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A Cascaded Feedback Control Scheme for Trajectory Tracking
of Robot Manipulator Systems WITH Actuator Dynamics

Jinwoo Jun*!, Sadao Kawamura*!', Katsuya Kanaoka*! and Hiroaki Ichii*?

In the case of control for nonlinear mechanical systems, which have complex actuator dynamics, the total system

becomes high-order and nonlinear. Generally speaking, it is not easy to tune feedback gains for state feedback. In

this paper, we propose a feedback control scheme for motion control of nonlinear high-order systems. We prove that

the proposed scheme can improve the trajectory tracking performance of a robot manipulator system with actuator

dynamics. Moreover, some simulation results demonstrate the effectiveness of the proposed control scheme.
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Fig.1 Single-acting pneumatic cylinder system
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(61) & qa(t) WG 252 L12E > T [§Mh2) DFRED
WREND. FR VT ORI E A & T 522RE5 A
F I A, AHXTHET LML A F IV AETVEL
TEHTHIEHNTEL. D(g,q4,T) 2V, f>0T f
BT - TRBOEOBEE & 5 0 HiE I ThH Y, AR
ThbdHb. L7ehoT, G4 3] 27z H(q,q,7) 2H5HIC
wEtc& 5. UWTFTE, H(q,q,7)=1%,F 5.
5.3 Al
9, DI 2 BREED) & iE B X R A € v
THERL S 5.
Ta = SPs = —GpAq— Gy A¢+ Kqa(t) (65)

ZZT, Aq(t) = q(t) —qa(t) THAH. RiZ, HEHA%E L7
@ﬁﬁﬁ%&ﬁt&ﬁﬂ%ﬁ%%wfiﬁfé.
u=Kp(rqg —7) = KpS(Ps— P) (66)

72720, K (66) (2BWC, FEBHE T (¢
b7z, (13

0) iA(qlhqd) =0
) D, D A(ga, ga) BIFVE R,
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Table 2 Physical parameters of the cylinder model

Mass (Mg, + Mp) M =15 [kg]
Cylinder cross sectional area | S = 12.56 [cm?]
Temperature T =293 [K]

Viscous friction coefficient
Spring constant

Stroke

Initial position

Initial gauge pressure
Supply gauge pressure

B = 0.033 [kgf s/cm]
K =2.54 [N/cm]
L =30 [cm]

4(0) = 10 [om]

Py = 202.6 [kPa]
P, = 607.8 [kPa)
P, = 0 [kPa)
|[umaz| = 2.5 [mm’

Atmospheric gauge pressure
Control input saturation

%]

0.5 600 24
550 1.
o4 s -
500 " :
0.3 / qd
450 / :
- = =uhk / e
% & § / P
g 0.2 5400 5 / Pd
At g b o N
350 !
0.1
whk oA
300 i
!
0 Wl )1 “
250 ;
;
/ : : :
0.1 200 10 =% : : : :
0 0.2 0.4 0.6 0.8 1
Time [sec]
Fig.2 Trajectory tracking result of K, = 150, G, = 150,

G = 150 by cascaded feedback control with input limi-
tation

5.4 Y3al—Y3r
Fig. 1 DY A7 £12BWT, KR TRET 26 (X (65),
(66)) =MW, DT HE#:E,

qa(t) = —9144.9 7 + 9602.2 ¢°
—3456.8 t° +432.1 t* 4 0.1 [m]  (67)

WCTOMBERERIE Y I 2L —Y 3 VFERZUTIORT. 22
T, WO RATOER D720, HEW#ELZ CC HICLTwn
b, 1272L, A YOHAIE Gy kN/m], G, [kN s/m], K,
[mm?/MN] TH 5. ¥Ial—Y 3 »yD/8F A —%IL Table
2 CTHhAs. 77, X (60) ITBWTHEN £ = 1.4, FESKE
¥ R=028721CLTw5%. X (58) TERHINIZERDY A
F 37213, X (61) OREE B, R O Bk
PHEHTES, 72720, EBICFHEND AT ALTIE, AT
EOHIR SN DAV T DA F 3 7 APMEETE LW
GbdHbH. FIT, KEUTIEANEICHIELSS 554, T4
HEIV T ORIIHEICEROHIRYL S 5 56 % 5212, Table
QIIRENBENTA—=FETY Iab—arxfror.
L= a3 VICHW T A = E & BAEHLE LS EE, 3T
HHDOT, —HEMICHIELHE LW RE L THRELTNA,
5.5 Y32l —Ya iR
FTANBICHIRAE R WIGE, ¥4 v O LR Lk THLER
PEREREDS EIT BN Z EMERRCTE /2, 72, K (29) %5
BLERTIE, & (29) 2IFICLTWT, AEEEICHRAEZ &%

via
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& Mo ow i B wh B

0 0.2 0.4 0.6 0.8 1
Time [sec]

Fig.3 Trajectory tracking result of K, = 2300, G = 2300,

G, = 2300 by cascaded feedback control with input lim-
itation

CHLEBREHREDARETETWB I EEHE L. 71 0N
WIFREIZB VT, ¥4 F 37 AT X — FEDPREH ST
WL, YA oFa—=vr7e LT, T EHOWWY 1 F
IUAD Gy, Gy % 2 KRENRE LTHRETES. Kio, B
Hor 4 v K, 3 (29) 25RIERR, EIZ45 &) ICfkE L.
KIZADEIHIRD ) DFEIZBNT, ¥4 YO EREE LIS
WLEIBETERE AL E C X A MDA T E 72 (Fig. 2, Fig. 3).
F 72, —MEW 7% PD HISHI,

u=—GpAq— G,Ad+ Kqu(t) (68)

ELT, A v Fa—=rrwdlmizds, Fig3 IR AT
LEXRYVDOREZELEZATTIFA U EIFAE VAT LN
RNEEEGVEY T A VRN Lo Tz,

6. 8 b 1 (C

oKy MEEFIHICBWT, T/ Fa -5 RFAFITA
PERLT & % WA OWLE B HERIE & B A EHIE 0 LT,
R D 7 4 — FNy ZHIHOBEMEEZ R L7z, EIHEICS
WTRPLEBHEDOBHNDOATHNILT LS IEMHER/ST A =5
eV LEEIZV. —F, MERETE, ¢ > T ZB0»
T =0%L7 EBETE, Alg, q), D(q,q,7) DEEH
DHEEDIEFETH BRI 2. TS DA PID #lff 2 &
AFATRET, JORSIIHET L. 775215 F~\0D
TA=FNRw 25140 Ky, &3 p2 7=5E%0, Gpy, Gy D p
= FICHART, B KREREERETH I L2 ERKT B
BRI DIGE. FERICHC T REMHE L BAEMICRIET N EE
DEDPRKELFIET LD % EORFHISHOPEE L2,
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