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EE) BRI, 1T R SRS AU E 42 1 1) L BT FUZ B oy 1 — AN S EE R T 5 1a]. BRI, B FET- i
ORISR 42 ) I R T 2 FT R R AR PR R AR i e B e S B s i S 1560,

BT T R SR BN U A B A BT TE, Luca 55 7 KT Pendubot HUME HBI AT R %0
AL, FFARYEIZAL AR 3R ) — R OF IS A2 753, SEBLAR G oK i O B A2 ) H AR, HiZ 5
PO HUME AT AR RS EERAET 2, 10 HASE NP _EAIE B PR R GERIARE k. 3T AR s i
I AAP HUBE, SR [8,9] 18 DR WU B2 Fe 4 o B sCbR v 2, Wi £tk B i 2 2R 4 42 ) 7 9 S5
DUHALE 6] H AR, SE0FIH APAA HUBCGE, SCHR [10] 385 Pl 28— AT 4ERRAE R AR RS, P If
APAA HUBEBALRC T BRI PAA HUBEE, M0 SEBLEAL B4 0] H bn. ST, 1242 kA 1 i A
it BRSO JEATAE AR RS AN, IX PRI T 28 GE AR o s K P TA Y F

BERTS =R NI T I AAPA HUBE, o TERS0H RO N R SR B oy B A ek ae, g
P SRS A AN BE B T2 U ). R, X TP 1 AAPA HUBRES (A2 B ), HaTE s
—RMT A RITE R S RO, FESERRN A, AR B HAUROE ) R AT 8% AR R I A TR
7 0 B 58 R LR S IR AT 58 (AnJ e BhALAE). DRIk, B T LR IO B A, O FONUROE R3S
P A B A SR R S P8 SR [14] S0 IR URE B 1A R L P SR, (X A
T RN AN RE L T R BRSO . SRR [15] S0 —Fh 3 BBzl Sk sl 7 RA — R e B L 1)
(F1°F 0 PAAA HUBE B0 A2 H AR, SRR XM S AN G B RN A T B WAk e B2 101 11y
P .

T, ASSCER XS BB =R EN BT AAPA LB B AL 2842 ) ) B, 32t — bk TR YRRy
S RAE M AT HI SRS, H o, BT T AAPA UM RO 5 RRe 1%, R FLR 7 9w A8 20 1~ T R
AAP HUWE 5T Acrobot. fRJ5, FAL Lm0 3 MBL 585 1 BB, 4ERpsE — MM S
TIEFHMEAEYIG AR, S TER AR ET, KT AAPA HUBCE BT IR AAP HUAK
B.O5E 2 BrB, REFSEDUIEATAEAZ, DAERE RGUR — P EEA AAP HUWE . JLuK, K11 s
AAP WU IR R SO n il B AR T 3, AT 0 A B2 (042 H) 25 P )1 T R DL A AP LB O
R RILATRALE. FIR, R shiE AT 1L S s hl B P S, KT 0 AAPA JUWEE—2
BEE AT Acrobot. 2 3 BB, HEFRFSH— AT 10 A1 5 50 AT I M AR S 2 B BLAS R 1A EEAS
A, HiR RGP Acrobot. $3, FE S8 VUEAT I M 2 I AR A, S 42 sl AT (1 Ay &
HHPRMRE, T2 BT AAPA HUBE 47 8 720 H AR, 5 BT Acrobot £77E i FELI 3R,
A B AL A U 5B T B AR AL E L BT RIS A 58 DUEEAT H AR A1 AR I AT
HAREZ S, BOREERYJE T T Acrobot HARMEMEMAAAE. fa, M 07 45 RIS UEFT IR A L ] 3
W% R AT 2P

2 F@E AAPA HIHERT

T AAPA HUBCEF B ANE 1 Fos. Horb mg D958 ¢ EATHIBTR, L N5 i EATHIKEE, J; A%
i EFTARRS T RO MR B, ¢ N5 @ EATIIMIE, = NE  EFFIBLL R /TR IKE, = fE
FAESS & RATHISRBI IHE. BEAN, (2, y) PR RHIAERR, (2p, yp) ABENRITHILERR, 6, ABET I

