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Development of control method for robots of Complicated Structure in Bodily Information
Kyusyu Institute of Technology Kota NAKANO, Akihiro HAYASHI, Hirofumi FUKUMARU

The use of robots is expected not only for industrial fields but also for non-industrial fields, such as medical, welfare, disaster rescue,
and so on. Non-industrial robots, however, are always exposed to a change of working environment to be different from industrial
robots. So they are required to move with taking a various pose to be adaptively desired for a change of working environment.

This paper presents a framework of robot motion control based on interaction between robot embodiments and working environments,
and describes the detail of the embodiment model proposed for representing robot poses and motions.

1. k&
TEEEZAT HEMERREEO Ry FBRBRERLH A7 150 TE
BR7Z2EE - Mk % & 246, BIfGZE, B S lnRy ho
REARTHE®R, TROLHEREREIEE - RELRBS, 2Ry

N DOWDEE - TERZIRET B MERH 5.

AWFFETIE, BIEREEICRG LIRS v R >~ O IRHIE %
AL L, Ry hOEERELZ KT HEKIEREZNET D Figl OF)
EZ7 =20 —7 2 fE LA RE L TE 2. RfETIE, 7
L— AU —J CNIET D IRE MG RET VERRZ L, ffivay
1TH1% W= E B et Bk 2 O 2 U R B E e R v FoOTE
KHEOY I 2 b— a3 U ETY, TORAEEZBRIET 5.

State/ Situation

Knowledge .

. Request task
Motion | Nl—uw-—- "

planning e ~

Interaction

Maotion
Instruetion
(Task)
Operation
Point:

Target Point
Fixed Point

Information
from sensors

Reflection

]

I

Skill Basic Rule |

. -* |
Operation Inverse i
distribution kinematics !
-‘» i

. /

Bmbodiment model

Reflecting
the actual movement
of the robot

Fig.1 Motion control framework

2. BERHETT L

2.1 BiEERHE

BREHE L, Ry NOESIRESCEAEZRT T A—FDZ
ETHDH. BEMICIE, vRy o, BIENE, BIEimE, B
i, Ry FOEL, RETHD. OO EIERFHR L&
ORI 2 SR E2 N U CTHEICER L, ZOMEEMSR
OEENRES. FEEEIT, 2Ry bOBMEICH L THISER)S:
HEICE > TEHEND. ARETIE, ZOEHFHEICSLEREE
HOMEBDIEESMEBZ T T 7 CET. LD XD ey EEEE
BB IRL, FEEREEELRN SRS - REEE21T 5. [1]

22 EEMREFMER YT —T N
BEENR (F 7= 13BN - ¥ A7 8) OESMEZEO I, HIEd
Ry POREIZLVIRESND. o T, BBy hOHEORE

WatFE L, EIEEOCH A ZRET D L ) AN LETH S,

AFFEOHIHET LTI, rRy FOMEIRS A7 872 E DR

O HEE, RS EZTERE T DR 7T 7 (Fig2) TRET D,

T, EETDV 7 #2800 EXAEEE L, ZOHYEZITRHET
HIEBRED F I E AN 7 7 7 (Fig3) TERBT 5.

T 7 &3 L= Fig@OD T —7 /it uR v b ORERE O U
VI DERROFEE R LIELOTHY, HDHENOITESE L FIEFE

2018 RS TP R R R R AN 2 R G SR

—303 —

WCHER B E DA% 1, BOEA4 04875, Figbh)pETLOR
Ry haBEZDLE, B#UEPLE P2-5% Y Fig2(d)dT —7 /L D4T P1
E B P2 ATIXERCBIR N B D 7o EFR T 17 & 20D, FTo, FEHUR PL
& P3ITITHER BRI IE N2 07T PL & 51| P3 DEFRIT07& 72 D
W, BMZ T 7IZO0WTHHT 5. G772 707 —7 Vi,
BRI OB EEOREL ST DO TH DS, dLor RNy Ok
BIZRBWT, AT 7 OITHIOEEOITEREDREUR» EED
IR ORI, BB RENDLIHEET L, BMOGEE0LT 5.
FIZIE, Fig2(o)lok W\ T, USRS PL EREUR P20 v 7 2 BEEL
%A, Amo7 7 7 0T

) 2 == | [pi[p2[pa|ps ps|ps|p7
s F|g.3(ef)é:7§:g. T o1 00000 EO=(=(7)
T, HIZZ7D7=7 oy o1 0 00 0
DITES T 1R H %S (1o 101 000 (p4)
DEBE, TT0ooh [P0 0 101000 ()
ORI TRV (B0 0t @

