KRGt LAKRR LG

Tianjin Sino-German University of Applied Sciences

AR IR

T STM32 KNI TF it 552

Design and Implementation of Bionic Mechanical

Hand Based on STM32

w 4% A M

¥ BE_HUR IR
£ W BT ITE
TRSHT_K F

R R BB

5E R [E]_2023 4E 5 A




KEPENHRARKRE
ABE Rt (8320 RIERA

RN EF: 2Rt (830 , ZARNETRFHAINIES
N, EHATHETE AR TS R SCR . BRSO Bl EM SN ESh, AERL
Bt 30 M FERERA B EARTIACIER). C AP RRBAT 2T
KRB AR MR G&30 Frid Kt 7 TARM S sk i) HAb A4
NHEEAR, B EECh LT b AR icit GBSO JREIE = ]
HIE AT A AR HH

bzt (G0 1FE% 4
£ A H

ANFEY: BB Ge30 ZANTE ANV AR, &
fF TR GRIO BIERNEA, JFREWORIEEH . SRuA . 525
S A A ) SO 1

Bkttt GR30) 1RSI
i H H



wm =

LA, Ui AENLE NI A e+, XA AT AU T (1 90E 5 H AR
PIENUT 2 — RN T g i mTh ae bl as A, HEZEVEAE T EAAA ANE
T RGEPEAREFE, T B I I AL S8 R 1] 38 G0 oK R S 3 B 3 43 ) AR A P4 855
HIRET, ENTHEAE. HLES ANSORAIEYI R 255 QA BT 2 KNI 5% .

ASCBEE TR STM32 BUR HLII AT AENUT, SEHURE M Bt B F g R AT
BB T 1k, JF HAUT AT AR AR T2 (i R se Bl sem sh 224k, 5e iR
AR BN E . AR SCRARTE TN B F -

B, TR AT A, DU e 07 AU 10 E B
FFBHHGE BT 6 N E BRI AT Hk, W RHURT IR TR, 4
IR T I E R Bt 07 S TR LL A 3D FTENI IR 2 Fk, X
TEas . AP AL, B AN ) e AT, 1A STM32 1N LI
TR LRSS, LR A PR T &0 BT 55 AL fir S fa b, JE
BRSNS B, SSRGS D AN LT 1 1 ) A
Feo RN AT R B, & eIl — 6.

WKW, W PR, ARG AR SEIL R O AN T, fefsE i i
IR R 1) SE I ATHR AN AR (R D e o DRI, AR SON 07 AR BT RO i LA S i
2 AfE -

XHEIE: PIANET: STM32: WA B, HREFE



ABSTRACT

In recent years, the development of bionic robots has been rapid, and among them,
people's attention to bionic mechanical hands has been increasing. A bionic mechanical hand
is a robot that simulates the structure and function of the human hand. The importance lies in
it not only has the flexibility and precision of the human hand, but also be able to achieve
autonomous control and environmental perception by adding sensors and control systems,
which has broad application prospects in artificial intelligence, robotics, and biomedical
fields.

This article designs a bionic mechanical hand based on the STM32 microcontroller,
integrating mechanical structure design, software programming, and circuit design. The
mechanical hand can achieve real-time motion changes and complete grasping and gripping
actions under the control of a motion sensing glove. The specific research contents of this
article are as follows:

Firstly, the structure and movement mode of the human hand in biology are analyzed to
determine the degrees of freedom of the bionic mechanical hand, and a bionic mechanical
hand with six degrees of freedom is designed and manufactured. Secondly, by analyzing the
functional requirements of the mechanical hand, the structural design scheme of the
mechanical hand, the number of finger joints and the 3D printing production method are
preliminarily determined. Thirdly, the selection of the main controller, motors,
communication equipment and external control devices are made. STM32 is selected as the
main controller of the mechanical hand, and servos, Bluetooth modules and motion sensing
gloves are selected as the motors, communication equipment, and external control devices,
respectively, completing the hardware selection of the mechanical hand. Finally, the control
program of the bionic mechanical hand is written, and the mechanical hand is assembled and
debugged to finally complete a prototype.

Tests have shown that the bionic mechanical hand developed through structural design,
hardware selection, and software programming can achieve grasping and gripping functions
under the control of motion sensing gloves. Therefore, this article has practical application

value for the development of bionic mechanical hands.

Key words: Bionic Mechanical Hand; STM 32; Bluetooth Module; Motion-Sensing Glove



B o BT B oo ettt 1
LT T 0 T L X oo e e e e s e e e s e e e e e aeeeeeaeasaese e e aeaeeeaeseaeeenns 1

1.2 A1 A WU T BB P ZMIE TE IR oo, 1
1.2.1 AR TE AN FEIIR oo, 1

1.2.2 DAENUR T PITF TEIIR oo ae e, 4

L3 T T T 025 oo e e e e e ae e e e e e e e e e e e e e e e e e e e e aeeeaeeeeeee e e e aeeeaeeeaeeenns 6
B AN T B R BT oo, 7
2 L A T E T B TR0 oo e e aenes 7

2 2 A A I T B T T oo aenes 7
IR IR S B t= B enyI L o TSSOSO 9

2 3 L T A T R I T 20 T oottt ettt e e 9

2 3 2 AN T AR T T 7T T oo, 9
o N T = 1 Y Ey VA s SRS 10
3L D A U T R T TG oo, 10
32 T A U T R T B T 7 2 oo, 10
33 T T BT ettt ettt ettt et et e e ee et e e eaea e et et eae e e e eeenenens 12
FUUEE AN T A BETT oot e e e en e e 14
O e o Y 13 i« USRS 14
A2 HEHLIRIIE TR oot e e e e e e et e e e e e et et e s e e e s e s e s et e e e et eseseeseeeeeserereeneenanes 15
A2 B L0 2 oottt ettt ettt ettt e et et enenn 15

B D A LI 2 ettt ettt ettt et e e ar et e 16

R N L gl R 43 i« OSSP 19
B rix USSR 20
o T e =) L e S O S s a2 n TR TR OSSOSO 22
S T A T BT et et e e e e et e e e e e et et e e e e e eeenenens 22

3. T R I N 2 oo e ettt e e e eanaenns 22
3.3 B T A B R T T T oo e, 23

3 T R T T oo e e oot e e e et et et et e e et e s e e e et et e e e e ereresenens 24

R AN IZERL S TR o, 25



0. 1 T A T T T TI oottt et e e e e e et e e e e e e et et eae e e e eeeeenens 25

6.2 (T AT T TR oottt e e e e e et e e e e e et et eae e e e eeeneeens 26
0.2 1 T TR oottt e e et e e e et e et ea e et eae et enererenereaenens 26

R oy T WSS 27

60.2.3 BB R R A IR oottt et ettt e et et eaenenaes 27

BT A G B e, 28
T L R ettt ettt ettt ettt et e et et eee et et eeanens 28

T B oo e ettt ettt e e aenes 28

B e R oo e e e, 29
ETg T et e e e e e e e et e e e e aeeareaereareans 31
Bt T et e e e e e— e e e e aree e er e e e e e aeans 32
B 35— H S SL 2R SEIR L oo e e e e e e e e et e s e s e e s e e s eresesesererans 32

B SR . A R TR B oot e ettt 41

B 3R o B e ettt ettt 43



TR N R K5 2023 A REA Bk BT

g5 %
T1HAREERENX

DU E LA N B o, BAT 2N 280, & SruT
FERRAEAS LA RAGVE T AL — € RERYE. Db 7 iR s m) L, fiA 2 Nis A .

P A GEA T 19 1208 60 SEAX, RWF S A 2 I BRI N T TR SR A i 27
Fte iAot RAEFEAEYMAR A . BT R LR S M BRI e %6 1R
SRR ANRLF 5 A UMT (1 v v A SR 0t 1 B SRR AN BORSHF

A O AE LT B H I, A BT T8 T ) it R 1 T A 5 QU P #4205 52 A
RAETEA B AP S, (AP T-RE08 N B 2R 105 4 A Bt AT 2e 1L
M 1O AERNURCT NV R . JEHRAE BT AR, D ZE LT Y LS
TP BRI RS )T RIS IR NT AR SR 1 A

sesh, i AENUTAF bl NSoR i B B il oy, FLW SO N AR HES B A%
NFARWIRSE, JEdENLEE NBOR S5 NS 2 (IR R, X T2 it 8 Re ] i A RE i
S5 R BT R

AT S T HNSMURT it e ss, it 7k STMB2 I ZENUT, H
A6 NEME, JFHAEWES R T BT ], ST AR R 1301,
HA BRI, AT 5 R AR A A LR BB 0 1 U T I RIS 1. AP
BT AT AENUCT RN AN i T RN T30 — € I 228, B AE Tl 3G 4
SR 27 Uk R OB J8 3 BT BB R AT — E S5 R

1. 2 (PENHFE RSN T IR

M EAEZE 70 EATTE, EAMNTIRX MU AT R G 7e, #uks 5K, EbE
HEX Sl VP2 BAERSHE IPNT . B A R0 AU T-0F 7T Bl P 5
e, (ESENTE E N REE AU 538 R AR S5 71, DL AE SE RS LT (1
2206, WEHUT-W O IR . M0 HEEE R A BORBUR R, Bl S PN TTo ik 2
FESERIE R D fe BRI Z BT RIA LR SE N R X5, SEINGAB], B AEs R ¢ R 2% 10 3)
(=

1. 2.1 fENMFESMAR IR

20 2l 70 FEAX, HURTFHARME KR, EFRAEAE T, HURTFHA T
M. 1974 4E, HA®IFIFHIET Okada FM, 1l 1-1 fion, 7ERIHNUT 52
EX, EH3MFHEMIAFELR. HPREREEG3IANMAHE, AIHENFHES
A4 NMEBE. FHE LA AT B ER B, B3 5iE 3 4L 8 2 i ik 4K
2 MR B, A R B AT — Lo R R, QRIS AR bR RE . A R AR
VERMARLL, BfE R IG5V A E &7 AR FricE .

