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Hybrid Trajectory Generation of an Articulated Manipulator for High-speed Batting

Taku Senoo*, Akio Namiki* and Masatoshi Ishikawa*

Speeding up of robot motion provides not only improvement in operating efficiency but also dexterous manipulation

using unstable state or non-contact state. To produce high-speed manipulation, we have developed a robot system

with 1 [kHz] vision sensors. In this paper, a hybrid trajectory generator is proposed so as to get high performance out

of high-speed robot system. This algorithm consists of both mechanical high-speed motion and sensor-based reactive

motion to target movement. As an example of high-speed manipulation, a robotic batting task have been achieved.

In addition, performance evaluation based on manipulator dynamics and system constraint is analyzed.
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High-speed robot system
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Fig.9 Time response of joint angles
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Fig.10 Continuous sequence of pictures

IZEoTEMEENA. 22T M(q) € RV™ ZEMIE, h(q,q) €
R 33.00) - 2+ ) JJ0HE, g(q) e R* BEJEHTH 5.

Z 2T EFEOE I ENRIEB L RS IcESwT,
Vol =0, IEEOFEEE (A N5 27 =),
A 4 v IR OITEE OB T B T — LA DB RENE, B
L ORI T BT BRI OWwW Ty Ialb—2 3T
EEMICEG S 5.

4.1 YZEF1L—428E

AT A THICHERE ETAMIC 10 [em] BE L2 L Z0,
ME#HE L E—5 MV 7 OIngE%E bt Fig. 11 IR 7. KX
t=0TCKR—=IVEFHMLIED, t=01TAY 1 Y7 H2BHIBELT
t=033 TE=IVEHmELTWE, MPIELICEE SN LITE
BB ER LW0EICIRT, 2T ERER FL 2 RIBIE
WMEFERTETWDL I EDHRTE S, MV 7 IEERIIE
fELTWELS, A7 4 v ZBMGREA t = 0.1 LFTBERH] ¢ = 0.33
WZBWTHESLSHTIZ R o TWwA, THIE, Y22l —5D
W% 5 REAMTHERLTWAEZ L, 5 TFIZZFOREAIZEWN
THHEDY YR 2T TWVEZOTHY, BEITEEL
Bl (ZEAX TR 7 XU EOHE) 2HWAZ LTIV ET
EBODRWEZAERT S ENTEL., KERTIIAE L Z2HLHE
REEOR =L TE=F VI BREL LD LI, F
BEOWEIST A—F ¢y, Coa 2=V AT Ay ZIZHET S
ETEEBEREE L TWD, FRRREMVY FTELORE
R THEZEDPMERTELD, THEY 32— a3 v T

JRSJ Vol. 24 No. 4

Bk A N E &

0
@
TS
2
8
S .10
>
£ — initial velocity
9 - - - modified velocity
s limit velocity
-20
0 0.2 0.4 0.6 0.8 1
time [s]
15
1
E
Z
()
=}
<3
2
g
g 05 — initial torque
- - - modified torque
rrrrr limit torque
-1
1.5
0 0.2 0.4 0.6 0.8 1
time [s]
Fig.11 Time response of velocity and torque
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LI S 1E 2 HHEIMT L 2 2. A SOITRIEMN F
TICHETE 2 98EUE, HREG 15) 2FEET 5 & Mlim S
D—HOEBL Y, COEBEANTIA 7V -V EEHKTD
(Fig.12). A7 4 ¥ ZHEOFTER #,(0) 13, K=V OHEFEWE
EANTAI =V EDORBHE L THRESNS.

Fig. 12 (b) &, #EkAM (z#h) bR LEDX T
V=THY, &S 100 [cm] BEE, WF 60 [cm] HEOKE S &
b, ANTA 7= R =) OHGE I AKEE I L8
CHBEEMNSHREL, T—AWAY A Y 72T Le0H
DIIEL %D, 2, ZOFEBOINIIAIL ) K= VITFT T2
WZEDHEFNZGR > TVBEDT, A4 T2 VLI
BRELTHDE. AT A Y THRIHEAPELL WG, oF
D 7u(t) = constant (0 <t < tp) DHEIF T DOFIKANIZ 74(0)
RBRTET DI THENMEE NS,

REFTITFTEIEN ¢, 2 T2 EDPEE LW, £h
o TANTIA T V=V /NS oTLE). I TNy
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1.2 + Strike zone
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Fig.12 Strike zone

