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Abstract

With the deepening of the population aging and the increasing incidence of nervous system diseases,
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abnormal gait has become an important problem affecting people’s self-care ability and quality of life.
The goal of gait correction is to help patients improve their gait or restore normal gait and enhance
mobility. In recent years, as a new type of wearable auxiliary equipment, the flexible exoskeleton has
shown great development potential in the field of gait correction by virtue of its comfortable and intel-
ligent characteristics. In this study, the design principle of flexible exoskeleton is introduced, which
focuses on structural design, drive control systems, and adaptive design. Then, the latest research pro-
gress of flexible exoskeletons in the field of gait correction is deeply discussed. In addition, this paper
also analyzes the challenges faced by flexible exoskeleton technology in practical applications, such as
adaptability, accuracy of control, safety and durability, and economic cost. Finally, the future develop-
ment direction of flexible exoskeleton technology in the field of gait correction is summarized and pro-
jected. Material optimization, intelligent control system improvement, energy supply, and other inno-
vative means further promote its application in gait correction.
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W Bl K 2 BB TE A A 0T R T SR AKEI BRI L. 72 2013 48, Mt REEIF A T —3 48 Soft
Exosuital fUANE#[11], WK 1(a)fin. ZERFENUEE 101 2 7, EidALsiL], FEBROCTT A5Gy
A DL A R B AR R 70 0 O B ARAT A I B AR AR R Y 18% A1 30%. F1) 2015 4, iZ 1 A BB
A0S AL ) 25 K0 5 D REXS Sh i AT AL, DUAL ) i adl b fisad oo e AL 42 il 65 v 2 28 A i A
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AFAK A BN BATF R T —Fh B G RLEROG T A B8 [14], W01 1(0) B . 48RO B% R L AR BRC
BE T RIRE BRSNS, AT BROCT B 5AF MR, 2R L
PR A 16% A9 RE AN . 2019 47, %A1 BAIE I3 H 3k 5015 HUME A B 2 1 5% et 1 P S, bR s
Pl & 8 T ERSC S TH RO BRI AR AE A Dh R R B A i, HLAHE FT BRI 17%3) 27% [15]. sl TAEK
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Figure 1. Rod-driven exoskeleton: (a) Harvard University Soft Exosuit al exoskeleton; (b) University of Zurich flexible exo-
skeleton; (c) Flexible ankle exoskeleton
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Figure 2. Smart material exoskeleton: (a)Shape memory alloy ankle exoskeleton; (b) Shape memory alloy exoskeleton suit;
(c) PVC exoskeleton
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AT IE R B A B B A BN B, W B A ) B R B b S T RE L AR . b
S IEMEA R RWE BB NERPE, REATENFREN. SFamEmeeR. R, BEFIEE R
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ST IT B P R T4 R KB N IS B AN R RE LK T A % 19 75 T R 7 o

231 ETREFVINEETEINEBERS
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FR PR 97 G0 ) 5 WIS A 25 B v, T ol 2 R 25 4% 0 7 2 IR BB Ik I 2 R T (IMU) S 38 B0
Ao GBI 2] e WUEE Rl 2 T AR B ST, SRR IR/ DRI, IEEI NBE T8 3
TS TR R SR . SLIREN T 6 AR 3T 1073 AT WK, AR ER: £ EEATES,
e IE ) % B BRAR (2 17.5% + 3.21%, p =0.005; A1l 23.2% + 3.54%, p =0.008), JKPU=LALVLHE
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2021 4, TR ERFEABERIINGE AT AR T — K RO AMI IS RS, FHEER T Al B A
AT BB HET T KRG T [23]. a1 3(b) s, iZ4ME K Bowden 2% 5h 5 (4 08
TG, 56 PD kAR SIEHI SRR A B e, o AR T O R A B (HEA) . i il 4 B
(HFA) i i it 52 A 4 B (HEFA) =i, 7 44 520 75 1 5 (15 kg) S A SRR 4% 14 T ISR a0 R e, AH
BTSN, HEA 5 HEFA HEU7E 5 B47 7 H 70 0l S35 BRI T 9.95%F1 15.28% 11144 i #E(p < 0.05),
T HFA B0 53 2G5 (p = 0.202) . AFFTIESE, EAHEEA(HEFARAT E RT3, Wt
Z I BN I A SR M A B BT H R 35 N T 7T