1



TR N R K5 2023 A REA Bk BT

K 1-1 Okada WL T

1998 4F, = KHFIEI R 7 e Dy e vk ol 7 DIST F6), 4l 1-2 s, % T
U e ER T8 H R, AHEEHLT 16 0. ZVMTH 5 DPERBEVLLL L Z AR
BEAVE ST IS o AN TR/ EER, KAONERENFHEIT. ]KE,
X EEFHTFHRIF R T NASA F6, 10 1-3 s, NASA T4 & HRE H (1)
F I B O SR ) 58 OR AR SM B R EAE S, 2R AR, 3
H 14 NMEREVERS) . S5FIHMIRTAELL, BEINE. IG5 REET A RK
) et o

K 1-2 DIST LT

K 1-3 NASA HLF
2



TR N R K5 2023 A REA Bk BT

BEE R Ktttk R, 21 LG, e BriHAE K i) %3 Salisbury iF R T =
fi& Stanford/JPL T, ] 1-4 fon, %F—35H 9 DR, R TIEEA 3 K
W, HECONES A HE, R RORIR G T TS8R G HIR, Stanford/JPL
FiH 12 DNERAR LIS, B R FRA N+1 AL 507 S8 iR 2o b 1%
FE-UIGHAE . . HEARTEENAH, AR 7 FEE RSN AR
Salisbury ¢ NI & | R ITWFHHEY) 05 WS il LLE HixF Rt ——H
FERUN, WA TURFRTT, YT, TR e, FL ok fa =2 vk m N TR R
R

K 1-4  Stanford/JPL ML F

2013 4£, £ iRobot 2 7] ATHRE A2 Dollar B BAWFHIK) iHY T, & 1-5 iR,
HAMRKWIE S, TUIRBUEf ik, BARENT48, Aomasilat. i, @
i B AEFR AR i AL RS, 1HY AJ DLEAA R BT A

| 4

K 1-5 iHY HLT
2022 4F, EE KA B T Beth HALRNA AN T8 BE S5 25 1) 52 5 A0 3505 A0 A 1) J2k
L ANHTE R T — A AT, Wl 1-6 Frow, H RS JLF T LR R E R
R NSRRI RS, MLER T A RIE BRI 2L T4 4 %, T2 2 UK AR i

3



TR N R K5 2023 A REA Bk BT

22J]. Hag. PIRIRIRENE . Dy hr REAN S AR S o

I 1-6 {8 FIAIHLILT
1. 2. 2 {F N FE AR

[ B AU T AR e, & =l )\ HEARE WA TR R AU T, B b
B, ARRIRE LV AENUT R PR R, BT NS, BOR 2k, RTh itk
T HAERR I RN T .

AL )NHER, BB R R RE TEAN TR R, ZREs T
Stanford/JPL FI T A& H T BH-1 HUET- FONRAIR T ELE P BA AR AR %
Kb, BT CAZ T 7E S5 A T B8 7 TH LA T 5 b S i R R 2 e SRk A T BH-2.
BH3 Al BH-4 HUH T, & 1-7, 1-8 fizr. BH-3 T =AF48, BN FHEILE
AR, WIFEESAN KT FEE T RN, RS TR RS, B
B I N B Nk w5 3l ATREAT SE ] 1 BH-4 AUSCFUOIE A TR R
HRH T FHEBERMFELR, LHNANFR, 16 MEHEE. SANFHEEHAE 1 H
FAR R EHL AT AT 51 5. M@ TRE, BNFRSH— 6 BRfAR
L LA 3l . s TR, st o s L st i lit,  Handms & .
MoK BN FHRAESE .

K 1-7 BH-3 LT



TR N R K5 2023 A REA Bk BT

K 1-8 BH-4 HLIT

2001 4, WE/REE THVALE ABFFE AT & 7 D945 HIT/DLR I AU, i 1-9
FiR, ZFMUAMYFAR, ©FE@EE®sh 7. ZFregRFRILE A
KT, it I3AEHEE. FINZTH T 288 7&K, T a] LA &R L
B WA, BT ZFRE RS A ARG b, AR E T .

s,

K| 1-9 HIT/DLR I JUHF
2013 4F, JEMRZMH H — PRS0 H & MUK (Perceiving Self-adaptive Hand,
&% PESA F) , WA 1-10 fis, PESA FEHA 20 Nk, 15 ANEBHE. GAFigss
FMIMIE, A 4 AR 3AHEBE, B3 ARV s . MRENRE BT, S
DUARES S A4 . FAeHE AR, H— N EILIRE) . T4 B A B H & RN
WThRe, RO AR S, g IR TR AL B, A sl T R R
Uiy ST AN 7 50

i-1o PESA T
2021 5, FWERFESHIR T 3R E G BE. EARARA

5



TR N R K5 2023 A REA Bk BT

AT, W 1-11 Fros, EEICH 292g, (ORI HINITEDE T EEN L
Ao EESE T ilvE SOBATL R, AR LB 2 M R BT s R, b m A Bk
B 6 IR A2 fich i R R 2 U R ) A 425 1

R
K 1-11 P T
i bprid, B 70 FARROR, AN E SO YT RIRT FEMR AT, AT
JTZ N T fE R, A, BT AU A A = R AR . LT
R AR tL i A i, JCHAERGEE R T, HURT T 2T B ek, AUt
THFPRER, ORI RE S S R A . BRARTREE U T 1R R e LR,
(LRI E A1 B — 8 [ 5H bt 2 A AR K 220030, 76 S35 P A0 #8404 77 1 [ AL
JEA)y 7 EE [ St [ X 2 5

1. 3R

ASLEHEBHIFSEI A 6 B, AEE I AT £ 2] S BLITR AT
PRSIV O AE LT, 32 B0E F SCRIE 7T i . SRER T 7T DLROH EURIE 7T i 3 Flit
FIT iR

(1) SCRRBE TSl A BN T AR QA SCRR BRI e oA ST,
PUBT OB A # Be T 5 B R SR B PR AR SO

(2) IR FCiE: IERIHUTIUR S /N BRI S g R ot o, AR
VORI A

(3) XFEUmE T Il A 2RIz H g, LSRR R 5%, EHHREEAR
BOHEAE S



TR N R K5 2023 A REA Bk BT

FIE  TENRFH BRI
A AT L AR S ) (03 S A BEEAT 1 P BT, (BT S, [
SR E AL TAR L A & IR RE S, R BN FHATHIE . HULAE BT T4
(P2 rE QPR ELitYid ZLPNTSE S R E SRR
2.1 AFBEHEREN

NRE )L THERtE, NFRERmE 2-1 fras. NFR4WExRENY, F
A 27 Buigdg, Hel, EAULURFIRAN. KPR R AE. E AR,
HARMFESAILET . P, @i =TaEl, BANFEIEG 27 M ElE.

/NI

MR IR

/NIRRT
PN SZ bt =]

KA

21 NETFH R
2.2 (FENWFEHRERT

U Z A B D) S IE s (A BORAE . BRSh F ( B e AL I B b H 6 50
MEFF HAERT % WRHA B B A 5T F KT Rl icE, IUmAs &7k
s WA E B EAEDN TR, B 2 Ffe 58 B EE 0 P 2B 4R 531, AL
FBtih AT ZENURCT P IEA AU BEAT I 32, DRIEAS 6 20075 R 25 18] B RS20
P HEFH U AL S

(1) P HEEFHUAAE R 58 2 I ST RS 3015 23 e,  DUSEILTRON 2 2 A i
U



TR N R K5 2023 A REA Bk BT

(2) “PHEFH UG AT Ay T fe s, SR 1] s i R,
AL R BT o

(3) Sithyfai s, fEFHlid.

AT INUR T 5 AR T/ 0 A KBUR A, R CLSEBLfa S 982, RIA
BN TS5 A LA TR, IR ASR L sty PR AL IR, AR
Z IR BEM AT IE R . HUT IS & 2-2 Pron . BEIRTFHE 8 Sk, Hpf—
AN R, AT A HBETER, AMECEE, HRENESIRT . BAREHER
A~ THURT AT RIETE, EHRAE B b RO ROSBES B bR,
LR th AR AR ORI AT 5% o DAL SCORS DU I F5 AR B BRI B A0 K 8 i 5 AR 0 33K
Fe N shmIBAT THR BT . Lz sl i 2-3 Bos.

B 23 HLTEshH K
Hpn=7, P.=10, Pu=0, FILMEARFIRMWEHE F = (2-1) FiR:
F=3n-2Pi—Pu=3x7-2x10=1 (2-1)

F F BRI TV B B o R TFALA RS sh a5 H s P
TR TF A FREIEEH s Pr RmsUTFUH =@ .

g ERTR, ZFREBEN 1, BETERIMEE, RV EsE s, fFa
BANKIE. ARSI AN T S T8, BRFRS 1 ANEHE, MnF
BRI T AL, BT LA SR BT AU TFIEE 6 N E B .



TR N R K5 2023 A REA Bk BT

2. 3 (nENMFFIRESE D

2. 3. 1 (mENWFREME 2

AR IHUT AR FIRAEL M B — 2, DeRdanfl. T 2R lidR
KA PIERT AL IR R TR, =M E R i, @R RTAIL TS
KRB EAT AT S, PO AT ERT 0/ Gl AT IER, TR W
I JEAT AT B A REN AT IE R o (B0 SR A SR 5 M A M8 42 T B 1 [ i A —
w2, MAFARAEIE I R SR A F AR, N 7 oI . ASCAEm AR R E
RIEERF P 20 50 BETE T PRSI TAIER, S0 3 R AT ERENLEEAT E BRI, AT AT )
BROE I IR 22 AR e AR kS, XAE A5 R I URCT L 3 Bl A I i T AR N F-458 10
IBERBEAT RG0S 55— R h1E.