B, 0 NEVEFRILESM, i=1,2,3,4.
HECHE (Euler) — BB H (Lagrange) J7F2 AT 43-F1H AAPA WL 130 112507 FE N

M(q)i+H(q,q) =, (1)
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@ Active joint

& Center of mass
(O Passive joint

@ Endpoint

:

\‘i |
‘\

=

v

1 (MERFE) FE AAPA HIHEER

Figure 1 (Color online) The model of the planar AAPA manipulator

Hrb g =g @ ¢s qu)” AFH AAPA WIMVEIAERE, 7 =[rn = 0 =] NIESIIAERE, M () 5
H (q,4) = M (g) ¢ — 0. 58('T (q)G) /0q 73 N EAT KRR I 2 P B R RE R, PSR A (Coriolis)
FIRE L s A . e EARRE AT S 0LSCEk [10].

WRIGE 1 FosKIRGRER, 7T RGN UL R AT

(Tp,Yp) = (i L;sin 3;, i L; cosb’i) ,
i=1
= rem (Z ql,27'r> 0 = rem (i qi,27'[> ,

x=ap+ Lysinb, + Lysin (0, + qu) ,

y=1yp+ Lzcosb, + Lycos (0, + qu) ,

HA 81 = q1, B2 = 1 + qo,rem(a,b) N a BELL b IREL f55 5 b AHE.

3  BRGHTHITREG

3.1 1 MEITHIREE

551 BB YERRES AT M LS O IR ARG A EANAR, SRR DA A R AR E, K5

VUSEFT 5 4 S IEAT 54 Bl — MR B AU, MR T TH AAPA HUBUE FEEY v T TH R L AAP MUME (I
Kl 2 FR).

T HIREIL AAP U FO3h 207 RE G T

M(q)q+H(q, ) =7, (3)
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VA
@ Active joint

® Center of mass

O Passive joint

@ Endpoint x.7)

B 2 (MEREE) FEHEMN AAP HIHERKRE

Figure 2 (Color online) The model of the planar virtual AAP manipulator

Hrh' G = [4,4205)" = (g1, 02, 05] " PR, AAP HUME A EIE, 7 = (1 m 0]T HINBI I
kL, M(q) 55 H(q,q) HIAMRIATT S W [17).
MRIE SRR (8], AIF N (3) FeHdytn P AndEaE g

i1 = u,
2 = ug, (4)
Uz = yaur,
N I:':'
_ cos 6 cos Opa 0 sin 0, sin 0,4 iné
v = :Ep_xpd—"_T - — ) cos pd + \Yp — Ypa+ 5 T T4 ) SMUpd,
yo = tan (6p — pa) ,
_ cos 6, cos Opq ino sin 6, sin 0,4 0
Ys = — xp_‘rpd—’_T_T SN Upq + yp_ypd'i_T_# COS Upd,

uy 5 uy NEERGE BRI RIRN, (2pa, ypa) NBENRTTHTH BRI E, 0p0 9B BDER 8 1)
%%ﬁ%, Y= 73 + 33/(7?137), 7713, 73 5 33 j‘jﬁm%ﬂ?ﬁ lﬂjyl\, T1, T2, U1 5 (%) ZI‘ET‘IE@ﬁ%%/%ﬁé
JLBS% A

3.2 F 2 MrERITHIREE

52 BB, DREFES DA B M BEANAR, DAAERR RGP THEA, AAP USSR, BOuHAH B (142 il
At LR IR B T 1R 22 HAROLEL, (RN R R AT (R S35 4l 22 b () 2835 A, BETDR P AAPA
HUMRE BB 9-F1H Acrobot (W1 3 FT7R).

