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An Assistive System for Upper Limb Motion Combining

Functional Electrical Stimulation and Robotic Exoskeleton

ABSTRACT

In today's society, there are many patients suffering from upper extremity motor
dysfunction, and common causes include hemiplegia and other diseases. Functional electrical
stimulation is a technique that uses a low-frequency pulse current of a certain intensity through a
certain timing sequence, to stimulate a certain part of muscles or groups of muscles to produce a
certain degree of functional movement. The robotic exoskeleton is a wearable mechanical
structure. The human body can perform a specific functional movement through a series of pre-set
programs in a passive situation, which has a certain healing effect on the patient's muscles. This
research innovatively combines these two technologies to design an assistive system that can
complete the human body's entire upper extremity motor function, and designing the first
wearable functional electrical stimulation cuff, which has a certain degree of help in rehabilitation
and asstive movement.

The wearable upper limb assistive system is composed of three parts in the mechanical
structure, namely, a soft glove exoskeleton, a functional electrical stimulation cuff and a shoulder
joint exoskeleton. In total, up to 6 degrees of freedom can be provided, including 1 degree of
freedom of the hand, 2 degrees of freedom of the wrist, 2 degrees of freedom of the elbow, and 2
degrees of freedom of the shoulder. The patient can wear the upper limb exoskeleton through
adjusting the movement timing sequence of different parts, to complete a variety of functional
movement, and to exercise the muscles of different parts of the upper limb, so as to achieve the
rehabilitation effect. The exoskeleton's control system consists of hardware and software. The
hardware consists of three main controller modules(which drive and control the hand exoskeleton,
the electrical stimulation sleeve and the shoulder joint exoskeleton, respectively, the electrical
stimulation sleeve and the shoulder joint exoskeleton. The software is a PC-designed PC program
that can programmatically control the timing sequence of different muscle movements. At the
same time, the wearable exoskeleton system carried out a series of experiments are carried out on
the wearable assistive system to verify the function of finishing the functional movement of the
upper limbs, and good (great) results are observed

Key words: FES, soft glove exoskeleton, shoulder joint exoskeleton, motion sequence,

functional movement



@) Fiint
B suanaal Ao Towa Universiry ETF MRS E ASNE B LR ER R R

B BT . 1
Lo . o 1
L2 R G 1
L3 ERAMIE IR G . 2
1.3.1 ThEeE sl ds R (Functional electrical stimulation, FES) ..... 2
L3 2 BB AN B B 3
ORI ey = = 7 /A 6
L4 BN SRR 6
A B AR R I S Tl 8
2. L IR R A . 8
L2 L R R B . 8
Lo LA I 8
2.2 DIRETE R IASCIO IO . . 8
2.2, 1 RIS MotionStim 8 BAZMLETE ..o 8
2.2, 2 MK I BT 9
2. 2.3 BTHATHRE MR SOOI . . . 9
2.3 Al R A T Rt 14
2.3, 1 IR AE RS PCB AN 14
2.3, 2 AR T Bt 15
2.3. 3 FRGH RIS EAIHLBETT . 17
2 A RN 17
B M . 18
3.1 FEBAME BRI G G 18
3.2 FHBAME BRI SN T T 19
3.3 FHBAME BRI R . 19
3. LR B T . 19
I 5 i o B s 24
3 A AR BN 25
L = B N . 7 26
4.1 BRI AME B GS MI N 26
4.2 AR AME BRI R BN 26
O B I 2 - 26
O i = 27
R B N N 27
L S . . 28
5. L BRI R G Tt o 28
R ik 7 8 4 e 29

R h il 5 a2 30



XFELALE

7 SHANGHAI JIAO TONG UNIVERSITY ETIse BRI SHEAINNE RN LRSI RE

5. 3 BRI HISZIRIOAE . . o 31

T 7 N Y PR 33

N B G . 34
6. 1 A TR GO 34

6. 2 R A R 34



B svaoria o Tons Unaves AT ThaE AR SHLE A MBI L RSN RS

1.1 IRRAKIE

AR T MA@ KU S 3070 TR Be 2018 JmARME it NITH
(EMEFAA RSN T B dh s ot 5T e %) » Sl s BEtLEs AR (E
) AT, I ERACGE KA 30 7] TRE B ik e [ & #d% .

1.2 IRERSEX

WHEMAE R RO NFR 2, REe i UL JEAE, R F R E R gl 7+
SRR o FRFEYIANTFARICIERIG XN, FLAE NS E % DL D et f R R CL 24
EMRA R REE R AR RESE TN AR (B GIRAFREEINBATE
S AWRTer = VIR B S T O = e s i T

ThEe M B AR (Functional electrical stimulation, FES) , & —Fh&H Fsk#s
B E I N AR I 2 A 2R, o0t L 2 AR - BB A 3 2R 3 D RE LA BV 2H 23 T
BB, IX P AR Bk m) B3R5 B VLA BRVL IR B I i B A — & 8RR ARUK o f e,
O B LA AL EAT R iz 3, mT DO A R ULIAL, & AN R 132 3 7
AT € I DI Re A2 B« BLHT A R A SRS 3038 1 S2 3050 UE T, 7RI & I AR AL
W, WRESHN, DhRetE BT DO &S 2020, ot 2 A & A 408 72 X s
ZH, BEARKHAEH, S6EENHBRIECEE, v RO EE A R REE SR,
R R AR IR KRR B TR, P

FLES NAME RS A — A AR T IZ U BoR, SER BE 2 — M DL srIpLes A,
s —MA] DL e AR S ERINIMRES R, W DU AARSR 3N ) KI5 sl R S 4, S35
RS, AT B BRI N S B R AU R A R 2 (N, R T DOE R T LA
NAME & E R E R s E B @ 2 i &I Thae, BA RIFMBEEME, FTiget:
HLRICEOR —FF, ALEs NSBB8 2 — T0UE B A0 A AR O S F i S B BOR T B

ETRXFERE S, AT HEIFMISEEEEE EEsee, EEZMe, A3 R
IR ISR H (1), AW FE 008V K Dy R 1 R R AL 88 N M BB RS Ak, Th
R P PR SR SRR LA 30123l HLEs N Bt dr 2ol B E NN shie s, f#
FHIX PRI AR A AR, H B FH Tl — RINH) EEEs), XAk EFH T
AN B8 A AR FI O SR ) E B2 shE G LS NS B g R A shig shidt Tl 4k, &
A DA UE R F s sh e R 1, AR FS B R F H g EIRINE ) Thae, HEBEZHme, #H
BB ATE i B Pt AHE 7T R B A BRI RS, TR 22 Ry7 55 07 T
IR, AR AER AT IR NI FEAIE

#
=
p=il
O
8
=il



1', : 1 5 f‘: % X “-?i- X :ﬁ‘ﬁ
it/ SHANGHAI JIAO TONG UNIVERSITY HF e BRI SHSEAIE BN LR EEEI RS

1.3 ERSMARIVRS 574

1.3. 1 Thae!E Bl EF R (Functional electrical stimulation, FES)

ThRe M B ) A (Functional electrical stimulation, FES) fEA—TCELH %2
ERBERIEOR, IET 20 g 60 A, MAECE) 2 NHTRESUR T, fEAMEIN
3 (Neuromuscular electrical stimulation, NMES) [{j—#f, ‘e nf L3 H T
IR E, SRS, MM H Bia 3l 48 Dy Re R i A1 UL IURE 52401 1) 3 B 2
ez, IENAEh DR DhRetE mplEse — MR8, A S ] LUK E B (1is )
Thee, T UMREHER . Wit MSEE A EDRESE . R Th B P e o] )RR 4% TR 2 3
e phze, BT SRR L AR SC I [t 4 . ST 5 2, FES s& —FhRefs A 20 B i
FAT RIS I

Dt iR E A DG IR K A R [ s, H A A En 44 M S WA A 56 1 1) e
PR ZHIFESHEFLH L, IR ZAE 2 KEFEFRE 0. [N S AR 2 R HFES L % %
AT, HinCompex MotionHLHl#4#E", Free Hand HaMIi#%, ParaStepHijiligse,
MotionStimeE AR5 . HH LA RE A I &Moot ionSt imH A, & H 484 B il i,
AT LSRR AT R W [E I, AR RT DUd I 4 R . (R e H A5 Science Mode
Digg, WSRO, "TELHAT TR R BAT sl mRises AN S48, BoA RIF Rt
it ERE

& 1-1 MotionStimHER R He
7E B A TG, DRt F R R A LU, (2B FE T SedR T . B anili ek
() EE AN 52 B DA 7 1 IRARGEVE R L T FES T il 45 o [ b A2 A 4 FESFI AR B R 255 1E A7 1t
7K, i B RS KA AR A PR A WAL A FIBCT (Brain Computer Interaction) XFFES
HATER, HATEERERN . A BB R IKE H %, EFESHEHI R kit
DL AR LA SR e i i ) A RN I 98 o EFESI DAL b, A — 5 B Ak ™= i,
HREREHATEE ., HILTLUE H, FESTEIR B B0 70t F 247 B AR SLI =M By, i H ™= i
1 BRI AN 5235
TMAE ] ZE S D Re i FRas b, B AT R R = S B, R 2807 il 72k IS v i
AR vt i H R . 5 2 A R R O P R H AR K A A T EMS (Electrical Muscle
Stimulation) fJSixpad, IXs&—a{@Er 4, 7 Al DL oK &R ) A, wILAEH
JIG B RE O LR A A BRI, ORI RS, TA B S A (R ) B . (H A2 IX
R FFEAA R RetEIZ3, B DL A 58 i e BT

#
V)
=i
O
&
b=



5 he -2 1 W
) X EXALE
SHANGHALTIAD ToNG UNIVERSIT EF DRSS A B ERE S R

&]1-2 Sixpad F. k%

1.3.2 EJRHLAS NAhE %

HLEE N A B2 — TUE & T 2 B TR TE U, RIS AN R (7> K0T 5 2R 2 R 7
o BARRUL, BLFIHLES N AME B2 B I35 ] DA v BB R AL & AR B R EHLE A
FEIRAE T H A RIANTE], ST A7 Dy B AL A B A A B R A0 % o AT 7 3 BT 1 B 54k
HE%, HP R U N SRR A B A sl B 3 IR IR S 75y 3K 1T (5
LR RTTE . AWTTUR 73 HIHE T B AN B A T8 S B e [ A ARt FE IR o

FE T AN A U, [ AT AR 2 S =W (10 2 AN RI R A A B o iAb %S LA S Y
Bl5 o Herp A A B TR B T WU SR T 5B =AM f%Hand of Hope, KM
HL LT IRE .

