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RESEARCH ON UPPER LIMB REHABILITION MOTION
CONTROL BASED ON COLLABORATIVE ROBOTS AND
MYOELECTRIC INTENTION RECOGNITION

ABSTRACT

Rehabilitation robots hold significant application prospects in the
rehabilitation treatment of patients with upper limb motor dysfunction.
Current upper limb rehabilitation paradigms suffer from issues such as
excessive space occupation by devices, monotonous training modalities,
neglect of human intentional control in motion strategies, and low active
engagement of patients. This paper proposes a collaborative upper limb
rehabilitation robot motion control method based on electromyographic
(EMG) intention recognition, where EMG signals are used to identify the
movement intentions of the upper limb and control the rehabilitation
robot's motion. This approach provides a new model for the system design
and motion control of upper limb rehabilitation robots. The main research
contents of this paper are as follows:

(1) 1In the design and analysis of upper limb rehabilitation modes
based on collaborative robots, this study addresses the limitations of
current upper limb rehabilitation devices, including insufficient flexibility
and excessive spatial footprint, by designing a collaborative robotic system

for upper limb rehabilitation and corresponding rehabilitation motion
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protocols. Furthermore, the kinematic and dynamic trajectory
characteristics of the proposed robotic system are analyzed to evaluate its
motion control performance and adaptability.

(2) Design of electromyography signal acquisition system on
upper limb surface. In order to solve the problems of noise interference and
signal instability in the process of surface EMG signal acquisition, a
surface EMG signal acquisition system for the upper limb was designed to
realize the preprocessing of EMG signal data, and a test scheme for the
acquisition of EMG signals on the surface of the upper limb was designed,
and the characteristic signals were extracted from the collected data
through time domain indicators and frequency domain indicators.

(3) Upper limb rehabilitation exercise intention recognition based
on electromyography signals. In order to solve the problems of ignoring
the active intention of the human body and the low active participation of
patients in the traditional rehabilitation exercise control methods, a
rehabilitation exercise intention recognition scheme for upper limbs based
on electromyography signals was designed. The traditional machine
learning method and convolutional neural network were used to identify
and analyze the motor intention, and the upper limb rehabilitation motor
intention recognition algorithm was determined to realize the upper limb
rehabilitation motor intention recognition.

(4) Design and experimental testing of rehabilitation motion

v
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control system. Design the motion control system of the collaborative
upper limb rehabilitation robot, develop the upper computer program of the
motion control system of the collaborative upper limb rehabilitation robot,
and build the motion control experimental system of the collaborative
upper limb rehabilitation robot. Through the experimental test of upper
limb rehabilitation robot motion control, the feasibility of the motion
control scheme of wupper limb rehabilitation robot based on
electromyography intention recognition proposed in this paper was verified.
KEY WORDS: wupper Ilimb rehabilitation, collaborative robot,

electromyographic signal, intention recognition, motion control
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Bk W H AL L PR GLEHBE Ep NIZ RGN ITE ARG R roq
FSRPREL, IF H e A bR IR RO BERIAIT F . HL5E SO
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X, g NEITINE LI =45 [ &
MRAERAE I H RS, 1580 NIEAHLAS AN RIHRS B H TR R s

d OE, oL _
dt oq, 86]

7,(i=12,..,n) (2-10)

A, RN ¢ NRTAEE; ¢ 8RB ;AL AT
EMHE
AN N SEM D6, B EE 227, B 2-8 AT, A L O ALE -

X, =d, cosgq,sing,
¥, =d,sing,sing, (2-1D)
z,=d, cosgq,

[ B AT SRAEAT Lo BT DAL E N

x, =1L, cosq,sing, +d, cosq, sin(q, +q,)
v, =L, sing,sing, +d, sing, sin(q, +q,) (2-12)
z,=1,cosq, +d,cos(q, +q,)]

b -0 ] ¢ 3R -3 AT SRS & A I
X = d1[_q'1 sin q, sin 4, + {4, cosq, cos Q2]

v, =d,[¢, cosgq,sing, +¢, sing, cosq,] (2-13)

zZ; =—4a,4,81mgq,

X, =L, (=g, sing, singq, +¢q, cosgq, cosq,) +d,[—q, sinq, sin(q, +q,)
+(q, +45)cos g, cos(q, +g;)]
», =L,(q, cosq, sing, +¢,sing, cosq,)+d,[q, cosq, sin(q, +q,)

