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DESIGN AND STUDY OF A THREE-DEGREE-OF-
FREEDOM BIONIC REHABILITATION TRAINER FOR
WRISTS

ABSTRACT

With the development of society, the number of stroke patients has
been gradually elevated, and the stroke patients are characterized by
atrophy of arm muscles in the upper limbs, and the wrist joints can not
move normally or lose the ability to move. Clinical medicine has shown
that after wrist injury, the main reason for the sensitivity of the human wrist,
muscle recovery and endurance strength sequelae is the lack of activity
training of the injured wrist joint, for patients with wrist injury, appropriate
wrist movement can reduce the wrist tissue adhesion brought about by
wrist injury, continuous stimulation of the injured wrist joint, activate the
restorative properties of the human nerve, and remodel the injured nerves
in the region where the joint is located. Therefore, in order to better assist
the rehabilitation treatment of patients with wrist joint injury, designing a
wrist rehabilitation mechanism is of great significance to the rehabilitation
cure of patients with wrist joint injury.

First of all, according to the biological movement mechanism of the
wrist joint and the principle of bionic rehabilitation trainer structural
analysis and design, determine the kinematic model of the wrist joint, add
the flexible compensation joint design, comparative analysis of the
compensation joint workspace, the use of Solid-Works to complete the
trainer parts modeling and the overall structural assembly, the simulation

results show that the range of auxiliary rehabilitation space increased by
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36%, 45%, respectively, 50%, build a virtual prototype simulation platform,
analyze the friction, damping and human-machine contact will lead to the
ulnar-radial and flexion-extension joint driving torque error, to provide
reference for the subsequent virtual prototype control system design.

Secondly, we calculate the joint end velocity mapping relationship,
analyze the workspace singularity, establish the kinematics and dynamics
model of the wrist compensation joint, and simulate the assisted
rehabilitation trajectory based on the parameters of the motion variables,
and the results show that the joint velocity and angular acceleration curves
are within the ranges of 1.6 rad/s and 2.4 rad/s, respectively, and there is
no sudden change in the overall trend of the assisted motion, which verifies
the correctness of the joint model and the feasibility of the joint model.

Then, the servo control and human-machine interaction control model
Is established, and the BP neural network algorithm is used to adjust the
PID parameters in real time, and the impedance control strategy is added
to reduce the influence of force-position interaction, which improves the
stability and response speed of the conventional PID by 29% and 44%,
respectively, and reduces the overshooting amount by 42%.The Adams-
Simulink joint simulation test verifies the effectiveness of the BP-PID
impedance control method, and the simulation results show that the joint
model is correct and feasible. The simulation results show that the torque
following effect of each joint is improved by 34.1%, 30.7%, and 24.3%,
respectively, compared with the traditional PID.

Finally, the prototype wrist rehabilitation trainer was made as a test
carrier to carry out the experimental study of wrist rehabilitation assistance
training. Three volunteers were invited to participate in the wrist
rehabilitation control test during the test process, the wrist EMG signal data
were recorded, the displacement and torque change curves were observed,
and the EMG signal data in the static, impaired and assisted rehabilitation
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phases were analyzed, and the scores were determined according to the
Fugl-Meyer rehabilitation judgment standard, and the results showed that
the trainer was more effective than the traditional PID. The test results
show that the trainer's assisted range of motion of each joint was improved
by 31.5< 28.5<and 12.4°respectively, and the moment control effect was
improved by 24.9%, 32.9% and 25.5% respectively, which verified the
rationality of the mechanical structure and the effectiveness of the control
system, and the electromyographic signal values were improved by 425%,
266% and 181% respectively, and the average Fugl-Meyer score was 8. It
proves that this wrist rehabilitation trainer has positive effects in promoting
patients' wrist rehabilitation.

KEY WORDS : wrist rehabilitation, mechanism design, kinematics,

control system, co-simulation
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e |n, s, a [RRBIEHRERES SCWHES, [p, p B, |ER
n, s

P B R AR T A AR RO E . N(3-8) RIS B I SR A% 1 IR IE 3 3 7 2,
AR 5 R 1 2 VI R s R S AT 251 B 5 JE R R (S 2850 2R, D HLEs N Kz sz ]
S LA HBGE 1B RS, Hrf.

n,=s%*s, + ¢ *C,*C; S, =C,*S, - C*C,*s,, a, =C*s,
— * * * — * *Q * — *
n,=C,*C;*s - ¢*S; S, =-C%C;y - C,*5, ™S, A, =5*,
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n,=C*Sy S, = -S,*S, a,= -C,
p,=8, + 8, *c, +d,*s + a,*c *c, + ¢, *d,*s,
p,=a%*s - ¢ *d, + a,*c,*s, + d;*s*s,
p, = d1 - Cz*ds + az*sz
3.1.2 BEEIFESHR
A L& SR IR B B A 8 45 i SR A s 9 T AR | 0, BARTT LT -
U I I (3-9)
FIRAEREATR KR R, R FTRAKIIE bR A R L AR &), RIA] R H 51548
O . FH, JIZGHRLTLEI,:
JOT T =TT (3-10)
A SCIEIE 322 53 B 2 58 Bt 0 15 B 2 Il 2 a8 132 3l 52 5 FE AL 28738 i o
STOT AT SR, AR AR RE ST T 3T B AR A -

c, s 0 -a,*c c, 0 s, -a*c
(i-l--lz S G 0 ao*sl \;—I——l -S, 0 C, ai*sz
0 0 1 -d, 0 -1 0 -d,
0 0O 1 0 0 O
(3-11)
c;, 0 s, -a,*c,
271 _ =53 0 Cs a2*83
T =
0 -1 0 -d,
0 0 O 1

N T fa bl Nig s B, R s N AR 5S35 i A2 B A2 AT 7 A0 B Il R s A A
ST, EHLER AL G =00 M 0, A R R, TLAE & d WO HIE,
TR RE S VI 25 B K 58 = TR B B 3 0 AT, SRECT R 6, v 6, -

(1) RKTiLEG,

T =oTaT (3-12)
¢, s 0 -a%¢c NS¢ a Py
-5, ¢ 0 ay*s n, s, a p,
0 0 1 -d n, s, a, p,
0 0O 1 0 0 0 1
c,*c, -C,*c, s, s,+1
-S, -C, 0 0
- C;*s, -s,*s, -C, -C,
0 0 0 1
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L SHIBIECH
p, 1=, (3-13)
Xrbp ACsE, WADRAGRTALR G N:
6, =arccos(l-p,) (3-14)
(2) KA 6,
T (3-15)
Cl*CZ CZ*Sl S 'a1*C2'd1*Sz'ao*C1*C2 n, S a Py
-C, *s, -5,*s, ¢, a*s,-C,*d,+ a,*c *s, n, s, a, Bp,
X
s,/c’+s/} ¢ O d, - a,*s, n s, a p,
0 0 0 1 0O 0 0 1
c; -s; 0 a
|0 0 -1 d,
s, ¢, 0 0
0 0 0 1
L SEIBIFCY
p,*s,-S,-C,+C,* p, =4,
(3-16)

