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Bidirectional Transmission Control Method for Personnel Automatic Elevators
Based on Sliding Mode Observer

Wang Daoyu’" Hu Wei Zheng Mingliang
(Shiyan Jinneng Electric Power Group Co. , Ltd. , Shiyan 442000, China)

Abstract To improve the stability control effect of directional operation under the conflict of bidirectional
transmission in personnel automatic elevators, a sliding mode observer based bidirectional transmission
control method for personnel automatic elevators is proposed. This method first constructs a bidirection-
al transmission dynamic model and obtains the second-order matrix form of the motion equation of the
personnel automatic elevator; Then, a sliding mode observer is designed to achieve accurate estimation
of the bidirectional transmission state of the personnel automatic elevator. The optimization control
function is constructed with impact degree, energy consumption, and response speed as the optimization
control objectives. Based on the state estimation results of the sliding mode observer, a feedback control
law is designed to achieve bidirectional transmission control of the personnel automatic elevator. The ex-
perimental results show that the control command switching of this method can effectively suppress the
shaking of the personnel automatic elevator under different working conditions, reduce the operating im-

pact to below 6 m/s”, and improve the response speed and operating comfort, with good control effect.

Key words sliding mode observer, automatic elevator, bidirectional transmission, release timing,

control method
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Fig. 1 Schematic diagram of the theoretical model for bidirectional
transmission in personnel automatic elevators
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Table 1 Parameters of XO-STAR traction personnel

automatic elevator

Parameter name Parameter values

Nominal load 800 kg

Nominal rated speed 1.5 m/s

Car size (widthXdepth X height) 1100 mm X 1400 mm <2300 mm

Door opening size (widthX height) 800 mm X 2100 mm

Cableway dimensions (width >} depth) 1700 mm X 2000 mm

Top level height 4200 mm
Depth of pit 1600 mm
Power of the light guide 7.5 kW

Source 380 V/50 Hz
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Table 2 Convergence performance results of sliding mode
observer parameters perturbation experiments

Perturbation Amplitude Collapse Steady-
parameter of motion time/s  state error
+20% 0.45 0.018
Total mass of the

inal val 0%) 0.48 0.015

vehicle body and load nominal value (0%
—20% 0.52 0.022
+20% 0.49 0.016

Torsional stiffness .
orsionat stitiness nominal value (0%) 0. 48 0.015
of the system

—20% 0.47 0.017
+20% 0.44 0.014
Equivalent
'qulva o . nominal value (0%) 0. 48 0.015
rotational damping
—20% 0.51 0.019
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Table 3 Control instructions for the optimal release timing
of bidirectional transmission in personnel elevators

. Sliding mode
Motor drive Brake current ne ¢

Condition type compensation

command/N  command/A .
correction
No-load-rise>fall ~ +800—>—300 0—>2.5 5%
Full load-drop up —1200—>-+500 3.0—>1.0 12%
Unif speed and
frorm speed and L 600> —600 2,00 0%
steady commutation
E braki
HETBENCy bIakiig g0 > 1500 0>5.0 20%
and reverse operation
Counterweight unba-
+80 1.8 80
lance (12% deviation) %
Stiffness fluctuation 450 Ls 15%
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Fig. 4 Optimal release timing across different temporal phases

PATH DA E B 1.5 m/s S B AR X AR 3¢
Tk 54 PID 51 75 ¥ 00 JE w7 o AR L ol i
L JRE WD 7 pHT e O 2 B VP 4 o] SR s ) 2l 2 R
Z2 5 AT R 4 ) W) I Y 2 Xk AL L AR TR 5 B,