&]1-3 F#I T K% Hand of Hope
AT W B A R S B R B A 7 IR R B S A e R N AU
ARSI TR Mt S A, X ROy RS S A R S TR A B AR, 1T
DA 28 E R NG AN, TR B R4 i) B S ISR

%37 k3w



T seancrn 1no Towe thveray T IhAEMe RIS HLE A SV E B RN RS

_ Tubing

LED
sensor state

fiber-reinforced —
actuaiors

* Soft straps and
actuator attachments

Bl1-4 mefh R TFHSE B
R R K B — 3R TR A B B Exo—Glove Ploy *, SRIVZLIRBI X, FEI
P RRIRERARE, R P &R R, RS A

Bl1-5 HRRKFREFHIE R
EFEIMER L, ENIMBAREZIIT, JFHARKATT S, fTUSRMER B hE S
ORI Z o 2800k, 3% B RRAE B L 2 Be /£ 1995 AE AT H 1 — 3 44 1 BB RE B Ah &
MIT-MANUSHOI, i AT AL 22 5] i 20 28 (B IR FR AR 5635 32 30 .

¥

E1-6 WR B T 24 FBEMIT-MANUS

AT H A SRR K R 2 BN 7 AN BRLER Y, 2 — B A B
REELHE bt B4 R, mT R B B AT — @ MBIEAESS, JF HAEE T — RVNME R %
2, AR AEE A

#
SN
=
H
&
b=l



\\'

. )\
SHANGHAI JIA TONCUMvms'w ETIhae RIS SR AINE BA LRSS RS

B1-7 HBRAVBZASEREHAL
A HAZR 5L TR % 1 Yoshiki Muramatsu®s A B2 1E IR0 I — 2K T DL 8 < 3 1
JIANEEEER, XA AR R N TUUAERE), AT EASEIUR SR L R SR SE AN T 1
igzh. XFMIME R A TR, S RESR A LYEmEL-8HTR.

El1-8 <ENE I EH
56 BEE A SR M SR EHER FIRUPERTI, [FIREZ P DLZE 8, A4/ EHHE, arbis
Hils JERT NSRS BRI RIEE, WU E SR B S A E B R, WA
hifE EEd ERUINIZEN TR, IR ZHME . FIRZIME R B A AR AR, P RLSR At
R S U 1-9F7R o

#
o
=i
O
&
b=



ETIhaEM BRI SR ANINE B LR E N Rk

&

K|1-9 RUPERT
Hlas NANE B BORAE [ A FOEE 20 BT 7 LR, L thoAT ORZE ORI I, BRI R 52
g ASE R A AT S BRI AT DA S AR

1.3. 3R EREEWTT

U JLAESR, BRAFESHIAME BRI A HR A REOB WL BB R T3 s, At 7%
Hb O 259 A/ BFF S AE B3 5 25 R 10 53 G T LA B4 6 3 O L, Sy BB R B I R R
R

1.4 RXHWEEARSETRA

ASVE SCET X 3 Th e P LRV &5 N A % AT 27 SR M BRI — T T, X i Sk B
et Rl ARG, RIS P Be, SR IRIESE S T ROT MR . B T 2Ry, A
i A 24 B B AR 22 HE U R

5 B BRI AT TR AT BT ) o SR A DO RENE A S Y o X B AT
TIIREME R —FORI 2221 5 T, JEA BRI AL PA) R RIS 2% B BAIE VLA Hp i 38
BNHISEIIAIE . JEx) 2 @ IE DY REME R RIPCBREAT 15720, Wit I In T i ok ] 5 ' T e
PERLRISAS, JFx ST HIBOREEAT 128 S IRIIE.

5 =B R E LA TR T AR B R G SRR RSB e T SR
ST I T AR B, AN US4 Vit , FFAE AL B vt TRl R PR B | 4% AR
HAERIL. FENLIS B RIHRAEAE N HIREFFPCB,  JFARIEAX-12ATY S 4P FEN LB TP S R T
PAPCAE N AL I RE S, I SEER IS IE 1 SEFIRCR

S DU E A TR TR R AME IR R GRS ST B LB SR R BT AW T T
IR RN B LR A B %, 222 TR R B R G AU S BTt T SRz
i) £ AR AL LA S CANGE TR IMAL,  FRE BLEERT BN T & FOE@ SR, 90’5 1 PCIEN ALY
FEFF, SERCT STM32M) fr ERERY, JF A SEERIeAIE 1 SE AR

5 L R B EIA T AW S AR X = PR B A AR, DAPCAE D AL g ) =
B IEAZ 452 5E IS BN PP 42 o I BLASHIE TN 1 B8 e #5 2 10 mT 2 5o A A i R S

6 7 3k 360



R — ET sttt RIS AINE BRI LS 3B R 5

P, weih 7 IhRerEEsl, RS B B T SEIR AR, YRE T RAFRAE R R
FNE LB 7AW A TR S ) TARRT R



ETIhaEM BRI SR ANINE B LR E N Rk

BT AFRIIGEM BRI

Th e B A AT AR R 5 B ML B URE AL 4R i — 5 i PS8 PR AR AUk ot EEL T AT 41
PO R ULA BV LA — 5 8 BE A2 3l , e BT SO RIS A R Py, wT BASE
BIA R DRErEIZ S, AT Bh B AT BRI 25

N T SEBLEE D RelE AR R R IE S, (R A Al o s ok A, ASHT U S
VAR TSm0 FRIBSCR R Z, SEARI0AIE 1 /G ZORIB LA AL, F it 7 EAHL . R
RENURE RN, B Ja SR PRt b 57 A% S i) Fa AR G e, SR 17 AT DUSE K Rt 1 T 2
SR R IR B T DURIBOULIA ™ A s i B B R ik 3 A

2.1 DhaetE M RIAE AT S

1.2.1 BAZH

ThEerE R AR LA JUAN AR SE, ARFEIS 50T DLk & SRS ff ot 28225 10
ARBERSER. EARFRH, FEERR T U IIANSH

B ANSEUR IR, — B E 100 2292, I HBEEE FI R 4R E L Y
R R 2 R, WL RIS SR IS Bk th & bR, (AR IEH 2R — s T 10 =
2 [P PRI a2 A RIS

S AN RN B B8, A R 5 R B T LA UL AL ) R R
HRAR Y AT IE . FEE U TR, T DA AR5 B 7 R FE RS bR BRI,
IR FAERA, FESehafl i rp, 5 B0 T 56 76 200 3 400 s 2 [ i) 2 3t in L )

S = AR N AR R, F O AT DL i LS B0 5 B AL £E F
VR 7 AR IR ) o — ARt SO R 0 UK T 30HZ A AT A= A F s 1 EL 38 AL
5.

B T IXEBHAN, Thbe b A B AR G W WY 1AW R TR
P THIIA] . YRR RIS 2 A4, (HIREIRAT IR RIFARMBA, HAEABIRAT .
R, % FES, MHEEALAAR]HFRSEIRER, ST ARREZIRE K, SHNERLEA
IR, B LU T AN R SRR I6 40 B BoE S S 5.

12,1 Rl i H

DigetE BB, A TIRBIRIRACR, B R AR o i de . — o R T F Ak
Fio K R G E T B LA PR, BB A S R . 5 A — R LA P9 LR,
BB RS S BULIA A . SR UL, LA RS T A R R R MR . A
FIF 5 705 P 402 R 8K et PG 1) 2 T FELARE

2.2 Thaett R RAATHASC I B IE

N T BAE D RENE HUAR O BRI I RIBRCR, LR R RCR . ASHE e AT
F'T MotionStim 8 HUHIAS, {3 A F A1) Science Mode Rl w8, M4 BT L& HRIE A5 P
W, 5 7T CH LAV, JFX EIALAEET T D Re i sl Hec s .

2.2.1 HHIESE MotionStim 8 NI T

%8 T 4t 36



5 w x o o
iﬁ%;xﬁ&Aﬁ}b? o
G/ SHANGHAI JIAO TONG UNIVERSITY %zj:lj] ‘ﬁ‘E’,'I‘E EE,ﬂiU;%ﬁ—'ﬁM%%A?l\% %%E"]J:Hiiﬁ_ij]ﬁﬂhgﬁ

MotionStim 8 /2 [F i & (1) ] gt F ik g, B 8 AN rfilcm s, nIRIEE S T E
TS THEN BT, FHSAEE R 5. B, R R ES8. R
PIEE ARG LA ERGZEShE BT 7 F A RIVL AL iR R Bt 7, 3
F T CH#Y) Winform V- &1t 1 PC EALHLARFE, {8 IS AT LA SE () 487 B £ 115 MontionStim
LRI % AT IE S . S 2-1 Fios .

s Formi E=HEOE XY

Reaching 1 Reaching 2

Reaching 3 Grasping

Start Stop

& 2-1 MotionStim _EArHLR T

2.2.2 NAE_L Bt HT
MR FS SRS BT O BT AT 5 4 NSy, AFRE BA AR E
HE., Hb g X WES=ANEBE, 20REXRTHNIMNE. BiEEM . NIESME. Bk
TR EM—NEHE. RS RiRE —MEBE. BT RS ANEHE, a0
JEAR R U, T R&—NEBEE. SRR B B E 7R 5z s R R
% 2-1 fim.
£ 2-1 BHEEXRTEEHEZIEE

KATIZEN bili-a
JA R 0~49.6°
JA R 0~121.6°
JA R HT 0~46.8°
EESRENERLE 0~180°
JBRTTNiE 0~40.6°
JA R A e 0~42.3°
R 2R A 0~150°
R AT e 0~10°
HIE e A 0~90°
HIE e fa 0~90°
i G715 M 0~60°
i <15 9 e 0~60°
i 2 15 54 i 0~30°
i 215 R 0~40°