Cz*pz'cz+sz' px*SZ :ds
X p MEFE, BEALRE-16) A RELTT LT 6, -

((1- px)d§4-(pz-1)?z (3-17)
(1-p)°+(p,-1)

g b, W R S I Gt AR ST 2 R0 )38 B0 2 20 M 2 58
3.1.3 RERGT SR LLERE

ARG RS YN SR R AT BT 1l B 5 R i 1 PR AL 53 O 2R 20 A U778, s g o
T VHERT EERERE O, (ag ) o IRAE IR BN 22504, MIZRES I oG R SRR T LA 5
R (3-18):

6, =arcsin

Res P
Tea=| = 0 3-18
R3 |:0 1:| ( )

A= HE A E RN GRS 5T T DAL A EL RO B el 2520715 Y
ARIGEIESE Py~ RTNEFE FATEE @y 5 RTTEE G 2 [F I RS RN

Prs :JRP(qR)qR (3-19)
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Wrs = Jro (Or) 0k (3-20)
Jre T Jno 23 IR SRS A TBPE G XoF A 3 258 E P R B F713 P e, (A FH
L
K¥mEdt, AG-21):

Pra Jre (OR) | . .
= = =J 3-21
Ngs |:WR3:| |:‘]RO (qR):|qR 7 (0r)0r ( )

FERGB2DH, I, (ag ) BI 9 iZ i 50 5 52 I 2R 1 AT LEAE RS .
FRAE 13 ST ) D-H JZEAT A8 AR 2 1T

Pai = Pria + Reiafri (3-22)
P ZRERNZRIIATARIGAAR R T B S TEFEERT R T 110 BERR
Coioc : AR N ZRAT AT AN AT 3R Ty B S FEFEFEAR R T I A B RR
A (3-22)%F i [a] 3k 545 -

Pri = Priat Reialriasi T Oria X Reialriasi

. (3-23)
= Pria T Vriasi T Orig X Ig

i-1-i

Fort @ BN GRITERERR B S W S 19 S HOARNS I

St R IR B Y AL RIESEIERR R S 1, 3y 55 5,

.
Vejo : IZBEE YIRS AT ARG ALNR RAEFEFERR R S 1, S 5 Ty HIAHRSF
By
Vg @
By s
SR FNZRI I =AFEB) R TE LB 22 51 AR AT ALAR R K UL, AR SR AL
b 28 DR T A7 3 P88 AR 238 P 7
Oz = OniZris (3-24)

PHE S I S AR A bR R IE R R S Ty S 5 Sy AR

Vriasi = Oriasi X Triasi (3-25)
Rk, A 3(3-26)5 :(3-27):

Wy = Wiy + Wiy (3-26)
= Wpiy + OpiZpiy

29



TR R R S 2 S

pRi = pRi—l *+Vriasi

= Pria T Dri X Tritsi
R P Lo o2 A g 206 385 A0 A R P ) 5 SRR, 2R 3R pg X
I TR T2 P o

(3-27)

Prs
=33 “FR3 i
pRS i=1 aqRi qR (3-28)

= Eia:l‘JRPiq.Ri
TP R A — TR s i 50 5 55 V11 i O 15 2 e R v D R i 28 3 FEE 156
grE . Rzl B B I Sxas 15 3 B 38 mT IR AR ik e bR R R g T8 30,
Rk, AR (3-29)520(3-30):

Jreilri = Drigsi X Trinsa

020 (Pua- P (3-29)
Jeor = Zeua ( Prs = Pras) (3-30)
#3:0(3-31) 5:(3-32):
s = Oaeia (3-31)
Wi = Wyiq T Dgiai
0 4Ry s (3-32)
R, A 0(3-33):
R, 5 1(3-34):
JeoiOri = OriZain (3-34)
KL Gy = O, 3ETTTA K (3-35):
Jroi = Zris (3-35)
W RS s R P Rk, A HERT EEAR B 2K (3-36):
Ja(gg) = BR” jRPZ jm} (3-36)

b, TR A 214 (3-37):
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{JRN

JROi

}z

[

z

Ri-1

Zpis — Zgia )jl

(3-37)

Rz RN ZRas 5 T HHE T BLAE R A3 (3-37), 15 2R E I 2R (XA

AfLEAERE, A R (3-38):

lel
jRZl
jRSl
jR41
jR51

Jre1

Jraz
jR22
jR32
jR42
Jrs2

Jre2

Jras
jR23
jR33
jR43

Jrss

Jres |

(3-38)

TR O R BARE R LT 1o
3.1.4 THEZEFF 2T

AR b3 ot 350 e S 1| G i 3 3 2 AN AR B G T Ig S LB BRI S 204, i
KATNZRASv] AR L 08 (12 ) 2 AR B R E &k, (H2 R
CRARAESE M EARE AR AL B, U AMIER T 5 RS B E &, [E45
PUAR AR I I DG T2 3L 2k, T BN A CTIE 3NS5/, B H BRI,
U I N IR T AR 1 e i A L0800,

K=o’ (3-39)
sin "% tan
o= 2_ (3-40)
1+coszq12cbtan2¢

s, o NSRRI A, g ARTTE . bRl R, BEE WU o 11

K, A FIEPREZETRDN, JIgRasa 7 Yol 2SR, WK 3-4 fis.
1
0.9
N N
08 \ iR
‘\\\\\\;
0.7
‘~\\\\\‘
0.6 ‘\\\
o N
E% 0.5 ~
04 ™~
. ~
03 ™~
: ~
02 \
01 AN
% 10 20 30 40 50 60 70 80 90
O f1)%(deg)

K 3-4 IRt 77 e da b
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Rltt, HRAETT AR RE IARAL, TS TR T R, 2 KONE, Bk
Tillgras b T A0, Wil 3-5 fs.

7 A

X z

8 3-5 Al 9 o 1B B A 3 R B

EERTAIR ST IR M LES AR, W] 3-5 s, = FEGE 1A 3 ¢l
ZRILLR, T R FER IE B A e 100 R o R S AT S ) R AR R R
TEYNZREs 0TI B Bkt G i 10008 ok BRI 87 57 Ao eAh, FESRARI AR Hh s 31
AN A FE BN ER, 5INERAN L o % SRR A e —f 2 5 A AL
SR T — Pk, 3 i B OB (1) (s BB R O LA, XA 5%
TAEB SAETE B RIS LA NBERL 1 45 T B, oF i 350 B 52 V11 2528 RO D LI 45 A0 3
ATARRL I ARAL AR, it DRI RS 2o 72 o A e PR 280k o
32 (RESH

iR C g A i R GRS IS B AR A | B IS B A 4 SRR AR DL
- B WU OC R, RN AN TR ZRE 07 BB, 8IS S 401
VRN 5 52 R 2 AR 560 11 3 ) A5 AR ) T R B R A2 B AT AT 1
3.2.1 IEENEBIIIE