“F1H Acrobot HI) /12 FEUWTT:

M(q)q+ H(q,q) = 7, (5)
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VA

@ Active joint

#9 Center of mass
(O Passive joint L

® Endpoint

\ 4

3 (M4BhZE) @ Acrobot #HEH!

Figure 3 (Color online) The model of the planar Acrobot

o q = [q1, @o]" = [0pa.a]™ AT Acrobot HIFEEIR, 7 = [0,7,]7 AWSHHSEIIE, M(7) 5
H(q,q) W RMAFE TS 00 [6].
ST Acrobot HA A EELIR, HA LR TR

qq (t) =f (52(75)7 520:5> - 510, (6)

H g0 5 qa0 P Acrobot WG FE, § NIEMSEEES,; £() NARLMER S, HAAKIEAT]
Z: WL 3CHR [6).

3.3 % 3 MEITHIRES

55 3 BB, AERFEE AT B S AT A AR 2 B B RN A AR, DU IR RS
“FIH Acrobot. JEF MELIRITRE (6), 386 FH Acrobot JXBNZEF 1M 2 I H AR AR, 7L
PRI B IERT 1) A BEAR ), e 28 SEDLF T AAPA HUBRE A9 242 1) H A5,

4 EMAEMK

1T F1f Acrobot fE7E LR, #15°F 1 AAPA HUBE & T H AR L AT = A — 2 Rt
WP Acrobot fiEELIR KR, M2 FECRGMERY G T 11 AAPA HUIRE 5 A% AT 42 1 B AR 22 5l
AT,

NP AR e, R AR S (GA) B89 Rk SR B s ST B ARALE . BB AT I R ]
LM (P Acrobot BEBNEFIIVIGE A L) B VUIEAT I H br A FE L R SEM ) B AR LS M (P
Acrobot #3131 B Fr A ).
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v A
(x,¥)
7/
Ve
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Figure 4 Multiple target angles corresponding to a target position-posture
R RS AL 2] B bR, B8 % FR R PR B 0E LR
h= |z —zal + |y — yal + 10 — bal, (7)

Hi (za,y4) 5 04 73 BIIHUE B0 HARGLE AL bR S HARE S,
BALRFIR AL 1 PR,

Algorithm 1 Optimization of each target value of the system

1: Set up the parameters of GA: ps,pc, pm, N, G, Nyar = 4,Q € {—2m, 2n};

2: Randomly initialize: Py(9) = {Zpc, Ypc, Ope,qac} € Q,(k=1,2,3,...,N);

3: for g=1:G+1 do

4: Substituting gsc and 6y into (6), the posture angle 0,4 of the passive link is obtained;
Substitute (2), (6) and 0pcq into (7), and calculate h;
if h < ¢ then

Tpd = Ther Ypd = Yper Opd = e, Opda = Oy daa = aic;

break;
end if
10: Update Zpc, Ype, Ope, Oped and gac through crossover, mutation, selection operations;
11: end for

Output: Tpc, Ype; 9?67 Hpcd and q4c.

WAL, EEXPIH AAPA HUBE, 5 H AR AL B AAT H bs A BERH 2k (WL 4). B4k,
BAESIE A SR PR 2RI REE . B, (8RB FE AR B S B AR LA B H AR A
JE A
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5 fxEHlEhsit

5.1 %8 1 fEAEHIER

E X x = [x1, 22,73, T4, T5, Te, v7, 78] T = [q, 47T, W (1) AT AL NARE S BB NE R

=f(z)+g(@)T,
Hrp
f (CB) = [$5,$6,$7,$8,F1,F2,F3,F4]T, g(x) - [91 (IE) , g2 (.’E)]T7
[F1, Fa, F3, Fy]" = ~M(q) "H(q,4), 91=04xa, go= (9i3)axs = M(g)~".
MRS 1 BBz H bR, #i& Lyapunov BT
Vo (z) = % (Z ((z; — $i0)2 +al )+l + x%) ,
i=1,2

;H\:':F' 10 = 410,220 = G20 %%U?ﬂ%*i@ﬂ%%:i@ﬂﬁﬁ%ﬂﬁﬁﬁﬂﬁ
i Vol(a) RS

VO (I) = Z (Ii+4 (l‘ixi0+Fi+ Z gijTj)) + x3 ($4+F4+ Z g4j7'j) .