2.3. 2 HENMFFHRITEARTN

BAFRpzsh el FERRENE B I8, Hlksshfa & 2-2 7 B3O,
RENLAE S ERT 2 383, IXIERT 2 AT 4 R el 2 e, I IER 2 figsh =8
THEN 3 MAATHMN IS, &AM 3 Missh B 2 shilg 4 3471850, DAUSEHE, &
IR AT 2 ARNUT 1 R T 15 e RiE 25 il B 2 I i 55



TR N R K5 2023 A REA Bk BT

F=E MENRFOESRT
HUBRT B BLIRAE F B iR R A SO A I . TERG LIRSS A4 B (ALK T i 4T IE
R 5 25 i A SCAE BUSI AR DA B A 14 5 VR A B 1 B T
R HAT B
3.1 (N B TRAATHRE

IEHANTFHERTT A mist, BB AR RS, sl 3-1 (a) « (b))
Fhrs . ATEIE R fE Ha S R W RN Z i, EARgERE TR 5 TEZE. E2NY
PRBEATIE NI, AT ZARE RS A B R vEIR LR K EEfa iR 5 B iR ol
BHE S BRI PR Z G & SE PR . KRR . &l 3-1 Fror.

HUBT (1 R DICRCRR AR 18 P S5 sl 4 1 0 N T I S R Th RESR EAT B A it
(0, AR LRI UT AT DUSEEL PEITIR ) Thag, Bk h .

(1) Rifthom H 2 anl 5.

(2) HRAEFI B2 ] v o6 A R AR S R AT 224 o

(3) AESEDERAITEIR ) D) RE -

-r = !
T
- X -
L = |

7= i,
\S ﬂ«*/
(a) J7pE9ndz (b) FE5UEPIR

Kl 3-1 iR

3.2 (HENMFRNFHREITAR

XTI NER AT 52 7 93 Bl I, /b 7 AN J7 [ AN ) (1) ) 4 e 58 et 7N Bk
E S AE, AU T T S/ N ECE ROAZo WIAR,  (EE 5 [ A AL T B0HR 1
WHFER I, PR B =R 48 ML T £ SR EU) AR B A B2 S 3R 35 M 7 T e aze A~ Y
FRECE IR MIVLIRTFL . BTLL, ASCWIF VU 5 AN FMiE—F, A 1K
4N FEE BT, BAFRETH 3 AT, XA TEXT T U R B A P
Foi 2 1 DA R R T S 2 B AR

N T 0] DR 3 A [F) T AR PR 4 A DA R At AS 5] 1 37 3% 32 AR FE sl /2 061y
B, AT HURTFS it &3, PR =31ty ZRNERTY, T8
i, hIEET, WK 32 (@) . (b)) (o) s, HIBIRGEHAMHE. KibigRH =

10



TR N R K5 2023 A REA Bk BT

AT, EERE AR WK 32 (D) . ()« (D FiR. HEE
SRR FIThREEL R, FARTFFa 2 MR AT FIR 22 B A7 %42, i FFHRMIET
MFEEKH ABS #PEUSIHEAT 3D 4TEL, Wil 3-2 (g) « () fn. RAZMZE
ALY LD

(1) FEAFLEMfEIR, ShEEF R, RIS THWET B & A= A .

(2) EMESEERE, ZRENWNT EASEMTFRNESR.

COxID

() JERPIHIES T (b S EliReh

(¢) HARDUFRITIET (d) RIBFRZTHRTT

(e) KRR (f) RIRFRITIRSY

(g) HARDIIRAEHC ] (h) KiRHERAC A
K32 HURTFiaaiiE

11



TR N R K5 2023 A REA Bk BT

3. 3 IREEHYIIT

AR ER N FAMUEREF . FiE, COREREE . R8BSR EA
MUK, SEAMETE RGN STM32, R LG 8 1 e B B2 1 2 RS RN e %

JE JHE i) 35 5% FH 3D 4T ER, 5K 3-3 (a) iR, BRSNS B B R
TEFEX e f 3 oy AT B, IXRE AT DA AS 06 ZE (1) RS BT RIS AR o b4k, AR
oy R LT, X MAE— @R LD T 3D FTENMP R, 4 T i oA
FAMZER  STM32 TREH , 2o 7SI TE G50 T BEAR SRR - N 1 S B SO T,
AL T —AFELL, LB HK, BFELLE L, w33 (b fim; F
B2, m@33@>%% EANTFEIRE AT EIG 2 AR DB T
B RS AL SE R RC E Wi 3-3 (A Fise

Oz

(a) JEHR (b) PEIHEM1

@&

(d) JE LA P

() FHILHM2
BI3-3 A
PRI SR e Bl fE rh, SC28 1 53088 20 X8R 1 SRR AR H M3x10 1)
PR 22 K0 M3 BRREE i, HREENEIFRIEM, ARSI N A R, KA
M3x8 [ Je At AT 4%, F M3x6 [~ SkBR22 [l 5E . STM32 55 e 2 [A] 4% 1 77 Vs
TR BRI [ . B AR & F R WK 3-1 s

12



TR N R K5 2023 A REA Bk BT

®3-1 FHEMELEA

KH i
M3x10 12
M3x16 4
M3 #2E] 12

M3x8 Je ot 8

SR EIRNE, ASCERATH AN TIT S IRFHRM 6 MEBE, BIRFHEL
FEULART . PR, AR 3 MR, SRR EAERA R R BT
oo WX IERU RE s dr, D7 AU RS b Rl USSR AT ) 4
HIEnE. ARSI 3-4 Fros:

K 3-4 B

13



TR N R K5 2023 A REA Bk BT

BME  (FENAFOBEET

4.1 IR

i B A E3E 8 STM32, W AEIRLL K Arduino, FIRTHEAHEL, STM32 (1)
BY¥E, MHATZ, ZHEWELEAERIFHRETE. STM32 & i Ei5F 34k
N FVEFAR) 32 Ar s i #5081, JEF ARM Cortex-M WAZJT K . STM32 L5534 1)
—HES B E A S, YR, BPER. EEHIAIAh T RE. R, ST ROREEYT
AT, MARRFIESIRS, 32 R =+ A, AR PS5 M1 2 AASF 172 R 51
H A7 B 5 B 77 & STM32F0. STM32F1 F1 STM32F3; #K Bh#£ 1) STM32L0.
STM32L1. STM32L4 Fil STM32L4+; = AEM) STM32F2. STM32F4. STM32F7 fil
STM32H7.

Kl 4-1 STMB32 i 4%

HTAEARSCP BN T, B T RGN AR Bt 225K, # 2D
REBE K RGURBATIRAE, [FIRT HCERAE R T BN TR L, X RS A 2
K, Gabx i AR RS E, & IEH STM32F103RBT6, H 28t fe A5
T4 N2 4-1 A1 4-2 o,

# 4-1 STM32 MfeSHE

FH ZH UL
N ARM32 fi2ff] Cortex™-M3 CPU
5E I 2% 7N ER AR
RRLEG A i 2% 2 /N 12 PIBCECR H
1/0 3 [ 80 MR 1/0O i [
P s 2 AT LR (SWD) JTAG 1K
s 9 ANMEfEHE

DMA 7 I IE 5 ) 2

14



TR N R K5 2023 A REA Bk BT

-

17

—1 vBar vops (24
—3— TAMPER-RTC/PCI3 vss3 o3
— oscapcid SDIOS/PBY |22
—— 0SC320/PC1S T4C3/SDIO4PBS o
%1 0SCI BOOTO 39
—— osco SDA/NADV/PRT [
— NRsT SCLIT4CI/PB6 |35
—— Pcomio MOSI3/SD3/PBS (21~
o PCUNII INTRST/PBA 32
— Pe2Ni2 JTDO/PB3 [
—5—{ PC3/INI3 RXDS/SDCMD/PD2 31
- vssa TXDS/SDCK/PC12 33
—— VDDA RXD4/SDIO3/PCI1 3+
—5— WKUP/PAO/INO/T2TI CXD4/SDIO2IPCI0 3
- PAVINIT2C2 JTDI/PAIS =0
18} pa2N2/TXD2 sWCLK/PA1} 2
1 PAIINIRXD2 voD2 -
15— Vvss4 VSS2 -
12— VDD4 SWDIOPALS (-
S PA4NSSI/DAI CANTX/U+/PAL2 -
ZL 1 pas/SCKI/DA2 CANRX/U-PAIl (33
2 PAGMISOI TICYRXDIPAID =3
2 PATMOSII TICHTXDI/PAY -
23 PC4/INI4 TICI/MCO/PAS -
21 PCS/NIS SDIOI/TSCAPCY -
22 PBO/ANS/TIC3 SDIOO/TSC3/PCE |32
£ PBI/INO/TICA MCK3/SDIOT/PCT 35
= PBY/BOOTI MCK2/SDIOG/PCE —L
2 PBI0SCL2/TXD3 MOSI2/SD2/PBIS [—o-
=11 PBII/SDA/RXD3 MISO2/PBI4 |33
51 vasi SCK2/CK/2PBI3 [+
221 vppi NSS2/WS2/PBI2 —23-

STM32F103RBT6

K 42 STM32 JRH K

4.2 A RYIEE!

4.2.1 BT

H ML 4% 18 R ags mT UK 93 Bk s F B B ATLAT 2 1) FH FE B AL . SRS H 3L B HE
ST HABEIIHL ADNBIZS0H BBIHIEE . 2 5 H ahALI 4 25 i3k s LA E Al H 3
WL, W& 4-3 (a) « (b) ffizme

(a) AL (b) Al LB
K43 HALFRIZE

(D) Baripl, g5mnE 4-4 () P, 0 Bk B =i A
KM BRI LKA 5 A R R N A AL A B AL A K F AL . B N — N ik
B9, s — A M —, Hi 0 A % 88 A7 5 N R Tk i £k
IEE, RS Rk R b PR, P SRR B B, PRk R B AL
ArEEEs, rbME A A RE, REGREES G . T ey a3 E .