2. 2.3 H AT REME HL RIS 46 56 iE
N EBAE BB RE T 2 Ak PR 2 AR R LA AL, 17 HAR L JRULP 2 A LA
WA, AMETUER IR BEEHIILIAIZE), R R AR IE s R 7 22 A LA

% 9T 3t 3éIm



Eg;iﬁ?iﬁ}G?
T/ SHANGHAI JIAO TONG UNIVERSITY ET IR SR ANS N LREsEE RS
AT, i U0 I I AR

KHFFN T WP IR I &350 WUATE U E R g i o, BARIEPAT AN AR
DRtz shiny, AR E NIRRT W T RGP RTESH, At et 7 KE
SCHRJE, 43 B IE 1 R g ) T A B A sl R e g 1 i & T S T Re s B,
PRSI IN AR =AU BE=MA00 BE=R00 BE=SRAL Betulfisi e VL. R i e
WL Bl fei BNl FRERENL. AL, FaPUL. PRI, S 523 aiE s
AT SR BRI, 7 ANE B,

T OEA TR IRSRAUE 7 NAR T A I E A R P E ] 1B S R S A
BT, ot 4 ANE B, BT = ANAE = ANRT LSEEUE ST AN, B S
I E s, RS = Sk WURIRE = S IUAT LA43 ) S 5G9 JE i sh i 3 HEESE3 . Pl
B LR B A 7 = B 2-2 B

B 2-2 sI=ANL. BE=AL =00 B3I (WERIA)D
AT TS ] 7 2 Py r AR A AT S, B T 4 AN ERIEGEIE, 2RI AT =
SN JE=MAWL BE =KL BE =KL, W A B ] 2-3 fs.

2-3 R E
T S S0 56 UE T RO RS e, AFRAE A BT T 3 ANAFERIBE, 4
= ZH AN [R] A LA SRS 7 S o I = ZH Th e PR IZ sl sh V40 il 2 T a U s 1E . T
BETENE R AMR T 21 . X = HANER RS BIE 2-4 Fos, IR 5 igix =
HANE. FTLAE W, RAHNERSRT LAy BB 5r, 55— BN 1E 1 2 7 B 46 1 [ B e
I, BB EREE RN, SHoEHEE R ERERT, HREE TR, B4
VEW e E T /M, PR R S [ K R e B

58 L8 69

2010 B 3k 36 1



Eg;iﬁ?R@}G?
%/ SHANGHAI JIAO TONG UNIVERSITY HETThEe BRI SN EAINE BRI EBIEsH R S

B 2-4 ZHAFEBRRBESEREE

N R R SE U =B, AT TS KB R SRR B R RRE X
L RTINS P, I B0 2-5 B, A2 3045 53 50l = AL S AR B AN 7] ) S 0UL AT 8 £z A
RN 7, 2D EARERAE X — P BOZ BB H S LA GE DN 1 r . /TG . 35— 23)
AR 5 ZEAE 58— B R I S A = A LA IR =Sk L, 2 55 — B BRI N )il — Sk LA = 2k
Lo 58 BN AEAE SR — i B BRI AT = A UL — kWL, 58 i B[R i sl i = 2k
VRIS = fLo 57 =213 1 75 BEAE S8 — B BORIBRT =AML, 26 B BURIN ik =k A&
= AAWLREAT R

EIEE IREBEE BB cmEY sEeT pIEREE  EmEE BRI FETE ., [HEeE
me L L

RI=fiL HI=FEA FI=E

HiE= EET BEZ
BT 3LAN [N} B3k

wE= EE= BE=

BE=SKAN =K BE=SKA

JEiEm EiEm EEm

BE=f BE=A B=AE

& 2-5 =H3h{E RPN 7B
Wik sE RN P Ja . AT S T Sl AT SRR I, A ANFEI 2
ThRENE FRIB I A A B RS L TR SR AN S ARIE], TN R O R B AN,
{EESEIR IS UEAR AT, IXONZ JEREAT I W] 2 S R e e it 1 B SR A s dt Ak . 1 2-6
N2 M

(@)

11 B 3k 36 1



ETIhReM BRI SR AN E BRE LRSSV BN R iR

(b) (©)
Bl 2-6 % EFBHERBIIEIEEHAKE (abc KIKRE=H=Z30)

FEMZE T AE FES T izsha, AWHFi GBI SCIRIIE T & A1BA/E FES T IH)
PR . ABFFAERLAL 3 Vvt 7 A DRe ez s, o3 M i A T ) i 12 B 2
IR A AR AR (EN 1 FEIXH, ABFFAEH 7 RREE N 5 A HREeEE, 725 H
KABILA SE R . BRI . FHRZ i KRS M. FHRIMKIBIE. Frflik
BN RS GEMEE L RO VL. Se L ROBEERIL. FRE L. SR L
L. FREIL WERIL. XL NAR I 73 Ais R E W 2-7 fror .

2-7 HAFHIAFEE
AT T 5 P73 a1 72 ) P 748 R0 258 640 0 R 30 5 R AR AR TR R AR R 3 1
EE s W 2-8 Fiow, WTUAE B, FEICHRAAR AR, 75 2210 8 P A 1 [ i 3
22, AERRTT M IS0k 5 B M0 S M (O (RIS AR I 4

e[~ ¢

2-8 BETFEEEM R E
FEHBIG A AL E b, AWETCEET 7 ORE RS, 0 2-9 Fron, 235 b ANIEIE 1 HAK

12 T 3k 36 1



ETIhReM BRI SR AN E BRE LRSSV BN R iR

W 5

B
*
-

wy

& 2-9 HrE AR R A
FEBCH RIS P, 9 TR SR ZER, FESIARREAT MR~ &8 20 R RIS L. 45 e
JUURIGE e UL, S g 268 P S B RO P AR R 2, A 58— 08 2 () B X Ao LA F e ULEAT SR8k,

A5 J F8 A0 JRE O [R)BE T= 55K T, BRI P st os s B 2-10 s, LRI BOH RELA
FRASE 52 1A o

=anEHA Buaprak , FEiEE BigpoME | FERFT
BE—
=K
BEE=
=1k
BE=
BB/ AL
=
B8 ERAIL

EBER
15 ERL

B 2-10 T AR I 0z Bl H o e 1
FEBEIRENE I SL S8 BOBAR 2, AR 52 A FEREUA R i s 8. 1| 2-11

NRARE AR BERBUR I sh o R B, S B4 73 BUOSATIRIRES . IR BPIRES . #
TFARIR BRES -

13 T 3k 36 1



@) Y FLdLE
IS/ SHANGHAI JIAD TONG UNIVERSITY ETIhaEM RSB AINE BN LB HE RS

B 2-11 ZRAHE R E BRIBE 3R E

2. 3 FRCERIA RS Rt
AT SEIRE , B A7 T LA PO RULAL 05, AT O P T —

Tl W Ry, B 2k 4 AN IEIE K ORI, AT SR SO AN A, AT T
RETERIIZE]

2.3. 1 HLIIBOR 45 PCB A4

FEAHETE R I7E AR L R SEIO IR, SR BUA B lkAk Motion Stim8 24,
EIRIX P % B4 T AR AR AL LI A, (ER HOm MY D Mt 7= A ] BRI 4, Tok o
S AR, (3 PSR LB, IR e R R R, ERE, A
AR E R AR BT, BRI, AT AT i 2SR I SR S AT IR — B AT AR SR AR, AT
DA77 5 F) 1 5 3B TN AL P S PCB, S IR B ] 2-12 s

& 2-12 ERIBR LR PCB YE
2% HUIOR AR 2% 3L T ARM 224 ) STM32f103VCT6 i N\ ZUALFE 2% 4 1 Y Bl ARl R,
FRAR, SRA 12V HJEALE, 20k 8 N O, I HATH HCO5 3 Mk A 5
M AT IS, (I ARIEE J7 (8. Z RS R BT HE R A 2-13 iR, BRI 40N
AR BRI, FRE ™ AR A, RN W O I E A

14 T 3k 36 1



ETIhaEM BRI SR ANINE B LR E N Rk

| T Erecrromic Power Supply Module
I Switch Module
Reference S s e
Electrode '] ‘ | Signal Acquisition +120V-Control
Analog]
L Ao Module A
Electrode -—L— —<_E‘ 1 [ ]
> ol - +12V Battery Power Suply
Channel 1 Digital Control
~— ' EMG Command * +
W N | -5V <« 45V | 426V-Control
- | A Micro Controller ¥
. = . ITal |
° /0 Unit(MCU) +3.3V-Sensor and Control
) port | +2.5V-Sensor
pe ' DAC l l pwM ||
T | -2.5V-Sensor
Chamets | Stimulatid Electric Stimulator | 1]
P ' Crrend Output Module L, Bluetooth -
=T | Module
R e e e S e e

B 2-13 EfR 428 PCB EFFER
BRIt Ab, AR T A FR 8% , 2% r I R A 3 e HE P R SR T S o R U i
fika, SXRE—RK, BIAS AR BRI S AN LA, WY DA R (AT AR SR R e Rk
B AR Y . XFHIE R E A 2-14 TR

D
Amp P > PW

IT

Current -

& 2-14 XFFRXN A 7 Bk bt

2. 3. 2 ZF A BRI 7 Rkt

9T et AT LR SR R s, AN TSR Tk R R S A e, R
Fr K P 20 RS AR U s AR K 60mm, B 45mm K T B IG A, I ELAT
CABE I 5 keI, 00 7 R B . SR T A SUEDRHK Ko T A, T
TERAIZ N HIETIE N . FARIG 5 R 2 2 TR RS I 5 (8 R Je R 4544, ORS 1 A8 FH i
fER . G 2-15 B A Ao £ R0

P 2-15 ik s H AR UG
FLAR UG 1 5 4k 2 B R P G Je 4, Wik 2-16 Fs.

