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Abstract

Aiming at the problems of large size, complex operation, and unsatisfactory control effect of existing
muscle strength rehabilitation training equipment, this paper first proposes a mechatronic design
scheme of portable muscle strength rehabilitation training equipment. Secondly, based on this scheme,
addressing the issues of Linear Active Disturbance Rejection Control (LADRC), such as insufficient ro-
bustness in strong nonlinear, strong coupling or large-scale working point jump scenarios, perfor-
mance degradation when the system deviates from the linear assumption, and noise sensitivity caused
by excessive ESO gain, as well as the challenges in parameter tuning, stability analysis and control per-
formance evaluation of Nonlinear Active Disturbance Rejection Control (NLADRC), two strategies com-
bining linear active disturbance rejection control and nonlinear active disturbance rejection control
are proposed: Linear-Nonlinear Switched Active Disturbance Rejection Control (SADRC) and Linear-
Nonlinear Weighted Active Disturbance Rejection Control (WADRC). Finally, the simulation and exper-
imental comparison of the device are carried out using five control strategies (PID, LADRC, NLADRC,
SADRC, WADRC) to verify the superiority of the proposed method.
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Figure 1. Mechanical structure appearance diagram
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Figure 2. Suction cup base module structure diagram

2. WRER KRR IR EEHE

L Tnas SR IE 3 FrR)fE BTN 78 BB AR S R 2 At 458 [ S briE 5 52
Br N RSE At AT S H0E R . RSP S 738051H, 2% (EEREFIERAE) K& GB it i AR
i, EABEIAEY 3 Nm BRI HL PDA-03 1E % LAT IO 2 5 A BB T Ty T, 4% 4% 1%

DOI: 10.12677/m0s.2025.1410625 306 5 1 A


https://doi.org/10.12677/mos.2025.1410625

WIKA, PR

STM32F103C8T6, H 7 /EMALERRE /)5 F & MAb R 1, (8T SCEl s f i A& BB A #1538 45 B
Yo W15 5 HEAE T, AR FIC & HC-09, Sl oF & Il (5% H SN65SHVD230 it
AR, S e SRR T A R B A 5 R Bl o LR R B B U T, W R AR DC-DC A A P A
Vg i o R AR E e N R TR TAE R, B ORIEAN A TAE 730 N Ak fe s Btk A 16340 Y.
LIS IR T T, AR IR as 1 T B2 AT AL IR B8 KS8-10 mm, FH T~ S8 7/ % Bl fish it 24 s v I B 5 e 1
SCRFAM RS S A A RS 7 RIS BV RS & 4 fis .

Figure 3. Electronic components module
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Figure 4. Engineering prototype system wiring diagram
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Figure 5. Rope winding module
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Figure 6. Elastic rope drive module
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Figure 7. Spring system
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Figure 8. LADRC frame diagram
[ 8. LADRC #E42[&

Xt i 24, H PD #EHER LA
Uozkp*(x—zl)+kd*(>'<—zz) )
Horb, x ONEIANGEE, X NAERANERIBY, 2,8z, K E LESO RIWIMNIRAE, Kk, Ak, 2 ELHI(P)
A (D) 2% (HA T it a(L), BERXTES e NEHAT 7y, CLR A 25 e fan N AE AR A e By
KIRGIRG, H -k, *7, Bk *(%x-2,)
UO:kp*(x—zl)—kd*z2 (3)
AR SR, fifbisdl sttt RABEM LESO, R ML IS B BN — MR S 4t
B &g, Wk, Ak, AR A f AR R K = [kpkd JT 1Z5, X HSHIEE .

k, = w2 kg =2w, (4)
Hr, w, g .
Xt sl 240, Hrb LESO #3832 Aok R Z W R, WmdiE R RgiiE b 24, H
KA
y="f(y,y,w)+byu (5)
Hep, oy o R¥H, uNEIN, woRRE, MRS, b NAMEREL Xz, 7, WIREEE, 7, AY
KRS
zlzy,zzzy,z3:f(y,y,w) (6)
=X (5)RI A
L, =Y=2,2=Y=2,2,=1f @
LIRE T 2o tiR 2z e, W
e=2-Y,2,=2,-p*e,2,=7,—f, *e+b,*u, 2, =, *e (8)

Hr, By B A B, i al R A
3.3. NLADRC it

NLADRC & 14 #t PID 5HCIEHI A & R e A [14], H P PID =42 EEATAH 8 3h11E R 4
rRRHT R R, REENR 2 —MELH, PID HIE TRt — B 595 X S A7, HH A B

DOI: 10.12677/m0s.2025.1410625 310 5 1 A


https://doi.org/10.12677/mos.2025.1410625

WIKA, PR

WECHRH[15]. T Ik, NLADRC (HEZEEI 40 9 FroR) LA IUAN TN PID TS0 59 &%k,
GIAY ARSI A, DA IEAME R G B B T4 2k, 8 BREE ) 88 LB AT 5 5
MOEREL, MR B PIE N S B Bk, R ERER S 2300 A o i R s ) 22 1, st N
SERABFEI ARG f)h, RAGERMERZE RG], HRTH AR S Stk .

Figure 9. NLADRC framework diagram
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Figurel2. Experimental tooling prototype
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Figurel3. Simulation prototype data communication flow chart
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Figurel9. Comparison of PID, LADRC, and NLADRC under step signal
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Figure20. Comparison of PID, LADRC, and NLADRC under sinusoidal signal
20. IF3%{5ST PID. LADRC #1 NLADRC HI¥fLEE]
T T ﬁl—
T —
HE
o . .
i
il ]
P!
. i
E 1
]
0 f .
4|
10—~ E’ —
I
| | | | | | L

0 0.5 1 15 2 25 3 35 4

Figure21. Comparison of PID, LADRC, NLADRC, SADRC, and WADRC under step signal
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Figure22. Comparison of PID, LADRC, NLADRC, SADRC, and WADRC under sinusoidal signal
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Figure24. Comparison of SADRC and WADRC under sinusoidal signal
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