1.6

08} /

Method in this paper
— — — Traditional PID control method

Speed m/s

06| /
04H /

0.2 f

0 § 10 15 20 25 30 35 40 45 50
t/s

S Th AL I 3 e 7 47 o 0R X e R

Fig.5 Comparison of elevator speed response control effect

H P 5 AL AR SCOTEEAE 29 10 s 22 A7 i bl sk
FIHE RAFEELE 1.4 m/s oA 5 S0 AR R
FRTE 1.4 m/s, Pt/ AR IR 255 0. 05 m/s.
58 PID J5 ¥ 4 15 B R i A7 B 0 0 3l e 203
JEREIE T 1.4 m/s, {078 0w B A A b, o R A 5K
BEERR L HBEBIREN 0.1 m/s, 5 2 B b
— . B P AR S VR A0 A T RO 2
5% H bR AL A s il HLEE L 85 & 0 IR 45 3
A s A AR e ALK 3 1 5 i 3h e sh 1R
J¥ o 76 S BE - TH B B w1 423 B bR R A
HEPUE AR IR ZE 4B 0. 05 m/s: /858 PID WS



94 g h % 5 o OH ¥ M

2026 43R 24 &

RS E XELUE B RGeS A S AR N R e A T
UL N Sy A HLARZETH BRSO SOk AR,

AN GUTER AL A STt BEHLI . B 3h T B LAY vh i
JESET 6 m/s" I, N BB AT vhify TR L LA
it BE A O 5 N B3 Ak [ B T R HILAT I8 JEE AR AT
IHAR S5 12 08 3% N B3 T AL E AT o (10 Rl i
PE G LN G T B MLAE 18 47 3 e b i b s B2 U
AR ANIE 6 FTas.

pew TN

Impact degree (m/s?)

20 40 60 80 100 120 140 160 180 200 220
Operation times of personnel elevator/time

B 6 A BUTHREHLTE 247 3 A T A e

Fig. 6 Impact degree of personnel lift during operation

A P& 6 1] AT, A SC I N B T R I R A B i
Bp 4 o AR L N BB AILAE 20 ~220 IR iz
A7 3P L ooy B Od S PR 28 3~5 m/s” X[
W BRI o B AE AE — 2 M P A AR (R L iR gt
THRRPE R Y ST 08 A 25 V7 o i BB (6 m/s™)
2R — G RAE T T T A 3 T UL
i 110 S DB 30 B T 45 ) D vk A RO L AR SO 38
T X6F B P 4R AR L BE 88 7E DILA b o B 9 = A 1
Tk 0 3R 40 1Y Be 6 A% 3 5 Bl g e Ny g R BEAT T
T, DT 1) 553 A1 )y ok 58 A8 R 1 o T 45 & 1) L
Aot i 3 o A o R RO AR WS T TR Y A
VR BE 2T 7850 % W T A SCO7 3 1A 3.

RIE o 0

AR SCHR HY — o 35 T AU 2 B9 N B E BT
W AL o) £ 2l 2 1 D7 2. 1 5 L R X
8l 1505 20 im0 B A S TR P2 B A A i
SR s HE L R T RO A, B TR AR 22 BT
AT He U 8 £ R R AT S B R M S
X E AL A% | R L R AR A B o 0L 5
J5 58 ST TR B I i OCEI R S8
£ ohly BE CREAE L WA I E B B A 22 A AR A 4K pR
B 255 T RO 25 R BT S 5t 47 i L B
DURE IS 7+ LS BT R AL A5 ) o 8 TG o i L oF- 34