015 B 3k 36 1



o]

=i ¢ b AR X .‘ﬁ
@) rFRirs
) &/ SHANGHAI JIAO TONG UNIVERSITY

Ha 1o

ETIhReM BRI SR AN E BRE LRSSV BN R iR

B 2-16 B3
AHIE VLA AT 2 R R A I B 4 AN HRNOEE, EAE N E 2-17

B

Bl 2-17 D9iEiE Rk oA B

AT FUBETH AT 27 58 A s 0 A R AR — Sk LS Bl =KL B AL e UL DY Bk
JULPAT, T A5 RS 08 PR st e T fss 0 1) e 4] A A B ER BE (383l 5 O (8, T ARSI A 52 R
R AR IZEhsE, BT R W&l 2-18 Fror.




575;%1@X§
e/ SHANGHAI JIAO TONG UNIVERSITY ngIj]ﬁE’EEE,BIEU;%S('-%M%EA?I\%%%E’\JJ:Hii‘éﬁ}]iﬁﬂ)]?ﬁﬁ

(b
2-18 (a) (b) AIFRARIWASLYHE

2.3. 3 F iU R B AL et

N T 5 AR ) 2 S R B (K A R SR E S O 4R Rl o R R s
ASHIF 9T HUR AR 0 B AT IBAS PS8 T PC AR EALHL KRR, RIS ST Hl
WA ERER, AT DU R

LRI BRI B2 10 £, Ox00 1N sk, 58 AR S, H=f 8 R
T, BRI 0x00, SEPUGINMER, HHBNAAIAKTE, SB-LR\AONEE, Ha—hA
RARIAL o AR TR =K, PR E k.

AHTFURE T XAERBEAE P, Bt 7 AT PC _EAZHL, Do il BB A ok 7 BROR Y
fEH]

2.4 REING

AT E B T AEARW T AL o SRR (0 A S g e, AR, BRI
ARBEE SN TR B BRI, RJEREAT 17— AR5 AR S 56 X 98 e A R ULA Y
FL O R AT LA Z TR K DR [FIPE R o P BRI 1 AR TR T B A5 P £ A0 257 5 Bl 0 A1 A
BRAFR > R QT BT R o R SRR A LA A R, AT B g3 T 7 A A S 4
izl

17 T3k 36 T



dr%

ONG UNIVERSITY ET sttt RIS AINE BRI LS 3B R 5

bty

) X A
HAIL JI

G/ SHANG

-

AD

BT FEIMEFRI

3.1 FERSME BN R

ASHIT U A (0 S B O URES # A EiA2 38 RS AR L S 36 = Bl st it 1 T i
HHURES ¥ A [F) A% e RO RIPE S R, 11 AL ) P 28 X sl i P e PO SR AR A B 4 4, T8 1Y
BT PIRAENER, 2D TR AE R Bh R, A A 66 2 2k 3h i 7 AU L X B 5
FLAORUL, AHT S 1T 04 B # MU ES # R T BB A SRS E ALK, ik
FIALIRES K A 3-1 T

-

& 3-1 FESME RSB
FEFEM, SR T 50 B8 ] AREIRHE . B TR TR, BB
WA A TR, ERIX 2 se SR SEHL 1 SEBUITR AT AR KM e T T, (RTINS XA (9 e it
A CATACHUBHLAS 8/ NI A S AN T, 3 T, (8 TAEHE, 1R B ol
MEFEE. FEMSEYEINE 3-2 fis.

& 3-2 FEH T TWE



A e X A N
G/ SHANGHAI JIAO TONG UNIVERSITY E:J:Ij]ﬁ'é'ri'ﬂﬂﬁ‘:ﬁ—'ﬁ*ﬂ%ﬁk@l\%E‘%E@J:Hiiﬁ_z‘:j]ﬁﬂ}]%éﬁ

3.2 FERINEBRIREN T Rt

AHIE FEAT FH 1) T34 1 2 A0 FH PR R B RE AL 23 ) 2 5| R ZH 6t 6 R 3K B T 48 112 80, A
BT 050 FH B F LA B FILEAT OBl A T 5 eATL R DL SE RS v 1) SR 3 T 5 2 () 2672
[F] I 38 ] DABFAR A AR AU LA ) AR L, e mis AT 208, 10T 75 ZE 4 . R BT En
THEBEAR M R Ul B R

ATF-EBAME % I 02 BB E Robotis 22 5] 1) Dynamixel R HENL AX-12A, B
WEBHR A W EBIE I, TN R AL AR S, e RS J71a) . Hzh A .
R LSS, RN N — R VMG EERE T DUR B . Ak, X REC LIS B A
FEOR, RRUN, BEE/NRREI A, XX T T BRI R AT 2RI, £ 31 2
AX-12A AL 1 BE

R 2-1 AX-12A B ek
i H 28
HEE () 55
G Ll 1/254
BOKHIAE (kgf.em) 12/16.5
g (Fb60° D 0.269/0.196
BHEE (bps) 7343~1M
DAY 7V/I10V

3. 3 FERSME EEITHI R Gt

P R G T AR AN HE A B AR SR e h R AR B, RO AT AR 5 1A 47 Al FR) 4 ffy
PE, BT CLst i 20 R BT 5 8 ALATUR T 3B A1 5% 2 (BB TR, [RI SCRT DR 25 1 A1
IBEN T RN, AW TR T REUSI ) T Ah - B A B AR i) R G, AN R G0 E 2 A
P FL B AN R G Ao

3.3. 1 WA g Tt

ATFHRHME % 75 B B D Re 2 e B AR AL, 2 EALHL IR A A HE 28 5 TR
L5, RN SR IX A EAR, S8 5K A 5 M ReNLEsh A B A T %5ds
AL IR AX-12A B AENL, T SEELAEAEHLA: 5] #0528 I F 540 E 3% KA TR T AliE 2
HIZNAE . PRI 75 EE RO 1 R 40 3 BLAFE i 2, AR, @ ER . AN B
HOREHLIR SIS M, R G AR 25 A B ] 3-3 Pl o

3

2019 7 3k 36 1

\|



@) ¥ #Xd¥
s/ SHANGHAI JIAO TONG UNIVERSITY ETFIat B RBSHBAININE BN LREEEI RS

AR § AR EfER
LviEeEt | —*
USART1
12ViEegith 238
: ( STM32f103VCT6 )
12VEESVEE
[EFRER USART2
5V4£3 3VE
R ; el

& 3-3 B RGER

L AR b, AR R GER 2 i ST A |l k| (3% T ARM32 £i2 /) Cortex-M3
W% STM32f103VCT6 % F Je I JE il FEL B 4 i IR R N S R G . 12008 R A 100 i 2%, %
FhDjREFT 4z, EHUE 72MHz, i&&iE, M. R B, FEENE T STM32
BANRGTE, ARG SRS AL LS S HL K

URARE R EZR STM32 S/ R 4GE, BFGHIE, S0, WEHE, D, B,
HLER ] 3.3V fl . 207 FELBE R E Az il 25 (1) nrst 5] A oZe 2 17 5 ) S AL HL B o

ERVERE T F, ARG T 12V B, b S B A e Lt e, B
— B Bt I PR R R A A RS . B 3-4 D) —H 12V 4 B N L R ) SR B

51

— 1

2
1 Header 2
1 i B SN S
Ds
b MWLED [ 01u | 10w
AN b

4 3K

P11

l+19%
{+12v

3-4 12V S B i N L TR A
X — B BV N LR S, B ailid LT1965 Ak ts A #y i B i e BR B B BV, 31X
Je AR IR ZE R AR R 2%, Hr BV BUREEBIREHLT TR 200 5V LS b X — g
JEHLES, TE OUT AbF1 ADJ &b 73742 N\ 30 TRk FEBHAN 10 TR HLBH, IXFECRIE T % H FELE 2
5V, LR R B E A& 3-5 s .

b
S
b=l
b
&
b=



Tl . ;
@) X FAar¥

:"'o,, J SHANGHAI JIAO TONG UNIVERSITY %:_Flj]‘ﬁ“é"‘iEﬁ,ﬂiuﬁﬁ—'ﬁ*ﬂ,%kyl\%%%E"]J:Hiiﬁ_ij]ﬁﬂhgﬁ
Uz6 A
17V 1 N OUT 4 | 5V
LT1965 83 —LCSS "
30K
! SHDN _ ADI | L1
. = AGND
RS4
1 Lrisss0 10K
A;D
& 3-5 12V % 5V (&K B R K

fE 12V ¥ 5V 5, XFHEE 5V HR 3.3V, MGl RS At . oAb B B R
AMS1117-3.3 {0, XK Z LA 2%, TAER @ Py SRR i 5 v /i R R AT LR
B, A E ZEBEH AR ER, Wmsciia k. K 3-6 Nr BRI,

U7 3.3V
LM1117
SV 2
2% 2w OUT |— {+3.3v
a] TP
=
©
—_—C56 —_—C57
10uF - 10uF
AGND

& 3-6 5V % 3.3V [&JE B iR R B
AR, eAMER T JTAG 8 F1 SWD ik, JTAG N 54, SWD N 2 ZkHi1T,
AT SWD R, R FRERE 4 R, 75l 3.3V, GND. SWDIO. SWCLK, f#H
G, JRRRER], AHOC R R 2 B an ] 3-7 Bl

+3.3%
R6 R7 RS R9
10K J10K T10K 10K
ITAG
TRST I i
TDI ; :
TMS/SWDIO SR
TSW
TCK/SWCLK & 0
TDO/SWO E :3
EESET 15 16
— 17 18
[]1{10 — 19 20
10K
DGND =
DGND

& 3-7 AR REE
FEREPF R GURE R B, R EA TR ES EAHLES, —F2MA CH340G
OO HEAT HR EAS, T3 4h— R A HCO5 AL B S BB AT 3 A, X R E#R 2

021 B 3k 36 T



YELALE

m *‘2 SHANGHAI JIAO TONG UNIVERSITY %zj:lj] I‘EEE,%U/?J'ﬁ*ﬂ%*k?l\'ﬂ%iﬂqtﬂil_ﬁj]ﬁw]?%
LLML@%&E’J USART1 5 BT & FEAE K, XA, ATLUERCE AL —1& 1)
ZH R 5t.