P60 00 0 10 0

LTEETES. LED foie oo o1 olo ®
2T, BfiOEB =D (a) Table (b) Structure
HrEkBZDHE, B P2 A Fig.2 Un Directed Graph
[lfind 5 & % OEBmE
%, Fig.3@n 7T —7 /L0 [p1]p2 P3| paps|ps 7
2fFEMLbMS LS St
2, bR P30 0 0111
P3~P7 TS Tictiis Mo 0 0 0]t 1 1
% (Fig3() . PAgip3, =0 000t l
BIE PABIRERICEZ 22 [p7 0 0 o000 o
LG, ulRy MROER S (a) Table (b) Calculation Flow

AT T T Fig.3 Directed Graph (Fixed Point P1-P2)

3. A8 = BTA W e s R R

WEEAFIRE, BEEE T OME, KRR EIT D70 OBHEI%
MaRDLIFATHD. BEIAE~T M1 =[0,,0,..,6,]", F%k
DAL« BB RT Y M bx =[xy, %5 ., X )T OBIRITIRA L 72 5.

x = f(6) St
ZOREMIBALT B 720 (TR LTI T 5 LR 2 5.
x=](6)0 @

ZZT, QRoLFLOY 2 etTH JIFRATEALND. ok, 2
DY A EITINCHONT 3 RIEZEM TEET S ~v=t 2 L—¥ 2 E
L7e%t, n=Bfig, m=AEROTHIERD.

on o .. Oh
6, 06, 36,

J=1: T - (3)
Un Um .. Un
6, 06, 0,

A TIE, EEO~v= a2l —Z(FEv=t =L —2) &~
SEa Lb—XZEHBRL, =t L— % OBE (R O
ERRYD, ZOMERERO~ =Y 2 L— & O/ EICHEERT S
EERET D, AFETE, QXE2HLERITHKIZEY T Lay
Fuaryihbb, RESLCTWIRICER L8 LWMERBY 2 ©1T
Bl EAERT D, 22T, 2%l ETEET S 3iov =t



E15

L—2 %I L CEAT . ZOROFRE~v=E 2L —4 DA A —
VK% Fig4 i L, BIfiZEMoOBfRRK A Figh lZond. W, ZOR
IZBWT RYE 2R EZEM, RIE 3RITFELER Z 7T
EEO~ = a L—F ORBIZLLTO L 512725,
x=J0

X jxl ij jx3 01

Gl=l 52 5l [g] @
Z OREZ AR OB ERT HEAATH K ZRD L.
U TFOEIchbbbEns.
kll k21 k31
k12 k22 k32
k13 k23 k33

K K, 1IZ(@)RD Y 2 1TFOITR D % E NN IEREIT (L LIz
MV THD. Ky 13K KIZk L TER RN ML Thb. Figh 1T
T K 9 ICK Ky, KX A CEA L2 MV TH VK K IZ(@) Ko ¥
a EITHIOITRG B 72 D EA X7 MV VL, 0MES il Eigdh DX
7 MV THD

TLWIZ,
EAZATHI K

=[K; K, Ki]= - ()

KKT =1 (IIZHEAL175) (6)
B)RZEHNT, @REUTO X ITHRFENEZHNTEEHEZ
% =JKK"6
[x] _ ]:xikli ]:xikzi JxlkSL] [11:2 al] ()
Y vikii Jyikai Jyiksi k 191
ZIT, v idlo 14TH & 24THOES “wﬁ(Iﬁi)&
LERZTHIONEN0 D7, (RUIBLTD X STk
[X] — jxlkll ]kaZL] [kll ]
4 yzklz ]yl 21l 1k2i6
x=]'¢p =+ (8)
ORI LTI O MBICERT 5. 2 IRorZERM L CElfET 5~
=VEa bL—¥ 084, Ak LIEEY = ©175))1%, 2 WRIERIATSIT
5. FHRYa i) 2R ORE~v = a L—X IO\ T, KR
RABIOAEQ 2 RAD SR D 5
JTlx=¢ )
Z ORI O N B ERITH KT 2N TEBEO~Y =2 L—#
DORFAEZRD D,
0=K¢ - (10)

Real manipulator

/2

Virtual manipulator

Real manipulator

JKy =T
JKz =1,

Vielual Joinl 2

i=J =y F, 1l
e e 0 -
J=U1 J2 J2) _[/'yl I'yz 0]

