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Contact Stability Analysis on Some Impedance Control Methods

Taisuke Sakaki*! and Susumu Tachi*?

This paper aims at the analysis of the contact stability of impedance control implemented to a robot manipulator.
It is important for next generation robots to realize compliant motion to environment. Impedance control is one of

the compliance control methods. However, there are still contact stability problems that the control system is unstable
when the robot arm implemented with impedance control contacts to a stiff environment. In this paper, two methods
of impedance control, Hogan’s method and acceleration feedback method, are analyzed on the contact stability
influenced with the locations of sensor and actuator. The target impedance, and modeling error are also considered.

An one d.of.

arm grasping a fixed stiff object is modeled and simulated under the consideration of unmodeled

dynamics of the arm and the elasticity of the contact surface of the arm and its object. The analysis draws the results
that the collocation of sensor and actuator does not always stabilize the contact task in the case of the existence of
the unmodeled arm dynamics, and the stable regions of target impedance are different on these methods.

Key Words : Impedance Control, Contact Stability, Non-collocation

L. & C & I

TEAOEEINTWRWEBE TERHT 2 2 L 2 EE LK
HRo Ry Mgk, SRYC U TRER EIEE 21T Hee
BRETHL. 20O L5 RBETE, FEERT—BEOEER
%<, EENEYORPAELRI S 2o THPoTWB I EH
Bizvs, LleBoT, TOLIBBETRE ACEERITIC
3, TEENRMICN L CRRCEMTE 3 2 LR E 2 5.

TRy b7 — ADBRENIN U RO B EE 2T S e D
HEHEFZEOVEDIZ, A Y E—F Y AHERD 2. = OFIHE
X, BEEA =R (B - B - Bl 27 —20
FHRIEESMILLTERLISET2b0THS. ZhE
T, ZOHEEOBAFEELLT, WAWLART LT XAMNE
RENTE. T—ALDFERE Y E2EEL, S EHY
EFETH L CHIER 2 T % Hik1E, Hogan iz & - TIRE
ani[1]. HeryrREeTcEmIEE 250 L THIEE R
WHT2, WOOINEEY 4 —FoNw 7831, #H-fsick
STREEINTWE[2]. &2, /ANE S EERNE T 7 VB
FIHR 2 Wi k%, MBS 34ELY 7 — kB ni Bk

EfZT 1993F4 A 15
RS [ B
PR RS R R v 5 —
*Yaskawa Electric Corporation
*2RCAST University of Tokyo

HAoRy MESEI12E3S

—155—

[9]ZEEL TV,

Lal, 4 =5 A4iflieERT 2, BlRLizy
NIXE SR VLERENRWL DD B, FOVEDIE, frE—F
Y AHIE B U7 — A R BB IC A X ¥ B L IR
TREBWXRDEWHIMETHS. Fl2iE, 7—rDFRITER
LIS g4y A0EEHE (BES Y E—F Y R)
DH%, BEEEOERNS LD L, BOBREA ORI
RN REEWC S Z e’ gEShTwE[8][12]. 1 >¢
— S AHBECR &3, —Rc, HEEEEB L7 — AR
HOBABROEREICHEMEI Y2 &, HEHRANTEEC RS L
BHISNTWS., Ihr2EMmTElEEw>[(3]-[7]. Zh
&, 77Fax—8erh L 2RET 2EMBELZZVHO
% non-collocation DHE, 77— L E2BLWEBRECEMI ¥ 3
&, T—ALB2HEIT27 7 Fax—F 7 —LFROE Y
DM, FNETERL TWEDL S EEREER) 72 ED
REOEENRN LT DTH 5. I3 Ui e Mg * ik
FTERIHEZELLT, 727F2x—3 sy e 2RAUEFIIZBN
T, 7o7Fazx—F DREESR, EHEE, HEBRCEW2, 77
Faxz—F LY D collocation BWERITH 5 I 451
TW5.

