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Understanding of interlocking mechansim in forearm of mammals for design of
versatile quadrupedal robot
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This study found locking phenomenon in the forearms of carnivorous mammals
depending on body supporting weight. To understand the forelimb locking mechanism and to clarify the
effects of the forearm™ locking phenomenon on the turning gait motion, this study conducted animal
dissection, locomotion measurement, and robot experiments. The results of anatomical measurements
revealed that the immobilization phenomenon of the forearm is caused by the linkage through flexor
muscles such as palmaris longus and carpometacarpal flexor muscles. In addition, the gait analysis
of a red panda’ walking turn revealed that the duty factor of the hind-inside limb increased during
the turning gait. In addition, a sensor feedback law based on leg load and trunk movement speed was
successfully used to generate a turning gait of the robot according to the timing of turning and
the robot"s morphology.



B X C—19, F—19—1 dtm)

1. BB IDER
FEHRZBEXMEY, A SRS EHED X 27 &
HHYFEE LTl e ARy N OBFERTITEAIITD
TV, UHeRy MoaRy N7 —L%2BIN4 5
L TEBEZ AT LR ERES X7 2 [FRFICAT O
mobile manipulator OV FHANZ 1], HEZ
HhEE) 721 Tl SHFHRIEX XA 7 I HIEHT 2 2 &
TEUE, BARy FOERHEY 2 — VBB HEED
HIBIZ &R 2728, [RONTZEPICIBWTESER e # A
JEROLND AFEBEI ARy M E > CTEHEERAR
i 722 Z ERHIFES LD, L LR b, Bk
DU = AR NS 508 1 SOk E LT#EN
Tkh (K1 E), FEITREX A7 YLt 5 HE B
HEEORINL, vAR > b ORISR GHOE B HIEH 2 5
T 2LV ERD L. oo,
*ji“C, i Gl =P A &@ﬁli‘] H uﬁ?l.‘iﬁfi, H—J'Eg/éﬁ Radioulnajoint__¥ /)
WINZC, FEBEHE, B, T LTFoubExAl /
LHiEE A EELT AR A LT (X1T), &
NOEILHRWHT D Z LT, BHTEEZ T TR,
AR OB, Y ERE 2 DEMEZFEBLL TV,
AR CIIAFZER G ORIEERE & LT, BN BRI O
ﬁgg’”%ﬁ LTHﬁ%o){Z{:Eiﬁfcﬁ &@ﬁffﬂlﬂﬁ‘éﬁﬁf% 1. Pupie R~ b (¥ |, BostonDynamics
EME LT, ZORGR, FIPEH LA EREEZ S wspor) Al AMILE (KT, 7<) O
Z LW TITRIOESMNERNIEE SND LD TRT gpkss oz,
BEAREMEEIS ) 28 L. sl fREbEgGo 2 1=
ALEHOENZTHZ ENTEE, 2Ry NOBEE OES) A B E 2 PRk LoD, dEE)HH % fE
LT HZ EBREIFFTE L. L Lo, RO T, Ao B rig-Cf &7 &
DOFHABT LI TND DD, FiANEEBRIZOWTIIH L TidZeu.

2. HFEEDEW
A2 T, BN EEABORAIEIRED A = X L% 50N L, iz TE A L7
WIS 70 IR D BN E A THER - HI RO vy B AW ONCTHZ E2HNET 5.

3. BIREDIIE

WHIER R Z LT D 7201, fFRIFE TH DRFIEFAIE (GRFERT) LRy P THEETHD
FEHA— ORBORY) gL, SO « 5HI S BBEE T L, mRy b IRIEERD SRR
LB R OJFEE & v AR > NEEE - I ~D R 23 7. BARRITARRIZE TI, ORI
TN RWTZR T Y JIPEFHR, @hERIEF Q8 OEEFHE, I L O@EEHIH#E OMEREED 3 >
DOHFFEE B IZHD AT,

4. HERE
4. 1. 7-~<aiBEORIMEEE & REbssig 2, 3, 4]

A REM LIS D A I = XL EH SN T D720 ORI T, a7 Thdr Y%/
U 7= O REE O E R E RS A2 &K TR ERE ORI EEIT o7, REMEHE O
SHAEEE AZPEE L (M 2/E), RENCE 2720 U0 OEN A 12T HETT MV Y 25T 5
Z L CHIBEORA L Y AIEEHEET S, FHUOR S, REXFHIMEY T o BmEMELHEMNI X5 Z

Trw——n

Sample
(asian black bear)

s REELIITT) e a 0 |
g x 7
lr -_’ — - - <S N Sl
S| Rotarystageand | < ~ | | I I
1 torque sensor a 0 10 20 30 40 50 60 70 80 90
F A 0 [deg]

B 2. /o4 U0 BIPEGHA & RNE e OB, (74 B Lo ARBMLBIGEHIEEE.
(M ge) figEo4a T Witk & T e B KA. (KA) Al B LRSS € 7 .