HEHE MK Tl — RE A5, B g, =[0 0 O]\q2=[-% r o}ﬁzﬁa

TS B G A WIGRARAR AT S 2 A8 B K ST 5T, B A2 ] 3-6 FT o

10 0 1 [ 172 212 112 1124272 ]

1o -1 0 0 “1/2 =212 -1/2 -1/2-+2/2

o= ST, = (3-41)
0 0 -10 212 0 212 1-2/2
0O 0 0 1 0 0 0 1
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15 15
1 1
0.5 0.5
N0 N O
0.5 -0.5
1 7] e 1
~
15 ¥ -1.5
1 1
1 1
0 0
0 0
1 -
Y 1 g Y b

3-6 Hlas Nizs) il
R T BAG P ROSR AR A4 rikine, R S (o 420 5 45 SR 55 R o7 248 A% i o
LSO RS, IR BAT A RER, IR R A B 5 R RO E, i
RIS B0 27 R i i) IERf 1
3.2.2 REEHIERK
AR ARG S Is s B 7T, AR RS, AN e iE 5))
A H R B O FFIRIZMI R, X3 — A E RS, ik Ty
BB KIS EN RS, SRR AT LR AR, M3 A s s BB, ST e
WioSTT RESE AR NBOOL B L. hnig B2 B I (8] R AR A L, & ST W 8RB
NG, HAMERNO, , HCLARTZIFIZE A 2157 A t, At .
2% fo 1S R 2N 8 5 DRI B A FE I =k 2 TR R -
0 =at’ +at’ +at+a, (3-42)
b2 3R 5 T A5 B RN I3 BRSO R T
0, =3a,t’ +2at+a,

.. (3-43)
6, =6a,t + 2a,

ST A A A Ay a, WARLREO(L,)

%\WHF@‘

6(t,) =0 AT LAHA & RELAE N
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a, = ‘90
a=0
3(6. -6,
8,=———5— (3-44)
tf
ag _ _2(9'[1‘ 3_ 90)
f

K (3-44) 7% ZECH N T AT LR BRSNS . M. A& TT

0 = _2(‘9f _0°)t3+a _ 3(0f _eo)tz

i L3 ) 2 + 6, (3-45)
f f
. —6(o; -9 6(6; -6
5= "50 %), 66, ~6), (346)
tf tf
- =12(6, -6 6(6; -6
ei _ ( f 0)t+ ( f 0) (3_47)

t° t.°

s s s s L L L
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

0 05 1 15 2 25 3 35 4 45 5 0o 05 1 15 2 25 3 35 4 45 5

t/s } s
(@) EAH F A (b) EFN T foEFE

(C) 3B s h
] 3-7 BUHLR b SR A R . R A 2
A 1L 2 TR F A A IE . BRI, AR R 2k
ANV T IRAS, ST A Rt 2R AR I8 S AR AN 45 R 0, JF HLZE S2 BTl
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BB, SR AN FEAE B BT IR AN AR I [FI R Dy 0. b4k, BRI
B U LA R i R AR AT 57, SRR L A I R Y 2 A A i T )
£ 1.6rad/s\ 2.4 rad/s* W, BAISEH TR &, IEPHZBEE IS,
i A NAA T i s RE R IZ Bl N 2K
3.3 BINFEES O

R R ZR s 55 TS 3l A it rE LY B A sl e a8, g Sk B H 5
J1I2ETiRE, oA R IE B R T R R B 5 L 8] i BE R ok R,

dfb) o i 12 (3-48)
dt aqt aql

e LB BIHE, g A7 AR, q ) SCAERRXS I (B —B 34
SCHEE

FEZRENGRAREEA T, 58 =501 AT vl AR B (ig3), If
HAE 3.1 BT, o0 RGN H ARG TEHM, F, 1E1%3) 154
Rep, K5 T 5 = R RIA NIR —AN TS, anfEl 3-8 R

AY
B(x4,ys)
N(X3,y3) /
V3
Va I2
Vi
7 A(x2,y2)
|1 M( )
X1,y1
0] 01 X

3-8 iR T IE B R AR
WM HE N RGeS KRGS FRE) 218 -

L=E-V (3-49)
E:%mﬁ+%mﬂ;+%%ﬁ+%J¢g (3-50)

/\E':':
Vi =X+ Y (3-51)

Vs =% + Vi (3-52)
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H

B MALE A (x,y,), A5

X, =%I1 Cos 6, (3-53)

y, = % l,sing, (3-54)

X ISR S B A B I TR — B S EGE I, P DA MUFE x il Sy il

FEA:

d 1, .
v, :d—’? =—ZLsin6g, (3-55)

dy, 1 .
V, = d_tl =5 ,cos 6,6, (3-56)

Wl N AL E N (xs,ys), AIfS:
X, =1, cosé, +% I, cos(6, - 6,) (3-57)
. 1, .

Y, =1 sin 491+EI25|n(491—6?2) (3-58)

XS AR S RIS N AFE x Bl y il b A

dx e 1 .
V= d—ts‘ =-Lsin66, -2 1,sin(0) -6,)(6,-6,) (3-59)
dy3 .1 . .
o= =h€0s O, + 21, cos(6,-6) (6.-6,) (3-60)
AIARIE S viy vos
1. .
v,==10, (3-61)
2
. \2 1 . .V .. .
Voo =, (L6) + E|2(6>1—92) +1.1,6,(6,-6,) cos 6, (3-62)
JrEL:
1 2 49 12.2 12.2 12.. .2 ..
E=-m,| 76" +=1,67 +=16, —=1,6,6, + 11,67 cos b, —11,6,6, cos 6,
2 4 4 2
. . . (3-63)
+3 m 1267 +s 1,07 +s 1,02
1 1
\Y% :Emlgl1 cosé, +m,g (Il cos<9l+zl2 003(91—92)j (3-64)

WRIEHLAR I R, AR A RUAMR ST e T A A e tHFE4E 7

T
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T, = (% ml? +m,l? +%m2I§ +m,lL1, cos o, + Jljel

(
[

T, = [—%mzlll2 cosd, —%mzlfjgi +(% m,l3 + 32j‘92

+ —%mzlll2 cos 6, —%mzlz2 + széz +%mzlll2 sin 6,6, (3-65)

[EEN

—mgl, + nglljsin 6, —%ngl2 sin(6, - 6,)

N

+ B m,l,1, sin 6, (1+ H'l)} 6, - % m, 1, sin 6,6,6, (3-66)

+%nglzsin(6’1—6?2)
15 HZ M T ) AR 3 152 7 2
T =M (0)8+C(6,0)0+G(6) (3-67)
A, TN S, MO AT S5 T AERE, C(6,0) N
BHEER T B0, G(O) NE TS
3.4 KENGE
P NARBE ST IE e, MR IIGE M # R, /S il ke
Ruht BHHEE R R, HE T & a A&, Ml Zras s i ariiit. 1t
Ah, Wit T RIS S EE, (ERILE N TR T 4 RN IEfPE S S/ v AT
VEFATIOUE . fERLEEAE b, LB )5BS H I oG TT RREA AR I R R 2R
NIEEER RGO S TR AL T HE K.
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B 4T BBRENERNEMR