(2) AR, Mk 4-4 (b Fios, 5NN BERFAREIIHRE, B2
H B4 ) B A B AR AT T B FL, D RE R FiAE 5 e 4 e Sl (R F AL R

15


https://baike.baidu.com/item/%E6%AD%A5%E8%BF%9B%E7%94%B5%E5%8A%A8%E6%9C%BA/9491295
https://baike.baidu.com/item/%E4%BC%BA%E6%9C%8D%E7%94%B5%E5%8A%A8%E6%9C%BA/5951525
https://baike.baidu.com/item/%E4%BC%BA%E6%9C%8D%E7%94%B5%E5%8A%A8%E6%9C%BA/5951525
https://baike.baidu.com/item/%E6%AD%A5%E8%BF%9B%E7%94%B5%E5%8A%A8%E6%9C%BA
https://baike.baidu.com/item/%E6%AD%A5%E8%BF%9B%E7%94%B5%E5%8A%A8%E6%9C%BA
https://baike.baidu.com/item/%E6%AD%A5%E8%BF%9B%E7%94%B5%E5%8A%A8%E6%9C%BA

TR N R K5 2023 A REA Bk BT

frl i RS CARSAT BB, 7E B s H R Geh RS AT o, EPmi B i s 5%
Bl AL B A A s e . IR LA RS AEIR R, B T
PR IR, B EE s, B R R SRR REUERKRE, HisF s,
BEDG. 1AT AR AL R ZR LT R, LS B IRIEAT. I8 N R
P e B 2 AT L2

%7 At =7 LU=

4 \ | / / | ‘Iu‘"’

"
e Sz
/ L] " |

\aii f"l \7_‘-_’ | Yia

\iEw s/ RN EWR EEE |S0RN
(a) R HLEE K (b) fAI AR EALEE I

K 4-4  HHLE K
A 3 FHLAR] R FBLL R DX TR 4-2 B -
R 42 DHEARNLSFE R AL

HLLSE Y syl il e HL AL
Esl gy ot AL N B A 3 IR Rk 1] R A e
AL AL
T —EFR RN KR K e RIEERIT R, M
FRANTT [ Jh A ik HLAL
b FEARER & M DURSIRAD  BRARR T, B e
MR i th A2 LRSI R
NS — AR LA HA B3 1L 3 A

4.2.2 fetllBy

FENL (Servo) R —FhH ML, W 4-5 (a)  (b) Fias. W LASE %t
M EEAALE . EEH L. BNl R R ALE BRIl
B TARGIIUE . HLas AL AUBE. Eiissie s iuizsh, BARE . MNP,
i) {5 5o

FENL AR R B Rl e P (5 5 f L s, e LIE I Jelad AL B it il
Jig e, i 10 57 B 2 A T B ) L e o, DT A A b el )7 BN A R . AEALAE
WA MR, nlRRIEL (VCO) | sk (GND) FlisHlfE 54k (Signal) , Hrh
PS5 2 T Mz fI 5 =

16



TR N R K5 2023 A REA Bk BT

FENLRI I HIE 585 & — > PWM (Pulse Width Modulation) 155, i#id 2% PWM
55 o5 ER A I RE AL S A JE AL

RENLI AR AR 2, AT DRIEASFE N H FFsRIE G A5 . & WAL
A AU AU BT AEHL P, BAUREH LA EC T REHL 32 2 X0 2 5 BA MCU flds
filds, AN R m . M REER, o NIXYEREN, HiTHiae Jyog, s
AMEAIAS AR . 34h, MEALICTT LIRS S th e e . kG B . (E RS, s
[ SRR Z AT AT 402K

(a) FENLSEYE (b) FENLIFAAE
Kl 4-5 fedLE R
ARG B THE SR DAL AL SR R AT 8, 1M UTE T 48350 0 B4 i) LR ik
BTG HRe AW A FE RN B . T EA IR 285 BB TAS [FVG AL,
I 40 eI 508 LFD-01 & @By B eal,  DROMZREHL N 3ca B e R B,
— R AR KL B AR, ATLL 180" #45), T AR ME S /N HAR EbF Ffd e L
HiEAstn. SEVEIMZE WK 4-6 13K 4-3 Pk,

K 4-6 LFD-01 st

17



TR N R K5 2023 A REA Bk BT

# 4-3 LFD-01 MR8 %

KH ZH N
TAEHE 4.8-6V
L2 FIIpL YL 0.10sec/60" 6V
LI RENE 0-180°
ok =N 50mA
B F 700mA
il 77 X PWM Mk % 2 il

MFEISFIEEANTFTEWE R, SHMNER, A POERE R el
LD-1501MG, NN 17KG, 584 0] P B SEI0 75 5K o 2 ERIAI S 500 Hilan
4-7 M 4-4 FiR.

K 4-7 LD-1501MG
F4-4 LD-1501MG MERES 0 #E

K H S
TAEHE 6-8.4V
L2 mIpv Y-S 0.16sec/60" 7.4V
LTIl 0-180°
ok AN 100mA
i i 2.4-3mA
77 10 PWM Jik %g #2: il

AT, SEE N ENL, b 54 LED-01 FENLR SRzl FHa 2 dh, i
LD-1501MG W FH k4% - s, HUR TR EEX /S A RENLOR 78 2 5 a1
H A BERE R 4-8 Fim. STM32 (1) 51, 52, 53, 54, 58 F1 61 5| SHENL S 5]
REIAFTEE,  DAMSR S 3 4 28 6 REAL 1 32 o

18



TR N R K5 2023 A REA Bk BT

4
G
U7 w
v =
Z
— vt oo -2t - S
—5—| TAMPERETCCII VES3 e >
= oscRircH SDIOSIPHY = SERVOS
= OSCROMCIS T4CISDIOIPRS [
——{ osC1 BOOT) f— G
—— 0sco SDANADVIPBT o o
—i NEST SCLITACI/PR6 =T v 2
=5~ POOAN10 MOSIVSDI/PRS fzte <
<] PelaN INTRSUPBS oo  — i
=] Pe2ANI2 ITDO/PR3 - 1 SERVOR
=77 PCIANIS RXDS/SDCMDPD2 = g
T VS5A IXDYSOCKAC12 =
<] VDDA RXDA/SDIOVPCIL =37 G
To| WKURPAGINKTITI CXDASDICPCI0 =25 =
T PAIANIT2C2 TTDIFPA LS T v =
——1 PAZANTXIR SWCLKPAIY — <
A7 1 pusansmxm vome |8 e
] g > & SERVOD
-7 Vs . ViSd =
=5 VODd SWDIOPALS —m G
:—I PAAMNSSIMAIL CANTAIPA 12 e £
= PASACKI1DA2 CANRNWPAL —= v 5.
=2 PAGMISOI TICH/RXDUPALQD —o- -
411 PATAMOSH TICUTXDIPAS 37— 5 L
7| POAN14 TICUMOOPAR - SRS
S| PCSANIS SDIOUTSCAPCY |—- ;
57| PBOANS/TICS SDIOOTRCIPCR -
55| PRIANSITICE MCEISDIOWPCT fize G
<5 PR2BOOTI MCK2S DIOSPCS fese -
:ltl_ PRIOSCLYTXD3 MOSI2ST2PR1S i v o
57| PBIMSDA2RXDI MISOAPRI4 5
<3 vss! :{L'L:.l.'k..l':i'l.ll] = 5 =
== VDD NES2WSIPRI2 — SERVOL
STMRF1UIRBTH G
i -
s -
SERVOS

K 4-8  fENLERE
4. 3 HNERITHIE AR EY

AT Bz 6 77 20T T PS2 Yk T4 il A Js = 4 o o pprgs o O =X
P A ) 7 U R B X A AR 4-5 A
* 4-5 RIEFEL PS2 Ik P AL

MR 4 HIRTE PS2 Yk THH
7 = IR AR st
R W R Pl s

i PR 10 KAt 10 KA

N B PR, BATAT AR 7 2 b A5 R R AR 7 A R s, I REAn
BOPAR LR M e, ANBERIEARAL. Beoh, W T AR A E, 2R H
BEAT S AR MG N A RE SR o TR ACAT AL A% AT FE R SCIN I P AR A% AR IR T 8
AT LSEILSE IR A 0 TR AP0 iR, i 49 () . (b)) Fa.

Hrr, METFE LR EIE008 s B A S AR E, R il i 8 A B
BT E, DAMOREE S L6 105 SR EL, 110 RERR NI 5 A s T AT & 1) A
JEAIRGE L, AT E T e 7 7)o AR AT 70 (0 is s BARS, BT,

19



TR N R K5 2023 A REA Bk BT

RS

LED fR7RAT
Thietisk
USB #£11

i NI S

R AL S

(a) EFMRE! A5 K (b) HWEFEE
K49 HREKFE

4. 4 B ZRYIREY
T T b I s & S (1, A SCTIUASR A o2kl oy =X, T e o2k oy =
WIFT 38 A 25 POE N FH BN T2, P T HER, R R ank 4-6 fios:
*4-6 HINB LI ELE

LIRS W R WIFI e
S5 HAL. B % F B H I
o WREC SRR R A AL 8% R WPA2 3 N
W T LLE R 1% PSRRI HHE 1) 22 A
PR R G AR I AR AR B

M _EF R IRATAT DL ) WIFT BB 5 7 5 88 o832, JCH R AL T T WIFI
WERAHE, HRHER AR B WE ERIIThFE, A ST B[ I i 5 2
REJ1, BRIURAR Jei £ 7 1bish

W TF I8 B A SR AR RS, AR SO TR BRI IR Sy HC-08, KR
A manE 4-10 (a) (b)) iR, HRESEERWE 4-7 iR

wuuw. heOl. com
BEETIEI

() BT KRFHRE (b) W5 F el s
K 4-10 W5 A

20



TR N R K5 2023 A REA Bk BT

#* 4-7 HC-08 MEfE

e iES

KH

ZH

TAESBL
W
RekHH
7 A
RS

2.4GHZ ISM
3.3V

W E PCB #:4;
1Mbps

4dBm (MAX)

FETARRS, RAAERETE ERER T RN A U T BT BG5S, W
BAERIE LB WIG, RAEE ) DUE I SEN R R SE U T AR A . g

EREmE 4-11 ) .

