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Design of Excavator PD Controller Based on Particle Swarm Optimization Algorithm
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Abstract: Aiming at the problem of precise trajectory control of excavator, the dynamics model for excavator is built, and the
automatic call of excavator dynamics module, PD control system module and PD parameter input module is built under the
Simulink simulation environment. The PD weight parameters are obtained through the PSO optimal search. The excavator dy-
namics model is defined in the PSO program, and a closed—loop fast adaptive tuning joint simulation is carried out under the
dynamic control. The simulation results show that the excavator PD controller based on the particle swarm optimization algo-
rithm can achieve the desired trajectory control compared with the traditional trial and error method, and both of them are close
to the theoretical value; but the excavator PD controller based on the particle swarm optimization algorithm can quickly adapt
to the adjustment, and it converges by 75% compared with the 200—5 combination of K;, and K in the trial and error method
in the initial process of the excavation trajectory, which reduces the steady—state error of the system. It greatly improves the

stability and accuracy of hydraulic excavator.

Key words : excavating machinery; dynamics; PD controller; particle swarm optimization

0 51 &

FEHALLE Tk 5 R ATEESR Sl ia i ok ) T
SETIRARAT T W SRR ARk S s
(kL Tolk A S PR BE Bl > 32 8 A e el sk
RN A2 IR LAY R B Bk . R S5 R AL
AL 2 R Ay R I T AL AR 2 45T 11—
ST AT

IO O

SR Y BTN Tl P 8 42 ) PO A0 S B R BT —

« Wris BHHA.2023-02-12

AEIPERE DU 42 i &%, dd i i A H AR5 B
S H AR XS B P 0 T 3R S92 4 ML 5
s s USRI IR A B S A2, H AT, AN
RZ BN AT IAT T — & 5T . Long C 45
H 3 X HE B PO AR AT 3 E S Al Rz B
TR, JERT 3 JR 2 R 25 X B 2 FR A
SRS HEATAME . IR AR B R AN B A B
TR ENE (RBLR 22 G R AE) X2 LA A

B : EHK A RPEIEE T INI H ST YRR 22 AME 0 548 0 by ) R 48 T s Ml (45 :51805228)
VIR B G52 AR L B I R0 106 7 48 2 IR F 15 5245 R ) SR WF 5 (40 %5 : 22K B460021 )
WM T RR SR I B TLR VR A 2R 48 B O Y R s R A AT R AR G B 0 AT MRS B (R R ) (BT

CE20209002) ;

WM SRR AA T B E W H BB 2 T 00T 228 800 2 5 AR IEAT e 10 RGO B (45 : €Q20210093)
VLR BT A RIT S SRR BRI F S48 AL A ShZ P05 2 90T & IRl s S 5] (4 5 SICX21.1323)
TEE®IAT A WI(1996-) 95 TP EGEN B0 5ELE 5807 1) MU S R R e it
BEEE XNPLE(1988-) 00 HRm ISR RIZUR , 1 4 BE 0 1) < A I EAR

.63 -



it IR

2003 4E45 4 ) (45 36 % s 1se 1)) » DIHAF SR -

A TR B 0 1 1 0 5 A T A 56 o 22
T 2 G0 P 1 25 0 5 2 P % A L
ZH, R Lyapunov FRBIHE W82 & M HLAA5 B 4719
FAH, SR, DO P A Bt R A B AT I 4%
IG5, S B RRAR h E Z , F hURS 0 B 4 1 IR
(WG %, BT RS R R DL 9 2 5 1 — e B
W 4G LA B AR — AR T, 19 B T At
TR R T R A R A R A
W R LA R TR 275 5 S EL L e
S FE KW RS

DI, 562 51 KL T RESE 2L i o f B4 L )
FIEEAA 45 Simulink (5 ELIREE T S 4RHLE) H1 245
B PD £ RGO PD S8 AR 83t PSO
TP B S5 8) PD AUEHE S8, H-1E PSO )7 H e
SARBLED S 2B F T PSO [ B D 35
BB 6 B FC I A B ] 34, 3 B 4 kR 10, 52
ERS R E 0
1 EZE#ENshHhFER