2-14
+(dy +4y)sing, cos(g, +45)] 210
Z, =—q,L, sin q, —d,(q, +43)Sin(Q2 +CI3)
SNTE R DA RER i AR o (i=1,2) 39N
W, =q, (2-15)
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AT TR R NS iU =M a0, TR WM BT JE i i 2 fi
JelE i, PREAHGRAER AP NIEsh. E3h 0 FAERAEAR R, XIS AR
RATEPERAN JH . BRI R W H R @S BN R AN &3 )
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MLE§ NS4 RE Ep:
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1 L9 . ) 1. . 1.
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1
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+2Q12L1d2 sing, sin(q, +¢,) +24,(¢, +4,)L,d cos g, +EI3(% +%)2
+m,gd, cosq, +m,g[L, cosq, +d, cos(q, +q;)]

oL oL d oL
MRAEFLA% B H 7R ﬁ&ﬂﬁ??‘%ﬁﬁ‘]a—q, % Ea—ﬁj%b’j

i
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2

0
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—-m,gd, sin(q, +q,)
oL Lo . Lo
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1
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5 = m1d12q2 + mz[le% +d22(% +q,)+Ld,(2q, +q,)cos g1+ 1,q, + 1,(q, +45) (2-23)
2
oL 0. . ) .
a =myd, (4, +4;) +myq,L,d, cosq; + I5(q, + 45)
3
daL_dz...z 4.6 si Lz...z 266 si
E(ﬁ) =md,"(g,sin" g, + 24,4, sing, cosq,) +m,L,"(g,sin" g, + 24,4, singq, cos q, )
1
+ m2d22[éj1 sinz(q2 +4,)+24,(q, + ¢;)sin(q, + g;) cos(q, + g;)]+ 1,G,
+2m,d,L (g, sing, sin(g, +q,) + 4,4, c0sq, +q,(4, +4;)sing, cos(q, +g;)]
d OL .. .. . v
— ()= mld12q2 +1,g,+ m2L12CI2 + m2d22 (G, +45)
dt oq,
+m,d,L[-4,(2¢, +¢,)sing, +cos q;(2¢, + ¢, )]
+]2q2
d OL

E(a) = mzdzz(% +¢;)+m,Ld, (g, cos q; — 4,4, sings) + 1,(g, + G5)
3

W R s AN B hig B H 7 R AT A3 BINL 88 AT IR SN yE 7, 3T
R NUL T TR
r=M(q)§+C(q,9)q+G(q) (2-24)
Arb, M(q) INLE NBHERRE: C(g,q) NEs L ARG Glg) NE
JI0. Rk AR M H) & TEE R (2-25) P

a 0 0 e 0
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a=md,’sin’ g, +(m, + M,)L’sin’ g, +(m, + M, )d,’ sin*(q, + ;)
+2(m,+M,)Ld,sing, sin(q, +q,)+1,
b=md’+(m,+M,)L’ +md,’ +2(m, + M,)Ld, cosq, + 1, +1,
c=(m,+M,)d,” +(m, +M,)Ld, cosq,
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R4 GB/T 17245-2004052 1 53807 1) o N AR BTG 24, BA 50 KG A% I
OB, THEAS R AT BUE > 508 1.33 KG M 0.57 KG. #8381V B
B AR A FAEATUUE 29 A S fc T FR3EAT F . 72 MATALB ) SIMULINK
ST 0 B, AR B b A BT S B R iR AL (2-
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FI BRI AL a8 N OCTT Ty AR 3B AR — 5, EHLES AT I RN
AAE—E WMz, TTCUEH, 2B N AR & RS 3 300 i 45 AP AE — €
IR ZE o
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(1) A (50/60 Hz S HAEED - il H 2 FaU5 B AT IR 0 F 10
HI TR 2 BRI o s AN S 0 3 Ve e SR S FB PR A v, LRI ™ A 1) FRU R A
SAE 50 Hz B 60 Hz B T 51 K TH. XM T2 kit 32 RimIHEE
T, R2OUONEITERIE, Wi BG5S RE. 7RO BRIRME S, AR
H1 50/60 Hz BEBIEE AT « 1TSS AR BEWEAE AT HAD SR 7 S DL R, £BR
50 Hz B¢ 60 Hz M T-4045 5, IS THULHAE S IR s A A (K rT 5E 1k