TA YT IRAINESTHRBRANIA 7=V MR LD
AT, ST TE A M %25 X912 0.23[s] HEE S
nTnb,

4.3 ITBEATLICHT B BREATEEHE

ZALER TR — IV OBLEIZ A Y 4 > 7T 5. 2ok
) HITEEOBLICH LT, ~=¥ a2l — ¥ P EDREBHET
HECHEDETAFT IV AOBE L VIERT S, Lhiio SW
E— FOBE LERSEM (14) &0, FIBEEG ¢, 2B CHili
LS (9) ICHAET S, FATBIEEINICB VTR = VA2
TFHICHET B & L, FRINOFTE LI L Clan
5. FEEEEAEICOWTIERE TR 5.
FEBRTIHITREOBEHEEIIRETD 2[m/s]| BETH- 72
Z 2 TITERE D Py (t) = 7u(0) + vpt, ||vb]] = 2[m/s] TEIL &
X, YOREFCT—LDBRTELNYIaL—Yaryli
Rz Fig. 13 \ORT. M 7,(0) 13, 2 FACELTHD -
BDD 2 HAFRSINT WS, FTEEH»SHBEHRIHT TN S
WA BEOBIZEL, FORIIBIREERHEEEEL
TWb. FTEEWEE 2 fEUE, A - MV OHIIHIBRTIlE 2 <
7 — L O EHEIFHHIR & 2 I3 FTER SRS B O IR B IR 12 A AT L
Twa, T/, MoOFTEHIFLCHREERY I -y
MERPEON. DF DV AROMEB W NTITRESBE T 5
Ry, v=VY a2l —7ILBHTETS .

W = {7‘ | g5 min S || s _f‘SW” S g5 max ,
re = #(0) - €} (19)

AREBTIIHT T— F3HHED ) b2 HB ORI T
o0, fEE W NS E SO E T A FE TR E
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Fig.13 Area where a manipulator can follow the shift of a bat-
ting point
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Fig.14 Impact modeling and margin of time error

&), ZoBAEHBII BRI o T By E BRI ISR & RS
LTWBZEDFER SN, T72, FEGTMICE L TIZFTEE
AT A4 2740 [em] BERE) L CHIHBEFFI) T2 L
HRERE S 7.

4.4 BSEBEECM T BITERREM

K=V DWEG ¢ + AL 1T (9) ZB#ET 5 EHET S,
DEE, Ny FOREA; LR IVOERE Ay B EE Lo
SRR TcERENS.

l[re(t) —

B HITEH 7y [0 2 ThEA T A BED B R — L A3t
BLTCHEMRELAE &, FTRWRE L % 2 FFAAER 2 5t
BHED., Ny PEKR—VOPEEL Ay = Ay =5[cm], K-
DENE % 1o(t) = Py + vo(t — ty — AL), |lvo] =6[m/s] &%
FELL&DYIal—va /fER%E Fig. 14 1R, Al o

INE st ro(t)]] = A1+ As (20)
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X, K=V M2Ed % & & ORFEmICHTT 2 A5 A2 ELTWw
b AFHAAVNE L %513 L, FARERIIAREL RS, I
i, HEERIOR—IVET —LAOBENRY MO THEINT
TFIEL B0 TH B, Tz, AFHADS 23 B CRFAEANR
PEIA L TV D, AU ROEE AR I2H3  SW £—
FOFEIZLY, HT E— FOHAHELZT TIRBHRL E AL
LI EERLTWS., AFAD 0~23 EATDOR—)VITH L
T, FFAAAEEMI 48 [ms] TH B, TIUIFTEEER 0.23 [s]
DR 20%TH Y, B HIEEDREMFRA I LT HFEI I §
b LR LT.

5. % & b9)

ARLTIE, OFy b3 AT LOBHELE HIETBIERNG
LTNA 70y FEGEAEREIRE L 72, T HUGEEHEE & ST
SR % Bl L2 o OB EE— FROWRENTEY, 7/ Fa
IS BTV EDTEBLENT Y AT AITH L
FTNT)ALTHL. JERE LT, AR 78— L%
OR Y MASITERS Ny 74 v VB EI L7z, F7280 741
VTR EA BN BRETT R ER O N A MEA Y I 2L —2 3 VT
TEEMICEHMHL, RELATNVIT) ALOEMEE MR L.

AHOBEE LT, ~=¥al—5 5 L OEHRZTTIE
%, Ly RUIRS FO Y AT AEROBFEICEDE,
(e | % FARROICFFIGC X 290 AT 2 2 eI b
B, F1T AT THRANY FYHlAELELZ LT, I
RTRAE S R E R AE 2 AT I o 72 B e B = B L —
YarEFEBT A TETH .
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