angle and winding velocity)
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Fig. 3.14 Experimental result of control input and sway angle

for 1st time of person B(angle and winding velocity)
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Fig. 3.15 Experimental result of control input and sway angle
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Fig. 3.16 Experimental result of control input and sway angle

for 3rd time of person B(angle and winding velocity)
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Fig. 3.17 Experimental result of control input and sway angle
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Fig. 3.18 Experimental result of control input and sway angle

for 2nd time of person C(angle and winding velocity)
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Fig. 3.19 Experimental result of control input and sway angle

for 3rd time of person C(angle and winding velocity)
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Table 3.1 Experimental result of control performance by each method

Average winding | Average of Reduction ratio of
time [s] ma)fé?;r?eﬁvzi};%r;gle vibration width [%]
High speed 26.45 1.18 100
Low speed 44,50 0.04 3
Proposal method A 33.31 0.35 29
Proposal method B 26.40 0.33 27
Proposal method C 28.30 0.51 43

(Proposal method A~C |ZZ 414 Person A~C D FERA5H)
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Table 4.1 Measuring equipment included in experimental equipment

Equipment Type Maker Specification Use for
Laser Range Finder UTM-30LX HOKUYO 30m 270degree Identification of
around robot
Inertia Sensor TSND121 ATR" Sampling Rate Measurl}rlg foot
Promotions 1kHz moving

Terapio |(F7Z=ENEEENEAEHEAE(DDSS) # V5 Z L TRIKOME2E 25 L7el2h
M EEICRBEIT S 2 kS, —H D DDSS I Efiom & AT oo a—2—L,
200 F—RE—LIZE>THESNTEY, ZhbO7 4 — KNy 755 DDSS OBH
BAWHET5Z L0 HKS. Terapio Tl 4 2® DDSS #HWWTWAR, 2 bDOBEIE
Mmoo Ry hOHEBEIEEZT v FLa=v7 L, #HET5.

EHANCEE CTE 5 Terapio IZBH OBEN D=2, RO EDEREE DBERENME &
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EHBE LDy v T XpunBEfi S, £z, ZZICEEGEREOHMEINET D
ANR—=ANH 5T, BHEICEEHZEMRT 5 LIDAR 25835 Z 8 # L v,

% ZC, Terapio TIIAMARTE 360mm OEIIZA Y v M&Exl), Z 212 LRF #REE T
HZEZL, AEEHLTWA LRFIX1 AT 270 fﬁ?ﬁ*ﬁﬂﬁalc‘:fﬁé#, FEA HIFEE
L7RWE 912 3 5D LRF 2#HWVWTAKETADAF v 21TV, ZhbhbB&GsSN=T
—ZEHERLTrRy hORFEREZRETS. :ﬂ&iﬁiﬁfik“®+/\’%b\%ﬁ§% N
W EomIERSNS. 72, 2O LRF TR TE 2, JKEICHh HEEW 24
LHifedlzaRy Ml FHEEMT 5 LRF Z{f 2 CTWA20, Zok' il:ltl“\‘/ NEE=ER
BB ETHE T LD T2 28R 20nE 2T 2700 RREETHDL -0, I 2 TIHE
UEi ¥ sYiAY
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Process loop

v

Update sensor values

LRF's Data

Create local map IMC Data
y

Inertial navigator

Person detector 3
(Search U character cluster) (3)

(1)

NI is not (1 or 2)

Number of legs
in tolerance

NI :

Nlis (10r2)

use detecting position use calculation position :
for LRF for Inertial navigator i

Decide target position .

Confirm the target

v

| Loop end I

Fig. 4.4 System flowchart for identifying target person by LRFs and inertial sensor
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Fig. 4.5 Attitude angle of the instep
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Fig. 4.6 Observation value of attitude angle
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Fig. 4.7 Z-Y-X Euler angles
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Fig. 4.8 Sensor attitude angle
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Fig. 4.9 Accumulated error of moving direction and displacement
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a;(t) = aqps(t) — a.(t) (29)
=C * Agen(t) — a,(t) (30)
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Fig. 4.10 Estimated walking path without compensation
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Fig. 4.11 Position error of each step without compensation
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Fig. 4.13 Position error of each step with compensation
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Fig. 4.15 Experimental result in occlusion case 1
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Fig. 4.16 Outline of the occlusion experiment case 2
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Fig. 4.17 Experimental result in occlusion case 2
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Fig. 4.19 Experimental result in occlusion case 3
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