1=1,2 j=1,24 j=1,2,4

NTRIE Vo (x) <0, BiFEE—BYBUE S 5N
71 = — (r1+2T10+F1+g21 72+ 941 Ta+Chra5) 91_11;

72 = — (za+a20+Fat+g11m1+9n7a+Coze) g3
Ty = — (x4+Fy+go17o+g11711+Cs28) 94711’

Her ¢, Cy, C5 NIEHHL
BEdd (12) A (11), /IS

Vo(a:) = —C12% — Cozl — Cs23 < 0.

(10)

(13)

23 (13) I Vo(z) = 0 B, ATHS 25 = 6 = 25 = 0, FFET P Acrobot 158845k 6] Al %0

27 =0, % &= {2 ¥V (z) =0} NHHFRG (8) MALLE. Ak, X (8) 5 (9) 1
goT = M(q) 't =0.
WA (14), H 7 = [r1,72,0,74] = 0, KHACNIL (12), AIR RGN KALZEN

W:{.’I?Eq)|.’171 = T19,X2 = Too, x4 = 0,25 = x¢ :.Tg:O}.

(14)

(15)

MR LaSalle 200 AAREEJFIL, W HIRSE (8) HIREHEE t — oo WiHbAEE Bl AA AL, HIERME

H#E (12), AISEIL ARG 1 BBl B br.
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RGN 1 Br BRI 2 BB T
|z1 — z10] < €1, |z5] < €2,
|ze — za0| < €1, |z6] < e,
|z4] < €1, |zs| < e,
Horf ey, e NAR/INEYIEEL.
5.2 % 2 BTl
TE €= (1,91, Y3, U3, Y2, U2), MBERLHY (4) P E AW B

&3 = &4,
& =&, €1 = Esun,
1:¢ 2:¢
Z {£2u17 Z &5 = e,
€6 = us.

LT RS S 1, WiTEHlHAWT:
ur = —k1&1 — k2o,

HA ko > 0. W &, & BEE t — oo WELTZE.

(16)

(18)

MR X T B RGE & + k& + koo =0, T k1 >0 5 ky >0, B8 &,& BEH ¢t — 0o IR

YT%.
AT TRG T2 WRHRAR, SRR v SHIT.
i LR

z1 =84 — o1,

z2 = &5 — 2,

z3 = &6 — ¥3.
Step 1. & X Lyapunov R

Vi= %fg

B oy = & = —ksés, ks > 0, WA
Vi = —k3é2 = —2k3V; <0.
Step 2. & X Lyapunov %] .
B3 (19) ATA &4 = 21 + o1, X (22) KRFATH
Vo =&+ 214 = &1+ 21 <é4 -1+ 53) :

m@2:£5:%—§—k4%5k4>k3,mﬂﬁ

U1

ki

VQ = Vi - k4zf = —2]€3 V1 + 721
2ks

) < ~2ksVe = —ka€3 — ky2? <0,

(19)

(20)

(21)
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R (24) ATH, &, 20 BEE t — oo BT TE, Bl & — 0 (t — o0).
Step 3. & X Lyapunov PR

V=V + %z% (25)
xF (25) KRG
Vi =Va+ 2 (55—¢2+u121) . (26)

B ps =& = @2 —urz1 —ksze 5 ks > ks, WH
Vs = Vo —kszs < —2ksV3 = —k3&3 — ks (21 + 23) < 0. (27)

EB:—EQ (27) E‘I‘%Dv 53721322 ﬁ\'ﬁ% t — o0 %ﬁﬂ:%@, EI_J 55 — 0 (t — OO)
Step 4. & X Lyapunov

Vi=Vit 3 (28)
X (28) KRFAT 1
W=%+23(§'6—¢3+zz). (29)
B3 (17) AT &6 = uo, MTTETHREBUEHISIAN us = 93 — 20 — kozs, H ke > ks, WA
Vi=V3—ke23 < —2k3Vi = —ks€3 — k3 (2] + 25 + 23) <0. (30)

= (30) ATHI, &3, 21, 20, 23 BEE t — oo @RI TF, B & — 0 (t — 00).
DR, AP EERREE M (4) MO R HIF N QR

{ up = —k1§1 — ka&o,

up = 3 — 22 — kgz3.