P 1 RE B & MR s AT,

PR TR o R U R En U PN R E R
T B ] 2 S die DG A I I P 42 i 3k ) A 2
B 1A R T A B R S R A e R —
B, R WY PR B LU B H 7 R Sl SR B B
W 5 TR B A A o 20 I R S 22 A oh AR 5 18 B R
o WAL s B AL T AT R AR AL TH AL, B R T
Je S A T AW ) T AT L XA A T R R O e 4
i 7 22 H AR A ek ROk b oy B2 L REFE 5 R N 3 )
AT+ LA B A LI 308 e R A 58 2 5 R i A5 T
LY AMEPE Bl AT A T e ) i Y 2l
RALARTE T 24k AR T 00 F /9yl 2h J1 fil
il 3l % L AR 2 e Ml R R W] AR SOT IA RE S B 2
AR I 2 500 38 o T RO g o 671 8 78 1 A S
T BEAT 6 MR I L A5 BB i A S R AL B 1
AL, B T LA b o 4R 7, B0 T T R BL R SR
TR RN SR e R 25 R AR SO R AR S
WREM T AL SE PID (99 3 32 8L, J5t 4 AE T B0
A S BT RS T Sl T A4 o A B B I i i R
GARLAE AR AL T 2 HARILALHR PR T i e ) 8 i) -
TR TR 5 7 as A7 800, I [ B 23 4 2R
71 1 Bl 2R U IR B g B 1) AR ER Y I
FHL AR BB 0 s S 3, H S 2 BITE 1 s SEM
SRR g SURIE 2NV R IIENE R TN N AR &
AU LSBT RE AL 1B 5 3 7 i N AR 4 A
ESE T J7 kAR 4R TH U] AL 2l by [7] 3 5 55 e 5 R sk
7 T I

4 Zig

ARSCRAEN G A 3 TR LX) 12 30 1) P ) 34
JEE i 5 R 3 5 200 R i R A TR AL B R T T 0
W& 9N 51 A Bl THRE L8] 4% Sl 4 ) 5 k. S5 45
SRR, B4 7 158 1k B g e A RS A T S
PR LA & o i e 1 T B L 1) o 7 g o
iy BEAE 5 W LT, D SEBLIC el P PR Y
AEHL w5 & BRas A7 S it 1A ROR A, X T TR
BRGNP R RS E L

2% 3k
[0 WEEL. TR, R, . AR L

BB R A R ) LD R AL
2024, 52(2): 54—58,63.



o503

EEST-RGE e i SURIIE NG E R BN 2 IR K e E kDR 95

(2]

(3]

[4]

[6]

[7]

YANG J G, DING Y H, NIU D J, et al. Position-
speed integrated finite-time control of permanent
magnet synchronous motors [JJ]. Small & Special
Electrical Machines, 2024, 52(2): 54—58, 63. (in
Chinese)

JLERT, ZEPC, BR5E, AF. BT GPIO YK ] 22
AL AR el o i B E (] Db E
T.#, 2025, 33(9): 1407—1419.

ZHOU X M, LI H W, SHAO M, et al. Efficient
non singular fast terminal sliding mode algorithm for
permanent magnet synchronous motor based on
GPIO [J]. Optics and Precision Engineering, 2025,
33(9): 1407—1419. (in Chinese)

XUPRE, fLAFHr, LI PH. JE T [ B ) o 4 B B
YLK WG (8 20 s ML PRI LT ] BORr s L. 2023, 51
(5): 50—54, 60.

LIU Q X, KONG X X, DU M Y. Based on fixed-
time sliding mode and active disturbance rejection
control of PMSM [J]. Small & Special Electrical
Machines, 2023, 51(5): 50—54, 60. (in Chinese)
AT, R, KR, FLOE TR Z LR
BRGS0 1], P E. 2023, 40
(2): 331—338.

LU N, ZHAO B X, ZHANG H, et al. Modeling
and simulation of multi-motor synchronous control
system of construction lift [J]. Computer Simula-
tion, 2023, 40(2): 331—338. (in Chinese)
B, kb, FFER. O OKBE D LR R R
XUSEH FL i A2 o O R S L) 0. A AL AR e
2024, 28(9): 162—169.

HUO S X, ZHANG C, SHU X D, et al. Single
sampling and double current update method for cur-
rent control of PMSM []J]. Electric Machines and
Control, 2024, 28(9): 162—169. (in Chinese)
PR, ARIEEE, ORGSR SE R SIDO
FFOCAE S v e B A I R B R[] ). ViR ACiE K
FER . 2024, 59(5): 980—989.