A =5 A BT 5 BMEEREIC O WT, Ekn
{OHOWMERD D0, FFHIOERELEELOEEEH
FRUTBODoRERBZENTHRYL. 4 E—F > R4
DOFEMEEMRTIE, TL LT Hogan O FEIZDOWTUTO &

1994 £ 4 B



490 it

3R 3T WS, Flz213 Volpe » 1%, Hogan OF ik
oWnT, HEHREESE CEMmEEENLT S L5 nEEA
vE—S v AOEEEEHEBER OV THEH L [8]
Kazerooni 1%, ETFMETE R WEIRMEOFEREEL,
Hogan O AKIZDWTHEREE LG ORE LT L Tw 5
[12]. Sharon % ¥ macro-micro manipulator 7 % K/ND 2
BOMELE D7 — A% A TEEN R EBMIEE R ERL /-4
(4], BECEHTE ZHES > © -5 2ADHEHZ T3 ITHR
L Cwizws. Lawrence BHHAIOMAHEN EERL, BER
FIE AT S T D EEA ¥ ¥ — 5 v A OBERE B HAT L 7228
[5], €EFMEQEELWT — ABREOFEEZRICANLTY
v, 51k, Hogan O FiEA—BLL 7z BT, BB
W) R BN BIE R MRAT U728 11], EE & hie RSy~
DEMEERIZOVTRETLTE ST, 7—A0OENRE2ENY
FETTNCHETEL LT HREEZBYTVRS. Zh oD
T, FEDBE, ROLI LMBEEANE>TWE. H—
2, BT MEOHLUWIEBIERY T — A CFEET 256, FE
DFIFEC DOV TR & T 7 F 2 x—F D collocation IZ
rotgmMrREbtTELZ BN T VR EOD[3]-
[7], 4 v E—F 2§ ZOHEREZFDOELHATE S0
E3 MBS TRY, B, BV ETF 7 Far—F DERED
collocation £ 725 TWABIIWME T 4 — NNy ZEHEIZ DV,
B EEOBRE BRI T, B A v E—5 Xl
HOHBOEREFECBWT, HEA VE—F UV ADRIIT A —
¥ DEMZE T T 2 BEOBRS TS TR Y. B2,
FNALEZE - FEOFE B ER I AN IET B 0.

#ZT, 2O T, Hogan @7k 1] X885 DI E
T4 —FNw7E[2]EnS 200FERED BT, viav
—Ya Ik o TEMZEE Y BENCHEN T2 245
[14]. Hogan D FETR VY 7 7 Fan—F ORER
non-collocation TH D, MEE 7 4+ — NV 7 ETIZ collo-
cation TH 5. IhoDFHEIHL, EFNVEOHE L WIRE)
EERT —ALACEETALEE, ¥V T 7 Far—5 O/
BEOEMZERCH T 2R ERNS. Tk, BEAf E—
FYADENT A=, TTMEERE - BHORELERT 5.

2. BEMREMNTIal—a  Bf

2.1 KERE TR 2BMORE & FTRELER

F9, BEEDRL RO 2 D ORI AL R 5T TE
z5.

< R 2 BEl DR RE

< EH R AR REE
BAROREEY, BRI IREE D S EHEIREBICS 0 5. A
HI B DR & 13, 7 — LD BRI 2 USRI O kA Tk
RTH2RERIET. ZORER, 7—APRBECELLVE
hie 0+ 2 0TI CEERIE 2 EO10]. 272, E%
B2 BEloDiREE & i, EEN L EMRE R, T -AMNRRK
WFRNCEML TWARERET. 7TASREREFL Y
ZIREED ChIZEEN 5.

W2, 7 — A THER 2T 1B S L2 e i 2 ER
2E 25 FERELCOERL LT, kL DROELHIERH S

JRSJ Vol. 12 No. 3

— 156 —

® W & I

hTtwa[31-18].

1) BB ¥ o £ 5 EF LT E R WEROKE)
E—N,

2) XY &7 7 F a2 —%F D non-collocation,

3) EIREOEE S, RUOEHRREOIRE LIRS,

4) B O ERE,

5) 77 F ax—5 K OIRBME,

6) HIEDOAAEN.
INSDERDO B DE DDV TIRT CIRIETHHEL
7o BEE 3) R AR COREK TH S, EEH4)-6) 13
BOREBIC & 53, BT ERCEET 2 ERTHS. ER
4) 1, BHRE OREIMEV T2 7 — A OEE) L RV F — IR
FTEHEIENTERWI ERIET. BERS L 6)iF, WInbil
IR FRCETT 2 L8 TERWEDICEMORETE R LY
Lb2bDTHb. EEOEMEECBWTIE, 7T—20H
B 7orFar—sRayiu—70E BRATHEEO
FHRICE - T, ErTLElT 2XRENRBERPRELS. C
D & 3 ICEEOER EAEECOER BB THEEE Y, Z
noE—EIFT A 2 Lk L L.