(b) Fizx. STM32 E#2L1 PB10 A1 PB11 433 15 A i o8

(1] TXD F1 RXD AHiE, CAsEPL@E 8 150 FAHGi G, JH% STM32 I B R A28 1%
PR b, DRt R AN . 7 TR T2 LI ATMEGA G 7 R 5 48 1 i
277305 STM32 Fllk F 0 as i+ 7 XA RAHIR] . %%, ATMEGA 1) VCC ¥ 15
WP B 3.3V i FUEREAE — /D, JREB RSN 3.3V i E. HIk, ATMEGA [f
PB3 Al PB4 ity I AHE 7 B ) TXD LA K RXD FEHAE ke, AR E EfE .

=1

VHAT
TAMPER-RTC/PCLS
OSC321PC14
OSCANPCIS
O8C

v
VDDA
WEURPAONITITI
PAINT202
PAZINNTNDZ

FlEEFER A
i

PAYIN VRXDZ
VES4

vDD4

PALNSS DAL
PASSCE 1/DAZ
PABMISO
PATMOSI
PCMINIE
PCSINIS
PEIVINSTIS
PRIAINWTICA
PEIBOCOT]
PRIOSSCLATXDS
PRISDAYRYDS
VES1

vDD1

" fralialatialiafaisis] ||
o

£
=

voD3
VES3

SDIOS/PEY
TACHSOIO4PES
BOOTO
SDAMNADV/PET
SCLITAC)PES
MOSIZED3PRS
INTRSTPRS
JTDOPRZ
RXDSSDCMINPDZ
TXDSSDOKPC12

9‘||9‘E9‘[

e
2|

2

2

1

=

|"|

RXDMSDIOR P
CXDYSDIOZPC10
JTDUPALS
SWCLK/PA LS

&

|
|

-

vonz
iy

|b|

=l
£

WES2
SWDICYPA LS
CANTX/UHPALZ
CANRXAISPATL

|b|

o

TICHRDIPA T |42
TICHTXDIPAS (=
TICIMCO/PAE [
SDIONTYCAPCY (oo
SDIONTSCHPCE [
MCKYSDIOT/PCT |35
MCKISDIOBPCE [~
MOSIHSDYPRIS |30
MISRPRIS (22
SCKUCKEPBIS (T
NSSAWSPRIZ (=i

STME2FI03RETH

— @
Bhuctoathl

GND

(a) M A Helr & i B I

K 4-11

21

13y
—L ! posinTi iNTwpn2 |2
—3— Pk TXDWPD1 [k
—3 avp RXDfPDO |20
A vec RESET/PC6 (22
2 Gup SCLIADCSPCS [
5 1 vee SDAIDCHPCE (5
T PRAXTALIMOSCIADCPCS 22
PBIXTALZATOSCIADC2PC? o
. a
o POs/TI Ancipct 32 1
0 ppssamo ADCOPOO 2
0 prgam ADCT | = 3
2 | pawice: o [ T
D riocia AREF [ 5
1 | prvocinss Ancs [ 12
| PRIMOSIOCE avee
PRAMIST SCK/PRS
ATMEGAR S
GND

(b) TG R M PRI 45 P

L A R R 1A



TR N R K5 2023 A REA Bk BT

BHE  (HEHMTRRREET
5. 1 AN AL 5947

NSEBNLR T M TUHZhRE, A OCES H BT A5 et BEih g Sl se Il sh 1 1
girty, CEONHBOTIEIRE T, AAEAENUN T A e e kis T, Wi 5-1 fros, K
SO ENM T RS TR R AT, B NS5 . AR T2l 3 7 8 R
BT AL B STM32 1, 1f STM32 FEJTFIRRENLIZ B 88 FUINRE T, R AT 354yt 2
FAREHLF S RUORSEINUIRT B 5 TP ) 1

hEBTE
1
1 5F K 5188
;
T R 53
v
STM32EF IR
I
Y ¥ ¥ Y
| mtn || mme || s | | ma || mis || mite |
¥

| vmigizs || Zames || dvwes || ameEs |

Kiawizy || Fiey |

fIS-1 ks b
5.2 FF&AIMEN 4R

AT H R H 6 B STM32 A1 HC-08 5 7l i e 4 i, 135 48— 1% FH T
RINEE Keil SPUFEAT 4 B AT Mcuisp #H4768%, WK 5-2 (a) « (b)) ffiur.

¥

(a) Keils HAEbr (b) Mcuisp ¥ Elbr
K52 Bt Ebs
Keil5 /&3 H Keil AR RFIEBRIT KA (IDE) , HTIARRSHRK
IR . EXREZRMIEHE &, B ARM. 8051 f1 C166 %5 . Keils &4t 7 —4

&

Keil uVisions

22



TR N R K5 2023 A REA Bk BT

SRR AS . iR RS, DL — RNy T H, 40 Flash w228 A4 525
AR s K, TR, BRI K STM32 A2 1k,

Mcuisp (Microcontroller In-System Programmer) & — ik ARG %fe L, H
TAE H AR RGN S 4 ) 2 AT e AR A . &R — Mol R ER I T B, T BAsZ
FF 2 P A Bz i 281 6« Mcuisp THIEE P Rk AR o SRR 40
S M T s S AR RS, WEAH CBULMIE S WS . R 2 —
PS5 B R AT G 8 R, Gl A USB BHh HHEEZ TR B
5. 3 L HRMIZF 1T

AT AU T 18 W A R S AT B s AR, DR I 75 0 W A AR D AT 15 O
5, Keil5 REFAEZMMITIET, AP RATEE CHAENRE R HTIEES .

W 4 I R GmFE R 75 22 FH 2 bluetooth.h A1 rfcomm.h E 3k S, 1Rk SO S FRAT
L H socket() BRI %L, 1% pA $0AT LA E —A™ Bluetooth socket X %, F- 0k oI L B socket
S, DUHCRSEARANTTUH Thae . 8 17 I send ()R recv() iR £t 2 K 5) 5 15
Ly A fe MRS AR BEAT AOR M Z Hdls . B 5-3 Ml P B s AT IR AR .

i

Wiha b

T e
REFER F SR
FsTHAZ

K53 W EREERRREE

23



TR N R K5 2023 A REA Bk BT

5.4 EiEREFIRIT

A AE N T 00 35 229 STM32, Bl B Hu ik 58 HC-08 s2iiah, H4x
DIRe S 51247 # K 5 STM32. AT H i A Keil5 X STM32 B AL TH &, H
WO il A EANEREIR S 2, LBl B AL &R IhRE . AEATE S, WK

F| GPIO. SERf#& TIM. CAN M ZB3E(Z . EXIT MR Wi 2 Fhohfe . Hop USART
TR WL S5 TR [E] (R4S, CAN SZR I T35 & M e MLk AT 3 B8 . 7 A AN 4f B
izl S5AUTFSEBERITheE, &G H FEEPRER A 5-4 Bix.

Y

FRTE
F HEs

HURRE AT L
b8 08 1

EFE4Ta EEFE

FES

K 5-4 FEFEARERE

24



TR N R K5 2023 A REA Bk BT

FARE FEVWFRELRSEIRK
6. 1 (FEHF RV EAS
MR VU 25 1 N ARSI T AT HT BN IR 3G 0, 7R 280 < A ok 25 %558 0 e AL A &
FENLIS A ek 2 15 IE 5 %8, WK 6-1. 6-2 fif7x, LED-01 FEHLIKI ID1-ID5 42 1143 51l

A TFIRRE LI 6 28 1K) PWM fedliE 0 B 1-5 580, ID1-ID5S 15 LFD-01 #H
&, Al RENMEE, B4R, iR, 818, KiHE.

K o6-1 fedliEn

ID1-ID5 $2 1

T R RS

K 6-2 PWM fEdLIEN
mRENLIER 28 FE 6 S8 05 LD-1501MG AHZERE, A is 2456 F 2 DL &L F48
[y E AN . HIRKG B IR LR ER:, IR R ERENAZ GG E B A R, A

=g

TEETR T IR JE X WU T REAT 428, 4385 M sEm il an 6-3 s

7]

3
H

25



TR N R K5 2023 A REA Bk BT

63 A

6. 2 {rEHMFRYIEIR

6.2. 1 EHFIR

ARG, B, EEHNT A ERTERRERRTERREER, BF
F AR REIE W B B AT, WA T B B STA R0 H &, WK~
H R TR, BT RIE T BRI, SR TERIE, A TESE, Zon
T, SRIEFTIFHIR, FRRHERE/RKT (D1-DS) RIS JEHT T3, Bhi Ak FR R AT IN KR,
RN TERMERT), WK 6-4 fs. REFERMERIIE, %1 K3, HE DI-4 44
HRSEAD, W AT DU U T AT e

||||||||

D1-D4 $87~4T
SAT f87R-4T

64 (RBFLIRIT L

26



TR N R K5 2023 A REA Bk BT

6.2. 2 F2FiEIN

B R S I R FP AT 9 2, G 1 TE B IR 5 DR AT hex SCPFBAfRRES . sk
VE s I ATEERR R CGBRIA 1152000 5 IXPATUR BB R M TCIR D B s RE 7 o e sk i
HIL “a2PAT R, —UIEE” , Wl 6-5 B, NWARREF T UWISMH, 1XEf
AT DLHEAT AR & i il

# mcuisp V0.993 B PHIEELEIES R - www.mcuisp.com

EHK(Y) #EI(Z) Language BERONX www.mcuisp.com £EBIE RI/EERESEW)

B TR i :

