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Simulation of Quadruped Robot Running with Visual Adaptation
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Full et al. mentioned that it is important to use two dynamic models for considering principle about
legged locomotion of “Target” like animals or legged robot. One is the simplest model of Target without
any accessories like muscles, and is called “ Template” . It must exhibit targeted behavior. Another
is called “ Anchor”, more similar to Target. It must have characteristics of behavior of Template.
We target “ Kurama ", the robot we developed, and simulate that running robot avoids obstacles like
hole with SLIP model. That assumes using visual adaptation. And we consider about the relation
between stability of forward speed and the placement of loading leg and control of attacking angle of
leg. We propose the method of avoiding obstacles, last evasion fore or hind and avoid 1-step before. It
is Template simulation. So, it is needed to simulate Anchor model. We carry out simulation of Kurama

using " Webots”.

Key Words: Quadruped robot, Template and anchor, SLIP model, Visual adaptation

1 s
1.1 lELoic

Full 5 [1] 1%, B0 3E—Y 3 VRS LOEY PRy b
(" Target”) DJFEELZ T 572812, ”Template” £” Anchor” &
N E 2D NFETIVEEET I VEETH S LA
7-. Template & %, Target DB %KL - i § 2ibd > > T
REFNTHS. Iz HEEICT 27200MBILET IV TH B DS,
KR OHH > Z DOFEZ A FEBEAETH D, 2, HEFED
HEHEH 2T 5 Z 2 AT E B, Anchor X3, KR BIHIER
CoRRE] * TERRE—TEIHIME] OBlmR”» S, Target & 7228
EaRY MOEWETILVTHEZENEF LW, /2, ZO—HT
Anchor (% Template D3RS HBORHMEZ R TWEHEDVDH 5.
Z ZTHX~IE, Target & UL THEIEARY »”Kurama” (X 1)[2] D
ETERNRIZ, ROE SRR TEEZHANS. £, Anchor &
D BRI EE T I L 725 Template & U T Blickhan[3] 232
F U7 SLIP 7V &AW, iEREDZE - FRERRED
RN NFY I ab—ya v iRy, BRAKRKERERL, 20
g% Anchor (A LT DM ZEY I ab—Y 3 VST
W, TOMIEOZ YRR TS, X 5I121%, TOKEE Target
DEBFER T 5 Z L RN HIETH 5.

SLIP €T D & 5 2 —HE TV D E1T DM EE eIl 2
HiAHIE 4] I & DT b0, BRERRE L-REY e (5
HAGEIN) IZETERELEANDIILL 725, Bz ld SLIP €7
ERWEYIab—yvaizk b, FHHlFURIR & ENEE A I
12 & BHTEHEZEDOBREES L7z, T 512, Template TH
% SLIP €T NVOIRZ 5O % fif 2, Target TH 2 Kurama
DOEREIZE, Anchor IKH7-2YHETFLVEY I al—Ya Y
Y 7~ Webots 2L THEK LK (2). ZOWILETILE(HE
AL T, Template DY I ab— 3 V55 NIZHIEOZ Y
P % A LT <

Fig.1 Kurama

Fig.2 simulation model

2 SLIP EF/AYIal—ravigiE

2.1 SLIP(Spring Loaded Inverted Pendulum) €7/

SLIP €7V [3] &iF, K3 ITRTHEM (O) TRIND Mk
HER U NN & D M E 5 —IIEST (M 4) OFHDET IV
Thb. HOBEIZOWOTHEEIZ L2 T2V FHERITRLS, £
KO FVFIFHIBFEEINE, 22T, v HrssBiEs (X4,
HP) TO MiETXVF] & [HiE (x) AIEE TRV Ol
F—ETHY, TNSOIIET 5. H#H (swing) 3B L 0%
Rl (stance) MHCOMB) AFER [3) V27 7w RIFIT K D FES
L, #7¥Iab—varvzi75. £k, A¥Ial—varT
& LO— il - TD— XFHHI DO —EHDIEN % 1step £ T 5.

>

X 0
Fig.3 SLIP model coordinate

HP(Highest Point)

stance
phase

swing
phase

stride

LO (wift ofp) TD (Touch Down)

SLIP model and running

Fig.4 » a” means touchdown angle.
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Fig.5 Back step in obstacle avoidance
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Fig.6 Avoid 1-step before
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Table 1 Summary of obstacle avoidance methods

Azo(mm) | Last evasion | Last evasion | Avoid 1 step before
(fore) (hind)
0~17 O O O
18~27 - O O
28~54 - - O
55~ - - -

4 Anchor®>¥Xal—
Kurama D47 % Target & LT, Template (2725 SLIP €
FLEHAWTIT>72YIalb—Yarveffolz, ZTOYIal—
Va VEEROZY MR T A7291Z, X0 Kurama DJEREIZ
FEWETIVEMERKL, Anchor IZH725Y Ialb—vavziTd
BENRDHD. £IT, M2IIRITYHETVEY Iab—Yay
YV 7 b Webots TER L 7=.

5 &

SLIP 7 )V AMH L CHEZ AR L L /ZEEYEED7-H0D
5 M ORI &ﬁﬂfﬂ%ﬂﬁﬁafﬁﬂﬁﬂ Lk ARiEHELE L OBEFRE

2avIiZLiFT

]]II|I

% U7z. F3id Template (ZH725Y Iab—>arvThdriz
,1§bﬂf:%§%’&¥ﬁ & U Anchor IZ#5 U, 240 % Mt
TEBEDDS.

SE Tk

[1] R.J. Full, D.E. Koditschek, Templates and Anchors: Neurome-
chanical Hypotheses of Legged Locomotion on Land, J. of Exp.
Biol, vol.202, pp.3325-3332, 1999.

2] &, AR, FRIZESHN22EFT2MEEETERY OB,
TR A 7S 2020(FR T E), 2020.

[3] R.Blickhan, The Spring-mass Model for Running and Hopping,
J. of Biomech., vol.22, pp.1217-1227, 1989.

[4] M.H. Raibert, Legged Robot That Balance, MIT press, 1986.

No. 20-2 Proceedings of the 2020 JSME Conference on Robotics and Mechatronics, Kanazawa, Japan, May 27-29, 2020
2P1-J04(2)



