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Dynamic Parametrization for Path Following Control

Makoto KUMON*® and Norihiko ADACHI

*3 Dept. of Mechanical Engineering and Materials Science, Kumamoto University,
2-39-1 Kurokami, Kumamoto-shi, Kumamoto, 860-8555 Japan

Path following is a popular task for robotic use. The conventional approach for the path
following consists of two stages. At the first stage, the desired state of a robot is computed as a
function of time before the robot executes the task. And at the second stage, the robot is controlled
to track the desired state. Since the objective of the original task is to follow the reference path, the
velocity of the robot or timing is not needed to be controlled strictly. In this paper, a new approach
to make the robot follow the reference path is proposed. This approach defines the desired state as
a function of a parameter ¢, which has a dynamics. By using a Lyapunov function, the global
asymptotic stability of the system is proved. Computer simulations show the effectiveness of the

proposed method.

Key Words: Manipulator, Measurement and Control, Stability, Path following, Dynamic Par-

ametrization

1. 3 L & (&

BREINFEFELLZL HERETILEDHERE
DRy hYoEalV—R0BEELREARATHS. Zh
SOREETOICE, FPAYRBOME, HH5VIID
Ry hOBMEFREORER (LT BERE) ICERS
HAHEANBEL LD, ZhEBRERFE LTS
EEUBBICEKE L 2 WERN R ER LT,
BEOBEB L LTRINSHMBEHHELTATEHNT
5. fto TREEFEHEOENRORY hOEAEH
ERBICBRIELIZILTHS.

BEERHEE 1) BEERED L ICEBITRLRN
H(BERE) 2ERT S, 2) 0Ry MIERSHE
HEHHEICHET S IO HBAEITS OBRBEICS TS
h3. 1) PEHE L FENETOBRPE 7T A
VCOBRHTHY, 2) 74— Ny IHERLCEK
UYAYSAVTEFINGHEHNETHS. HENE
R OBBICRY, oRy NIEEOL RS THEE
bHElEEIND.

LAL, EAEXFEEL LV EERIIBNT

* ERESA 1999 4R 10 H 25 H.

*EE, BEARKZETHEHMEEEY X 7 4 TEEH® 860-8555
AEAHIBRE 2-39-1).

* RS, FEAEAEEREEVEEN(S 606-8501 HUERMHAR
X 25 HAHT) .

E-mail : kumon@ gpo.kumamoto-u.ac.jp

EERZLE BERKYERICGERTEZLTHS.
WolESEED XA IV FPREXERICHAT S Z
rRHETYEETEARAY. FRXTRZIOZLEER
LT, oRy b BESE L B 3 BEHOEBTIER
REALF IV AR ENTA—ROBEBL L THH
-
HEHHEENS A —ARBT5FECRF L OHA
»H 5. BlAIF Hollerbach B¥=Eal—&d bV
PHHEZRLEATSAVCOREHEEER, X
A LR — U2 (time scaling) & N2 FEER
RUE. BHS ORgstEE: BVWEARENELE
BRU, AnRiCREAROFELERGEFOHE =
Eal—RIC#@BLTWS. %7 Pleiffer”® Shin®
BEMEEREOBESAL S HEHEE NS A - THRH
TEZLKOWTORERIToE. ZhDEVWTHY
754 VCOHBHEICNTA—AEFWSLFET
BN HEHFEIRHMOBEBE 25,
BERICHLTNSA—RICEBRAEBFVL L
T EFrAOSBBROHNPBOUEBERETES
ze FESORTFRHEBCEBTESZLERLE.
—%, Dahl®® Arai®@Ev=Ea L - X ROHHEE
MErZELEFERITR>TWS. DahlPRERNS
A—AD OB FRAE M/ HVEERL TR
HU, ZhErEBRETRYTHERELRERT 5 FE

— 157 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1054 BN T A — & BRI X 5 REEEREHHE