o CH340G & —A~ USB jm £G4t i, I RASEIL USB #%ef 11, (RILAE SEEL PC AT
bR 2 2 B A I R R o 7R BT FER I TR B A e A, R IR AN T
12MHz [N IR A T AR TAE, 5 4ME R ZEAE R M um N b 22Pf R FLZE, JFieth A fe
RS IEH TAE. X35 1 s B & 3-8 fim o

Uz

GND  VcC

TXD R232

RXD RTS#

: 2 V3  DTR#

CHIeD D~ DCD:
D- RE

XI  DSR#
9.1 § %o crsk 2

DGND 1
USARTIRX 2
USARTITX 3
33V 4

5
6
7

CH340G

& 3-8 CH340G T/EH

AR A ) 53— PO A R S A, BEARE /2 HCO5 W F A, ROy IX i
FRABRT AR DT R B AT #50, aTDURESEM e B & D8 7, SRR, F‘Eﬁﬁ%
SR, RN IR A AR 5 STMB2 SEHEIN Jo i i P, W] DLFE IO 4 /) FL B AR AR AR
Pl o8O P B RT RAS1 6 S5, Herp STATE 51 DS IR St 51 T@#EEE%EPE’J
HLER G 3-9 i

bluetooth

EN 1

75V ;

DGND ;

USARTIEX 4

USARTITX 5

STATE -

]

Header &
] 3-9 HCO5 T F sk

5 JE e MENLIR B AEE, T804 & B Ak EI’] (IR AL A2 45 [ Robotis 22 ] () Dyaamixel
RANEHL AX-12A, IXFHREALR TR IR AR . — AN B B E — A H A& 05 ThRe r 4 i

O BT T o XA FENLRIE HIRS BEAR iy, 3 &%DQETU/VJ 1024 %575, (LI
fo, WLLEE — MRS AT DR AL B R R Rk DL SRR IR A e L. R
HIXARENLEE R 72 3 RAEmZEIR, 73702 VDD, GND. DATA, HMRENLIEHmE
BHAHEAG QA 3-10 Fros, BEASREHLECH PSR, AR AR, RS ZE R e —
ANRIAT CLBRBIAERHL -

022 T 3k 36T



ETIhaEM BRI SR ANINE B LR E N Rk

P PIN1: GND
P PIN2: VDD
P PIN3: Data

P PIN1: GND
P PIN2: VDD
P PIN3: Data

B 3-10 ReHlLfEHmeke MHEAT
NS RENLZ 18] FEAURISE ) 8% 2 a2 il TTL 2R, EE—R—E, X
FhRENL R 75 B — 45 S 2R B el DA 2 M ehL, AR kAR O, ER 7R 3-11

FIi7R
)l} el L T=
r e !

B 3-11 REHLIEZETT K
SRR FEAL 542 1) 2 2 18] )38 TR A XU T 570 o LR, @ R 8 A8 fi, 1 1
AR A A BRI, A BB IR 5 mi8 IMbps. §% 4% % 20K USART {55 #4i
MR TAF AP USRI B4 A Eak2, R TTL RS R B SCECE (17 A R+
TR BES R, MR, 0 D ORI, ROREHRE S, 07 R
PRI, B2 85 S . AR SRR AAES S 7 A~ 74HC126 05, X
Tt o — AU ZRZE i ], RRM B B4, BiE B2 MM E . 20 sE

E & 3-12 Fios.

DIRECTION_PORT 5V

74HC 126

L » DATA(PINS]Y
_9.68V | JVDD(PIN2) }

|, GND(PIN1)

3-12 HHHER R
B2, WT BT B R R %, ] STM32 E 471 USART 3 iH D At mr A
SEPURT X FAEHL A o BEIRE UASRT ey~ X0 T8 o LUl ) A2 B STM32 E 1)
BT e ER R, FREE S 3 HRZA STM32 (1) UASRT 1) 2 S LI1Ef#. It
I AEALIY DATA 5 E S USART2 (1) TX 5] JIAZE, AT X —HR 5] Bk R mT DLsE Il
B MR Bds, (HaLZiiks DATA 51 BIAIF 10K /) _E bz s B+ 2 5V 7 AT PLSEELIE % 38

2 23 T3k 361



ot - \ﬁ
YEXALS e .
B sunnn 1o Ton vnvesry ETF ALt RIS ASNB I LB ENREN R Y

e BT USART2 [ TX 5IIAT RX B IZERS Fr N3 B, RX ANFEHAd A, TX B E R
FEIN . MEHLAIE S S an i 3-13 Fio o

DGND

= P4
GND
VDD
DATA

K11 AX12
10K

VDD
USARTITX

5V

& 3-13 Rl H) B
et ERWEEE WG, siEdmag st PCB Wit tisk, & —Ry0hn L
A5 RN T E ) PCB i, W 3-14 frw.

3-14 FERIMEHE PCB R

3. 3. 2 WA AR s

TEF MM BE TR AFAR P Bt b, FER R A A @ Oy O T e e . Bk
P2 PCAEN EATHL, B 5EH STM32f103VCT6 [ —ANE ILIEFE 4, T P B8 AT 52 B
R4 5, KM AR D¢ S 808 At 73 — AN TR IR S5 MENL AT SE L REALIZ 31
il

X B BB 2] USART %I, X2 —Fra T @ mae &, v LA AM AT 40T 1)
HHEAc e O B EE, YERAUE 18I R T A B R
PBUZRE T I8 2 SR . AR O TR IR A ) T B AAL . 8 ML EEAL . R
3647 LA S A5 1R AT o TIAE STM32 #251i] AX-12A SENLFEFE S, 75206 STM32 1) USART it &

24 T 3k 36 1



@) X FAALY _
NI SHANGHAI JIAD TONG UNIVERSITY E T BRI SHE AN BN RIS EhiEE RS

XU TE 6 738k STM32 5HC v RELAYIE DT SN S 5 R S0l i S B 45 # i & 3-15
B

OXFF| [0XFF Dl LENGTH INSTRUCTION| PARAMETER1] ... [PARAMETER NJ[CHECK SUM

& 3-15 B4

a4, A3k 2 A OXFF ARERTF 4% 1% 8 26 . ID ARE-AEHLIME—1¥ ID 4 5,
— AN 25 i 2 AT LLE 254 4N 1D, 43052 A 0X00 £ OXFD, 4 ID N OXFE R fi%, X
RERT 1 1D, FoRMIFTEEZEMHLKIETES . LENGTH RERZIELSEMKE, Hik
& “SHAE (N) +27, INSTRUCTION fX3& STM32 AL MRS, — B FEETE
A B4 FBEHIZAMRHLTIE S . PARAMETERO~N £R484 HEHAT I IS5
¢ Ji CHECKSUM XE KB HY, 75 E0K ID.LENGTH. INSTRCUTION it 4 fili 5§ PARAMETER
SRANFFELEL, U5 gE KT 255 (I, I =75 R AR 3665 (A .

BT ATE 24 75 22 STM32 $& il ez s, N 7 2l USART2 5 3% 45 & Gk U4
PIAMENL A TG A BIT] . KX o5 A A17E STM32 1 EAR g sl — NN 8, 7848
(R 3 FH B RT SE R e LI IZ 30 .

7E PC BN EAIALAN STM32 15N R ALALZ 18] I8 A5 LA iy B, 3 B FH fr) 2 4 0L T 5%
MG, A ESCRBIEN TEEARE, EEWNTHFT, BE RGN malisE 7
RALAEANFEC S, AT LSS B0 A 22 P A 07 1) B AT AR%, IXAEAE T 0T, BRR AT
Jr R B YI,  EE UIRERAE rE A R R E R, DR S X R AE R U A R, BT LA
FRM T USART HHATAX TR 5. (/4 7 USARTL & 1) TX AT RX 51, TX &%k
PEARIESIH, A RBIRAIRIEIhRESEIL, RX SR K51 I, 5 5t BE U Th RE RS2 8l
1 STM32 1 2% 2 (B T )2 TTL HSPEE T AR5, BRIHCA 7588 PC 2 [ HE S, 2
f§F CH340G & FiKs TTL PG4 A FU T U 1 RS232 HISF, kb CL 48 AE FL B v
BEAI . S5 TIEE—FF, SN TEEUTFELE — RISH, BIERG. BdE6.
FHRRIGAL . AT BREERSE, IXFEMTE, fE STM32 FLE 4T USART (14X T 5, R
A DASEIRE GRS 5 PC AR EIERE, Mg N TAC IR, fElt, AR FRETH T 405 H
0X01 1 0X02 AR TR MK IFHIBE, FEMHIZS N i, RLRE 4 Kixg: STM32
BATIENT, MIE— b2 ) .