(2) izahfhi: EER TS TR 18] RS RLRS B 51k (R AT 2 «
XA RAL 2 T BERM TR AR, TSI ANARIRB S 2 Ak S B k%
il i R AR BE R B, & T BURMH TR AR L EAR AL . BEAL, WLAR 4 5]
L IR B R AR AR 2 e AR AN - B IR TR LA A o O 1 A RO BRI AR A T3,
AP IR s pE s A, CLUEBRARAR 70, SR THE = (2l 5 EEAT 3y (1 v
(R

(3) FRLRERM: 52—ty PR B SRR B BT A& AR AL I SES IR 8 WA = T3
R wAEMRESHNERES, YolE mplazsh, &5 32 B
R NARAL, BEMT 51 AR 2GRS o [FII, B JPRAR T AR E VB o0 W BRI L A Ak th 2
AR AR P XA T IS T A E N, e sE i HERA . v T
A RARFRIELER, ] LUK A mil SR AR B B G MRS AR 5715, DARTHE 5
i) o STE S e

(4) MM JRORASACPRIE P — RhOCHRE A A o XM 7 I T H
TREARL, JUHRBORGEE AR, RS, EEET 5uv, JFHA
AR, BB SCRIEE . PO BAREEZ BN, E T H 5
REPE, AT RE XS AR BRAE T R A — R R SR AT, AT RS A 5 AR
MG . N T FEARX MR A B2, W] DRI M i,  dn e AL TR 45 1
Bk SRR B s 7 TofF . S v LB 0 B AR OR 5 o B4, JEEE
SRBEOR, R TEIEETNE, WA DL g R b b B e X A P
ST S T R E AT SR

3.3.2 B4R AHTEN 23T
TEARE e 2, EURFIRH i 2302 B N T BN B 2% . ELRr iR
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DI B F R SCBUR P IR RN B, ELZE T 4 A £ B0 A (LA
FEVAR R AT 5 B L 3 ST S 5 B R TR, T SO O e T i
WROTERE . MBS, LA, (LUEU 005 AR T B AR AR B A
U ST M 532 T A ERATR, P T 22 B 7 140 8 £ o () R
By . ERRETE B B R SR (3-1) Fi:

K

1+(i)2n (3-1)
a)C

H(s)=

R G- o, H (o) IBBEAHRIAEIERE, K M EH, — RSN
K=1. s REMFELE, o 2ENR0EERE (7 rad/s ), n IR
#.

FEATCH, SR DUR R @ g s (BB . 20-150 Hz) , BPASK
IR = I P A 8RR . e, ISR I E Y 150 Hz, F2EH 1
TANEIVL A S P TSy mE LR RE N 20 Hz, 2N T IERR
LR E R UL KIS BN O IR AS RN s 4B Ivt, TR -2 5 eV Ay [ Ui 5 )
HUAS-F1l7, 3 G v I 5 R B R AR AL R s AR A, (RS S RRAE
BB (ML A 20-500 Hz,  EACARARE B8 e A RE I IR DN 150 Hz) o« 23
DAt B E AR R BT D % L A0l P L YA B O KRR, X (RS T AR NS
ARGWREE S F By, TMEE AR RS R FRARE K. il
K Z PR A LA 5 AT PR AL B, AR08 B E R THE S5 I R AN T AT
FEVE . AT HZ IR AR R LS 5 AT R T, 6 & 3-10 ok