(31)

ZRERTIR, € = [€1,62,63,64,85, &) B t — oo #IWLSL T Z, RIEESNEEH (4) WOIRASAE KB 0L ) fay
A (31) FIER N#niLiaE.

gz A 530 (31), AT1R2IEE 2 MrBe s — A5 5 BRIl 215, thah, A4EREEE Y%
R A A SEVEAF ) 3T R .

#JitE Lyapunov BREUH

Vs (z) = %xi + %x% (32)
X HOR F A5
Vs (z) = 28 (24 + Fy + ga171 + gaoTo + gaaTa) - (33)
N TARIE Vs (x) <0, Bt 7T
T4 = (—x4 — Fy — g7 — gaom2 — Ca18) g3 (34)

KHREIERAAN (31) SHHIAE (34), WT4ERESE VSR M AL, [RIRF, B 2 5% 15 42 i 2= 3
HARLE . $aNEM RS Myt 2 &S/, Wit — 2% i AAPA FUBE BERY 9 T 1
Acrobot.

RGN 2 MBI 20EE 3 MrBU 240N

{ [Tp — @pal < €1, [Yp — Ypal < e1, [0p — Opal < e,

|‘T5‘ < ez, |‘T6‘ < eg, |‘T7‘ < eg, |'T8‘ < es.
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#1 TE AAPA HIWBEASYK
Table 1 The model parameters of the planar AAPA manipulator

Segment % m; (kg) l; (m) lei (m) J; (kg/m?)
1 1.2 1.2 0.144 0.144
2 1.2 1.2 0.144 0.144
3 0.6 0.3 0.144 0.0022
4 0.6 0.7 0.144 0.0285

5.3 2 3 MrEEHlssigit
MRS 3 Bz H AR, #i& Lyapunov BT

4
Z ((xz- —zie)” + a:?+4), (36)
i=1,i#3
HH 210, 20, BINREHE—IEF S5 RS 2 TEBE IR BB, 14, = qua AEVDEFTH PR
Xt Vs (x) RF01§

Ve (2) =

DN | =

Vo (z) = Z ($i+4 (331 — Zie + F + Z gijTj) ) . (37)

i=1,i#3 j=1,j#3
NTARIE Vs (x) <0, BEITER 3 M BUEH 15N

—z; + xie — (F;4+Cra5+Coxe+Csas+ Z?:l,j;ﬁi gijTj) (38)
Ty = .
Gii

Rzt as (38) AN (37), AIfR
Ve(z) = —Cha2 — Cox? — Csa? < 0. (39)

51 B REESEAU, A LaSalle AR JAH, FIRIZ ¢ — oo I, 5 3 MBI AR
A (w1, 22, %4, 5,26, 78] = [T1c, Toc, Tae, 0,0,0] . BIRFAIEHIES (38), MI4ERe s — I MAE 55 3%
FRHIAFEAEEE 2 Br B R B FE AR, B PR R GE2 1 Acrobot. [, 424 55 VHEF A EHH
PR, T SCUXT R GEBIEAT A A B, TR 28 SEELT T AAPA HURE 1O L 284 1 H A,

6 {HELZR

N Y BRAIE AT ] SRS A R, AT HEAT R AL EE AT ST AAPA HUBE OB A S8 0nZk 1
Fis.