A B I UE 8 R S I SR 1 ) R G AT AT M, AR AT SO0 e B AN By
P Ent b, FIH BP &M ZE0T PID ST SN BEE , 2 e S0 BRI 1) W) &
R JEEANAS E M, RS 0) Y BEL 7042 o) SRS B A 0 A 5 EL SR, 3k 3 R 47 )4 o 12k e
e Je B 117 HLAGAIE BP-PID PHA7LES 1l 5 92 A 250k
4.1 EH ARG ITEEFR

N T ORI RS (0 22 A AR P2 ), 76 R FH A1 B 3K 50 77 20 sl S 5 # 3 1Y
Seat b, Wit — RO R RS %R GRS ek anin g% DL K
BEFERIR, RERSARYE 8 & BN R TR R S 2 A R A, B R sh A 5]
RSN, XA B BT RENS 3 i B SR80, Tl 2 S FE AN [R] e S B B i) FE A2 75 K

4-1 ik e A AR AL
#* 4-1 HHLBH

T H ikl ik F AL Tl H frl IR AKX E) 2%
TAERE 24V TAEHE 220V
WUE A 1.27TN M BN 100 Ri 4

o 1.6kg By N IR 2.04 %
A 0.264 10 *kg m BRI SVPWM )
e B TR 3000rpm FEEAT AL 24-bit

RS 400w i NI 4Mpps

S H RGBT IR L, R4 2.2 XS IS E AT AT, R
B AEELN 11.5 rad/min, [RIS 6 BESCHT BET IOHUE IR o BT
JIFEN 3.4 Nem, AHEGT 53 PEEEARR UG L M50 D AE AR RN, P 70%E 8 2.9
N'm, FAMEHN 5N-m, & ik 7 K ECM-B3M-C20604SS1 5 471 il ik B
B, BOABIELL =10:1 B —Z0E S, TR 12.7 Ne-m BHLFE, ORaha 5
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7& ASD-B3-0421-L, J#i & REHL& N FREY, il 4-1 Pros, BAASHn
* 4-1 fios.
42 EHIRGAEEY

N TR RS RR I A RR e, R R AR, PRSP
T, P NARMEES -5 I ZRA8 BAR R RGE SR T R . Adams SR AL OCTT 5 RS
W MBI FHETIFENL, MATLAB $R LI ZR28 s sh ks, @it m
&2 M BAEE D454, @57 Adams-MATLAB BEA 1 H RS, i <5 514
PR R SR R &, IR B AN USRS T AR e ] H .
42.1 ERRIZHI R GEIRE

M R I 2R8I RGN I AT KB, R O HLR 22 I A
FEAERRE,  IRBNEE RN RE AT IR 20580, GniE] 4-2 iR

) ) i

_‘u\/\/\/ :a y \
4-2 il i AL B A Y

Hrh Kr RN R, B i S o FIRRA:
T = K, (4-1)

AR HL PR
di, : 3 )
I.51E+Ra|a+em_ea (4-2)

Hor:
Loz FERX LIS LI
Ra: FOAX RS FELPH ;
em: FANKIR FEENH;
ear FEAXHLE
A B E A IR, A (4-3):
e, =K.0 (4-3)
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i v RE SN ks B3 Bl QT N B AR B, DAL, SR BRI AT S R KB R w A

HUHLEEHE 7, d SRR R o3 A BITAT 56 B 5 2 15 B SR IS s s 1 1

z-m = z-m,a + z-m,l

—z,, +/n)u -4)
X T MU TR s P TR
T, = 1,0, +D,0, (4-5)
o
Im: AL T HOAE S B R 2
Dm:  HIHLIE T HRORE iy R4 2R 8
Jiti 8 5 52 N 228 H A A 2(4-6) T (1) 5715 J1 4R 3l ) 2 P 7 e
Mg (a)g + Sz (0, 4)G + 9 (A) =u+ 7, (4-6)
15 2 AL 1 -~ T A%
T = Tna + @/ )IM _(@)G+S_(9,0)4+9,(a)-7,] (4-7)

FElgras Rk izshd e, B R WissR R RN —hr 24, X1

ARG, A = (4-8) Ll

U=lg,G+ Dgol+ Kgyd-7g (4-8)
Horpe
IRig: VI ke HL 0T RE B 15 AR 4
Drig: Y ZRas HL IR BEHE R AL
Krig: 2R 5L ORI R 2
wig: MRS PR H S1HE.
Ik, A AL T HAE I 5T

t, = 1.6, +D,d, +%(I Ld+D d+K qg-7 ) (4-9)
RAE P B 5 SR SIS SR R, A

| =16 +D,6, +i2(|qu O+ Dquém +Kggbh) -Erqu
n

) (4-10)

1 1 -1 1
= (I, + = lgg) Om+ (D, +— Dg )0, +— Kg 0, - — 75
n n n

2 2 Rg™¥m q

Mg, HHLEE S5
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Lneg = I + @/ 77°) 1 (4-11)
FELEE 15 2R 4L
Dpeq = D +@/57°)D,q (4-12)
FLINIBE R 5L
Kmeg = @/ 1)Ky (4-13)
M AXHATHI, A
%+%%mzmm¢+omﬁwngm@ (4-14)
FE, HHLCT IRBh AR
Toea = Tm + U/ 7)Trq (4-15)
PRI
Trea = ImeaOn + DineqOn + K egOn (4-16)

TR RSP R . LR FIR A AR T R BB ) S T R A
AT A5 3 FEAR 32 ) B 5 0 B A DG R BT 2 SR IR Bl FEATLI) o7 B % il
ST 2 5 FE LA

On(s) _ K

E.(5) LilneS +(LiDpeg + Ralieg)s” +(R.Dp
Forrm(s): S ki

Ea(s): FEAXHLEHIA ;

Kr: 4L

Ke: [ HLZNHH 4L

La:  FELAX AR

Ra: HUAXFLFH

Imeq: RIS S5 R B 0 & s

Dmeq: WIS SEXAMIEJE -

AL RE T, FEN U e R SR 2R AT ORI L

GR,Pm (S) = (4-17)

+K;K,)s

(77 >1), I)_IJJ%

(4-18)
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q=>1/7)6,
4=(1/n)0, (4-19)

§=Q/né,
I RN = AR ARE =M EEEE), Boeisshi i K
FEHA s AL B

TR max
n=— (4-20)
T
HAL R HON
_os) _ 1 i
K(s) = a6) TS (4-21)

MR S s B A2 A i 0 AR 1| ks A AR ) 2R SRV RF IR BB L Ik
BT R R S R R A T DA S S R S B S R Y, S ST S R A )1 S e ) A
il R GE B R (A 3 R RO -

