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Abstract: Laser tracking measurement systems frequently operate under complex disturbances, including
nonlinear friction and inter-axis coupling, which induce response delays and degrade control accuracy. To
address these issues, a radial basis function neural network-optimized linear active disturbance rejection
control (RBF-LADRC) method is proposed. In this approach, external disturbances and model uncertain-
ties are aggregated as a total disturbance within the LADRC framework. A linear extended state observer
is employed to estimate this total disturbance in real time and compensate for it online. Furthermore, a ra-
dial basis function neural network is introduced to identify the Jacobian of the controlled plant online.

Based on the identified Jacobian, a gradient descent algorithm is constructed to enable adaptive updating of
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controller gains. The stability and parameter convergence of the closed-loop system are established using

discrete Lyapunov theory. Experimental validation on a laser tracking measurement system demonstrates

that, compared with conventional LADRC, the proposed method enables dynamic adaptation of controller

parameters to varying operating conditions. The system bandwidth is increased by approximately 12%,

the settling time is reduced by about 32% , and the root mean square tracking error of the laser trajectory is

decreased by approximately 16% . The proposed RBF-LADRC method does not rely on an accurate sys-

tem model and effectively enhances both dynamic performance and control precision, indicating strong po-

tential for engineering applications.

Key words: laser tracking measurement; disturbance rejection; linear active disturbance rejection con-

trol; radial basis function neural network
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Fig.1 Schematic diagram of laser tracking measuring system
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Fig.2 Block diagram of laser tracking control system
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NLBE T VE A RBF A & WAL A i 4 UL

£ RBF W28 25 ¥ 21 J7 11, W B 35 J2 10 8
M 435 E 9,12, 15 47 %F Fb SE 56 . 78 AH W] R FE
[ P o SO v e B i e N 1 71 S A
57.4F169.6 pso 4717 sUE A I, 9 2% 9 £ 1
TE T RE )32 R T AR 22 U] g 3 e R 4
WHREAHIFES ZRE R Ew . 56 % EiHE
TR R S B R ) B A 12T AT A

W 26 477 iy v [h] k3 o ) B 4R B R AR
17 K-means R A 3K45 , BI PO AE 42 ) 3 pR %L
b o BETE S H bR 45 TS bt Z 8] (14 °F- 2
G B 0 — & o, DAGRIEr A 2 18] 7 5 10 325 5 1
HiEgaESsM.

3 Ny AR R RS B2 TR AL . RBF AU 2%
&y E g 0. 001 2 0. 05 3 Fl N i # E , e &
BB 9, =0. 01 43 il 3 25 2% > % 9, ££ 0. 000 1 &
0. 01 i Rl P9 it 5 BE L 9,=0. 001, Ay 3k 2 75 4%
AR L R v LD B £ RS S B IR L % o
MW B b ko R BT 4 UE
+30%0 HYARFN LY A, ARG 5 P PR e

i A S SR R T ARM 42 Ry i A
JE T B g %ok 4 o BB pR B AT 2 R D 4 O B
BofE a2 R an 2. 2 it . JE Al /O 3525 FE AT
29 10. 2 ps, PID 55 ¥k 50 J8 ) B0 FE 1) O 10. 8 ps,
LADRC 4 11. 8 us; RBF-LADRC K 57. 4 ps, (5§
SKAE I 57. 4% 16 100 s 72 61 & 199 9 47 44 53
Y42, 6% WS Ty H i T AR T S e 4R R

SIS £ 0 5k A R b AR B K 3 i A
T8 4 A I it B (10 000 i 5 #F Bk e
(8 000") iy IE 5% F1 45U 5 AR 45 P B A 32 el 107

®2 EAEFREAPNTERER

Tab.2 Computation time of control algorithms per cycle

Wiz Al CPUG
o FERIT/0 .
W H - e/ RRER/ HFE/
5 /ps
us s %
PID 10. 2 0.6 10.8 10.8
LADRC 10. 2 1.6 11.8 11.8

RBF-LADRC  10.2 47.4 57.4 57.4
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A B R A 1R 22 AR S A REVEAN 46 A, AT I
] LA 40, 5% 15 22 M bn il , Fa A 1R 2 R T R 48
TR G e Ja NAS SRAE 1R 22 10 1 07 M 1R 22
(Root Mean Square Error, RMSE) #4573 F 4, B«

1 L
RMSE = /N >

k=T, — N+1

(r(k)—y(k)), (32)

Hor(R) S E A,y (k) R R G bRk i, T
H R LSS AU Z]

2l 25 0 e R 0 a3 e 2k A 0
AR Ak 2 % HUak , O SRk H RMSE 1R ¥ B8 1T it 45
LI /N W

1 M
RMSE:/M}ZI(I(k)y(k))Z’ (33)

Hr.a(k) B IS HHGL, y (k) R RG0S bR
HE MR IR A
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iR IR 2R o AH G 592 50 B3 X 4 B 4 1 2%
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Fig.8 Frequency characteristic curves of simulation
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Fig.9 Frequency characteristic curves
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Fig. 12  Step response curves of simulation

Anti-disturbance frequency characteristic curves
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Fig. 13 Closed-loop step response curves

®3 ARES REEEERE

Tab.3 Time-domain performance of servo control system

- I I ] /ms R/ (20) fadsiz/(") FaZS 22 RMSE/ (")
X Y hl X Y4l X Y4l X Yl
PID 884 339 2.38 8.70 1.88 0.12 2.18 0.30
LADRC 281 93 12.37 12.25 0.54 0.12 0.72 0.31
RBF-LADRC 192 63 0.05 0.02 0.48 0.11 0.63 0.29

4.5 ERERMEREMIR

TE HL LA B 0 A AL o A PSD 2 5t BR
%, 8 57 0L P R O R R I R R g, E AT R
R . S HESERBERIGES 545 R
4 R o fi B4 3 &£ W, RBF-LADRC 5
LADRC, PID At , B 8 A7 — 8 78 B2 el /)N
VAT B ) B — 2P 46 R, &R G0 e R Ty SE A

TESE 01 & SRR 5290 v 8 B An A HE [
R 7 S IO S NS 1 I ¢ = S
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Fig. 14 Trajectory tracking results of simulation

F LADRC 3 /N ) 20%, # [t F PID ¥ /M 4
25% s X 4l i i% 2% RMSE #f 1t T° LADRC Ji /)y 24

x4 HOLRERRGRIRMERE

Tab.4 Tracking performance of laser tacking system

R ZE/ (")

%22 RMSE/(") IR 2 RMSE/ (")

i vk o Vil o Vil o Vil
PID 50. 85 67.04 17.28 21.25 2.65 1. 60
LADRC 46. 82 54.73 17.17 20.55 1.02 1.75
RBF-LADRC 37.57 44.49 14.42 17.28 0.94 1.44
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Fig. 15 Trajectory tracking results and error curves
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