WM EAG KN 0.001 s. [FB, BEEddE (12), (34) 5 (38) HSE: €, = Cy = O3 = 1.8,
ERERE AR 31) FBEC k=1, ks = ky = ks = kg = 3, VI (16) 5 (35) FHISEL
e1 = 0.005, ex = 0.001, MAEFIEF RIS p. = 0.7, pm = 0.1, ps = 0.8, FIIEFEEEH N = 30, & Ki%
RREL G = 100, = 0.001.
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>
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<
= =
R“m. =

10 —
5

=5 —o:
—10 —fo
~15 —

7, T,, 7, (N/m)
)

6, 0 (rad)

P

-0.5 —

T I F I N e E
0 5 10 15 20 25 30
1(s) ((s)

5 (MEMRFE) 6] 1 BHEER. (a) ITFHE; (b) BFMERE; (c) WENKTIRER; (d) RGEARE S LR
(e) #=HINIE; (f) WANENETHEENETESH

Figure 5 (Color online) Simulation results for case 1. (a) Angles of links; (b) angles velocities of links; (c¢) coordinate of

the passive joint; (d) coordinate of the system endpoint; (e) control torques; (f) posture angles of the passive link and the
fourth link

S 1. EECSATRIVIGEIRGS . REHW E S BIRESAN
[Q107 420, 430, Q40] = [0.6, —0.3,-0.3, 0.9} rad,
[d10, G20, G30, dao] = [0,0,0,0] rad/s, (40)
(z4,yq) = (2.2,1.4)m, 04 = 1t/4 rad.
P SR, PIH S R G EH AR LA XS B IR 3 T B AR B B R &S M. 5
VUSZEAT H A5 B ST B AR MN
(pd; Ypa) = (1.349,0.799) m, 6,4 = 0.5033 rad, (1)
qaq = 0.6023 rad, 60,44 = 0.1837 rad.

i B RME 5(a)~(f) Fix. BHE 5(a)~(f) (HEERTR: ERGEHE 1 B, £
AT AR B B AT I FE R A RRE S B IAIG A BN, BB VUEAF A R R . 1E t=
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4, 95 45> 4, (rad)

x,,», (m)

T, Ty T, (N/m)

t(s) 1(s)

6 (MLEMFE) 6] 2 WTESR. (a) BFAE; (b) BABZEE; (c) WX TIYER; (d) RERIKELIT;
(e) #=HINIE; (f) WANENESHESENETESH

Figure 6 (Color online) Simulation results for case 2. (a) Angles of links; (b) angles velocities of links; (c) coordinate of

the passive joint; (d) coordinate of the system endpoint; (e) control torques; (f) posture angles of the passive link and the
fourth link

11.1s, 55 1 BB HARSBL, BISFI AAPA HLBRE 1 B D9~ I R DL AAP HUAE . 72 R Geismi
%2 BB SBVDEA A RIF AL, DGR RS RT HEL AAP HUBE. RN, #8h 5835 s fi 2
HEWME (vpa, ypa) = (1.35,0.8) m, $EBNIEF FILE AR HI R R RILESH 0,0 = 0.5114 rad, 1E
t=23.7s, %5 2 PrBOHARCEIL, HSFT AAPA HURE B3t — 2B BEI 9P I Acrobot. £ R GLf2H )
% 3 BB BB IR RO S AT A L ORRRAE SR 2 I B RN B A FE AR, AR B 5K T AR
SETEH HARNLE, MW IR RS2 T Acrobot. [RIET, I Acrobot JRBIEFT I 1 B b 42 1 22 3 H bR
FE qag = 0.6025 rad, HEMFERIBENEA VLS A ZILHIRLEM 0p0q = 0.1837 rad. 7E t = 30.2 s,
S AAPA HUBRE A i 5 A B HARALE (24, ya) = (2.179,1.378) m, FUMES [ A i AT £ 45
MRS E B HFRBEM 04 = m/4 rad. W LA REE R LI ik vl 7, A SCHr e 4 i Semg vl 17 H.
HRL
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e 2. FESE 2, FTIER T A 01 BRS80S SE6) 1 MR ME— AR RIS (12), (34) 5 (38)
HHISEBIERCN O, = Cy = C3 = 10.