ETHIBORC VRIS S E L 2 &, T LT, WML ELHRALZERT 52 & T, miliaty
WM D TR BT EKAEENRTE D Z EBH LN E o7 (K2 dd) [2].

FHUFE RO LIS E ARELB R 2 HAT 2B ET VB L OB L. (M2 4)
(3,4]. REMPLFMREMREOREMHZMNT 52 LT, KR EOERESFFIT L 2 EHDOTES D
NS, IE 0 IZRING R~ 2 LA L, BSVEEZHES D X5 I/ET 5 2 & TRE)
BBAIIRBLT LB 0ND. MRy N =212k 2 RKHE EOEBEMIL ZhE Thx
REIRE AR R FEENRE STV DN, ABFETHER - RET DO LV ERZ &5
3 WITHY BN, Fo B HE 2 fhok L o > RPURFRY 2 EMEIC K 5 m R > Ml 2 i
635 Z L lirF S D,

4. 2. BWOREEITTEHHI[5]

RIS EB R O LD L O IIERHT 20572
WIS, RREBWAROHIOL &, by —r0 X ONE
FISTRHAI 21T > 72, B = — A 90 FEfER 22— R kT
Eher¥o—rE2EEL, Ly —_uFicy— Lk
EAATLTH B H I & T, MOBRALE SO ) 5%
FHAI L 72, FHAIOFE SR, EITH MG U TRIE RO LS
BDENLTWAEZ ERMR SN (K3). £/, 180
FERTT 2 BRI, FERIPNRI D% I A3 B2 3 2 1R 23 5
THZEHHITHL N E /072 [5].

4. 3. BIRRYRBEEIBTHIES, 7, 8]
B OITENBIEE O M RIS &, B o BT EB)HIE O
HEE L RE 21T o 7.

U RV Ve EELEN R 28I, HEOALED
O HITIEI R CHERNC LB 2 R AESED. 29
U 7o RERO R R L Tl i 72 g [m] e 8) o 1l ) A 7
= A LW BT DIOITAIE TR, RIS DOKRE
SITHESW OB HI A 22 R L7 [6]. vl b
Etha HOVIRGERBROMER, 1Ry N OBEOEI IS
U CRDRAVICHE 2 A= - I D 1 /< 57— o D Az ik
WCRRPY L7e. Z ORI, B oEZHIEIFEE O AR O
IR, Rk H A7 BT HME e AR v b OEOLLE
(R DS EZ ] B S 2 ENWIFTE L.

E7, EAEEE ) O EMEEBH~OBEBHRIER LT
REEE U7 B EIHIEIE 7 L Tl, _BALPRARR R AR

T 2 — A b ORERI 7T &, (RO f
%gga:gd < Y 71%4@»'— s §i£A§? 4. SRl 2 S5 25
5T, SMUIEA BIEET 5 27 » 75— & PRI Bes > b
JEE 2 A e 2= T, HRBOS S - NisiES) 2 3 CALAYICIREE ST 2 2 LICpsh L7
[7].

7o, KBRS A 7B TRAEMA - il A ) =X L EREET 72018, JAHIHES<
NG URAFH =X LOBFIT I AT, T o Za f LTBRITRH S S o SMs s
DENL % S S T REHEFNIC LY, BRy FRRADEI RN LEBOLENEZND Z LR T
&5 (8],

BEE

ARG 2 AT T DBV, BIKBERFOVE 2 RIEBERICIZIZ L OBhE 2B -7, £72, K
LYy —EEAS R B AR O/NEE — K, HEERIZE, 3oESGHIICS KR D
BhEG-T. ZZICESOEER LET.

B3 3Tk

1. H.Chai,et al., Biomimetic Intelligence and Robotics, 2(1), 100029, 2022.

24555, ROBOMECH2023, 1A1-E21, 2023.

3.4ER 5, RSJ2023, 1B1-03, 2023.

4 #5J5 5, ROBOMECH2024, 2A1-MO08, 2024

SHER D, HAREMERE 93 [N K<y 2022, 3H30-1345, 2022.