Pl 3(c) Ay 3 LIPS PN S K 2 A 1) — T L S BROC 9 A B B AL N SR-AFO [24], KA1 24
RSN TR, AT AL MR R . 12 T8 i %o B OG5 e in ) PR S sl B JE 4,
PAE R AMTHE SO FEMLHIRE 1. SR, 10 445250 72 [ 5 A 441t T ¥ ml SE I 4R v
15%I1 [FIATAL , 17 7E AR S 2% A T I AT SE B0 B v 53.3% R4 4 i, W il iy AR G MIME RO TT A B B (2 T%)
WIFESRE JT o 2R D A AR BE Gh 4 R AR T HEBIBN B, UESE T R VRSN BE ML ANAE D A& R Al
FEE N A R B BRI .

2023 4, JRIMRZBBIER T — 3k dp e i SR B i OG5 A B (FE & 3.2 k) [25], @&l 3(d)Fm. &
7R T R AUL A FE MR I O SR AL, d i U A Sh A BRI LE 2 T B 2 B A A A X PR . K
AR5 5 ARz, 1E 0.8~1.4m/s BATHEE FITAL MBI . 45 R BIR: FWAMEHRIE, WE Ik
FLIL) AR LB = Sk L) B UL H 35 3l (EMG) 73 il FE MK 20.7%~36.8% A1 16.7%~34.6% , AR 7 #8 T~ [%
7.43%~13.41% (P <0.05); it [F & B A BEXUMNIEE, AN FRIBEMPILG 0.81 F#2 0.07, KTTAFE -
THRE P [V RS B SRR T AN BEAE T R AL T S LR, AT SRR B AR AR M I
FARNLIRERE, NPH BB DS RS IR T &,

2023 4F, i ERMERCRIINCEEBAE 7 S TR B PR R i A R 3 T % e L
HREEWATIME B LA NSRRI FE[26]. SCFE T T HRE )L 28 S B AR BT BN A B8 U RR IR 1T 75
K, FEH SHTIORE ) LE /B BEAAE S M B RS B — . JE NV R S, R T 2O
PR B ARTE LIS ESCE SI—EATESCR TR EEE . [N, Z0 el 7 R RINE BB 75 e
A a4 g R E U 115 B AR RN SUSE I BN S5 BB R ), i — DR e LB DS
RE R S E M. RS, FRBEEE B30 R il 1 —Fhid T2 A B i R4,
B AEPE m NP AR BN F AR PERT [ 1& R RE S [27]. W] 3(e) B, % ZR G e 0 ek 502 i B 70 h 42,
SCILSCIELL AR, DLNBREES) A AR NS &, A P AR R B LA 4R B 7 2B A i AT B
. thAh, ZARGUATLUENELEHSH, ENAFH P, MR iz, 1
ANRAT S B ) SR A, AR BRI BT FERIRE ), 0 PR T E S LIRS B KCE AR
WA o

Wl 3(HFTR, N R TR K ZELE 2023 AR R 1) — 338 T ANz gl = BRI I SR RO T B
BE R40[28]. ZARGUR ARSI A NPATHIN, SRR IZS ). RGudid RERTILHEES,
STV B AR, DLSEI A TR SCTT SR S WIEE, IR — FhJE T 10 PD 421 S5 ms (1 B 4 7%,
AR N Az 3 i AN SE I ST NI BE S TR 4 B 0 . SRR SE BN, 235 SR e Re A AUIRER N AKIZ 3]
L, SEHUSHARE AR, JRR S AT G AT R, RSN E RS IR R 5 A A SR A
THEESE,
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Figure 3. Flexible lower limb exoskeleton system based on rope drive: (a) Lightweight knee power exoskeleton suit; (b) Flexible
hip exoskeleton system; (c) Flexible ankle exoskeleton robot; (d) Tandem elasticity drives the hip exoskeleton; (e) Flexible exo-
skeleton system; (f) Flexible knee exoskeleton system
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2.3.2. BT HERzIRY TEINERERS