DEDZEms, 4 vve—F v & BT 5 e EfE
PHENT2E—XFy 7L LT, ROL S CHERZEHMLLT
EBEETTOLIEITS.

1) 4 rE—F v &N X 2800 mER O REBIZEET
BHREEL WD, 7 —AnBE L EENRE
OIRED A E2EZL L. Ihd oBEEEDLESRES
=L

2) T —ARHFEET2ETMVEOE L WIRBIESR % 1 IKIRE)
E— Nzl s. T TAESEEL L, FERCAL
ZETNVIED RO WIREIEROEBELHNS. h
X, S, ¥rHE7 792 r—F OREBOBNMEER
¥ sci3t+aThs.

3) BEBOBBEEREDOA LT 5. B OB IR
[10]D & 5 1B « #hE - BIPED 2 KRBV LD —BETH
5. Lal, BHEERTEMEO7 — A0 RV —%
BORT 5700, Zhelho CEfEmed L Tk
LWwiHed s,

2.2 HERAOER & 7 — AIZER U - RAEEEEDE ]

2. 1 TCOERMEZ T, RS CHEITT 2BMROET VD
BERERL, W7 —LFRCHIEC & - TEE LU RIS
HEEHT 5.

7 — ADBREE BRI EE R 2 AR RE B R R B R
EIER, RO LS ke ns. 7 —A0FEBOERME
EAVE—F VAR E B DT T — LAFEOREE M
G(s) £33, 7T—AoWRECEAT 2% F. 9%, Fig.
1ERTEIEBENLS T —AOHT] —F W37 — 4
IR OEE X OGEBAKNGE) TH D, INEFTFHECER
LRI 7 I VR, ThbbA rE—5r AOMEICHY
T5 BEER hrETLET—LTEroEFHX EIU
C, 7 —Fe BRELT —AXELD. BEREELEBITL
FREROXEI71[8] TR, 7T—ALBEEL 2&DEEEYE
PEHL, ChE7—ARHEHT 2 HEEREHEAEDE CHE

Apr., 1994



4 Y E—=Fr AHEOBEMEZER T OV T O—EE 491

Xes Fe
ke

Xs

G

Fig.1 Block diagram of arm-object contact system.
Xs: arm endpoint position
Xes: object surface position
Fe: external force
ke : object elasticity
G : arm endpoint virtual dynamics
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(a) Arm including first mode with a force sensor.

lj; ﬁ>mk2 X2

ki
mil J\/\,—I:-E m?2 /
<%f
b1 b2 e
e
motor link object

(b) Arm including first mode without force sensors.

Fig.2 Dynamics model of contact task system between robot
and its object.
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(a) Root locus of closed loop of arm-object contact system.
e=0— OO[N/m]
mo=1[Kg](<m; +m,=3.85[Kg]),
bo=50[N/(m/s)], ko=10[N/m] : fixed.
x: poles at ke=0, 1000 and ke=10000[N/m].
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(b) Pole-zero map of open loop transfer function Gi.
bo=50—1000[N/(m/s)].
me=1[Kgl(<m:+m.=3.85[Kg]),
ko=10[N/m]: fixed.
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(¢) Pole-zero map of open loop transfer function Gi.
mo=1—10[Kg].
bo=50[N/(m/s)], ke=10[N/m] : fixed.

Fig.3 Hogan’s method applied to the arm including first mode.
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(a) Root locus closed loop of arm-object system.
ke=0—co[N/m].
me=1[Kgl(< m;+m,=3.85[Kg]),
bo=50[N/(m/s)], ke=10[N/m] : fixed.
x : poles at ke=0, 1000 and ke=10000 [N/m].
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(b) Pole—zero map of open loop transfer function Ga.
mo=1—0.1[Kg].
bo=50[N/(m/s)], ke=10[N/m] : fixed.

Fig.4 Tachi and Sakaki’s acceleration feedback method
applied to the arm including first mode.
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(a) Hogan’s method with model error at 509 of actual inertia

value.
x : poles at ke=1, 1000, 10000[N/m].
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(c) Acceleration feedback method with model error at 509% of
actual inertia value.
x : poles at ke=1, 1000, 10000[N/m].
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(b) Hogan’s method with model error at 150% of actual inertia
value.
x : poles at ke=1, 1000, 10000[N/m].
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(d) Acceleration feedback method with model error at 150% of
actual inertia value. '
x: poles at ke=1, 1000, 10000[N/m].

Fig.5 Influence of model error to contact stability.
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