Y FEAZ AR SN 1 2 B 00 137 PRk B T o i e
LT 2 1l B R R,

SRR RIS PLIO AR LR R G, W T BE A
F IR B AN T 3N S

M(q)q +C(q,q)qg +G(q) =T (1)
A1s goq.q AP ET AR AR A
M (q) WXRIE MR C(q, ¢) WEFR 1A
B G(q) AEN R =7, 7, 7,]" I
T

ST HR R R ) | TR B A
7 AR SZIR 1 564 40 B 5 2 9 5 R R 25 /N
2 Zhs PD i=4I881% 1t

A SR R P R AR 2 R S
NI h S RS B2 | FE AT B 7S PD BT
B, MR B R, FE A E AR SR
WL M(g) .C(q,q) F1G(q) BIMEHHEM(q) |
C(q.q) MG(q) , Hili it u = g fEHF AR
FEARZ M T A, Al 1 TR,

K1 PD i hl e

.64 -

TESOSRGLIRIEER «

€=4q, — ¢q

S (2)
€=4q, — ¢

(2 RARK ()15

M(q)e + Clg,q) e+ G(q) +Ke=-Kee (3)
fafenr LIS .

e +Kpe +Kye=0 (4)

K, e WA ERNHE g, SIBFFABHE ¢ WIRIE ;e

U TR g, SBR A EE  MIRIE (e WA

FAINEERE G, 30 (4) AT LASE 24 M A K, K,

L 247 AT BB 0,

3 IERISIEYL PD 55 RGBS EER
WKl 2 fi7n, 7F Simulink B85 PD Sz fdas il i

RS ST L E 5 ADAMS BRI A TREA T B,

—{ =gl

gl taol
#B7Eq2
—* FhRa2
eyl
YATEdql
gt ]
ATdgD ESil ;E‘
#%Edg3

447Eddal
#47Fddo2 taod|
44 7Edded

PR

éé*ﬁzmﬁ‘

ESiL

XThE

K 2 Simulink 5 ADAMS B4 {7 BB &

K EEASE LB SERYIE A MATLAB TAE
DX HR 3 2 3 B, 0 A HLINFE] R 0.01 s, {5 EL A [] Oy
20 s,

HRAE b3 AT G S 2 BE A K, K
ST AT RERE IR DR 22 B/ HORER . A2 IR LB
PD il RGRR , T5 B8 R AL S RO AT 2 A 1
—ANRRmE, PSR RESE F BIE TR,
FZHRHLS) T3 2R PD SECH IS R C R A& 3
FioR

TZBHIPDIEH ARG

/ e
AR

SEShEED | | PoEE

C omy

K3 RRHERECR

FEIHLBN S AR 2 AE PSO R W sz B,
WA EITER I, PSO 72 8K 9 32 47, PSO #



c WL SR » 2003 4055 4 1) (45 36 % 1055 186 1))

vt STk

P HARIE N pRE I S e A PD S5, SEE A S HL
FPLE &N PD $5 ]
4 ET PSO R PD BEIREBENETE

# PSO 51 A8 FEACIZHEHL PD SH0h , Hii
TR NIE 4 PR,

HK ;fm(,ﬁ RIRISA $¢2¥

| SRR E |

I
RIEE AR BRREITE
BLBEK FIK X B B AR
ENERSE

v

B FIK BB

Ite=It

W ERHRMKBIRENER
HEREX & APE

Kl 4 PSO #%E PD S50 R

(1) FhEERItR AL

TEFREAD 85 Ak, & X PD Bl K /1N Sizepop =
50, K FROBRARHE V. =0.5 Fld/NEE V,, =-0.

5, R Gen,,, =100, B PERUE w=0.3,2%>]

HFc,=6 Fl c2—0.3;KP A EBUEE FE [ 0,400 ) FI K,
A BETE N[ 0,200] .