53000

= 4-22
1.426S° + 281552 (4-22)

G(s)

422 A ERFIEE

MNE G INZRE AR, oS TN SE M 5 5 2 B0 e WU R Gz B R
X NAR IS IS 3N BAT — € s, TS LR R S8 AT LA Adams 1) 57 & —PH Je—
ARG, AL RIS R e Sk AALAZ s B 1F L, f& B Adams/Controls
YOS MATLAB @578k &, @i 4 D4 MATLAB 3 g
MR AR08, 78 2.4 35 R RN St LA in A A B AL AR 225 1 A B W1 P 2 4
HHERE, Wk 4-2 s,

K 4-2 NS HLIRZES F W B 5 B8 R %L

WIEEZHaR  HEZHNERE  EPRIESE EPHESH

N

(N'm/rad) (N'm-s/rad) (N'm/rad) (N'm-s/rad)
1 [10,35] 0.5 20 0.5
2 [10,35] 0.5 20 0.5
3 [8,20] 0.5 15 0.5

£ Adams IR AE R RN ZRads i Ry i N L Rt AR, B =R
Ji#Efi 4 4 Motionl. Motion2. Motion3 1N FHLAMAKL M, Il Zheds KL
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B A, BE Adams IS ERSE NGRS MATLAB 3E1T %
giE 3 WA 4-3 NS HEEH| R GHTHE.

[44] Adams Controls Plant Export x|
|#’m§l£%'lﬂl&?é% j \ MODEL_1.Controls_Plant_2
SRR [ controls_Piant_2
M BB FECR
I~ MEicds
HWARS HERERA RUES HUBRS
VARIAELZ 4 VARIABLE 1
vARIAELE & VARIABLE 2
vARIABLE & VARIABLE 3
EFHFAdams WAES EFHFAdams WILES
= B IE B2
e e —
spTEE Ty -
Adams Solver 3T C C++ & FORTRAN
BREUESR [
AdamsEHEH \ admision
wz | wmm | m#

Kl 4-3 MUz 2405
SERRBN ARG, AR AR SO emd”s <.mP A< amd” S

(1).cmd SCHRHE R T UIZRASHUIR R G108 )1 F AL Bk

(2).m USRS T BA T A A BAR

(3).amd SCRFARERE T i i R R I ZREs N LIRS 115 5

FER A 07 B A 75 2 “adams_sub” B BRAE Ay fii 8 B 52 111 5 8 B0 il 42
WK 4-4 Fios .

VARIABLE_X
S-Function
) =
VARIABLE_Y
e =
. VARIABLE_Z
adams_sub

4-4 FEEZR2s AHLAC EARRY
P R BAR(E BN 4-5 fiis, Motion NN &, 45t ADAMS
Plant %t A AR i 7 B “VARIABLE A5 &,

ADAMS_uout

Motion_1 U To Workspace VARIABLE_X

Motion_2 VARIABLE_Y
ADAMS Plant

ADAMS_yout

VARIABLE_Z

Y To Workspace

e ADAMS._tout

T To Workspace

K 4-5 $2 1] R gL AL
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43 EHIRGRITSHE

fARENIE R RAQ TR D AELRIERER, 2.4 FThEE. . Rt
SEAESH, fESbr TR AR b SRS A, IR SR R AW AL, MifE4t PID
FEH 2SI SRR BRI S B R A . BP-PID #3845 4 T BP M4EM%K I H
2] fe 1A PID #4810 vE A Rk, fet® B A% PID S8 UUE RN KA
AeAk, AT DASE s B S AR AR R, IR m s H RS B IE R RE T, R GE
) AL R S BRSNS R 2, AR RGN ETRAFIIRG IR . B4,
AR R G 5 Z 2T ORI ZEH R, WS IR B b SR T LAmR S 40 5
TN, FEZREER R HEHBEIRE, BRI N 2SN R E
MR AR 2, (R R W R E sh i g e .
4.3.1 PID 1525

FENLES N R B 8UE, PID 42 #5 nT LA AF (1 B F N S tH AR R G R
FEdlfE e, BT A%, EHT BRI R, HhlEEE D 4-6 FiR.

> Kp

RE WMHE

\i
=

PEER RE VI 4E

\

Y

Kd

K 4-6 PID il J5i 2 ]
SEBATRTR, T2z 815¢7 PID #H 24T, et)2 R AE
BINE, r@)2 g R B HAE, y) 28NS SLbrin B 218 .

e(t) =r()-y() (4-23)
## 7 PID &8l Rguishild, 542 u():
u«):k;@)+&j$axn+kd939 (4-24)

u(t) BRIV g 47 i 45 14 At AR AL SR AN

XAl Ik AL B B B ORI Eh R ge, Oy T IR S E 2 A E R
MIFSE, I Koy Kiv ko X BRI 4 U BEAT 1T, o ko 3o PID F%4 45 I EE
IR CefIREE N, J26] R DO R, ki R R AURIER RS
REMHERAE ST, B RBOK, RE R SRR, ke 27> 5280 K3
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RGREER, o REGER, P LA INPRGE T R A AR KT R HRAELIRR
Girh, Ji i e SN R B & IS HUN 2038 4k, AEETRT B PID 28 /1) SEmE I AN e Sk
22 AR IR R B,

4.3.2 BP-PID #&#I 5%

BP HIZR N4 J& — T 2 JZ AT 2 W0 265, 3 3 ) 0% 150 22 P s 1 4 47 o 1 6 )
LA, MNTIEEE AN E N, S22 s, SRS, R
HZ B % S R AR R 2, R A I 4% S Al AR RR R 25, SRR 5
SR 35 2 2 TR HE AR o [RUAZ B I a5 i) R GL I o5 S 50t 21404k, T
BP 122 [ 28 W LU & P AR 4 2 ) (R SR BN DG 2R, 6 RGN WA AL )
PP aett SEA TN, JF H BP Mg gty fa . B THREMSLI, K
I, B W 2% BEAE R R RIS L, BP AN S5 nE 4-7 FioR.