[cr\sers\Lcon\Desktop\STM32[E 43 \0b \OpenAmS TM32 hex |E A sgigmeE
FHAMRIEE STMISP @ESTMIAP  LPC20xISP 'JIR%EEEEHE-u;W  E AT
g RISE & (+3-+12V), i£3§i# A BootLoader
§ = ... BEET100RERD
FERIZF) %EE&&L}E DIREE SR I (-3--12V) ik 8 {2
L sttt ;ﬁ;fi’g T .-
BEHRER) || #REAE HALAH E S I COMUE HERR TH115200bps. #ESF313RERD
IR & B RBootloaderlR &5 2.2
ST . 75 FrPID: 00000410
LR EFASHIIERIREFT A5 FFLASHES M 7128KB
ER: (as |EEER:  |FF WERITE T A P SRAMER R He553SKE (1B B #S% A S A EFaELER)

el 96432 B By off — FF 5155 - 31FF70064D4D323808402243
s [rr |[5s |[rr [ [meamor [5r [ | | zmesemmses:
o N - ASSAFFOOFFOOFFOOFFOOFFOOFFOOFFO0
= IERRTD)
e REFD, EHAEESLT
# 5 A 18KB, HEEL00Y, FERT 6234

www.mcuisp.com@l R & [ R HITEE. —VUER|

Bl 6-5 s AL
6.2. 3 BKE AR
B N H 2R 5, TR U A T AR B S R, EENFW
BB EEEENMT S B2 REEYGANE; VT2t RiE; FREans T
PUIERZ #l; HURT 2 5] LSZEI . s E NS T fa e, T8 R EHIN
2, AWrsedEist Ko Bmrtge. MEAEHE R 6-1 fTs:
2 6-1  FARThRE A

kA FRLMRIETESH  FERGIEEER J2 1 A SEILHTEL
5 50 50 50
RN € 45 47 48
IR 90% 94% 96%

SR AR g I G = i

. INEHEBANRE IE 3 2
LT G T

f JEARE
AR, T
HAEE  HURREEREE) SRR S
LA

FENLA w22 3 B
WA

27



TR N R K5 2023 A REA Bk BT

FtE REERZE
7.1 B4

ASCAE B AR GORL AL b, 5 S Ui BT B N AN IR, it 17—k 6
H . 20KE), AeisE i AT ] SR AU Zh RE 1 1 AL LT .
ARSI N AT
(1) SER T 2T STM32 i AN T IINUBREE H e T o B35 4 AR HURT™ (R JER 2
FEHRBE, IR T =4ERIA
(2) 58K 7 2T STM32 T BNV T I Rttt SRR AN T I RE1F ik
R, Jfgei 7RER R
(3) SER T 2T STM32 I BNV T A g R k. R IT AN T T-4512
2. JRSEIHRE, JFeill 1R g SRR K.
(4) FER T 2T STM32 I AENUT BRI 5 5s . IR 75T STM32
P ZENUMTFEIL 1 &
7.2 RRE
TS0 = B PR HLIN TR 508, 305 SCEIE A — S IR SCHL, A7 AE Lk
RAAS S FR 2 5 5%, ISR, UUR AS%:
(D) ASHEX T EN T BT B8 7 Hrint, RAEiEahfa B b 7T 80 B B
JECLRAL1T7 3, FEARII WU T AT IE ) i F o
(2) AAEH =2 T E MU T BN DI RERS 88 52 H 3 PESR ARG HEDICR 2
IR T e FIPEIIRE R iR % R W FI S, EMERgRETRE TEZNE, €
SR VAT IE N, AT EARE RO B, FEIR KSR e 5 R e
BCE G 5 R iR A iR G S SE IR . SRAF SRR A s . (Bl T AR NG IEIR,
RS T Ve 9z 5 20
(3) ASCAEHATE R Vvt iy, DR DA 45 W 1 5 P2 AT 2 073 T 0 BRI F AN RS T B et
oK B AT B U T 2E4T 32 170 A AR BR e o dr, A Ty s ik il 7 ABS 22
FHE PR T B AR R R
gi bRk, ASCESEHL T IR AU R BETE 2K, (HCPRIRA TR 2 A G
BT, AR AORAT SR AT R D0 B 2 B 28 [ O AL T REAT 12— 2D 1Y
PAL, EASCHIE FEIE BB i =

28



TR N R K5 2023 A REA Bk BT

SE MK

(1]

Xu Hongjia, Niu Fu, Meng Lingshuai, Sun Jinggong, Li Dongjin. Overview of Vibration Control
Research Based on Bionics Principle[J]. Basic & Clinical Pharmacology & Toxicology, 2020,
7(12): 126-128.

Qu Xuecheng, Liu Zhuo, Tan Puchuan, Wang Chan, Liu Ying, Feng Hongqing, Luo Dan, Li Zhou,
Wang Zhonglin. Artificial Tactile Perception Smart Finger for Material Identification Based on
Triboelectric Sensing[J]. Science advances, 2022, 8(31): 20-27.

Ren Zhong, Zhang Tieshan. Automatic Control System of Manipulator Clamping Angle Based on
Machine Vision[J]. Journal of Physics: Conference Series, 2023, 2479(1): 12-14.

iK%, NISRIRA IR AT 5204 [D]. baisCim K%, 2020.

RN AT SR AR I BT T [D]. #il K5, 2017,

E. WIZRE S0 E T OHH] LR RE D HT[D]. BT i 7 RHEOR S, 2022.

FAE. BT RIALELE SRR B0 A T Bt S FED]. HEF R, 2021

i, HAE BALIREN 2 48 R IG5 T E SRR R G RIBEE[D]. B HIR K22, 2013.
ZRIR 1. BT IR PR8N RIS F Bt 50T 7E[D]. A8 K, 2020.

By, MR, I, WEE, EE. P NIRRT TR RIVR. B Sk,
UM TRE2AAR, 2021, 57(15): 1-14.

MR H, i, TE, RAZE. 0f AT 30 2 856 B A (0], HLRseih 5 i, 2022,
23(12): 73-78.

SR, A, FTEEAK, MR, RIS T < B BORXT L S s sh a5 i et (1], i Be
BEET), 2021, 41(11): 35-39+43.

. RBCEH RITF RS L[D]. K%K, 2017.

JZREK. 248 RIGFRIPRBCIR S 0T 78 [D]. LR TR RS, 2013.

PME, PRIERR, 8530 HUAIREEIM]. Jbat: =S5 #0A kAL, 2013,

Yeh PeiChun, Chen ChingHsuan, Chen ChenSheng. Using a 3D-Printed Hand Orthosis to Improve
Three-jaw Chuck Hand Function in Individuals with Cervical Spinal Cord Injury: a Feasibility
study[J]. IEEE transactions on neural systems and rehabilitation engineering: A publication of the
IEEE Engineering in Medicine and Biology Society, 2023, 42(18): 33-36.

Piller Sophia, Senna Irene, Wiebusch Dennis, BenZion Itay, Ernst Marc O. Grasping behavior does
not recover after sight restoration from congenital blindness[J]. Current biology: CB, 2023, 21(9):
54-56.

Lebedeva E. A. Astaf’eva S. A. Trukhinov D. K. Kornilitsina E. V. Nurullaev E. M. Mechanical
Characteristics of ABS Plastic After Microwave Irradiation[J]. Russian Journal of Physical

Chemistry B, 2023, 17(1): 13-15.

29



TR N R K5 2023 A REA Bk BT

M. S0t LA A A IR FE AL PE BE SR A ELAR[T]. BT, 2015, 32(13): 85-86+47.
TEE. HTET 4.0 RFEENEMH D], JEE I A, 2015.

Z2R . T Proteus A1 Keil I H 305 AL ZCE S0 [T]. 7 o Ve 27 Be 22 4, 2022, 38(9):
88-91.

30



TR N R K5 2023 A REA Bk BT

B

IR, CadPugk, FHRE, KRFPUERSCEE B LS . 7R P 4F BRI
WE, BRI TRZABARR, FARTRZMFHE, SNTIF2HE, KEE
HERAOIR A TAERE I KGRI, NRIARE BT R 7 RS &t
BAMS Ty, Bl R S5, X BN, BT e sEEa s, HURTF Rt
R —ERIBE, WA A 2R S, SE AU T T 5 2215
FLA A

JTEELRE, BT, eI R TR MK IR M, A ARV AR
TEEAMAS DL R TARRS PN B A7 s FE vk . BARZIT-F H B TR, (H2MN
WO RN RN K 2 MBS e, RIS T T RIS MER), R
MRS T, KRR RGP A, FURik2ImmmEosds, UWamWHTH,
B—ESHICX B, HRIARTAT

FRERIR I = AT, FRAR B OV, AR o DY A BRI G [ — AR
HEERARNF, ROTHAE —A/NIRESE, SFE5ERINE ST, i
HPFFFORIZE, Gorse, FEHC IR, BIFERRATER e 2] — A ff Y in 8 1) i
o NT5EN, Xt ERAANRTETEN, RAMSEA, Bl AR By 4
(A FR ) LA AR AR, A A AR RE AT IE B BT AR, it iz & pe !