P B L5 B 6(a)~(F) Fias, T EGRATH: 76 t = 3.08 s, RAIEHINE 1 MBI SIS 2
Bt 1Rt =133 s, RGEEHIME 2 PrEcUI #2058 3 MrBe. £ ¢ = 17.1 s, P AAPA HUBE B9 A i £
FaE B EALE (v, y4) = (2.191,1.383) m, HWE AR E R E ZHEVEESM 04 = /4 rad. 5
Sl 1 ARG, FESER 2 Hr SIS E AR TR R TR TR 2, X B SE IR ) AR BT R I DA DA
T T T ) 2 S AT

7 it

ASSCEE RS S = RN 11 T AAPA HUBE (A& P, S 1 — At TR R -5 i 50
P42 f) SR . 124 1) SR R LR AR KB B D9~ T DL AAP HLMCE 510 Acrobot. &1 K 4L
AAP HUME AR LR 5110 Acrobot HYSEHEAFIE, 70 BETHREAN BB RGTAOIE M 4%, i R K sE
DU DT R GE P H AR, & SCBT T AAPA FURCE AL 272486 H AR, 1tAh, %5 2P Acrobot
FEE L LR 2, NI RIEAL SR A O AR B BaERT PR L5 SRR B bn
DA B AT B AREAS A, LABRERBE Y J5F1H Acrobot &1 T H AR AL 41 B AR M FEARAFAE. 5,
I 7 LA RIGAE T TR A 847 i S ) A Rk 5 R AT

AR AAPA HURE S5 #0453, R5-T- T AAPA MU ROAZ 48170 3 MR BL,
AR RSB B Fe ] B bR, ATTSRBF T AAPA HUBE Az &) B bR, R0, KH 3 M
BT B AL AT A RGP TR, BRI, eyl P2 il i B b 2 i 8 D045 K, AT DR s S B
T AAPA HUMCE IR 88 € 12 1) H AR 24 5 7 20T T A
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Position and posture control for a planar underactuated manip-
ulator based on model reduction and chained structure

Dong LIU"2, Xiongbo WAN"?, Yawu WANG'?", Xuzhi LAT"? & Min WU'2

1. School of Automation, China University of Geosciences, Wuhan 430074, China;

2. Hubei Key Laboratory of Advanced Control and Intelligent Automation for Complex Systems, Wuhan 430074,
China

* Corresponding author. E-mail: wangyawu@cug.edu.cn

Abstract A control strategy is proposed based on the model reduction and the chained structure for a planar
four-link (Active-Active-Passive-Active, AAPA) underactuated manipulator to achieve its position-posture control
objective. The whole control process is divided into three stages. In the first stage, the planar AAPA manipulator
is reduced to the planar virtual three-link (Active-Active-Passive, AAP) manipulator by controlling the angle of
the fourth link and rotating it to zero. In the second stage, the model of a planar virtual AAP manipulator is
transformed into the standard chain structure form. Then, the corresponding controllers are designed to control
the passive joint of the planar virtual AAP manipulator to its target position, and the posture angle of the
passive link is controlled to its middle posture angle at the same time. At the end of this stage, the planar
AAPA manipulator is reduced to the planar Acrobot. In the third stage, the angle of the active link of the planar
Acrobot is controlled to its target angle. Also, the angle control of the passive link of the system is realized.
Consequently, the position-posture control objective of the planar AAPA manipulator is recognized. Considering
the angle constraint of the planar Acrobot, the genetic algorithm is used to coordinate and optimize the target
angle of the passive joint, the middle posture angle of the passive link, the target angle of the fourth link, and the
target posture angle of the passive link. These ensure the target angles of the planar Acrobot corresponding to
the target position-posture of the system can be found. Finally, simulation results demonstrate the effectiveness
of the proposed control strategy.

Keywords planar four-link underactuated manipulator, position-posture control, model reduction, chained
structure, genetic algorithm
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