BMANE REE mMHE

Kl 4-7 =)= 2 2 451 1R
R1 3 Ra RHINEMZATT, O %) O M EMA T, Kifl K ZREEEMEA
TG Wae 2N Z BB 525 IR E, Wea 2B 2 24 H 2 S TURE, by 2]
be AHINZRIRE ZME, vi 8l va2REERHHEME, 5248 N MEARYL
FAEEBEWRN 6, REEHRGNAESEIEH KRS, BOHRE f(x) R
Sigmoid %, AXEKRN:

1
for s (4-25)
FRAET] SE AL AR R 45 B, BP MM Ba s B RN
|Q:Hi%£ﬁa) (4-26)
W ER R T LRI N
0, = S(K, W,y +V,) (427)

45



TR R R S 2 S

ot PR e L S B B e R 220

e, =R (4-28)

real Rpredict
FrfS R 22 45 RVP A 7 SOE B 7 ZAE 5, 3905 ZAE SR I 45 R 2 1

KR, ¥907 ZMEBR/N, AT 25 R, TR AN
MSE = % _NZled"- (4-29)

BUE 37 A AT BLR IR
W, =W, + 5K, (1= K)R, Swe,
_ (4-30)
W, =W, +0K. e,
BRE BT A AT AR R
b, =b, + oK (1- Kc)éwcded
_ (4-31)
Vy =V, + 08,
BP #iZ: W45 F1 PID =145 &, JEid BP #& M4 HILEL B w54, AL
33 Koo Kiv Ko fERZ R LRI FE P it AR PID 4410, KAy il 4-8
P o

WAE T, RE oo BHIE | pame | WRE
PID I .
- A A A +
Kp| Ki | Kd
BPIZM L%

&l 4-8 BP-PID SL4E & AR YA
BP-PID SLiEAR AL AT 2 e(T)~ e(T-1). e(T-2), faiii &2 BP
TN 28 519588 52 JE 1 PID 28 Koy Kis Kgo
CIPNSEISE
R, =e(k—a) (4-32)
PID ff th 4% B R R N
u(M) =u(T -1+ K, (e(T)—e(T -1)+Kie(T) + K, (e(T) —e(T —1) —e(T) —e(T 1))

AAEIBCR AT RS E 5 -
Net, = éw R,(T) (4-33)

ac’ a
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(AL e
Net,, = SW,,R, (T) (434)
BP-PID %2457
MSE = %[yi (T+1) -y, (T+D ] (4-35)

K R FE R BRI AT I m) iR 22 A% 8B I B A 8
AMSE y (T +1) Au(T) JO.(T) oONet (T)
Yo(T+1) Ju(T) JO,(T) ONet, (T) AW

18 1y = (K EE S AUE -

Wi (T +1) =7

+aW,.(T) (4-36)

W, (T +1) = 7e(T +1>sgn(;;(i :11))) jg?) g’ (Net, (T))O, (T) + aW, (T) (4-37)

B IR = K EAUE

3
W, (T +1) =nf'(Net (T ))gl\Ncha(T )+ AW, (T) (4-38)
j fd PID(s) —» 53000
= 1.4265° + 2815s*
> r[k): . 53000 I
Wiz 2 "I 14265 +28152 | |

& 4-9 (i EUER
ST R I SR A I ) R, Wl 4-9 s, BP-PID HIRA: 2
ITARFE FL PID B ERAE 507 HL45 R A 4-10 FoR, St M4l 2558 &
JERREIR) Kps Kiv Ko ZE01E 4-11 Fis

1.27

1

0.8
0.6
0.4 —— BP-PID
HHPID
0.2} ——BP-PIDJ{ -
——BP-PIDJL

0 01 02 03 04 05 06 07 08 09 1
time(s)

4-10 BALBTERAS S5 N M0 LA,
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30

520 Z\/
10
0
0

0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
time(s)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time(s)

0.1 0.2 0.3 0.4 0 5 0.6 0.7 0.8 0.9 1
time(s)

K 4-11 {reksese BP M4 M4 PID #1851 Ko, Kis Ko SR
KA MK Z IR HREANELTEE, RAR[IINSEY: 23, 49, 15,
ZEREIR: BATEER BP-PID %M PID Hyal LLsSzBlfaE ], FE T 5
PID, ZM%% PID 4 il o Aa e e P2 i 29%, i 7 B 8] ATEE 1 & 43 Tl B 44%.
42%., @S BP #PE M EEIE R PID IR E N, IARIFR 2R BN a5,
SN i R 2 2R s i RGAEMEEOR, AR AR L IR 4-3.
* 4-3 ZhATERETERS

PRI RRERTTE WA S TR I

PID 0.35s 0.16s 0.0698

BP-PID 0.26s 0.09s 0.04

4.3.3 FRinfTHIR T

TE R R S R i B R EAT FR LIS BN, ISR 55 PR CON AR g 38 7 28
JEYRAE) (8] BRI R A B AR B AR, 8 B 1 A LR R A
JiR - - PH e M EE R G0N X, MK EE BP A4 PID FH 3 B R 4l R 28 AT
ANVERN RN B AR, AR m il as N RV 2 2. il 4-12
BN

B
K FH
M
—
man. e (WM E
# B Fext
—
X
< - >
«— — — — — — — — — — — —-»l
|

4-12 Joi SR A B AR TR
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e N A B 5 U 5 38 AR i AT LA = AR R e Ak S5 O L H AR R ML H A
FHJE B, HFRNIE K FonmIBATIES RS, Wz HBEMAN Xo, SEhrf
CRATEBFATIELLRE ) A X, AWUEMSEE SN F, I A B 57 - -
BHIEVIEE R GE TN Srde S M HIAZH. Sy, KBRS, W30(4-39).

F=M(X,—-X)+B(X,=X)+K(X,-X) (4-39)

BH A2 ) P DA I A7 B s 2 SR A5 5 2 Tt I A g 12 5 19 1T s K FH i
e S T 2 RN A TR AR A B PR PR s 45 ), TEROC T4 R Gevh, R T4
BEAIRE) o R ARG BN 12 AR E, FMREEES, IZEmNIts S
FEAE R R, DAL, BT MR BB S T, ISR T IIE B E N
W), Whntedlsis PD iz, i 4-13 Fios.

PEHTUEHIRE

Xy p - : >
R Ll TSI s >
X"y > 04 > 0" >
PDIZHIES
K 4-13 T F I BH P % i Y
B 1A

T=Tp T4+ T+ T,y =M (0)6+C(6,6)6+G(0) (4-40)
A1, 7,49 PD RBHEHIEAME IS o E SR RSN ) 2 w5
Too IIMUEMAE H IR 7, APHBR I NE SN R ZEAME M U5 M. B K 4y

PARHURRIEE . BLEME S H, B ik E T

7,0 = PO, + DO, (4-41)
7, =M (6,)6,+C(6,.6,)0,+G(6,) (4-42)
Toe =37 (0)F = =37 (0) K, AX (4-43)

49



o N 2 T e A 'S

Tet = -J7 (9) |:ref
A, M, C. GRRIEHIBEEIF L, B ENSEIERE, F N
Plas AR 5 NHEALAN 7T, By NIRRT, 6,=6,-0. KA

Wr:

(4-44)

r=M(6,)6,+C(6,,6,)6, +G(6,)+ PO, + D0,

—J"(0)(MAX +BAX +KAX ) (49

BT, AQ, =AX, FTTHIEAEN:
0, =0, —AG,, (4-46)

%0,=0,-0 , frBEEIHEINENT:
r=l\7|(t9d)§d+é(§d,§d)§d+C~5(0~d)+P0e+Dée (4-47)

4.3.4 BP-PID MniZHIBA & E 7

N T AR ST 2L B AN DG R B B KR ZE T L, PR S
KT 6 EARIGHAT 2 AL B AL L B HI 3%, 4208 5 RI6 B AT RZEX L, [
I, AR B 2 RN BB Bt 77 X 3l ) S R o 1) S At D AR AT R R, A
R BRI ) HLEE £ 9

£ Simulink BT i & BRI ERAIC 5 17 B R i& 4-14 s, BP-
PID 45 & TR W 4-15 Fivn. RE NI — B0z ) /1 AR A I
BN, WUEEAEAN R SE0E T I 2R & %5 Btk ke, PR IVE R 07 B8 SR an
Kl 4-16 Fiow.