[ B} PR B K 5 AT A AR B I . BRI AR B, X Tn S
TRIBKFY), IR R ARE MR, EIREKAER, AT W AT
PEAt VRSB SRR SR, ARSI ANERE il R T, MRS T T RIF 2 A
s ORI S B o

BERERE—-THC, R E USRNSSR, DR B ARG 4
RITEUR, (A SEZEF 5 T8 S B NI AR AL AR R GRS, BEmeAeh 7 A O
Hbr, TR 7 LS EECA—MEAFE N, BT AERF . CORF Lk
H OGRS, XRAERFIFANRIES B ARG, BEPE, B IORERZ,
KIERR BAREALD, (HRAM R B bk g, BIR& R, BH S IEEER
H¥ BT, FIDERHS, MRS HAEK

C NG R RIS ), RAGEAFIE T —YUR A AR, 7R R AR
W TIRFEBAAT, MBI, AR CRIA S

31



TR N R K5 2023 A REA Bk BT

G
HHR— PCECRSNAR
UL MIE RN RN 11 4R

WE: ARG AT DA B NS AT R, AT SO VR 2 22 5 0 T 0 £
Fho AR AIENTREAT Tigsh 2 B 12 0. B 5E, @A Dz AN T
Rigsh A, 98] R AR AR R Z AR R R)E, BRI H AR
SL TNV T IS . b 7 AR R EAALRS Al R Ak P A sl
FHH . GURERW], X =AM AL BEI (8] (R8I T K. BEE N R BN, A
P SE I KR RN o FIN IR L RE I TR R IR 5 . ASON T AENURT RN B8 5E 1
B

1.5

LU HER, BT RFNZEERAERLR, RIRNNEE g m. Ry
R AR NFER A, P EBIRAIA 7050 7, SRESEN 17.80%. H
H, A S CL BRI N BER 876 Ji 7, TR RN FEER] 12.43%. FRIEN
FRENH G2 EE N 19.98%. UEAh, HR N2 IR N T3 EUE, A
A SRR A2 2 1. Bk, 5 AN UT RIRT FE O I AR 1 A

PRSI $E 1 — M T UL B A SR B BRI IR k. 2
Ja, RTERIRA R AU T AT VAT, AL 7 EhAE A SRR, AU T RS
R LI A AR o e P UL P A Jee PR

FLAE P [ s R, R A i 1V 2 T AR BUR AR B B SRR
FINLESIE NN BT TAE P ok, — B R ANRMRIFIEE . 19 e 70 40, ¥F
2 BFA SO A B AR I VY A2 FLah P 125 AR IO, I8 i 3 S 5800 i AL 3h P
DARFEREAT TR, 19 ADoKk, WU Bt B il 1. I I, X6 DY Ae iR
FLEWINE A 7Y IR R .

2 WM R

NEM R EEAREEHR. ZANTHRKRER, &7 R b RIPE A
FeoRx AR AT, TR RIRE =18 WmE (BHE - Bk, NEMR=
AR R HEmIAZ B . THE T RIRIIES B S . G, BB AR,
[ E S AL T RARIRHS, H Z Bl 5 B e 7 e il 117

32



TR N R K5 2023 A REA Bk BT

3.EEIEEN T

RIEBEIRIAR, TR E R N =AHHERIESNNE . S 1iash K
KI5 Fros. MBS ATRAE H, B48H =W OA. AB M1 BC k. Cl. C2 Al C3
3 NRIMERE OAL AB Al BC Ko X F-SRIPEM OA IS fE LA 01, RIMEF
AB SZEERA A O A I MAE N 02, BhAh, NIPEF BC S#ERET & A FT A B
Z B E SN 03,7115 0 5 C1 2 [HMEEE N d1, T8 A 5 C2 Z [RIMEE R A d2.
UbAk, 1A B I C3 ZHMFE N d3. WItEHE OA. AB A1 BC K471 11, 12 Fil
13.

AR IITAR AT DU 25038 e LRSI A B 0 1. 0 2 F1 0 3 SRazdi], JFik#Eeq]
TEABIRIMALTE, BETACHME, HEHRRMTF (xvy. 2) R, (AR
faff o DY HLES NS B4 0 7 5 R L N S i — AN P Ig Bk, RO DY 2 pLEs
ANR— N EAFEDER AL N RS, LSS MR . fxtisghis il
TIEARZ, AR e, BIEE TR i i O A AR R R A ) T v

4. 545

AR EARHAT T8 Mz J15 0. RS- FESS I, B T B H81iss).
SERRW, TEL ST, = AR S (8] 3 m 3ok AR
B I 18] 3 T R 7 . TR T B TR I N5 R X S Ia sl A . A HRE H LR R B 1 R
KlJe, AHEFT 20 1 iz zoef A BEE A AL EE S SE I e R 3R . hoh, 4 R ¥ st FilH e
PRI 20 4R 30 77 = (R R

33



TR N R K5 2023 A REA Bk BT

Journal of Physics: Conference Series

PAPER - OPEN ACCESS You may also like
. . . . . ) - A novel underwater oipedal walking sof
The Kinematic and Dynamic Analysis of a Bionic (b e ket o ot
. iuxuan Wu, Xiaochen Yang, Yan Wu el
Manipulator al.

- A Wearable and Portable Real-Time
Control Gesture R i tem f
To cile this article: Zhifei Ji et a12021 J. Phys.: Conf. Ser. 1948 012078 T T T
Tianao Cao, Dan Liu, Qisong Wang et al.

- Octopus-inspired sucker to absorb soft
tissues: stiffness gradient and acetabular

" . : profub p! the adsorpt
View the article online for updates and enhancements. E;IOE; S IR T AR

YiWang, Guangkai Sun, Yanlin He et al.

f @ 244 Electrochemical Society Meeting

»
g\
October 8 - 12, 2023 * Gothenburg, Sweden

50 Symposiatin electrochemistry & solid New'degdling:
state science April 21

submit your abstract!

D> Deadline Extended!
Last chance to submit!

This content was downloaded from IP address 42.80.219.81 on 21/04/2023 at 02:32

34



TR N R K5 2023 A REA Bk BT

ToTAIMA 2021 TOP Publishing
Journal of Physics: Conference Series 1948 (2021) 012078  doi:10.1088/1742-6596/1948/1/012078

The Kinematic and Dynamic Analysis of a Bionic Manipulator

Zhifei Ji' 2, Hualin Hong!, Xiaodong Yuan!, Jianyu, Fan! and Min Lin® "~

!College of Ocean Equipment and Mechanical Engineering, Jimei University, Xiamen,
Fujian, 361021, China

*Fujian Province Key Laboratory of Ocean Renewable Energy Equipment, Xiamen,
Fujian, 361021, China

*Corresponding author’s e-mail: 201761000009@jmu.edu.cn

Abstract. Bionic manipulators can help people with disabilities to improve their quality of life,
they thus became a focus researched by many scholars. In this paper, the kinematic and
dynamic analysis of a bionic manipulator was conducted. Firstly, the kinematic model of the
bionic manipulator was developed. The relationships between input and out variables were
obtained. Then, the dynamic model of the bionic manipulator was established by using the
Lagrangian method. The dynamic parameters including the angular displacement, angular
velocity and angular acceleration under the action of torque were analyzed. The results
indicated that the angular displacements of the three angles are increasing with time. With the
increasing of time, the angular velocity first increased and then decreased. The angular
accelerations are oscillation with an increase in time. The work in this paper lays the
groundwork for future applications of bionic manipulators.

1. Introduction

In the past few decades, the number of disabled people has increased due to the outbreak of war and
traffic accidents. According to the second national sample survey on disabled persons [1], there are
70.5 million households, accounting for 17.80% of the total number of households, with disabled
persons in China. Among them, there are 8.76 million households with two or more disabled persons,
accounting for 12.43 percent of all households with disabled persons. The population of households
with disabled persons accounts for 19.98 percent of the national total population. Moreover, many
disabled persons among disabilities are hand amputees and the quality of their life has been greatly
affected. It follows that the research on bionic manipulators has become a hot point recently.

The bionic manipulators have been researched by lots of scholars. A novel method based of
electromyography was proposed to adjust the grip strength of the prosthetic hand automatically [2-4].
Afterwards, the rope-driven under-actuated manipulator was studied and the dynamic model was
developed by [5]. It was obtained that the proposed manipulator can grasp objects stably. High-density
electromyography (EMG) signals were employed in [6] to characterize the accuracy of recognizing the
discharges of motor units during natural movement and their cormrelation with finger kinematics was
then researched. The dynamics should be considered during the design of the bionic manipulators.
Many models including pulley combination model and connecting rod model were proposed by [7-9].
Their dynamic characteristics were studied. Li [ 10] researched a single finger by using the principle of
virtual work and obtained relationship between the driving torques, the internal forces of the coupling
rod spring and the gripping forces. Moreover, when analyzing the dynamics of the bionic manipulators,
the fingers are usually regarded as light rods. The weight of the fingers is thus ignored to simplify the

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
B

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by I10P Publishing Ltd 1
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calculation procedures. The angular displacement, angular velocity and angular acceleration of a
bionic manipulator were analyzed by modeling the bionic manipulator as hinges and linkage
mechanisms [11-14].

The main contribution of this article is to obtain the relationship between the input and out
parameters of one finger of the bionic manipulator and studied the dynamics of the finger considering
its weight.

2. Mechanism description

As illustrated in figure 1, a human palm is composed of carpal bones, metacarpal bones and phalanx
bones. Inspired by the composition of a human hand, a bionic manipulator composed of rigid rods and
revolute joints is proposed, shown in Figure 2.

Fmger

Figure 1. Ahuman hand Figure 2. Bionic manipulator

From figure 2, it can be seen that the bionic manipulator is composed of finger prostheses, a palm
of hand, fishing lines, spring plates and motors. The fingers can generate rotational motions driven by
the motors through the fishing lines, shown in figure 3. The spring plates are used to restore the
original shape when the finger relaxes. The motor used to close the thumb is denoted by motor 1 while
the motor used to rotate the thumb is denoted by motor 2. Moreover, the closure of the index finger is
controlled by motor 3 while the closure of the middle finger, ring finger and pinkie is controlled by
motor 4.

From figure 2, it can be seen that the index finger has three DOFs (degrees of freedom). It follows
that three motors should be used to make the index finger move accurately. In the follows sections, the
kinematics and dynamics of the index finger are discussed. Firstly, the reference frame should be
established, which is shown in figure 4. In figure 4, the fixed reference frame is locate at the base of
the index finger, with its Z axis parallel to the rotational axis of the base revolute joint.