TH5. Arsil VM EEBRE D LICLEBREE LS
ARBEBHROFEEEIATVWS, ZhDDOHFEORE
P, ERE T - RNy 7 EIck v al—
RIOWTOBBERBEEFBEROZEHICHKRT S E
DER->TWS,
UDEDFETCEINGA—BDELFI VRTINS
R SHEEETATVWS, FIAE Danl®i}, 74— K
Ny I7RBELEDEFHE MV 7 ICHT 2HBICE2ER
LINTGA—=RDEALFIVAERALTWS,

ULM»UEEHE*ENRNS A - X TCRIAT 5FH
MV IHBOSEHBEICED RV, RO ) - LB
BoXRy M L E Egerstedt 1% L 7R -V Y
7 (self-pacing) £ BiEh 3 LiVoFEL Y ER0
HWICIE U THRABNS A - DXL FI TR EEL
BZLNHETHS. TEEETEHRLLT, =T
OB Y R T LOREERFTICHEETEEHRT S
FEEAVWTWS., LALABSU EOHEEMEND
EREMICOWTINS A —EDEAFIVRAEEZT
BY B—HICBOREAPFRELTWS, 22T, &
BATENTGA—RZDIALFITZRELTEY—E
RbO4 1) p22 2 X5 1CKEA Lyapunov B
WEHVTINTA—ZDEAF IV REEHERS
HOREHERNE.
BRXDBRIUTOEYTH5. BAICE 215
THEHECSWTHEREENST A —RXICkoTH
HIZFEERBT S < E 22T A—-RIC
Lo TRBhE-HEHFHEICORY hEBERSEDH
BHEERHL, VAT LOREER2RT. T EERF
BEOEHHEERTED VW OHhDHEBER 1T 1
DT, ZNSORKREEIHTRT. BEICBLEHT
FrHs,

2. BHfINSA—HKRHE

n HEHEOYZEaV—X0EME R" A A g
THEDbYT. BRIV al—R0E/F3I 7 i

M @)3+C(@aq+G(q) =7 ---oeeee (1)
TEABNB9 22T M(q) € R™™ RHEEATH,
C(q,q)q € R" BAVFYHPELADE, G(q) €
R 3EAHET 7 ¢ R® GEEHICMASH S VY
REDHEHTHZ. £k BHH tKOoWTOMH %
EbY. M(q),C(q,9)q, G(q) KELUTOHEN
» 500,

o kulpl? > pTM(q)p > kmllpl? > 0 p,q €

R" ¥R THED ky by, PEET S
°TTﬁﬂ®—2C@mﬂr:0 p,qreR"
* [Clg,p)r|| <kcllpllir] p,gre R* 2#@ET

— 158 —

BIED k, AEET S

* [G(@)|<ky g R" EWRTDED k, W

rET 3
EEU || @a—-2Uy R)VvheRT. BELLEE
EEb¥T, 0Ky NORBE 2 = (¢7, ¢7)T € R
LRERETS.
21 BiEEE ARXTIEERRLLUTEIRE
HE 525 HERRIHBLR2OTCHERR LA
B, 1D2DONS A=K ¢c[0,8) BRWT gq(p) &R
TZeATERM) EELHHEHBICOVTELTY
5N0TOL ¢ 2A—#HT2. BEERHEOHMI
ORy hOEMLEAERRICERIEEZZLRDT
HERREORE2ORY NOBMOEELYTS. ¢ ¥
BEOEBLL, BA ¢ ICBTD ¢ 0% ¢(t) & F
BRI ¢(t) B

() = F((), B(£)) wvvrrvveenmnnnnnnnennnn (2)
EVSHALFITARREODHERELS. 2D LD
HAFIVADHBBENTA—RICE > TREERRT
5 Z L 2HYHINS A — X FKB] (dynamic parametriza-
tion) LR Z LICT 5. REEEFEOEMEIORY
NOBEANL g(t) & qa(o(t)) KBRZELFIHETD> 2
ETH5,
PEBREETOEDICE, 0Ry FOREDEHED
EDLLENDE. ¥4FIVAR(QQKRES>EE
R EDR qa(g(t)) PRER g4/ (4(1))F(4(t), z(t)))
TH5. ZEL "HpROD0WTOHPEET. BL
F(p(t),z(t)) =0 &3 ¢(t), x(t) H HEER LI
a5, 08y NOBERZOETELET S EZEH
NHB. TITAAT—BE w(o(t) £0 VT,
BEORE :

Va(t) = qa' (P())w(P(t)) -vvvvrerrannnns 3)
LEBETD. EEL w(o@) IERTHATELL
|wiam = Supy e R 1w (6(1))] BEETIHLTS.

