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Trajectory control of multi-degree-of-freedom systems with kinematic redundancy
by motion optimization for high-speed and high-precision machining

Tajima, Shingo
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To realize high-speed and high-precision machining by a
multi-degree-of-freedom system with kinematic redundancy, this study newly constructed an 8-axis
control system using a 2-axis Cartesian orthogonal stage and a 6-axis industrial robot, and
developed a trajectory control method for joint command profiles required for machining. The
proposed trajectory generation method enables accurate interpolation of the position and orientation

command trajectories of the robot motion in the work coordinate system. In addition, the static and

dynamic components of positioning accuracy are controlled by optimized trajectory of redundant
joints, and a novel velocity profile generation method is developed by considering the natural
frequencies that vary depending on the robot"s posture.



B X C—19,. F—19—1., Z—19 (i38)

1. WFZEBRAE 4O &

6 BhERE LTI OEERA 7 AR > ML, ZHhHlE TOEEBI LS TEEFIRD A, REDPFS
TR EDORENRH L. FD=0, YHIINT2& 0 2 2ABRICERPRASN TS, L
UG, FEEM v R > MX 2 TVER & b~ CRIMENLE D O RS EE DMK 726, Fm
TICHE R Ry D PREMERBORENEHE L, MTHBEMETT2LEWHMERH 5.

EXHaRy NOEEBFERTTEMSICER Lk e LT, Rk &E < HER T aE 72 B A &
OHEPANTER v F PROILE R EHIET 2 FESIRGT SN TS, L, i Ticsd
5 6HIFEREA TRy hOTEAREX 1EIOLTHY, MItkE & HICEERRGREEOERE, >
F A ENEZ A 54 D IIIAR T E WO REN S 7=, T D7, EEXEHA TRy M EZ
EMULERBAHREL BF 22 LT, BEOHMBMI#EAZ BT R BBZ 6N TS, Ll
NG, ZTOHFETIHILE B HEDOHEINIEE > CEBY ) FAIRNT B LT 2 E WO RIER D 5.

FEEME Ry MCEDBBON L2175 oI EEAEE LT, [TERKOMEE) TR -
AEMEMEOMERR ] TEMADIRE) 72 E03h 5. 2D OREARIT 5 7-D121%, (1) T HEHE,
(2) BAEi AR, ()RR # RRFICREIL T AL ERH D, 2720, THDLDOERITAVIZT
LTCEY, MSLTHH 2 ERHEKRW. MAT, TEVAT LAOEBNENEHETHI L
O, BN TA BRI E LT-PEEM e AR > b O R 72 BRI R L AR T & TV,

ZOXOIBRBEREOT, PHEFIFEXEMA ARy FORMME: L TEEEZHIRLRBZ LRy b
FHE OB RE A EREIC S BEET 2 7= 01003, TR, BINAEE, SR HE o BIE A B &)
L, 262 RFFICREL LRTIER bR EE X T2, ZOOI0X, EEHa Ry MIIT
FEBEZ B0, VAT LAONEBHELZEHOLILENDHD. LNLERL, EVAT AD
e ok R L AR U R B 2 SEEL T 5 T 0TIk, BMECIRRIRE 2 R oiEEN DA BB L e D, B
WU 2 feid b L 72 T UL 72 nE WO BEN B D

2. Lo HB

ARFFETIE 2 EAZ AT —V L 6 HEERA Ry ML 5 Ml 27 A& HEL, T0
EEVE TR ZTENT 2 ST LY, B TIC B & 70 24 BEME S O &b 2 B &
T 5. & ATEHE R AR USRI 2 LT A 721, (DATEO/EEZEIC BT AL EREGR
HEaEE L TEGBROMM, QBN TIZSE 72 @O RIPER K OVAT B ENE 2 MERF 3 2 B & £
EDZIR, 725 NZOEKRIEE 2 KT 2 E 7 1 7 7 A VOARKEZITV, 2 s 3 THH O
Rt b & JEHLT 5.

3. WFED kL

AWFFETIE, 2WIEARAT —V & 6 MITEEZEHOEEMN e RNy 2 WD Z & TRy
AT LERRE L, THER, BISAE, SEFHEOMARBMREH LM LT, JIRESHHRE L
1G5 Uz @il s K OVaT B BN 2 Bl U 7= @l SR S 72 U Ak 7 0 3 ) X A OGS & B &
T 5.

(1) X 112777 Decoupled Approach & HVNT, FHALE & EH A EAE R T T BBV % BRI A
AR CTENENBEBSR MM T2 2 1T LD, EEMER CTOIEMEZRBMERZ BT 5.

TEREES

L E BB

EREER HEEER
1 Decoupled Approach I X 2 BiLRH]

(2) BdRy hOROILEBEEME L AT 2O E ORBREH LU, Ki/sa Ry M
BB ORI IELRET 5.

(3) FEERv Ry NI, TORBNLVIRENIEET 2 ELRERENETSH. 22T, 1
Ay OB LIERORR A 5L, FIR (Finite Impulse Response) 7 4 /L& |2k
LEET T 7 A E (K25M) ZI0H LT, BMIEESOME 2175 .



FIR 74 ARIZKDEETOT7A(IILERK

f-b

EE/NILR FlRI7:f)lz7 BRRE
FIR 74)LADFE KIS E

A
Y
N

“BEE
2 FIR 7 4 V7 Z F 7= 3R 21 & JEI R e

4. WFFERR
(1) TEONEZRSS D % EAJERE R & BRI EFE R & 1250 CTHiiffl 95 Decoupled Approach
LOEET O T A VoEFEICE R U2 BEEFIENC X A Kinematic Smoothing & % V7= 6 Hif
PEEM R v OBBMAERIEEZIER LT, SIIETEICL2a—F ) T L EE 7 v
Ty ANVEREERT. 3B La—F U o MRS U CEEBER A HIE T 5 2 & T, B
FA IR U 5 NIEL Y BRZE O HIE 23 FTREIC L 7=,

(a) Cornering Trajectory in Workspace
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(b) Kinematic Profiles of Blocks
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(a) Smoothed Trajectory of Tool Center Point (b) Smoothed Trajectory of Tool Orientation Vector
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