; -'NvMWMMWMWWM'NWW”WF%‘wl""MW‘MH’fM'l M w W}' WWW MW‘W VM MWM 4’ W‘WNI“'WW@
§ZD:m.'.w'Mmflv~'N.w.m'w.w;wh'wwnhww.wﬁmk i ‘ M:WM“ I l"n M i "W'W L W‘ ”M

B 3-10 ERRFERITIE I A 25 X EL ]
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3.4 REAEESHIEE SRR

WVHLAS 5 & — i i A AR A e IR R T SRR AE T LS 5, BERS AT R0 R L
WIS EIRES o HA5 5 3sh 5 WL e IR B B A S DR RIEk, REfg e LA
BN SEN At BEAh, WURE SR RENS R IR 57 i FE I Bh &4k N T
RN HT LA R PR AR AL, AR SCAE R T ILHLAS S5 R Ak S B T 3 R I3
AR S AR AR0T, DA B s i s # 7 L DAY 36 230 (R R RS A

3.4.1 Big3ERR

(1) HITHRAE (RMS) = BRI 755 HiRE s, W T E
ALBEAE S SR RER . TUONAILATE S s S Bk . 07 IRAE RERS I
R H S 5 sl I, 85 T RS LA B AR St A 57 R3S . TH B sWin s

(3-2) Frs
1 &,
RMS = _le_ (3-2)
N i=l

Horb, xi 288 i SRR NESE, NRESBRRA A

(2) FIHAXE (MAV) « PIYLaX R AT 5 1E— A )5 1Py ) 450
ERFAME, HTRIEE SRR, 7T LURBUILAREZ R, JOH R
FREEICOR BRI AR RS T, AR VR, I T8 MR 57 Il . i3 A =
(3-3) Fizwo

1 N
MAV =—>" x| (3-3)
N i=1

Horb, x5 i DR RIE S, NEE S EHEREE R

(3) TFR (ZC) » ETRMARZETELFSHIR, G
T AR ARG, S T ARG EFEREEEERRES
AR, PR RIS IO R AR T fE T, FE i F
FRIEE TR HEAR 3-4) .

ZC :WZ_;I sign(x,) —sign(x,,)l (3-4)

Horr, xi 2 28 i MRFESINESE, sign ) RETHFTRE G5 x>0,
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W1 27 x<0, MIDN-1; %7 x=0, M 0D , NZETEHREE R
(4) J5# (variance) : fRFENAL R — AL EBIELKN LR, HH
AR (3-5) PR

N
o’ = iZ:(Sig(ni)—,u)2 (3-5)
NS

3.4.2 SEERR

(D) FEHER (MF) « FEMRZRAENRE S RIRES, RitaE
IEF] 50%MIAR . Sk 7SS R, JCHOSRENIAR 57 fE T, LAE
SRR i 2 o 3 A e < NN e ) PP T i PR (T %
MRERIE 2, DU EMR FAAHE TP R . TR T

D B, WENRES IR,

2) ik, HEZMRAEE, BUR DRGS0 M A DR R

3) h, KRR RMB] S0%HIPR 5L, 2SRy EE

AR BRI P(fi) 72 ThR 1 PR ik B IR, Zp(ﬂ)%ﬂJ%ﬁ%E&I}J
Ko HEARXW (3-6) fin:
Ky 1M
Y P =5 2 PU) (3-6)

(2) FEHFSE (MPP) « FAITIRGR R WAL PEHR, %

FE T HRR SR GHCRER . PR TRAR AT DL LS 5 1A

A, PEHTILRER, BEE SR IR, PR DR CR W S K. T

BANEANE N — DB ICRRE, TN TULRE S 28. iHEA X

(3-7) Ffios:

M

> [P
k:M
WA
k=

Hordr, fi BN kIR PR s kS I)RAE; M2 D&
B )

MPF =

(3-7)