TERARR B R G, FEMEHTHA S O RIEETEE, 252 UASARL
USART2. H:H USART1 f 51 EA7AL PC 5FHAMa & 4648 STM32 471815, USART2
B DT A STM32 S5EUFAEHL AX-12A #EATHEAE

3.4 KB

AT EERG A 7AW T 0TS SRS, JF HLELE T AHE
QAT LT T AT F B 8 0 AR P B AT P F o i R e S 4 L AR
ARG AR SRR O AR FENUREERSE . B RE Ty it B 2R e AX-12A
FENLI RS B, A 22 0 T AE STM32 & HIIELE J57, M4Ri1E6H PC 5 STM32
Z [E] I

3

25 B 3t 36 1

\|



ETIhaEM BRI SR ANINE B LR E N Rk

BNTE BXTINERNA

N S B w5 ab i N e S| G SRS v - e (RO DR I = P N R R R e ) = Rl
HhE S MU ES F AN R g Bevt,  DALRANARDRE R B4 A i B 5 3 A A

4.1 BRTIIME BEHMEE T 48

NIRRT HIBZN LR 2%, 9 7 R BeTE, BT 108 S4B % 32 255 18 R R I Al
JENE A AN EPIAS E T, RIS 3830 5 2 BB A e, AR ST s A
I H S 23 A R i LT 17 32 s AN J [ i@ ), e rb e 55 17 (0328 330 [ B v Rl
Ji 0 2 90 &, JEH 0 230 &, Ay rriashuiE st A 0 £ 30 &, 41 0 £ 90
FEo BRUEZ AN, N 7T BER MR E R, R RN BRI 1 AT A N TR
B AT DR BF A & AR BT # 28 o A T i (66 11 0 ¥ 5008 R S AR ML HE S 06 = B
AR AN B Se Y A 4-1 s

A 4-1 BRIHIMEHELYE

4.2 BRTIMEBRIEFIREN A

4. 2. 1 hf L
TEREAF RS b, R IEAS R AL FE S 3 T KB DG T 4B B i (s FH 1) = 4l 8 2 ST A
FFH 2L T ARM32 A7 Cortex-M7 A% ) STM32F746ZGT6 it Fi fx L Bl P i 4 Rle 1) %
ARRG . EXFG KA 144 5|53, S EAmEIA 216MHz, PEREAR R 3K,
TERYREEER |, RGUR 24V KA ER SV RS 3 MalRBpLHEE .
EIRFhIE e, 6 Maxon A 5 ] EC60flat i ~F-HHl, X/2&— K E R RIS,
T TC R FEATLA 7 A FH PRI 56 Bcde ), 1T SR 4l R v, R BT

Gy

226 B 3t 36 1



J SHANGHAI JIAO TONG UNIVERSITY %{Fﬂ] E"é'ri %%U%ﬁﬁ*ﬂ%ﬁkgl\% %g E"] J:Hiiiﬂ]ﬁﬂ}]%éﬁ

BTN K AR IR AL B, IR E A I S AR 2 Bl vh F IR (0 7 TRl IS B EL R ) H . Ik
ACRHLAR SN T E R AR BN 4%, A RS NILFAIC 1 Coplay Controls 23 ] (47 3R 5 4% Accelnet
Plus 2-Axis Module £ %1/[1] AP2-090-30, iXFPLKzl#s T LAIKE) 3§ N a] R R ALATIZ 30

TEURS) A A 3 48 STM32 B IR AR 31T |, FZSRA T CAN @il X2FHT
STM32 ] CAN £:11, #F#=Hlds STM32 (1) CAN @A EIL (CAN_RX) Flki% I
(CAN-TX) @it —/ CAN B RIEFZEW AR nT DL IR Bh & AT 8 1. I RS20 CAN
Wk #5572 VP230.

LEBRE e A EAT LB TIE N, SR RS232 BN . AP2 BREhas At T —/> 3 Zk4
LAY RS232 JEIREE T, iR PASCHF 9600~115200 4. 8 fisiiafi. LRI AL
PAK 145 1A

4.2.2 R

FERAFRE Bt b, BIERSCE KA BN SIS =08 T B STM32 XAl Al Al ibL, 5
LG A AR BB CANopen SRR, X2 — Ml LL5EsE CAN @I AZ i, —4
SEHE ) CANopen B R 2R 3 MRS IR . XM RF BRI R ZE . [

WM L, CANopen W BURTEFT ARSI BEMI AN, 5 LT JLMARIIIHRSC, th
BEIH 5, G SRR B SRR R RrRDhBER R . RIS E R

FEGR GREFF I RE AR, K iR 28 5 il 10 A2 4 5 X5l 4 22 18] (K032 3 1% i ) AR AU RS 1 2
HHRANES MR AR, BT ILAIRE: PRI R, R AR 8 AR St
FICSCIR S A e, BB AR A UL E, WSS EHE, S e fs
isg . 0]

4.3 KRE NG

AT KRB T AT TR AR _E i A8 O 5 AR L R S = TR 10 )8 51 A # 14
PUBRES F ANIZ I RSttt . AR RN B R A B B, iy HL Al 27 8 v vt L mT B
IR . WA b, SEEL T AR BAC RN, T H RN A PR GRS AT AR R . AE
BB B, M T SeRER CAN GBI, (4545 4 n] RLSE SE bR ad b A% 3 B f] ik rE ML L

3

27 T3k 36 T

\|



B suann jwo Tose vaasin AT AR A S BB LR E R R

FHE KWSWIE

FE T UEE 73 G900 A B7F 70 25 2 (0] 2 i SR A B % 0 = 8 0 —— ) o S R B
ey AR TF RSN BEONUR ST AN B T IR, AT SRR AT ST U X = E ) &5
R, TR B TR L BAME RS

5. 1 RIS RGO

97 SEBLRT S RIS . BOAR TSN E B AR T A B B P RS ], R A
AR X = PAT AR SR, e @M, [ A E RS R IEA R 45 4
MAEARBBIE, BT X =80 A ER S STM32 AFEER, BT LA AT AR () e 43 5
& — R STM32 Ab#i 235k & PC.

B % e BB B T8, A EL T8 F STM32 1 A B AT KL TR BEAE R 1 I AN e s
FEFAEEEB, M HA S BA, RIS, M PC 1y EALHLAT LAMR 75 5 i A2 2R
i, (Rl e R b — 2, AR SIR 2, AW E A PC 1y EALHL, it
FIEER TR, 20l =W RKIEASFIRHE 2480, 18 v B R IR $i A IO RPN ] [a]
R RE ST 7, T3 B 3 e R B DhRe iz 3l . 75 PC i 1 1H A8 B A T2 ]
2B = AN TFANURIEA IR S SR ThREEIZsh 280, TSl AHLAS BALER (AL 2

Forprn] 2 o X RS T LR AR ST 2 AN E RS, TR
TR A B EIEs), BTN RIESE N 2 NEHEES), B3t 5 NEBE
M ERIES) . RGWITHHEE WK 5.1 Fs.

s | RSP, B

L, > IR e soEm
|

bC | waFss | | Fapee
T s [T s

| mses || e

B ;| BEIEE]

B 5.1 RGHER
2E T LR E R TR E RSN E S i 5-2 Fror .

3

2528 T 3k 36 1

\|



(OPT DS
) suanor o Tow Univrsir KT Bt e AR S HL38 ASMEBERY L RS BB Rl

—- l e
K 5-2 MTFER LB EBREYE

5.2 hEEHIER (R

NTRRX = e —i, [ERIF— MBI, 3t PC it A MARRT, &
1T STM32 Bl EFRF -

T ARE IR, AT A R AE S B R CRIEE(E I HER R, A TT 4 A =
BRA VTP En] Bl -, il PCB ik %, HEEITHE
i, AL BT A BEAE P . RS A O S I R B 10 £z, 0x00 1Ry E i A1k,
58 ANTRS, BEAUNREE T, BN 0x00, EBPUACASRER, 8 BN, o
LR \ACARME, &G —0ONRFIRIGAL . BREIR AR E R =k, BibddE &k, &
PO HLRINEES I 2% STM32 #52 BI5E, #B i i BiE Sk R B b, PRI E
PIEARE A, RS SRR IS AL /2 5 IEHf, IS METTe4 . J94h, RT Al o 8T S a4 ok
BHRUL, BT IRE RA LRI B, SIE bR, AT DA A TR, A RS AR
667, EAIHLAIE Ox01 F5AREFHEIKIF, LANLKIE 0x02 f5R K. X T /56Ty
AhEHE,  RIRER A A M v, O TRV R SR, Bt A 0x01, 0x02,
0x03, 0x04 X In 4 MARIT7 IR 2112 35) 20 FE .

1E PC LAIHUREFPIIBETHI, AR T CHlb AT, (RS DIEE RS MEER
KA. BRIRIRRAL (bit) REMEZFY. B HEGEE A, BRERE. R
B A BRI AT AEAR S . B FE BT K A BB S 50 F R PR .

£ 5-1 LAlLE OSSR

TiH %
i EES 115200
B/ 8

(EIR A 1
AHERI AL 7

R CHtATgmAERT, 1 visual studio 4w P28 winfrom HEEBHT & O mfE. 7E3HT
HOYRRER, Be TR B AT AV A SR O, SR ESRECT DA R R A D, il
FHl SerialPort PR %UE SCUTF 75 B R B AR AR, EIRAL . KON BRI &

029 B 3k 36 1



& > » g
ﬂ%;fj&Aﬂ}tﬁ
i</ SHANGHAI JIAO TONG UNIVERSITY %:J:Ij] I‘EEE,ﬂiU/%ﬂ 'ﬁ*ﬂ%*k@l\'m‘%iﬂﬁj:ﬂil_ﬁj]ﬁgjjgeﬁ

FRIEZHL SRR X ERP IR EIT A O W RAEERE ST & DU S
A send PR &L, RIVATRAR H5 1 A I e A .

SKBIE =R 0, JFHACELF ZAL, BRI R T URIERR € 135 2 i B 1 IZ Zh AR «
EALHLS 0 B 5-3 PR .

BB R O ki 1818 (na) % (Hzy kB Cus) SR
~ 0 = 0 = 0 = >
FERO®EF
JBESMBREEROEE
] thiEzh{E1
SIER % EER
& 5-3 kArpLstmE

76 STM32 WigwFEREF L, EZHAE T RH USART MER D332 80 A, X LA 2
T ECE A R W RS2 14 T 7R STM32 R, EEH B T FRE FAb OR 8%, & USART,
FIFH X AL B2 5T LASEEE PC F1 STM32 [IXALIE S, X PR /DT EWRA I BES, 2l
RN RX AR B0 TX. Hor RX &R AR S2 50 AT, TX 2R R IERL
Fmth . 7£ STM32 { A USART fif, #HELACE L #H, Hh @i RCCEE. GPIO A
#H. USART iLE, NVICALE . RCC AL E 7 2k H EFFE R %, fEBLE GPIO [ ik,
GPIO HyJ@1Ef & fE 451k GPIO InitTypeDef, FHEX; TX 5l ¥ & & F ML,
GPIO_Speed V)#uidi %1% B N 50MHz, RX 5| E MFTHAN . £ E USART I, i
TR B, fEXE NVIC IR, TFERE USART MEFMSH, OmERE. 7K.
fIEAr . AR5 7 A . ENE D2 HER I, AR & W2, ez s—
MR, BN, R MBI R, TR

5. 2 thEIEHIBS Fi it

N T AR AT o7 SRS B 1 n] AT B R 5SRO RENE 38 B, AW IR A
RN Pt IF HREAERX — I Fe Rl IhRetkiash, RISEAHE T, Mk,
AW FEIEEL T H A R W) B AR R SRS N R T B KM IR K I — DR thiz 3l

ReiX — % Wiz shdt T LRSS P 0, ATLAE H, E5Em 2R R B, fEF%
WM Bh B 5 KM AR R, U BT A, T S m] DAL REAR AR IR AR MR O B,
FIRERM, BRI, IR Sk s, AERAR TR _EAZ S 3] AR K3t 7, K 5E
YeJE, BE= kA4, SRR B, FEKIF, FETH, BRIEA. B A
K 5-4 Pros.