4@— oquedf X 14]-—@47
BXT i‘ PRIIEHIEE Mux fen

N D '

4-14 BRA 7 HAE ] R 5t
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4’@ o
X

rik)
= ] -
yik)

BP-PID#

B convert ]1 =

=z“|» »]

Torque tracking/Newton -meter

Torque tfacking/Newton meter

Torque tracking/Newton -meter

HIA
fL4PID

FiL47tBP-PID

time(s)

(8) WRU/AMSERTT

15

LN
1 1£4iPID
L $iBP-PID

0.5

15
0 1 2 3 4 5 6 7 8 9 10
time(s)
(b) HE RO
2
LIPS
15 b f&4iPID -

[H#TBP-PID

05

0 1 2 3 4 5 6 7 8 9 10
time(s)

(c) WEshiEses
K] 4-16 JIFEEREA BEE R
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x 4-4 i ESSRRZERR R

KT IR P 71 Pearson AH VIR %E R E
W PID 0.72916 0.4013 0.3152
AN :
BP-PID FH¥ 0.97787 0.1068 0.0835
‘ WAL PID 0.74075 0.5285 0.4413
B :
BP-PID [H# 0.96842 0.1795 0.1336
L PID 0.77761 0.4839 0.3792
N e/ 4N jig :
BP-PID FH# 0.97418 0.1465 0.1116

PiRGRER (WK 4-4) , RACTBHIURHI RS, MHET£% PID
W, WATES BRI T 34.1%. 30.7%. 24.3%; ZEAiREMES IR T 0.2317
Nm. 0.3077 N-m. 0.2676 Nm; & ANRZME FFE [ 56.3%. 31.9%. 50.4%. fE
EARE R 5T, 51 NFHSTEE R BP-PID 2 GBI H 5 4 (1 e s s 1) A0 B B
(I S TH P, BN AE S bR N PP S AT R A B R AT BRI R, AT R
4.4 REING

NI B F R R IR P e e AR e, WO LR R RS, @Al i
R ) R GURR BRI A HLAE B3N 28, Jlid Adams T Simulink B A 17 5
X PID 4TI BH BT H (¥) BP-PID #2225 LS HI AT X LE, 17 BLA5 R 3%
B, INNBEGTZE ) BP-PID J7 k4 1 HbL o RE AR e 2, 50 A 5 35 B i
HHATRE NG, e RE R,
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£ 55 HHIXIEHIE

23 BRI, 1% = B R RE I A B E IR AR ML S M FEBEG b AT PASE
YRS BhEs), BA RIFMR 8, TEIE8h5 07 i n] LA 2 B I ZRZR,
LB B AT B < i 28 ERE W 45 W Wit A B, (5 B 45 R TE B AR A BN S
TIRAFI, T RIS R I SR AR AE ST R AR R AT I, i SRR
Z 511 Ghas SRR SR, i 1R 45 R IGIE FE S I 2R s M BE A0 AR E A AL
5.1 I B R E

M R N Rt b RSl B L SRS T, S MR B
FEOMADAE . HUAEAR AT WEBORE RS . FRENLEE, HIEH RS s s R
AR S5 T i — AR A SRS A A, O AL B AWLAE B AR (R 6 7% 1%
% SIS RA T RIoA B, RGRITIKENRIG, S A 5-1
Fis, BRI ZRESPEpLan B 5-2 s .

iﬁ;

AT
HEE RS

KRB

>

1-iefedmtdas; 2-MMREfds; 3-@ahfEhl<; 4- LALENL; S-JRAHENL; 6-FHARMLIRA

Bl 5-2 iR eI ZRaAERL
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I TR A AR S

N T B UE g R 2 R A A AL T S BRI ) RGN A R, SREE =L
B IR AE H R TAE o5 His s 8, =005 Oy S R e i) R B3 AT g
P, BARE Bk 5-1 s
#51 EEHER

HREH P53 GRS NG &
A & 18 50kg 165cm
B % 25 65kg 170cm
C % 32 75kg 175cm

SRR B ) e R Sl B ] 240 0] (e 2 o ) ot A< T Sl S L AR IR e
PR IEREFE 0.1%, F KEEE 8000 RPM, 7] LAAT 37 2 JE 3 i e 5 1 3h I %
SRPE LA SIS, HIAEAL AR AR 0-10 N M, ARZRIERE N 0.1%, HiE 4k
4000 HAEreh . WURBAS 5 20 2 U BT I Shas BE S BUR 0268 —bnvte, LR AE K
I I 2 B N M S T %) M e e LR A RV, ] 5-3 B

WA ks Arduino JEHIHR ) e as T A%

K 5-3 WL o Rk A

(D H5, SEFERE T K23 il 5 BRI ZRas AR Sm AT WL (1 [0 #2
LA, PR AR SR AT AU N AT, S ST 5 /B IR FF KRGS
R H WO RFFIZ LS T Bl AT H LRI AL T R RS 5

(2) Hik, JFRMBEE RGO Rsshizh £ 48, RAESEENRE
RSl R R A

(3) fJa, B R R alHe, SIBHE K Fhiash 2 528/ RIS,
Wil SMies s 7 sNBIRBR AL L, 35 o iz s s A Al AT Rk iz sh, @it
Z AT E S LA S L R B B H AR LS =, i BRI IREE
18 Bl (8 B A 1 R
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52 RIWER K

AR YGRI 25 RN AT 3T 100 B S I R LR A 2 () i L2 75
A= H B EEHAEEN T AT Ko 2050 B IR 10114 [ 5t R 2 15 e B 1K
TINLAE HEE o 3 il B S I SR 4 BB S 18 3 2 5 B R AR . BL R iR Se:
SR MR

TR L% AT 2R G, SRR T R B N ZRE AT B R A8 3 1 6518 3 £y
FE SRR % RIS sh R an sk 5-2 AT LA, S5 RWE 5-4 R,

*® 52 kAT is s

. RATIE BN IE () BHJFEN-mM)

IRETs sl N — - —

[ & [ &

I -70 0~93.7 2.5 -3.05

Rl 90 93.7~-4.1 2.5 2.51

WR 25 0~41.7 2.1 2.76

A% 35 41.7~-5.1 2.1 2.87

W iE 90 0~186.9 4 5.19

A i -90 186.9~-5.5 4 -4.09

40 T T T T T
46 A
. B2 1%

i 20F

PRI R LN

1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
time(s)

(a) WR/SMRIEE)