—_
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S48 T B IR I, R 2 I A R S S 0 4
TR, B, BRSNS, TR S T, B
AR 2
(3) ATRWERE (MAXP) « Bk Ihi s R UL (3 S Thieh,
5155 90 PR A B KT AR A SR T BT SE R A  B RSerP RE
5k TI 2 82 T DI FE LA E SEA B i R, T, 15 2 IRk
TR R I R SR N B IR . AR IR (3-8)
B
P,,=max(P(f,)

Horb: P(R)RIAR fitd BTG s MORTHRE AR SRS Pow 2 TH
Heql v B R T H A T AE R0 s R D 2

FH MATLAB 1 F5F R HILHEAE S8R BT B, Horh — A 10 =i e
SINGRANER TN HAS 5 1P TE NS S anE 3-11 218 3-16 Fios, SilgfE R
Wl 3-17 2 3-22 Fis.

Rt 5 A AR I SR
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3.5 REINGG

A Bt 2 T UL FRLAS 5 SR AR i A P LR 7S T 13 5 AN R DA S B
DB RS, B BT F RN RE SIRERL TR, %R
ERGN PRI ST RE, R LS 5 S i R e
WS AT J 0 b TR, {5 AT S0 b A Aot A B S S )L PR A S AT R
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£ 4E ETHRESHNLBREEHNEEIR

ARG R e sz 6 A2 Nk el B TS
FEARSE Al ST OMER E RO B LSS N RGN ERCR IS 5 FRE RS
TP T EBCRTE NS S Bz sh i BARBINE, @ b7 A A /] 7 A A
X =W W BRI ZRah e iz sh e BRBIRE 1, @ & 1 T BRI
ZRi R At Y, O e S T L R BRI Y R R A shim il SR A SO

4.1 FR&It

A A = BRI, R = a0 @R R, A%
Giblas A MGG ML, EHRPER TESEE IR . EEERE
shE KRNI E K 4-1 Fios.
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AR ERA AT
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G ES

FIEXS L

fgitles B2
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.

HIARURXT EE
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2 BREEIRA

AR ST T ) = Fp i DL BRI A s sh B, X RS T
JBRN AR B RN B DU S i =R, &Rz ah e B #o
A5 R E N B BLAE SR 2, HLAE B ARARE P BT AN R (1 B A A E AT

PR T, Zah R BRI R R MR bR . R
o R A A O B AR I R R TP A I 0 BRI 2R A, et A Y LA R
1157 S I S B R RBOR A O N 1 Se BN B R R s sh & K ik
BRI, ARSCAE Sy B AR A R ) Bl b, SRR Gl a8 25 2] SR AN G A b
2 M 28 BEATIE B R B R

4.2.1 Y AERHEE

LS 5 R SRR AR T AN B TE IR T LEAE 5, 20 S0l % S B e VLA
L, R RASERUR AT A A RRAE R R 2 DL AT HE R X = LA
W BB NN X KA B UL HAE 5 od i TR IR TR 25 HEAT 25
RRAEAE SR,  JERRPEXT B R bR 25 A Ay 3 AR I i N3 kA7 B AL oA )
R BT o AR SCRR I SORFAE 23 B A3 O AR AEL . P3N ZE0HE . Ay
%, JEEURATIRERAE 2 A R E A . PRI . BRI RIS .. A

B FEHUR -BREAE, PINEIE ST 14 4ERRIE . B Rr gl i =R LB
I8 BN T WL RS- X B2 0 I Sl AR AL B A ARUSARFALE 8 73 79 G € 4-1 F13K 4-
2w

*® 4-1 RIEUBRAE 5 I B IEE

R WE  RXTEARE | BRDLE BRI
. 1 0.17 0.20 0.10
st
2 0.10 0.10 0.41
1 0.15 0.01 0.10
AR
2 0.09 0.01 0.39
1 333 384 351
2 327 305 367
N 1 0.03 0.01 0.00
e
2 0.01 0.01 0.01
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K 4-2 LIS T SRR

SR WE  RRBAATRE  RRWLE KR
1 64.71 63.98 69.48
SRGUE
2 64.76 62.97 68.99
1 64.75 57.13 60.94
PR
2 60.94 59.41 63.22
e 1 64.75 47.61 59.79
oK
2 65.13 57.89 63.60