25030 B 3t 36 1



% %ﬁ 5 f‘: ﬁ ;‘\ l?i X ’:?
e/ SHANGHAI JIAO TONG UNIVERSITY g:FIj]‘ﬁ“é'riEE,%U;%S(‘-%M%%A?I\%ﬁ%ﬂ’\ltﬂiiﬁf\ﬂﬁﬂﬁg%

BXTRIE | BXHIME | FEES

L " o BESkBUK || BA=Skai
BISETS P o~ -

LP FERFF [—| BXTEMH

& 5-4 HIB B
RN T EEGAE AR AR A R G RE R ), NS E 2 AR AR 3 A

5. 3 thEHEHI I

N T AR FURE 75 AT AR SERRAE A i 2 D e Vi IS s A, AT FE g 52105 it
117 — RHIHIR %

PR ) 6 2 M A2 1 AN RS DU R B0 E S TR AT A B AN T R AR A
i (18 2 8 B AR R 52 10 I NI DL AT

RIS o S BB I 58 T P R s, AR AT 7 SO it i 22 5] T
SERK T ST KK ThRETEIZ S, WA ST e R 2 N . 52X e e 1% 8
AN P43 7 B 18] 5-5 BT o

®
w
[
=il
Pz
&
=il



X EXALY

3 2 JIAO TONG UNIVERSITY ETIhReM BRI SR AN E BRE LRSSV BN R iR

(9) ﬂt_%ﬂﬂﬁlﬁt% (h) ?ﬁ‘}{ﬁ?

2032 B 3k 36T



£/ SHANGHAI JIAO TONG UNIVERSITY ETIhREM BRI SHLER AINB BN EREEHEI RS

(i) BT a1
Bl 5-5 A& ERZIXKE (2)(b)(c)(d)(e)()(9)(h)(i)
5.4 KE/EE

AT TR A TR PR = AN EREAT U R 1, B PC RN AL,
AN 1) = A e A I I R RS 105 I R TR R EE R = AR B 2 R P [Fiszh. TSk
PUX—H 1, &R @R, Bt AL, A2 STM32 L5 I EREFP.

AR FUR BT T e rEiEsl, I HAE W E & BT 1o S ulis, WSRO RaF, B
W ASHIT U % AN IR S B RE

25033 B 3 36 1



ETIhaEM BRI SR ANINE B LR E N Rk

BRE GRERE

6.1 X TIERESER

AR SCEF IR D e F RN 38 N B B B 45 Grig FAE BB % IX — el kAT
TR AR . U5 HRZ BEWZ ERIZE A ZHEUR IR Th RS2 3T B, I
ReME LRI R P AR ) B I B E s W&, IkBI8shThae, MLEs NIMER R 2
WEBA (o] LA B 8 AT I8 S T e R R I i, W R BRI B B R &5 A 7E — e, —@mT
DU B ST 77 IR AR AL s th 7 B @ R s 35 Bh B 2 s i D ge iz s i) —
£ LRGEsh B R, o7 LAE R sE A H R AR IE . BRI L TAE N AR
FELLF A

(1) B 50T B A AT D RE M FINER AR AN I 7B B AR BAH G F AR 1K
MR T AL, Sl T ARG E W, BT AR R, W
A 0 DU B R AT ThRe R 12 Bl A 45 A T BE 1 FE I R FIATL 28 N\ S B i 4
ENIEIE S S T =g

(2) BT FR HAR, ABFFAERTHI TAE 52 2] 7 anfef b AT DhRe v r Rl LA & D etk e
FIBRAR 2 A DGR, I HL3% B SEEGUGIE 1 Dl e 14 s ore R b S LR st fe UL P i 0 4
FRERCR, Bt st T A RO S, IR BT O o s T 2R X T R A R
s AT T SR IE

(3) [FIRy, fEFHHAIMEREE >, AW T IA &N, I HB17%
T AN R RS, BRI KA Sy, B RS I A e YR
P AW HRS, @EsH, fEPLIKEIEE, EAHLAE, FFET T SRR E.

(4) R KRITHVEREI Sy, FERF 2] TR T IA W& INUEE 1 Bt EH R
Gy, FEAFEWMIKEh AR ENL. CAN GBI, STM32F746 ik NIRR S5, FHExHE %
AN EE TR T AT B @S B AU, RS R T SR RS .

(5) i, AWFFORIX =Headt4r T84, ¥ PCYEN FAMUER = &k & Miss),
PLER LA MR, PR T EAHUEHEIA T . 38 T WRAEARE T A ROR, Wit T Rehs
SERRIIREPEIZ B IS 7, AR & AT ISEES, 193] T A R

6.2 RFKRTIERE

ARSI T TAR e S — B LA A n] 57 G BRSO E B R4, BT
IR BRI, R RGNS 583, IR 2 W] LMEAS St A3 Ty, BLAER X 28 m] BLRE 7T
HUpCLppSET I

(L BUEL R FEH—A BN EH AT AL, R BRI s, (HRTE
SKhME AR R EATTE, 25 TR LUK A 2] —H PCB L.

(2) BUHEREFIEAR AT R, A RBUA, 100817 2 17 o ] 77 8
B BRI R AN ST 1, AR AT AR A 88 S 45 1 L] o

(3) AT TE T FA 26 B AE U A bk w] DAE— DA th ook, A AH U S 1 47
SRLCRUBRAT, EAROR AT LAt — D gt SEAALII T A et

3

2 34 T 3k 36 1

\|



P T N . > o7
i "\ YHEZAAY
& /' SHANGHAI JIAO TONG UNIVERSITY %zj:lj] ‘ﬁ“é"‘i EE,ﬁiU;%ﬂ—'ﬁM%ﬁAﬂ"% %%E"]J:Hiiﬁ_ij]ﬁﬂ}]fzﬁgﬁ

S 3Rk

[1]. ¥k, KREE, BiEE % FHRE G SRR 8 F 23 D RERI 2], o E
R R4 &, 2002, 17(3):145-147.

[2]. S&IT5, W7, SRGEE. ThEetk sl R ot 5 A ()R] o E RS g s
1, 1998, 4(4):153-155.

[3]. #R#, TREDE, LINSen, 5%, DhBett Rl i B w2tz S rh vt it (3], 2
2 E AN, 2005, 19(8):669-672.

[4]. FAE, FIRE, HELSE. AER R B R RN N LI HITER R[] We /R L
FER 22244, 2007, 28(9):1008-1013.

[5]. 5K [, AIaIFH. Thet: kst 7o b E el i, PR S R[] T EREEHR 5%
#, 2010, 16(9):848-850.

[6]. Keller T, Popovic M R, Pappas | P, et al. Transcutaneous functional electrical stimulator
"Compex Motion".[J]. Artificial Organs, 2015, 26(3):219-223.

[7]. HON S, Tong K'Y, Hu X L, et al. An EMG-driven exoskeleton hand robotic training device
on chronic stroke subjects: task training system for stroke rehabilitation[C]// IEEE
International Conference on Rehabilitation Robotics. IEEE, 2011:5975340.

[8]. Polygerinos P, Wang Z, Galloway K C, et al. Soft robotic glove for combined assistance and
at-home rehabilitation[J]. Robotics & Autonomous Systems, 2015, 73(C):135-143.

[9]. Kang B B, Lee H, In H, et al. Development of a polymer-based tendon-driven wearable
robotic hand[C]// IEEE International Conference on Robotics and Automation. IEEE,
2016:3750-3755.

[10].Hogan N, Krebs H I, Charnnarong J, et al. MIT-MANUS: a workstation for manual therapy
and training I1[J]. Proceedings of Telemanipulator Technology - SPIE - The International
Society of Optical Engineering, 1992, 1833:161-165.

[11].Krebs H I, Hogan N, Aisen M L, et al. Robot-aided neurorehabilitation[J]. IEEE Transactions
on Rehabilitation Engineering A Publication of the IEEE Engineering in Medicine & Biology
Society, 1998, 6(1):75.

[12].Otsuka T, Kawaguchi K, Kawamoto H, et al. Development of upper-limb type HAL and
reaching movement for meal-assistance[C]// IEEE International Conference on Robotics and
Biomimetics. IEEE, 2011:883-888.

[13]. Muramatsu Y, Kobayashi H, Sato Y, et al. Quantitative performance analysis of muscle suit
— Estimation by Oxyhemoglobin and deoxyhemoglobin[C]// IEEE International Conference
on Robaotics and Biomimetics. IEEE, 2011:293-298.

[14].Sugar T G, He J, Koeneman E J, et al. Design and control of RUPERT: a device for robotic
upper extremity repetitive therapy[J]. IEEE Trans Neural Syst Rehabil Eng, 2007,
15(3):336-346.

[15]. Ji . 3T CANopen [ ARz R G078 5 ¥ iH[D]. #riL Tk K2, 2016.

[16]. E i3, o, H:T STM32 (1) CANopen i S FISEIR[I]. Tolk 1T, 2012(2):131-133.

25 35 71 3t 36T



NGie/ SHANGHAL JIAO TONG UNIVERSITY ETIhaett RIS A B RN ERIEEHE 25

e

Zt J I H B )7, BT T X RN TE . AR SORAEFR ) I 5K € B HER &0
82N RU, R R K T4 R A — AN 5 53 AL 23 REAE L 1Y) S48 =5 B AT A HL LT
B SE S, AMEIRIRE] 7RISR, R KIS TIRIBE ST, EIRRkZImER IHE
OV . RSO B A TR R E TR R B, M —JFaa k@, 2 AT, FHE
g5, 5k — B At RS B AN R U e R, IRz AR HE .