Real joint angle

S

Fig.4Virtual Manipulator Image

—| Joint Space

Jy
® Subspace

| ' /

Vy:Figen Veutorl
V,Eigen Veclor®
V,:Orthogonal to V, and V,
K, ‘Basis Vector
K., Basis Vector2
K3:rthogonal to .r(1 and K,
Line Coordinate]
e Coordinate2

it e

Fig.5 Basis Vector and Eigen Vector

4, VIalb—vav

ARETIE, 2 Rz CEIET %5 3 Bffio~=t a2 L—& 2O\ T,
2 HEZ B2 - A 08I I 2 L— a V&2 To7-. 2 BEDEA
HEARE, B T LR LB 2 2 LA R b0 LT 5. [3]

2018 RS TP R R R R AN 2 R G SR

— 304 —

Copyright © 2018 JSPE

ZITC, 3EENIRT KOZEHELUTOLHICHRE L. 2721, K

DIRZTFDLOBIEZ A7 1, 2OH35EEKT.

Kai: I #ERUL Qaidd A7 SRADYa D% 117H)

Ka2 : KaLlZx} U a2 & IEE AL

Ke1 : KaLiZsf LC Je1 &2 TEME AL

Kgz : Ke1iZ% LT Je2 2 TEMIE AL
ZOBOBEOK T4 Figh, K OE(LOEET% Fig? (. Figh T
L, BESAICHAZ HAPREL WD, ZhuE, FAZEHALY
AY HBOYACDAEMEERZEL TWDH EBEZLND.

WIZ, K DFIRT M EN BB RS R 5 2 12556 O B w2
DOFA-% Fig8lIRd. TR D, Fig8(d)D Ke2 I B4R E % 5 %
T2 &EDH, BIERBIZEIETHZ ENbND. ZiUk, Fig7 o
“Kar & KB2'lZIEHT 5 &, Znb 2 5O MLVONFEIZATH DD
5, 2007 MAPFHET LEMAEITAVWEBIELS 572D,
WENRERFTPERINDIBERTHDZ LD, Lo,
Fig8(d)DHAI2iE, Ke MRS, HESBICEEL TV,

Target Point A

S
Talrget Point B =
T

£ -
‘S\ &
=
. , 1|5
4, s
=

_..,’J‘P L ,‘----------------------

\] : oC

The numher of calculatmns [times]

Fig.7 State of the K of subspace

]
n
'
'
[ | .
g ‘l * = = = Deviation lo theXs | &° * = = = Deviation to the X5
£ 1 = Deviation to the Xa | 3 Deviation (o the Xa
= AN urmmmammmmmmm 27 g\ T temnndanmaenm .
1
)
.
E 0 5 "0 150
The number of ealeulations fimes| ‘The mumber of caleulations |times|
(a) Kai=Ka1X 1.5 (b) Ka2=Ka2x 1.5
¥
L]
.
.
o .
E ' " = = = = Deviation to the Xa * = = = Deviation to the Xo
= . Deviation to the Xa Deviation to the Xa
204 M
»
.
u an®
Yammn="” ) ‘----------------
5 c E o ot
The number of calculations [l:‘inu‘s] Thi number of Ellclllnlmns Hlmcﬁl
(c) KB1=KB1X 1.5 (d) K2=KB2Xx 1.5
Fig.8 Changes in the coefficient of K
. FEER

f%ﬁ’l‘%mﬂf‘ﬁy F OFIEHFEREEZ BB E LT, £ O & Hl)
BEEERT 7T 7 2B AN, FREREZLE L7272 OED) G
ETOETNERRELE. £, =2 b —F 0B 2 HITHEk
DWEEB AR FECL T, ZARESATEAETYH, AF
HEOKEZZALEED 2 L TEBFHIHAETH S Z L 2fd L.

SH%IT, ZAMOFREICENT, EEFEAREPEVICHELDL D
£ 97 K OESZEROIEEIIIZEH L, KOFFIZLS~v==
L—Z OEFIZHOW TR Z1T 9 .

23 3k

(L], i SR HRIC LS < Mg 0 R v N OIREET
TVOBATE, 2016 LR RS T A KR AT s i m SUIE,
pp.5-6, 2016.

[2]Dragomr N. Nenchev, “Redundancy Resolution through Local Optimization:
Review”, Journal of Robotics Systems 6(6), pp.770-775(1989).

[3] BHBCACHR f@ ML s ARIL UL TR, e a T g v
a v EIToEYa e i EAVWTEBILE~Y =Y a L— % OifiE# T
RHRIET AR T 4 7 A - A b= AGEHZ: 2016, 1P1-03b5,2016



