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Abstract: A real-time control system for a six-degree—of-freedom robotic arm based on a hydraulic drive is
designed to meet the needs of heavy—duty operations. A single IPC is used to construct the real-time
control system architecture of the hydraulic robotic arm, i.e., the upper-level task scheduling and the
lower—level electro—hydraulic servo drive are completed by a single controller. An improved parabolic—
based trapezoidal velocity profile optimization strategy is designed; an inverse kinematic iterative solution
method incorporating levenberg—marquardt (LM) and Quasi—-Newton methods is proposed; an anti—
integration saturation PI controller is introduced to eliminate the effect of integration saturation. The

continuous trajectory tracking performance of the robot arm in Cartesian space and the overall performance
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of the control system are tested by simulation and physical prototype. The experimental results show that
the control system is stable and reliable, with strong real-time performance, and meets the engineering

HUBRCE F il 28 46 o ok AL RO R I
AR T7 3 Mo, d IR B — Al e A% R L
{H Hy T H A RE s, M LU R R Aol 5 T
PN TP i AR oKk . MIILZ T RS
FA a7 40RO e W s 2 R AR B o
AN €IS =R T AR LIS U SR
TE T HAF b 52 B 3 Bk, 42 i L i 4R

B 0 BB . SCHRL 13 )R FFE T I B M A
WO R TEHLT BB H TS R

TIESEB T BT AR B R P4 . SOk 14 18
Xt Y8 PAATT s 45 ) 75 2l A RS J3E [ A, 4R 1 T

— TR T B 5 £ P T R T A ) A A A SR . S

BR (15 ] 7% 38 0 W AT 4% 2 40 v 0 Al e v 2R 452 )
R BT T T B TR A T S X N B o R
PR G M . SCHRL 16 T8 X ARl Ik & 42 vh
FELE M S B 8 AR PR R, it T APk
FEMULACE 3z, 2 A H AR TR S A

[ R AE AT VR B SR Sh WL TR 1) 2 1)
WFgT 5 ™, 40 26 [/ Kraft TeleRobotics 23 & 1)
Kraft Raptor ¥ JE LA 5 58 [ Schilling 24w 9 7K

F I N 4 R WS . AN N TR R AT
T W JE AL Orion. Conan., Titan 3. Titan 4; Jill

YUAUASG RE Pk A, AR 22 2 3 AT S T 2% 1 3 1
JECAEL Y S A o S L i T s BROA T
PAAT R e VTR 2R 496 110 B 1 B (HL I 42 0 5
SR E S T R SRR K SR I Hk L
£ K ISE 24 m) (1) Magnum & 51 LR 551 50 R AH

X HEBR R o T R 2D B (AT B 4

R/ R RE R WD (/& 1 VR S ) = = L

X}

5 15 A AT skl G 3 G L A B TR AR R A
DR S

AL AR AR o X BE BRI T & AR I H.
S g
RE A WAL T Ay 2 55 7T R BN K 4%

FE 3T E R B vk B A Sh ALt e B ik £ SR
RER G OEERLEiIN 4

(] FR ], DA T A S B T R 32 3 T —
ERE YRR o IF B, K282 78 BLR )= i
W MUBRE 2 — Fh 24K 8l ) 2 R e, A% i
J7 53 G B R R oy o O

R AU 7 ik 2 > M SE B BLBR R 58, B 56
T A R A/ B (SISO ) 2 e HEAT B 4%

i, TS5 22 18] R T LR RS B E B T

AT BB AIE i = xS B A B R AL B I
R T o3 1 i O 2K b ] O U R

b — At PR P AL 3 AR A T 32 Bl 4
for AT BR A 7 1] 2 A AL DAT 0, 36 58 2 Ik 52 39
BIR il i i 2 0 A7 R 1/ BRI

AR SCLAA 52 58 % (o ) F il 4 Fi V8] R 20K 3l
7S H By R RO S B R g R R T R
BUBRE 52 kP il R e 58 9 W o 2 T LB
T Z A B A AN B R o J HCE A T A R 4

i) F A B P 22 A S B PR AF A o AR As B4

A SR LA T3 S R B S L D 38

EREPLARGE, Bt T I QAR — 4 v 42 1)
B4 S AL PRSI 55, (FUR X Rl R O sURA

14 9 e MUBRCRES S i 4 ) AR 40 5 R 1 T 2 T 46
466 I 3 JEE il 2k A AL B L R TR & LM 5

F4 S FH FR BT A1

TEHCPE2E 0T K B SR A A I AL, R T
JEE o AL, BF 58RO S T i A ) R e B AT

i 19 390 32 Bl 2 2 AR R WS, IR T 3R T R
il (Back-Calculation ) B9 37070 Rl P42 i %% , 52 #1

TR LR R RE RRUE Y R G . DU
O TR RO AR G R R B o

PEREFIE B 1, [ NS B4R T AR Z AR Lk 4%

M FR GG S G2 Bl 42 1) P D7 T R P 3 42 o) AR S
] B 3 R figp D AN ] PRAT AL A 1 [ T, AT 52 3 1

WSS a8 ) BRI X U B AR
Pl R AT T . SR AR RGLE AT
T FIRE PR RE i 2 T 2K .

1

BT IK S LS 2R 450

MRAE 5] 28 H R A T30 A f R AR B 5 9 44



- 3360 - T MK F

¥R FHR) % 54 %

RIBL AR AWEH 5 00 H L A 1 O U8 i X
By i K B VR B B S B FREE FLAE AL, an A
TFs o LS 28 40 i U 2 IS 38 F0 42 2
TR 3K Bl AL 2 1, L B 2 IS 28 R AR L A R
RGN R GE % FR G0 R E TR RGP
SN R B S BT TR AL A

FEBF ARG : B RN REAR
INF 40 kg B 1.5 m,

H AL 2 1 2R 58— MR 0 A 2045 i &
£ W R 2 8 S I TR VAL O B o
IR R B B RS SN A DO VA INTITES &= O

TEH TN
B &ENE IR
Fig. 1 Physical prototype of hydraulic manipulator
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Fig.2 Structure of the control system
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Table 1 Manipulator description
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Fig. 10 Experimental results of curve programming
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Table 2 Comparison performance
Ji i LAUHL/ K FEAR ] /ms
LM 29 3.30
BFGS 32 3.06
LM-+BFGS 25 2.18

3.2.2 SR IR EE I K
FF MATLAB/Simulink FIHL 88 A T B4 4

T WS g B AL WL 11(b) o Bk

K = 4 23 () RUAH 2 AR S 00 R SR B ke, DL IR 11

(a) B, B i AR ity I A AN AR L 7 A
xq=0.1sin(xz )+ x,
yo=0.1cos(xz)+ y,
24=0.1sin(0.57z )+ 2,
R=0,P=0,Y=n

(21)
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Fig. 14 Simulation results of the saturation function
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Table 3 Control parameters

1 k, = 110; ;= 4500; &, = 10
2 k,=52; k= 3000; k.= 10
3 k, = 390; &= 6000; &, = 10
4 k, = 500; k= 600; k.= 10
5 k, = 380; k= 55005 k.= 10
6 k, = 300; k= 800; k.= 10
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Fig. 18 End track tracking scenario diagram
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