FiAk, I T E R AE R A B A EAL . Sy AR m . YL
oy PRt Haider Usman At EZMMit. psoEmit, SG3amit, REEEHH
FEE AT T S 5B ISR R RN, #B/NE K sk, 2=
], IERBAMEX LAl E1E, A5k 7Bk,

FO BRI ACRE, FRAHMEAT Gksg EATKILD, XA EFIRO SR, WA
AT A B, FRICVE T8 A B A IE K AR =0k .

R RS, RIS RS, fEIX PUAE B AR FRIE ML 2 ) AR L2, 1B
HIXFEREG, A BEIR] 58 Bk .

i fE BRI DY B B A2 i B2, A EE— PP B A TR 8 #
By, WHEARAT ! S8 B IEG A UF B AR ST H 5 B I TR AN 3 B 55 3 1 L SR 2T

3

25036 U 3t 36 1

\|



ETIhaEM BRI SR ANINE B LR E N Rk

An Assistive System for Upper Limb Motion Combining

Functional Electrical Stimulation and Robotic Exoskeleton

There are a large number of patients suffering from hemiplegia in China. The rehabilitation
needs of such patients have aroused great concern in society. Drugs and surgery alone cannot cure
the disease. Robotic exoskeletons and functional electrical stimulation techniques have proven to
be effective healing methods.

Functional Electrical Stimulation (FES) is a technology that is often used to help reshape
nerve tissue in humans and to improve or even restore the function of muscle or muscle tissue that
loses motor function in various parts of the body. The technique requires applying low-frequency
pulse currents with certain parameters to specific muscles or muscle groups of patients,
stimulating the corresponding muscles and muscle groups to perform specific movements, and
cultivating different muscles and designing different movement timings to perform specific
functional movements. . Previous experiments with a large number of animal and human subjects
have demonstrated that functional electrical stimulation can be applied to various types of nerve
tissue, whether peripheral nerve tissue or central nervous tissue, under suitable parameters such as
current intensity, frequency, and wave width. Both have a role in promoting regeneration,
combined with suitable electrical stimulation steps, can have a good healing effect on patients, is a
very promising technical means in the field of rehabilitation.

The robot exoskeleton is another very widely studied technique. It is essentially a wearable
robot. It is a mechanical structure that can be worn on the human body. It can provide a source of
power for the human body or protect the body, support the body, etc. Features. [4] Wearable robot
exoskeletons also have many applications in the field of rehabilitation. Patients can perform
specific rehabilitation exercises by wearing robotic exoskeleton to reconstruct damaged nerves
and muscle functions, with good healing effect, with functional electrical stimulation with
technology, robotic exoskeletons are also a technological tool with great potential for application
in the field of rehabilitation.

Based on the current background, in order to better help patients reconstruct the upper
extremity motor function, remodeling the damaged nerves to achieve a good purpose of
rehabilitation training. This research innovatively combines functional electrical stimulation
technology with robotic exoskeleton technology. Functional electrical stimulation is responsible
for stimulating the active muscle movement of the patient. The robotic exoskeleton is responsible
for the passive movement of the traction patient's muscles. The test prototype was developed using
these two technologies. Help patients complete a series of passive upper limb movements, so that
patients do not need to completely rely on the active movement brought by the electrical
stimulation or the passive movement caused by the robot exoskeleton to train, but also to ensure
the accuracy of the patient's movement. This helps the patient to rebuild upper body muscle motor
function and reshape the damaged nerves. Therefore, this study also has important scientific
research, engineering design and medical significance, which is worthy of in-depth research and
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development.

This article discusses and studies the use of functional electrical stimulation and robotic
exoskeleton techniques in the exoskeleton Exo-skeleton. In today's society, many patients suffer
from upper extremity motor damage or impaired muscle function. Functional electrical stimulation
technology can help patients reshape the upper limbs and restore motor function. The robotic
exoskeleton is also widely proven to help patients with exercise. The method of functional
recovery, if we can combine these two technologies, will certainly be able to do more with less.
Therefore, this study first proposes to build a wearable exoskeleton system that can help patients
complete functional exercise, which can help patients to exercise in common daily life. The
specific research work includes the following points:

The second chapter shows how to design wearable functional electrical stimulators. This
mainly includes the study and understanding of the functional electrical stimulation technology in
the early stage, as well as the experimental verification of the in-person verification and muscle
coordination exercise for the upper limb muscle electrical stimulation. The multi-channel
functional electrical stimulation PCB was studied, a wearable functional electrical stimulator was
designed and manufactured, and its practical effect was verified in person. All in all, the previous
experiments of wearable electrical stimulators in this study verify the hardware design and
software design. This chapter first analyzes the degree of freedom of the upper limbs of the human
body, and then conducts a series of electrical stimulation experimental areas to verify the effects of
electrical stimulation of different muscles and the synergy between muscles. It is further illustrated
how the hardware and software parts of the wearable electrical stimulator used in this study are
designed. The wearable electrical stimulator has two degrees of freedom and can control flexion
and extension of the wrist and elbow, respectively.

The third chapter mainly expounds the design of the learning and control system for the soft
skeletal system of the hand. First of all, the mechanical structure design of the soft exoskeleton of
the hand was studied. Based on this, a hardware PCB including a power supply module, a master
controller module, a communication module, a servo movement module, etc. was designed and
based on the AX-12A model number The communication protocol of the servo completes the
control program using the PC as the upper computer, and the practical effect is verified by
experiments. In a nutshell, this chapter introduces the mechanical structure of the hand-external
bone used in this study is introduced, and the hardware circuit and software program for designing
the exoskeleton part of the hand are described. Among them, the hardware circuit mainly includes
a power module, a communication module, a main controller module, a debugging circuit module,
and a servo module. The software program design mainly involves the communication protocol of
the AX-12A servo, as well as the configuration method of the single-wire half-duplex mode on the
STM32 platform, and of course, the communication between the PC and the STM32.

The fourth chapter mainly elaborates the design of serial communication program for the
study of the shoulder exoskeleton system. Learned the mechanical structure design of the shoulder
exoskeleton system, how to control the servo motor and CAN communication protocol, and added
a serial communication module on this basis, programmed the PC as a host computer program,
completed the on-chip STM32 program, and used The experiment verified the practical effect. In a
word, this chapter shows the mechanical structure and control system design of the shoulder
exoskeleton used in this study was roughly described. The shoulder exoskeleton has two degrees
of freedom and its wearable design makes it easy to use. On the hardware circuit, integration and
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miniaturization are realized, and the embedded processor runs fast. In the software design,
advanced CAN communication is used so that the instructions can be delivered to the servo motor
perfectly and quickly.

The fifth chapter mainly expounds how to combine these three devices together in this study.
The PC is used as a host computer to send control instructions to the three modules to complete
the motion sequence control. In order to verify the practicability of the wearable exoskeleton
Exoskeleton, this study designed a functional exercise and verified it on the subject, and received
good results. This is to say, this chapter explained how this research is to coordinate the control of
three devices. The main purpose is to use a PC as a host computer to continuously send
instructions to the three devices through the serial communication method to control the
coordinated motion between the three devices. In order to achieve this goal, it is necessary to
design a communication protocol, design a host computer interface, and write an on-chip program
on the STM32.

In order to verify whether the results of this study were put into practical use, this study also
designed a functional exercise and conducted a personal test on the subjects. The results of the test
were good, indicating that this study has a good practical ability.

The mainly work is flowing:

(1) First of all, it has done a lot of research and related research on functional electrical
stimulation technology and related techniques of upper extremity exoskeleton at home and abroad,
elicited the research purpose of this study, and clarified the research significance of this research,
that is, a wearable upper limb exoskeleton combined with functional electrical stimulation
techniques and robotic exoskeleton techniques can be constructed to help patients perform
functional exercises.

(2) Based on the above objectives, this study learned how to perform functional electrical
stimulation and many related knowledge of functional electrical stimulation in the previous work,
and personal experiments to verify the muscle coordination of functional electrical stimulation in
stimulating upper limb muscles. The stimulating effect improved the existing electrical stimulation
products, and a wearable functional electrical stimulator that was easy to wear was manufactured
and verified by experiments.

(3) At the same time, in the exoskeleton part of the hand, this study studied the mechanical
structure of the existing equipment and designed the control circuit of the exoskeleton part,
including the hardware part and the software part, mainly including the main controller module
and the power supply. Modules, human-machine interaction modules, communication modules,
steering gear drive modules, and upper computers are verified by experiments.

(4) In the exoskeleton of the shoulder joint, it mainly learns about the mechanical structural
design part of the existing equipment, the control system part, mainly including how to drive the
servo motor, CAN communication, STM32F746 embedded system, etc., and the shoulder
exoskeleton The host computer module based on serial port communication was developed and
verified by experiments.

(5) Finally, this study integrates these three parts. The PC is used as the host computer to
control the movement of the three devices. The serial communication is used as a bridge to
develop the upper computer control interface. In order to verify the food effect of this study, the
motion sequence that can complete the functional movement was designed, and the experiment
conducted on the subject received good feedback.
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The research work in this paper has basically established a set of wearable upper extremity
exoskeleton systems that can be used, but due to time reasons, this system is still not perfect, and
there are many places that can be improved. Now these can be studied. Summarized as follows:

(2) Itis still mainly controlled by one upper computer to control the three lower machines.
Although this can complete the demonstration, it is certainly inconvenient in the actual use
process, and the subsequent work can be concentrated on one PCB.

(2) The current control is still pure open-loop control and there is no feedback adjustment.
This is not enough for the wearable exoskeleton of patients with facial features. In the future,
feedback adjustment mechanisms can be added.

(3) The mechanical structure of the device used in this study can be further improved. The
existing mechanical structure is still relatively bloated. In the future, it can be further improved in
the direction of light weight and practicality.

b
SN
=
O
SN
=