(2) THE B bR N

R T ARBUR T S A WS e, X T B Ara I B
(A3 B, SR FH A8 X 1R 22U SCH O 1A WA A iz ik 5 5
NS R AN
5 hEERESH

AR SRR N PSO 9 b 5 vE RHZE R L PD
WA TS, a5 B2 oM LR PR e X4
Tl RGBS PERERFZ I, TS T R AR E S48,
51 PSOEREREHR

WEFBRIRSEL, 2 PSO 2 P gd T, iz
TERWE 5 PR,

WRAEE 5 B g5 2R n] 15 A A s A W S

FRAUAUE AU IUE , AR K, RYIUE D 287,
Ky ME R 2.9, $EAE S B BRSO
M MATLAB T4 X B 3E A7 $ 2, 0 32 B 3]
Simulink PJ O 4 BAFHFZHE ML PD F RGEBIAL T
e,
#%4£1000%

— WENETEHE

- EREETE
400 ¢ N

500

300 |,

200

100

0 50 100 150 200
K

K5 kARERa P

52 HEHESHITLE

SHIE AR S B A S, T T Eh A
el A 5 & i ad 3% 2/ PSO Wjﬁhﬁ/ﬂa‘
Lo a5 A5 R E 6 .7 B .

0. 66 |~ 250-10 .
e BI29P80) -
£ —— Matlab
\><”0' 63 Adams ’ /
0.0 EERTREs
0.57 [
0.54
4 8 12 16 20

t/s
(o) FRIEFZHEM 57 it & FL4 H AL

Ko WRIZIRPLIR R LS AL AR LAl
.65 -



w5k

2003 4E45 4 ) (45 36 % s 1se 1)) » DIHAF SR -

K6 oo, ARG A 2 RS 5o, N SHATIR
R R SN LT B PRR AR (T R NA 28

HIP 6 nl A, SO SR IR T 5 %K
P BT 05 B, O TR HESA XS PD 424 4%
WEZ G AP E, Hodh i+ K, K,
A0 200-5 15 PSO M Ak 5 B o Wil , B 4 S B2
Bl N 5 it — 28 % i

— 1005
{---- 2005

16 20

T %010 |
{1 287-2.950)§

t/s

t/s
(o) RIEFZHRAN G- HBE FLE i S

K7 BORIZIALIRR G S SO Hx L&

.- 66 -

B 7w, R R T 8 S ok 3w, M)
MR IE i SO s u, 5 31 W T2 38t
FEETN

H & 7 1, FE A TSRS BRI 5 B A
B PSSR T 0, {3 PSO E4L)5 /Y PD F i
eI R M TR K, fT K, AR
200-5 BESGE 75 %, KR & TIREIZIALA R
SEPERURS A1
6 & iE

SCHFEE T IS IRML S Sy 2R F5 T Simulink
U5 BLREE T2 L8N ) 2= 558 PD 2 i R G5 e
F AR PD S50 AR, Hid PD A E S5 4
PSO fe it F-15 2, 248 ML 3h J1 F B RLAE PSO R T7
HE S IFAE SIS T AT — AP P [ 38 R
ERG D, (EARERY R AT R AR
FEPEAL PD 1 4% 5 15 40 AR T AR BE Ik E 0T 2R
T, H AR RE R 0 T BRI (L, (H 3 TR TR
EIIEHRHL PD 5 1 25 BE A5 P F S N B e, 7E1S
LT R MR TR K, f K, A A
9 200-5, 3T PSO Y PD £ 28U SGE 75 % , FEAR
TREMRERE , KRR TR LA A
Kawte . B SRR A28 AL PD 4546 R
BN 1% B T JIIVRS RN = 5 4 RO

SENWK:

(1] Jeig B3EF . LT AMESim 09 42 48 HL 5 880 R S 51
[ WIS 5 0 ,2020,33(6) :55-58+63.

[2] Long C, Zeng—Guang H, Min T, et al. Adaptive Neural Network
Tracking Control for Manipulators with Uncertainties[ J ].IFAC Pro-
ceedings Volumes,2008,41(2) .2382-2387.

(3] WIS AR, gRaE S0, 55 B T o Bl b 20 8 s 1 my s B
BREETE 1] IR FHOR 2019,42(3)  111-115.

(4] ZERIR K A B St 17 oL 3 5 R BB 2 46 SR B 5%
[J]ATEHLIRLE,2013,40(4) :236-239.

[5] MW, FAL, TRIRSC, 55 B TR HEE M TBM WL R PID
SHRAMALT] A6 TR, 2016, 23(8) - 1242-1246.