SR BRI AR AIE 23 0 G B 82 RR I 2ia 3h = I RR 2%, AR a0 2R AE
TP R S N AR AT YN SRR B RO T 45 SR o A [ R 2 I A AR 0T B A 25
% 43 PR

2 4-3 A [ BE I R A ] A 2%

gkt X R FRAE
JR RN A R RN 1
JRRAT E2E RSB 2
P SREE i 04 RS IR 3

KAMLGHL G2 I MBI LM S HE, BT RIILBEE 5 ITIEsI K
W, SRR H A3z 2 i B R A [ sh AR 2 B AR S 25 4T 387 s A 3R
sz B EEIR, RAREERE AT 24T

422 BGHEBFIEE

fegibLas 5 2 SRR 3 T B AXEh Y SFE SR, B A8 e 8 IR S
AR SR, PR B HrdlcdE i N B0 5 o I SRAEIRE AR LBt
FIRFAE S AR, g BB AN IR DU 2RE8% . Bl SO ENL. M
WIS AR IS BB B & R0 SR R G5 2 Uk, XLk
W T KRR TR R S HOR R, S 7BV R E MR

(1) 2t

LA 73 M — PP AEBRGE AN 73 AT S5 AR S SE i 22 2 U7 ik . BRI
O B ARG AR AR R, R R R R A B GRS a], XA RERE T AL AR
SCRE PR B R SRR AR . 2RI B ARSE, BRI A RS 22 18] 1 B
[ A L[] — S50 P I REAS BN 55 SR AE i, AR TH 0 A HERA VAN 2%
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B8, #£ MATLAB Hiffi, AR RHDNRANEANE, AIMKIE Statistics and Machine
Learning Toolbox S 3l = U 43 K S RHERE4E, H ZSCORE B &0 #dE & AT b
WLk, G 5885 > T RAA ) FITCDISCR R, BB N\ B 4 ks Al
b5 e & BRI B 3 58 A 2 B BRI 25

BT8R = m @ LA SRR AR N R Z NS, AR BITRVE A R ] 4-2 i
N AEHZEEAR R 0 KA R IUER N 87.0%. Hdr, B—47: HIFRE 11
FEAH,  TER TN AARSE 1 IR 98.6%, 1R TR NARES 2 AR /2 1.4%.
AT ESAREE 2 REAH, BRRTIIIONARZE 1 AR 13.9%, IEFTNA
PR2E 2 IR A2 70.8%, HA R FIUIIAFRSE 3 MR 15.3%. =47 HSURAE
3IIREA S, FERTRINNARSE 1 IR 5.6%, R TII AR2E 2 IHEZR 2 2.8%,
IER TR NAREE 3 FIMER A 91.7%.

LR TEH

1.4%

29.2%

8.3%

TPR FNR
RUHIES

4-2 LA ) VRV R
(2) kb U 26 s
FI 2R DL 73 S 5 — iR FE T DU 7 B R MR A% AR AT R A e ) 20 6
Fike ZITENSEAZEAA T, WX OGN 2, AN
SRIR LR MO PE BRI T BAE A AT SR bR T 5, R e
RIS B 52 AZREAS ) 0 R A5 R ATV AR RAT 55 2, 5 B 5B AT 2 (1
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HTRIUE 5%, LA E SRR AL B M X S R AT ARy 25, B R T
AR, WIRELRR O RIIE BT, W R — MIGREARNES: Kk
IR h BT ARL B 0 BT REAE 10 B4 N B SCRE ) LA 2888 R AT 0. SRS
THEARRANEBE IR A T 1 B, IR ML e S M e S e )5,
NN AE AN R 1 S R, R AR B 45 R, 25 G AR
(RSB0 AN, 58 U RF 23 SRE A BT I8 8 50l i) o R DU 7 B, X4 58 1Y
FEr RREATAT T IR RMER T, e B IO E MR .. s/ 28
AR T 20 G IR, R85 10 MRS SR MR R T 45 2 .