RE&YEERYE zy() REAFIVR R (2) K
B> gt) BAWT

za(t) = (qa(o(®))”, qd' (6(t)Tw(®))T -+ (4)
&%, ZZT, F(¢,z) = w(p(t) =1 THhiF,
HEPETELIBRHOBEB L R Y EREKIC—HT
5. ¥k F(¢,x) = w(d(t)) = a(ER) THNIE,
Hollerbach D 5 &V ¢ 5
2.2 BEEE #EHELYDRYbMOHELTS
RIE zq(t) NEBINEDT, KBRS o), 5ER
EDDOEE (UTRESRE) n(t) 8 ThEAUTO
XOKEETS.

3

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BN X — ¥ RIBIWC X 5 REEERESH 1055
€(#(t),t) = q(t) —qa(@(t)) -~ ovvevee (5) HANERINDZLERETS.
n@t),t) = 4t) - qd' (@) (d() ---- (6) (F# 1] ORYbPYRAFL()IKAH (8) EER

HERENHERMCOKRMBS LR L) #EXRE
REERZORRAMI TERL,

n(8(t),) = &(t)+ad (6(t)) {9(t) —w(o(®)} (7)
LW BHGRYHS.

R (5),(6) DEEEAVTORY NADAN 7 %K
TOXICEHTS.

r) = M(a(t) 5 (aal6(0)w(6(0))
FC(g(e),a(t))ad (6(0)(6(0) + Gla(t)
—Kpe(6(0). )~ Kan($(t),8) -+ (8)

Kp = koI, (I, & nxn OBEATH, k,>0) Kg
RERMBATICTH 5. kp kg EZNEL Ky DR
KEAE BOEEELT .

UTF, ¢(t) DXAF IV X F A

F = w(p(t)) + Kse(o(t), 1) qa’ () ------ )
DHEEEXD (K, REDANS —2H). 8 25

Koe@)7ad (8) = 35 { 27 00e0)} - (0
LEETES. ZHhdBR O HEERKEEROD
Ry VOB L DEREBL S ELLOICBHEES
ZrEBEWTS. oY, 1) ORy MAEEEY B
FHrBIHEERLIGMIT 2) Ry PAEEL
YERFICHIHIHBEED S YHAITLEWOIHR
AH5. EoToRy NIEEBEOLYEVWEEH
Iz ity JYES EEBBNBRIEIHE
KHBLEXONG (H1).

A: Desired pa}zh B: Desired configuration
C: Current configuration

D: The effect of KyeTqq’

E: The closest configuration from the current

configuration
Fig.1 Dynamics F

ROEE G EEEL qu(g(t) BEALF I 2 R
Q) KEILE AN 7 2R (8) ¥ 5BABZ L THHE

hid t - oo DB, IEBEZE (t) — 0, RERE
n(t) — 0 TH 5.
((EH) (& ABR) O

3. ®™ & 4

I

q2

T1
I
q1

Fig.2 2link manipulator

Tablel parameters of 2link manipulator
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Fig.3 Tracked path in configuration space(Simulationl)
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Fig.4 square error vs time(Simulationl)
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Fig.5 Tracked path in configuration space(Simulation2)
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Fig.6 Square error vs time(Simulation2)
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Fig.7 Tracked path in configuration space(Simulation3)

80

60 [ F - ——— k.

apped

[
20
k)
e ]
g Ky=3
=40 |

=0.1
—60 Ko
- Ky=0

-80 [

o1 2 3 4 gl 6 7 8 9

Fig.8 Square error vs time(Simulation3)
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Fig.9 Tracked path in configuration space(Simulation4)
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