HE M Z, LIN R Z, ZHOU S H, et al. Current
mode variable frequency control technique for single-
inductor dual-output switching converter with inde-
pendent charge and discharge sequence [J]. Journal
of Southwest Jiaotong University, 2024, 59 (5):
980—989. (in Chinese)

RAR, A, BROR. TR L WA R 5] Y K
TG 1) 25 W ML A R i 3 i (T . o 5 R E iR
2024, 34(3) . 282—289.

WU C, NIU D J, CHEN Q. A finite-time control

[8]

[9]

[10]

[11]

[12]

[13]

method for permanent magnet synchronous motors
based on a per-unit two-phase attraction law []].
Chinese High Technology Letters, 2024, 34 (3):
282—289. (in Chinese)

ARRR, B, KR [R) 2D v LA BRI ) A 4 R
TSI, KO SRR, 2023, 48(4): 166 —
172.

SHAO X, HU C L. Research on finite time dis-
turbance rejection control method of permanent
magnetic synchronous motors [J]. Fire Control &.
Command Control, 2023, 48(4).: 166 —172. (in
Chinese)

ZEUG, ESCHE, TR, SR, — RS T GaN gk
CEROIR B ORI A R S BV o I S R
AL TR, 2023, 43(11): 4422—4433.

QIN H H, WANG W L., XIE S X, et al. A novel
dead-time adaptive control method for GaN-based
motor drive [J]. Proceedings of the CSEE, 2023,
43(11): 4422—4433. (in Chinese)

Mg, EWI0, BB, 55 — MoK G R 2D L
AR AL ISR ek 18 A AR A S50 45 o O (T, O A
ki 4, 2023, 43(1): 159—165, 208,

GUO L L, WANGPS, LIYY, etal. Visual dual-
vector modulated model predictive control method
for permanent magnet synchronous motor [J]. E-
lectric Power Automation Equipment, 2023, 43(1) .
159—165, 208. (in Chinese)

LRk, oM Tr, Wb, S5 S ALY T N E
I (] AR A S AL A I LT ] BT A R
2024, 28(4): 167—176.

MA J D, SUN H F, TAN C, et al. Non-singular
sliding mode containment control of ship fixed time
under dynamic constraints [ J]. Electric Machines
and Control, 2024, 28(4): 167—176. (in Chinese)
B, X TR, EET, . KRR D A LA
I A R A ) BT Al 4 i SR LD 1. 4% R BEs S N HT
2023, 40(10): 1793—1805.

LIY H, LIU Z K, WANG X Y, et al. Simplified
control strategies of model predictive torque control
for permanent magnet synchronous motor [J]. Con-
trol Theory & Applications, 2023, 40(10);: 1793 —
1805. (in Chinese)

ERE. X, Bk, S B T E I TR 2 v R
KRG A B AHLERILT]. M RS2 A RF 2
W, 2024, 27(2): 15— 20.

WANG Z., LIUY, HONG Y, et al. Control of per-

manent magnet synchronous motor based on fixed



96 g % 5 & o# % W 2026 57 24 B
time terminal sliding mode [J]. Journal of Yang- 196. (in Chinese)
zhou University (Natural Science Edition), 2024, [15] Ahgkdd, S5, aim s S siN A Tam
27(2): 15—20. (in Chinese) WAE I 7k 1], 3h Jy 2 5 0l 2 4, 2023, 21
[14] sk&hk, T0b, kP, 36T BUBIE A BR A [H) I AR (10): 94—102.

BIR B R AL AL BT IR S I [T ], e THe . 2024,
45(5): 188—196.

ZHANG H L, WANG S, ZHANG ] P. Disturbance
rejection control of permanent magnet synchronous
motor based on dual-mode finite time sliding mode

[J]. Packaging Engineering, 2024, 45(5): 188 —

DU J F, HU L. Vibration suppression modification
method of battery electric vehicle high-speed gear
transmission under full working conditions [ J].
Journal of Dynamics and Control, 2023, 21(10):

94—102. (in Chinese)