7E MATLAB LI, AR RNES i, B R Emsr . 5T 40dE
B0 VR IAT A JORA], BRIIRE R A 4-3 Fos, A EIRE 25
KRR IEMFEN 76.9%. Hdr, 517 HIHRZE LIRS, IEMAIWT AR
21 MREER 2 90.3%, HIRAIBCANRE 2 BIMERIE 8.3%, HIRAIWC AN 3 1)
MERSE 1.4%. 55 47 HSEARZE 2 HIMEA, FRAIMONFRSE 1 IR 12.5%,
IEHAIBTAPRRE 2 IREZR 2 69.4%, FHRAINT AR 3 MR 2 18.1%. =1T:
FLSRRAE 3 IREARF, HRAIN IR 1 IR ZE 6.9%, FEiRAIWC AR 2 )
MRS 22.2%, 1EWRHIBIARES 3 BIHEEIE 70.8%.

AFR DU 7 S 2%

9.7%

30.6%

29.2%

1 2 3 TPR FNR
BURIES

K 4-3 FhE DIH-HriRE R E FE
(3) FITAR4rI5es
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BT AR R — PR ARG (0 B 2 I, T BT R S BTSSR
VARSI B 77 R BT — DN E bR G R SRS (OIS |, 1
BN A A ARR AN AR . A A A By et RE, 12
— PTGt ST BRI PR B P A 0 ek s, P R R AR e S (B
o (EACEREA BREE DT ECE I, R ECRICT DU R SR ok, R
RAE 5 I R4 R A AN B0 s R RFAEREAT LU 0Ok, B B s S5 I 2R 4
B R R IR R B, 3 a3 R PR R B A 4 S B A 22 93 S 43 F
ki WG, EEVEERSE R RN K MR (ERZEIER T, K M
ARG 200 , KX SR A F AR 1943 288 2 AP AT IR BRI 00T B
Ja, BEFIX K AFEA T B SR ], BT BRI AT T A SRR

fE MATLAB H1fj, flifH A EECN 1. BT ROTA 0 K et B gt 174
KU, FRRERH IR 4-4 Fos, 8 ZEIES B0 K4 RN IEE A
85.2%. A, FBAT: ESLRRAE | MFEAH, IEFFIWTONARZ 1 R
84.7%, HERFIWT IR 2 FIMBERZ 11.1%, F5RFIWONIRESE 3 IR 2 4.2%.
AT HSAREE 2 A, BRRAIBTONERAS 1 HIMEERIE 8.3%, LMK
PREE 2 IR 79.2%, HRAIWCAFRSE 3 BRI 12.5%. =47 B
3PIREAH, HERAIBOAR S 1 IEEEIE 2.8%, AR AW AR 2 HEZR 2 5.6%,
TR IR 3 IS 91.7%.

I ARy K

15.3%

20.8%

8.3%

1 2 TPR FNR

3
SUNIES
4-4 BT ARy A VR IE R
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(4) SCHFFmEAHL

THEMENE MR K iR T H, TTEMNATEMSRMES . H
A% 0o FELRE R 38 T R AR AT 225 ) o R R — A S R TR BRSPS T, AN [ 031 1 s
BT AKX 5o T AL 5 2RI AR, SCRE ) B AL H R A — 0 AR 1 g
BH B AN 00 45 F A I REAT LA, AT SR I 2 28 0 7 AT 55 o TEAX EHTAE
ARE, RIS, A o SRA ST AT FIWT . A AR AR A
AR, AFEAIE B TTREII A . R, LA SN oA
1 H N 23 A e PR A E B R AR 1 B 4 o R 4 R

7E MATLAB HLHI, i FHMZRBCNLIE . BT 3CRe Lo 2K et #di 4
BEAT A SER, ERIRE R0 B 4-5 Fw, 8% 00005 21 40 245 B 10 1 1
HN833%. Hob, 4T HEWRZ IR, IEMAIBCARZE 1 MR 2
83.3%, HIRHIWINFRE 2 HERAZ 11.1%, HHRFIWONFRE 3 KR 2 1.4%.
WAT: AR 2 REAT, HRFINOAREE | MR R 5.6%, IEfFIETA
PR 2 R IE: 81.9%, FHIRAIWIAAREE 3 ML 2 8.3%. 2 —1T: HIHrE3
IREA T, AR PIWTONARZE 1 IR 2.8%, S5 FINTNARSE 2 FIMER 2 12.5%,
TER WA RRZE 3 IS 84.7%.