6. H. Amaike et al., JRM, 35(5), 1290-1299. https://doi.org/10.20965/jrm.2023.p1290, 2023.
7. H. Amaike et al., AR, accepted, 2024.

8. AKEH, ROBOMECH2023, 1P1-121, 2023



https://doi.org/10.20965/jrm.2023.p1290

5 4 1 3

Fukuhara Akira, Gunji Megu, Masuda Yoichi 36
Comparative anatomy of quadruped robots and animals: a review 2022
Advanced Robotics 612 630
DOl
10.1080/01691864 .2022.2086018
Sellers William Irvin, Cross Charlotte Francesca, Fukuhara Akira, Ishiguro Akio, Hirasaki Eishi 10
Producing non-steady-state gaits (starting, stopping, and turning) in a biologically realistic 2022
guadrupedal simulation
Frontiers in Ecology and Evolution 1-15
DOl
10.3389/fevo0.2022.954838
Fukuhara Akira 41
Tracing Feline Shoulder toward Adaptive Legged Robots 2023
Journal of the Robotics Society of Japan 247 252
DOl
10.7210/jrsj .41.247
Amaike Hayato, Fukuhara Akira, Kano Takeshi, Ishiguro Akio 35
Decentralized Control Mechanism Underlying Morphology-Dependent Quadruped Turning 2023
Journal of Robotics and Mechatronics 1290 1299

DOl
10.20965/jrm.2023.p1290




Amaike Hayato, Fukuhara Akira, Kano Takeshi, Ishiguro Akio

nan

Decentralized control mechanism for limb steering in quadruped

2024

Advanced Robotics, Accepted

nan

DOl

35 6 7

93 2022

2022

35

2023

35

2023




35

2023

walk

35

2023

Akira Fukuhara

Biomimetic robots exploring design principles underlying animal body for field deployable soft robotics

Workshop of Field Deployable Soft Robotics: Challenges and Opportunities [W5b] in ROBOSOFT2023

2023

Tomoe Maeta, Hayato Amaike, Akira Fukuhara, Takeshi Kano, Akio Ishiguro

On the role of the leading limb in quadrupedal turning

The 11th international symposium on adaptive motion of animals and machines

2023




Yoichi Masuda, Kazuhiro Miyashita, Aritsune Kobayashi, Tatsuya Yoshida, Megu Gunji, Akira Fukuhara, Yuji Takahashi, Ohmura
Hajime, Kenjiro Tadakuma, Masato Ishikawa

Comprehensive Robot Model Based on Horse Anatomy: Towards Understanding the Passive Dynamics of Limbs

The 11th international symposium on adaptive motion of animals and machines

2023

2023
2023

2023
2023

2023

2023




2023

2023

2023
2023

2023
2023

Akira Fukuhara

Polysemantic body in animal®s versatile behabiors guiding flexible robot design

IROS 2021 Workshop on New Advances in Soft Robots Modeling and Control

2021




2021

2021

SICE Tohoku x

2021
39 (RSJ2021)
2021
39 (RSJ2021)

2021




34

2022

34

2022

34

2022

34

2022




34

2022

2022
2022

2022
2022

2022

2022




2022

2022

Akira Fukuhara

Exploring Design Principle Underlying Polysemantic Forelimb of Carnivoran Mammals

The 11th international symposium on adaptive motion of animals and machines

2023

41

2023

( 19 ECSRA )

2023




2024

2024

2024

2024

Akira Fukuhara, Hayato Amaike, Megu Gunji, Yoichi Masuda, Kenjiro Tadakuma, Akio Ishiguro

Body-support-dependency of the torsional stiffness in the forearm of Asian black bear (Ursus thibetanus)

International Conguress of Vertebrate Morphology ICVM 2022

2023

Akira Fukuhara, Hayato Amaike, Megu Gunji, Yoichi Masuda, Kenjiro Tadakuma, Akio Ishiguro

Quadruped robots toward decoding functionality of carnivorous mammal’ s anatomical structures; flexible shoulder and
polysemantic forearm

The 11th international symposium on adaptive motion of animals and machines

2023




https://polysemanticrobotics.wixsite.com/tagimech

(Masuda Yoichi)

(70849760) (14401)

(Gunji Megu)

(80833839) (32663)

Organized Session: Comprehensive biomimetics - decoding functionality of animal
body by collaboration between anatomy and robotics, AMAM2023

2023

2023

The University of Manchester




