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Verification of a hypothesis that quadrupedal gait patterns vary according to
the posture
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Our aim is to make our hypothesis strong that walking and running gait
patterns are triggered by the body posture (body oscillation) that changes according to the speed.
To do this, we use our new quadruped robot with more realistic mechanisms and neural system models,
similar to an animal and allow the robot to generate walking and running gait patterns. We first
demonstrated the effectiveness of our proposed realistic nervous system by using a quadruped
simulation model. Next, we applied the nervous system to a cat-like quadruped robot with more
realistic mechanism driven by artificial muscle actuators and succeeded in demonstrating gait
generation between walking, troting, and galloping on the robot, which are observed on an animal.
These results should boost our hypothesis.



X C—19. F—19—1, Z2—19 (58)

1. WFFEBAA S D 5

4 BB OBATEIT RF — 2 L1X, 4 D —E OB 2 %2 Ff > TR TETT DO E T X
B— DT EHEZW, 1 OFIOERIZ, BWIIRBENEE A b TEREO S TET Y — %
’@J%’Qifwé. COREERIFEEN A BIE L C, B, £y, MRAEET, B, v
EEHSy u\f$‘ﬁ&51%< DRFFEN TN ST E T2, o T, BITEIT/ Y — o DAL
zxﬂfpﬁﬂfém‘i BEET BT D TR E VIR KR 2 S 72 b 3. fEko#®E TlX, 3
KT iob‘fiill/% ﬁ‘ﬂid\k 72% & H1Z walk, trot, gallop 72 & D% — (X 1)%8] 0
BRZTWAEWVWIERATENRLE 2> T0D. L L, TXAVF—HKBIZRST-DIFE T — %
U R R E S, [JHx D2 =0 RNED L HITERESND DD, REZORRNF —2 T
BHERD DD, FTIXEDMETHLELIN TR, I T, Fxid4 2E8HOT I 21—
varETARLe Ry MEHWTIOSFARFEZMEATL L2 BEL TS,

BHIN—ERMIEETR

MOIRIEmT D O 2 A FHIAE

FIFAAE

| hEY
frteE

walk trot gallop
1. BWOBITEIT N F — AR

2. HFEDOHK

ARHFEFZED BE, ZivE COMFFEREI[2][8]2> & HGEE 238 TG TR IS U T
b9 2% B0 5 B8 (ARIEER) BERDBITET Y- 2FHETDH 22 NETILVEMMICE
WHRE T L - A RO 4 @Ry MCX DBTEIT/ Y — AR OFEBUT LSV CTEFE M
DEWNWHEDIZTHZ L THD.

3. WD Hik

INETICHME LEY I 2 b—y a7 ARy MRIBICHW & 28317 E£171EH)
Z AT 2 IR O R R T LI Central pattern generator (CPG) & MEEN DV AT LA TH
L. BT ETORERN BT Y X 8%, FHECHFIET 52D CPGIZ L » TAEAHLTW
5L ‘zbhﬂ\é. INFETHOYIal—yaryEFAEaRy MTHWE CPG I 2 ()2
T LN, RN a—a VBTN DEEINT TV RETATHY, ZHIZLY
%\HH%%@J LTV, AHFFECTCHWS CPG 51X 2 b RT L 9 7, 2 B CPG &I
NHETLTHDH. ZiuE, Rybakldl bic k- TRESh T, —H—BEBEE O 7D CPG E
FE—H 3 iz 6 SOBATHE TE DL IICHELEZET AL THD. F=a—nrT5
UL Rybak ICE > TRESNEZETAZHANVTWS., Zhz, xRy McHWS Z &I
L7273, & CPG 23R SN HEMEZFHATRENE 9 A iET 572010, £FI3Micanky
WHEMRI2L—2a 70 (K3@) 122D CPG ZHWT, #1(T, BLXOBEERN A
REDNE I D ERGET D Z iz L.

Tz, TOVI 2 b—va UEERFFET T, K2 @IIRT XD Ry TV RS & FF
SuRy FTIEARL, IEEHENLL, ELICALHRAT 7 Fax—2TEIC, L0BFENR
MR 2 R o 4 e AR > & (K 30b) #HIEL, FEBITDHZ LTz,

4. WFFER R
(1) A I 21—y a e T ML D 28 CPG OARNEREE
SWICTRTHEET AL LEY I 2 — 3 VETADOHBRET A, UToRXicEs
no.
F=Fpax (A-f(V)-F-F,+F,) [N (1)

F LEIXHHE & kﬂb?ﬂ%ﬁﬂﬁu_f;{, BIIXBERTHD. Fuayl T L OMHAN Y D RKIE
HhThHd. fFINIC 2(b)0>2rs%):CPG0>T WZhHDBE—H=a—arnbLOHINRAL SR
5.



Inprur

(50 8 FE )

T EhEE R ER

(a) #tEEFIL

. '1100 mm

‘__j 61 mm

(a) (b)
X 3. HEREFNLEKEET LD 1M

VIal—i g rETFIMICHWE 2 BEE CPG o EF L IR@)~@)TEEND.

dav
C- e —INap = Ik = ILeak = IsynE = Isynm )
av
¢ E = ~Ireak — Isynk — Isyn1: ®)

INaP = gNaP " MNap - Anap * (V — Ena),
Ix = gk -mg - (V — Eg),
Ieak = Oleak ' (V - ELeak)v (4')

ISynE,i = gSynE ' (Vl - ESynE)
. (Zjaﬁ f(VJ) t+c-d+wy, -feedbackl),

ISan,i = g_San ' (Vl - ESan)

: (Zibii - f(V;) + wy; - feedback, + Yyay; - f (Vi) + TicBmi 'f(Vm)).