Spring Lamination

Fishing Line Revolute Joint

Motor

Figure 3. Connection (Espring piece and fishing line Figure 4. The fixed reference frame

b2
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3. Direct kinematic analysis
According to the composition of the index finger, it can be considered as a serial mechanism of three
degrees of freedom. The motion sketch of the index finger is thus shown in figure 5. From figure 5, it
can be seen that the index finger is composed of three rigid rods OA4, AB and BC. C1, C> and Cs are the
centroid of the rigid rods OA4, AB and BC respectively. The angle between the X axis and the rigid rod
04 is defined as & while the angle between the rigid rod 4B and the line joining nodes O and A4 is
defined as &. Moreover, the angle between the rigid rod BC and the line joining nodes 4 and B is
defined as &. The distance between nodes O and C; is d; while the distance between nodes 4 and C- is
d>. Furthermore, the distance between nodes B and Cs is ds. The lengths of rigid rods 04, AB and BC
are /1, > and /; respectively.

The shape of the index finger can be controlled by varying the angles &, & and &, driven by
motors, which are chosen as the input variables of the index finger. The position of node C, expressed
by its Cartesian coordinates (x, y and =) is chosen as the output of the index finger.

Figure 5. Motion sketch of the index finger

Let Xi = [x1, y1, 1] X2 = [x2, 12, =2]" and X; = [x3, 13, =3] " denote the coordinates of points Ci, Ca
and Cs respectively. These coordinates can be written as

X, =[x. ¥. 2] =[d,cos 6, d,sin6,, 0] (1)
X, =[x, », ,]" =[,cos6, +d,cos8,, I,sin6, +d,sind,, 0] 2)
X, =[x, 2] =[lcosf +1,cos0, +d;cos by, I;sin6, +1,siné, +d,sin6,, 0] 3)

The direct kinematic analysis of the index finger corresponds to the computation of position of the
node C for given angles &, & and &. From figure 5, the coordinates of node C can be easily computed,
which take the following form

x| [lcos@ +I,cosd, +1, cosd,
X =|y|=| I,sin@ +I,sin6, +/;sinb, (4)
5 0

From equation (4), it can be seen the movement of node C is constrained to the XY plane. For a set

of given input variables, the output variables can be easily computed.

4. Dynamic analysis
The Lagrangian approach is employed in this work to derive an appropriate dynamic model of the
index finger. Afterwards, the kinetic and potential energy should be firstly computed.

4.1. Kinetic energy

According to equations (1)-(3), the velocity of centroid of the rigid rods OA4, AB and BC can be written
as
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w=[x5+5 ]% =[a; 93]15 )
(6)

ol =

v=[% +y§]13 ={[d2 cos(B, +6,)8, + &, +1,cos6, 49,]’ +[a‘2 sin(@, +6,)8,+ 8, +1,sin 4, -81]1}

1 3 I
v=[g+3] ={(Ilcosﬂl -6 +1yc08(6,+6;)- (8 +6,) +d; c0s 3.6 -Zq] 2

i=1 i=1

™

ol

) ) 3 3 2
{(.’, sing, -6 +1,sin(g +6,)-(6, +6,)+dysin Y6, -Zﬂf] }
=1 i=1
Since the kinetic energy of a rigid rod contains the translational kinetic energy corresponding to the
rod’s translations and the rotational kinetic energy comresponding to the rod’s rotations, the kinetic
energy of the index finger can thus be computed as
% b .
E =Y :EZ(nw +7,87) (8)
i=1 i=1
where Jo1, Joz and Jo3 are the moments of inertia of the rods OA4, 4B and BC with respect to their
centers.

4.2. Potential energy

The potential energy of the index finger includes the gravitational potential energy of the rigid rods
and the elastic potential energy of the torsional springs, which are used to restore the finger’s original
position without the control of the motor. The potential energy of the index finger takes the following
form

E,=3E, ©)
where
k(78 Y .
Ep, ZE[F(I)J +d,gm, sing, (10)

) a

Ep, =gm,[/,sin6, +d, sin(6, +6, )]+g[ o

4.3. Equations of motion
The equations of motion of the index finger are developed here using the Lagrangian method, namely
oE
_doE, o5 OE, (12)

di 06 08 06
where 8= &, &, &]". By substituting equations (8) and (9) into equation (12), the dynamic model of
the index finger can be obtained as
MG+HO +K6, +G=F (13)
where

3 2 2
dygm; cos Y’ 6 +(d,gm, +glm;)cos Y 6, +(d,gm + glm, +glm;)cos6, +%(%] 2]
i=1 i=1

3 2 2
G= (dzgm}+gn’1m})c0526’f+(d1gmz+g.’1m})c0526',+%[%J 6, (14)
i=1 i=1
2 Kz Y
d,gmycosy 6 +—| — | 6,
181 ; i 2{180} 3
T x 5 T
F=[r, r, n].0,=[66, 66, 04,] (15)
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Furthermore, M, H and K are all 3x3 matrices whose elements are defined as follows (e.g. Mj is
the element located on the ith line and the jth column of M, etc.):
My, = Jo,+d;m +dy my +dm + 1 my + 17 m + 1,7 m, +2d,0my + 211L,m,cos6, +
2d,1,m; cos & +2d,m, cos(6, +6;)
My =1rmy +dymy +dy g+ 2d,0my + 201,m,cos 6, + 2d, 1 m, cos 6, +2d,1m, cos(6, + 6,)
My, = d'm, + dlm, cos @, + d lm, cos(d, + 6,)
My, =d, my +d my +1,m, +dydm, + 1L mycos 6, +2d,0,m, cos 6, + dylm, cos(6, + 6,) (16)
M, = Jo, +d,"my +dy my + 17 m, +2d,1,m; cos @,
M, =d*m, +d.],m, cosé,
My, =dy'm, + dylym, cos6, +d i, cos(6, + 6,)

M, = d'm, +dylm; cos8,, My, = Jo, +dy’m,

H, =(-d,jm,—1m;)sin 6, —d,lm, sin(6, +86,)
H,; =—d;l,m;sin &, —d,lm; sin(6, + 6,)

H,, = (dyhmy +LLmy )sin g, + dylym, sin(6, +6;).
H,, =—d,mysin6,H,=H,, =H,;=0

Hy, =dylmy sin 6, +d;m; sin(6, + 6,),

H,, =d,,m;sin6,

a7n

K, =(-2d,Lim, —2L1,m; )sin 6, — 2d,1,m; sin(6, + 6;),

K, =-2d,l,m; sin & —2d,lim, sin(6, + 6,)

K3 ==2d;l,my sin 6; — 2d,l,m; sin(6, +6,) (18)
K,, =-2d,l,m,sin6,,K,; =-2d,l,m,sin 6,

Ky =2d,mysin6, K, =K, =K;; =0

5. Numerical simulations

The dynamic model of the index finger is established in equation (13). By using equation (13), the
motions of the index finger can be obtained for the given torques 7, ©» and . In this section, the
numerical simulations of the finger’s motions are conducted. Moreover, the coefficients of equation
(13) are listed in table 1.

Table 1. Coefficients of equation (13)

Parameter Value Unit Parameter Value Unit
h 1.5 m m 0.1 kg
b 1.5 m m 0.1 kg
5 L5 m ms 0.1 kg
di 1 m Joy 1 kg-m?
d» 1 m Jor 1 kg-m?
ds 1 m Joa 1 kg-m?
k 1 N/m Jo 1 kg-m?
5
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present an oscillating trend is that the damping factors such as friction between moving pairs and
friction of the motor are ignored in this study. Furthermore, the influence of the damping factors on
the dynamics of the index finger will be researched in the future work.
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MiR= Ei=RERF

#include "include.h"

uint16 ServoPwmDuty[6] = {1500,1500,1500,1500,1500,1500};

//IPWM Jik it 5% i

uint16 ServoPwmDutySet[6] = {1500,1500,1500,1500,1500,1500};

//PWM ik 55 &

float ServoPwmDutylnc[6];
/124 PWM Rk %8 KA 220, 4 2.5ms 5% 20ms %4 PWM k58

bool ServoPwmDutyHaveChange = FALSE;  //fik 566 2 b b G407
uint16 ServoTime = 2000;

/IRENLIN i A LIz 3h 28 R A1 L A A)

void ServoSetPluseAndTime(uint8 id,uint16 p,uint16 time)

{

if(id >= 0 && id <= 5 && p >= 500 && p <= 2500)

{

if(time < 20)
time = 20;
if(time > 30000)
time = 30000;
if(id == 4)
{
if(p > 2500)
p =2500;
else if(p < 500)
p =500;
b
else
{
if(p > 2200)
p =2200;
else if(p < 900)
p =900;
b

ServoPwmDutySet[id] = p;

ServoTime = time;
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}

ServoPwmDutyHaveChange = TRUE;

void ServoPwmDutyCompare(void)// ik 7 224t b 458 K 3o J& 2 il

{

uint8 i;

static uint16 ServoPwmDutyIncTimes; /75 22 15 38 [ L

static bool ServoRunning = FALSE;  //NEHLLATR iR RIA TR e &
if(ServoPwmDutyHaveChange)//{5 1-32 %) 31 H K 55 & A AR AN A4 3HE4T 15

ServoPwmDutyHaveChange = FALSE;

ServoPwmDutyIncTimes = ServoTime/20;

/1% 20ms i i — X ServoPwmDutyCompare() 284

for(i=0;1<6;1++)

{
//if(ServoPwmDuty[i] != ServoPwmDutySet[i])
{
if(ServoPwmDutySet[i] > ServoPwmDuty[i])
{
ServoPwmDutylInc[i] = ServoPwmDutySet[i] - ServoPwmDuty[i];
ServoPwmDutylInc[i] = -ServoPwmDutylInc[i];
}

ServoRunning = TRUE; //feNLHFUR1E
§

if(ServoRunning)

{

ServoPwmDutyIncTimes--;
for(i=0;i<6;i++)
{

if(ServoPwmDutyIncTimes == 0)

{
ServoPwmDuty[i] = ServoPwmDutySet[i];

ServoRunning = FALSE; /i8N &, T ikias)
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else

{

ServoPwmDuty[i] = ServoPwmDutySet[i] +
(signed short int)(ServoPwmDutylInc[i] * ServoPwmDutyIncTimes);
}
}
h

b
S
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