BT R Be IR I S T AN B W D, 2T TR R R Eh . Wi R EFRER
22— B B 2R BE 7R 2020 £EATF AT HH 11— IR A [29] 06 i 25 Hh = B ANz B8 3 I R UL A LR, W& 4(a)
B WHAKRIL, 2 BEhAHr LA G B e LA BT S ey, 9K Je A e 1 A B B R sk, = A
WURTHR . Aoy RS BE=SkL BEE L. &R LRI HERS LR LR AR o B SR 38 0, s =Sk LI B
FUS e ] B . 5B, B IEAR T DU B e i e 8, BRI SR A alME, 1458 1R
AFERIRE ), ABRELAELTRAFNGE IR EIRAE T — R E TH . 2022 48, $HFiR%ER]
AR ER R PR 1 — 38T BB (VR N EALE: A ARSI 5[30], K 4(b)
NG GIRIERREL . ZF A EAE S PN AR, R T VR HAR. R P#EIgGHEA. &
RARXMAERIEHEA f F B GEMG) KT LA BE Rk, Wil My RS 2RII%G. £
FeAr RS M (B FE A RS 5 WU 2 B 21 28 (R FE AR 0) el 2 BB R S5 AN AL N 25 7
50 151 5 J1 G 2 e 3 9 J I PRIR G R, (% & I S TE T IS s IR (FMA VF4r) P RE
(BBS #¥-4r). HHEiHREJ1(MBI ¥43) & 547 ThAg (Holden 43 2%) J5 Thi 44 2 2 L T4 45 B 4L 3 N ZR 41 (p
<0.05), UFBHZT & G E SR I B 10 S R R .

WA A(c) B, i [ R tHE K 2 5 5 [ SV K 22166 T K 1) — IR B 2R S 1k B AT A s AL 2 A\ [31],
FE A AT IE M AT A T A R AN R AR LT, T8I HL(BEG) 7 BT 5 32 WL = FE VAN VRN
FIMETIEE . AR RN, FARR R AT E M E R, HEAERE T ERAER, RIHEEREN o
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Figure 4. Flexible lower limb exoskeleton system based on intelligent drive: (a) Corrective clothing; (b) Multi-task gait train-
ing platform based on virtual reality; (c) Clothing type flexible exoskeleton robot; (d) Pneumatic lower limb orthopedic device;
(e) Homemade hemiplegic walking orthopedic belt

4. BT ERBINNEME TRIMEHRERES: () HEKR; (b) ETEDMINZEZSETIEGTES; () REREM
BTHNBEEHLER N (d) SEITRHEEE; (o) BFIRELITHIE

Wi A(d)FR, AR AR I — sk et RO S Hi R E[32], HER{UH 680g. %3
RS SN THURE AT A, 8N AE P07 F 0 IMU 5 I 5 50 ST A I 20 25
W, TEBROCTT BN JE AR S IREh . 1Z2EE B 4 A PAMs (WIgGa4m4ifA 227, RIME K 7 30 kPa)4
B, I EEIRE - B R BAE S RGSRA BN ). SCIRAE BRI, 1E 0.83m/s MATHE T, L E A
{E 65 N [ E 71, AT BT H R4 111 3.5% (p < 0.05); PAMSs 7E 110 kPa J& 77 T & KU 4
R 24%, FIRFTSENEE 0.1 B BFFE IS LA R SEEL T 5 AT NG A, IRt T REND
A .

s a(e)Fras, e E DR HEE B BT A B i B SRED AT B IR [33]. 1% H1BAKT 30 45484 i 4% o i
HHHT T 3 A, HriEm LRSI 32.9° £ 6.6 3T % 37.7° £5.9° (p < 0.05), LM 0.42 m/s H N
052 mfs (p < 0.05), BEMT XA HAGHIEGTHE + BN BB B e JEREDE, B
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