ZOROFEM OV TRl 2B L Tz, ERXohahs=a—a o



SRR BEALV N S LA FORGB) 2B L CROICA D ENDFW)REFESNS.

fv) = {1/(1 +exp(—(V - V1/2)/k)) GfV = V)

0 (otherwise),

PLED L CTEIMEZBREIT 2 6 DOFGNE T /LOSBEE) S HL, BT ETHARRIZZR S 4R L LT,

V3Ialb—Ta BT, BE L walk REIC K BT, BL O trot LRIC K T EFEHR

L, WEDHOAEFESLARETH DI LA L. ZOMBIISCHRBIICB W THE Lz,

(2) NLHWRT 7 F ax—XI L0 ERET 2880072 4 aR v kO walk, trot, gallop TD

BATAEATHIL

(1) ¥ I ab—3 a3 EFMIAWE 2 BE CPG E7 /%X 3(0) D A\ LK CEREI4 %
4 e Ry MZHWT, walk, trot, gallop TOMRITETEZEBTHIZ L2 HE L. BREL

T, TRCOBRTHTATSES Z LIRS LT, K417 gallop LT HE T 27T

N

F7z,

4. Gallop #£E1T

5, 6, 72FNTh, trot 75 gallop ICHAER 5 E & D CPGHNO RGE ==

—w AR, R OBEHIKEE, RAEBROT —2 2R

FE

RG-E=Z = — 0O »iEl

RG-E_LF

o
~

o
w

o
o

=]
s

(=]

=
(%3]

Time [s]

5. Trot-gallop B D RG-E = = — v LiEVEE

T e B T B B S o o oo o [ o

TR = B BN o B RN BN BN BT N o =

RE |-l b

SIS BN BN BN BE NN SR BN A B N B
Time [s]

6.  Trot-gallop IR JHIEE G H




= pitch roll

20
&0
(1]
=
1 1 1 1 | = P . Y T TS 1
= 0 t t t t t t t t
L
*®
= -20
15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20

Time [s]

7. Trot-gallop BRI O R AR}

5, 6 D1T58H NG, MOMMARENEDL Y, BEN trot 75 gallop IZERE L TV 5D
ZEDMERRTE D, £, KT T, gallop OFFIE trot XY HIABERINAKE < o TWnDHZ &
DboMd. T, Pk x N EE L T, IAAREFNCS U CTRENERT D &) FiEE2R
L7z#ER e 58T 5. walk-trot OERIZOWTHRZ L 9 SRR TV S,

INODORERIZLY, R TELEY VIR AW I 2L —varEFALORY R &
FAROFEF N, LV BIEMR CPG ET /L, BXOATLHHTEE TS 4Ry MzBWThH
BonlcZ b, TrNTRLTCELESFEBRBEORBTOER L H>MEN LY EL ol b
Ezbhb.

235 3CHK

[1] Y. Fukuoka, K. Fukino, Y. Habu and Y. Mori, Energy evaluation of a bio—inspired
gait modulation method for quadrupedal locomotion, Bioinspiration & Biomimetics, vol. 10,
No. 4, 046017, 2015.

[2] Y. Fukuoka, Y. Habu and T. Fukui, A simple rule for quadrupedal gait generation
determined by leg loading feedback: a modeling study, Scientific Reports (Impact
Factor: 4.3), Vol.5, No.8169; DOI:10.1038/srep08169, 2015

[3] Analysis of the gait generation principle by a simulated quadruped model with a
CPG incorporating vestibular modulation, Y. Fukuoka, Y. Habu, T. Fukui, Biological
Cybernetics, Vol. 107, No.6, pp.695-710, 2013

[4] Rybak IA, Shevtsova NA, Lafreniere—Roula M, et al. Modelling spinal circuitry
involved in locomotor pattern generation: insights from deletions during fictive
locomotion. J Physiol, 577(2): 617-639, 2006.

[5] Habu Y, Uta K, Fukuoka Y., Three—dimensional walking of a simulated muscle—driven
quadruped robot with neuromorphic two—level central pattern generators. International
Journal of Advanced Robotic Systems, 16(6), 2019.



4 4 0 3

Yasushi Habu, Keiichiro Uta, Yasuhiro Fukuoka 16
Three-dimensional walking of a simulated muscle-driven quadruped robot with neuromorphic two- 2019
level central pattern generators
International Journal of Advanced Robotic Systems
DOl
10.1177/1729881419885288
T. Fukui, H. Fujisawa, K. Otaka, Y. Fukuoka 11
Autonomous gait transition and gallopingover unperceived obstacles of a quadruped robot with 2019
CPG modulated by vestibular feedback
Robotics and Autonomous Systems 1-19
DOl
10.1016/j .robot.2018.10.002
s s 85
Pace 4 2019
18-36
DOl
10.1299/transjsme.18-00360
tl tl I I 86
2020
1-18

DOl
10.1299/transjsme.19-00312




3 0 3

Takahiro Fukui, Keigo Nakamura, Yasushi Habu, Yasuhiro Fukuoka

Animal-like Gait Adaptation by a Simulated Quadruped Model with Central Pattern Generators

2018 International Conference on Engineering and Natural Science-Summer Session

2018

Takahiro Fukui, Keigo Nakamura, Yasushi Habu, YasuhiroFukuoka

Animal-like Walking and Running by a Simulated Quadruped Model

The 14th International Student Conference in Ibaraki

2018

Yasushi Habu, Yuuta Yamada, Satoshi Fukui and Yasuhiro Fukuoka

A Simple Rule for Quadrupedal Gait Transition Proposed by a Simulated Muscle-driven QuadrupedModel with Two-level CPGs

ROB102018

2018