100 T T T
AR50
B2 |
ix 08 T T
HEid R | o A A2
0 1 1 1 1 1
0 1 2 3 4 5 6
time(s)
(b) EJE/Hizz)
200 T T T T
WA
PR 2 |
311)( 100 ) .
= L : SR
0 1 1 1 1 1
0 1 2 3 4 5 6
time(s)

(c) WhE/shiEizsh
K 5-4 BRIl
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#* 5-3 RN EIRZERIR

KA ELER  Pearson REL  ¥WHRIEE TR ZE(deg)

N R A 0.8730 12.9013 11.1446
RS 0.9718 10.1283 8.6639
N Jigl b ig 0.99272 11.1347 7.879

FESL BRI SE H b, i< 718 3N A W BB R T A ) g 2 Al PR =
¥y, BIBEIEEAS. AR IE/ANIERIE BN B Al 31,50,
28.5°H1 12.4°, HigZRIAER T HARMARE, ZHEE 2k T U B ¢ T8 H
1707 Y S R )< e 5 PR P M 1797 3 S 117 Bl 3 = B v o L1 e 7 D N G B
Wigzhid fidr, HIEE FBIZNALE RN RN 7.9°, 8.7°H1 11°, Biliéasy iR
2Er 09 0.87. 0.97 F10.99, ELH A PID #2 BREZRCR 73 A= T 19.7%-
31.2%- 27.7%, W3R 5-3 pun. ids It SR FIEE R Zras it 1T R 1 3)
AR AR, W 5-5 s, ORT JUHE IR ZE R AR N 5-4 PR

1 L\V Ao~ L . T

TR A
= 0.5F o R LUE DAV LN,
- | VA - .

~——~__ MR

-0.5¢ ! ! ! ! ! L NN
0 2 4 6 8 10 12 14 16
time(s)

(a) WR/SMRIEE)

)
—_— RS
— WA

time(s)

(b) /B Hizz)

AN < e
R A
st —— LIEDITE N

time(s)
(c) WIEANIZE)
5-5 WiRATIE B 1A A
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K 5-4 KT IRZE LR bR
KNSR Pearson 2% WIHRIRZE FHIEZE NmM

N R A 0.91131 0.3126 0.207
RS 0.9844 0.5689 0.45
N Jigl b ig 0.97566 0.3936 0.2461

B fE, KA HIAE 1.6 s+ 1.1 sy 0.65 s IKFIHAEE, 25 7.5 s,
7sv 5.5s URIEZ T, A BRI R0 2.1 sy 1.2s 0.9s, Byl
TR TT BRI, 5 (8] BE SR ARG S AN, 100 2 A Ak R 22
FRBRARER Tt 20 D00 5 b 07 L 405 SRARL 72 « DT VA ) A 3 iR ZE R0 P 28R 4
FRar o 0425, 0.301, B THEASHTEEE R 0.144, 0.11. Hrr, R/AMRKTS
J14E (K] Pearson L& FEHE R ECN 091131, Wi 7 I (8] A 8 M AR X BA%, BRI R
JHMPEIRAT GE R R I SRS IR B S, S B /15 A ST R Y g/ e O 1 B Ak, idh
JEHE SR ) S 402 U R B B MK, (AR VGR G 25 BB R Z K T
HORL PID {7 AR, JIFEAEHIRCR 7 B4R & 24.9%- 32.9%. 25.5%, EMUSINFE
PUAR | SRS 1¥) BP-PID 428 il 1) S i 14 RS 45 1l 2 e 1 201k

) ) )

S 5o — 4By J
i i
i — #tik
Fllid
®
= 0 . 4L/-’“—.\.__ A

0 200 400 600 800 1000 1200 1400 1600 1800 2000

time(ms)
(a) WR/AMEIZBILA

,>\ 200 éf%ﬂb' Ll Ll Ll U
: Ekvi]
fm
i 100
Fllid
B
5 0 [l A A A

0 500 1000 1500 2000 2500 3000

time(ms)
(b) FEJH/ EHiEsILA
S 20 4$Ejjl T T T T
=z Eti7]
ik

o 10 i -
{iz
B //\
5 0 I I — 1 1

0 500 1000 1500 2000 2500 3000

time(ms)
(c) Wie/sieizshiLA
Kl 5-6 R IESINRES
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N T B R e R R i S PR B ACR,  RAE B AR AL TP FR
A TSR PR S AE SRES g 7 e B2 U1 2 il B R I SRS T R T
LRSS, Wil 5-6 fros. fEARBERTIZsh %A T, RIS K AEA R
WHAE S, @ LRIz sh I SR A AR SR 4T Fugl-Meyer $FHIP,
A LA BT W AR 7 R B R E K, R RE R, HPPHIbRAE S e R
B RBAF I IR 5-5 PR

% 5-5 #4> Fugl-Meyer B8 TR %

AL BE )RR A ARz N AN A3 BfRR CH7

0%r: HEEJEEI/NT 15 F
(1) BxRTELL, B 14 el EE

279 1 2
YA 0 1, WHIEE 2% —BAKIT, ok
ey
0% B
@ BXWEI ML 15 BHEETR s e
90, HWINES 240 XWEIEENER
B 5
© BB BX s 25 1 1
30 7, Itz
W RREOREX s 2% 2 1

5 30 A
07y: AREHEAT

(5) MiF iz s) 19 WGBS e 4 14 2 1
24y BT

M4 Fugl-Meyer Wiz shae 7o vrHbrie, HIEF-FHE N 8 4, Heirfi
FRMERATIE BRI, X LT ERRES IR ] S5 AR SRS LS 5, BIEHF)
P50 iR 2 2R 28 A Big 3 LB AS 5 R AE 20 il 624 187, 18, RS S1{H
OB LR 12 SRS 2 AR B T 425%- 266%- 181%. i &5 5L ik BH 12 i 5 B
WIZRARAEAT B 2 AT RS ZRIT, mT USROS 8 G5 LI, A adb A P
FEC T A, I 2% 0 0 R A 1 s ot g 1 ) R R
53 RENE

IR REG 25 B AT R, S = B ER R AR S VI R A 10 5 R A G T
I8 3 73 ) 75 3R, Al fldzs il 3R G mT LA B A FH 2 1 el V04 = b i a2 Bl e ik
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ITEWE) B EEIEE), IAET BP-PID FHHTISHIHIL A B VIZRaspIg
BT A B
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E6E DESRE

6.1 B&5
4RI o R ARG 2 BT X b R A R T AR AT R B B, R i

WizshEEN:, FEMAE B A2 RIS . T ST M A B 5% 47
HRIEIATT, FMERRE N H H SR, BamZE I, Wit —Fh R
—HHEREE RS GA, BEREGIRE RS, WG, (7 B A
FESP AT IR AR I R8T AT PERE B RGA R . AR F B LAE S E5 T

(1) RS HARHT AN ZREE BT o X OC 5 IR A i G5 A EAT I A
It N TR i)32 8 77 M S SNV, Beih 028 St A RSN ZR 3%, B0
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