SRR AL

16.7%

18.1%
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1 2 3 TPR FNR
RIES

K 4-5 SCRFIAENLIRE R
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4.2.3 HEFAIRLZ 2%

MR T AL R R B INGRVAL Ik, RS ST INEAR RIS T V3G 7 Im i 4
BT, M8 G T 3 004 S A e PR S 25 1) . Ak, AT SR T LS S
FEP AR AN 22 5 R 5 SR AR AR S A 85 1) 8, VR 2 2 T vl i i
iy 300 1) STAEZE, SEBL T SR LS 5 BB R 7 00 R BE LA o IR 2 A
M SAER AR SRR, R A AL A G5 5 A B 7 AT T 53

B EIRRE NP s sl B F R, 7E MATLAB B, HHHHZ M
2% B0 — 4 3 B Bk, F N R EOUR S 9 [num_dim, 1, 1) BR 3 GE 24
(num_dim AFHELERDD o MSEEMAER. B—JEH 16 MRSA2, 1]
B RUZ T “same” HHFT, S#H—LF ReLU Buib /5, @IL[2, 11%H H&
Rl GBK[2, 1D EARFIE: 58 Yol GRS 2 324, (REM A
5%0E A — AR . B4R A B 2 i B 20 80 (num_class) , £
Softmax i MER 3F 0 FEHE K. IR A Adam RALES, WILh% )%
0.001, %F 100 & NFEZE 5% (L2 IEMILF%L0.0001) , &KUIZE 1000 5, Hidfs
TECATHEL HOC PSR M, SCREIZREBE AT AL o 35 T 5 AR i 2 10X 28 i 040 £
HEAT A3 R, 5B HTRVE SR B 4-6 B, i %0005 21 4 2K 45 A0 IE T
HH89.4%. HF, HAT: ESURRSS 1 HIREART, B AIBONARSE 1 R 2
93.1%, FSRFIWTNIREE 2 MINERZ 4.2%, HHRAIWONIRE 3 MR 2.8%.
AT HSIAREE 2 IREA R, ERRAIWORRAS 1R 11.1%, IEfFIEA
PRASE 2 IEZR 2 84.7%, HTRFIWIAAREE 3 IR 2 4.2%. 3 =4T: HIHRE3
MIREA T, AR FIWAFRZ 1 IR 2.8%, SHEFINT AR 2 MR 2 6.9%,
IER I NARZE 3 IR 2 90.3%.
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LR ) 2%

6.9%
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1 2 3 TPR FNR
BURIES

P 4-6 22 WX 2% TRV R B
4.2.4 JFEE 2 H

MK 4-4 R LLE W, EFEHERIE M, IEfRRm, XE T 89.4%.
BRAME WK AEAL I ERCRT LRSS0 RES hRIEAE, BRI E M
RES A R SR BUE = (02 [V RAAE AT )RR AE, RT3 = 7 R v . o B
UNSE R E IR . AN ER DU Moy SR BRI AR 4 AR A SRR M B AL IE AR
AN 87.0%- 76.9%- 85.2%F183.3%. IXULLE TR, HAIMNE WL AE b IX
FAT S5 N HAT RS

® 4-4 LI RRE B AR BRI SEE N B

PO EH# (%)
el 87.0
AhER VL7 4 252 76.9
AT AR 3 K A% 85.2
SRR EAL 83.3
e e 89.4

4.3 KEINE

AL E R R s B BRIy bR, JFRE T3 TR 51z
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Ty SRZAEADN . AR VI 2888 AR AR KA SR BN AR E S
e AT O R REVRAL 45 BRI AR e X 2 8 =P i DL IO R )N 25
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