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Animal Aguatic Stepping

<) gujo.KeEps://www.youtube.com/watch?v=INcuZmugX5w
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Previous works on
design leg

ToP BOTTOM |

Reconstruct Leg Kinematics
Student: Reza Safal

Student: Patrick Shwizer
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Purpose

Develop a methodology for generic foot design, in sprawling
posture undulatory-spine-based robots.

Lizard locomotion 1:
High-speed gudrupedal and bipedal running

Zebra-tailed lizard (Callisaurus draconoides)

Dr. Bruce C. Jayne

Department of Biological Sciences  univesity n:l@ '
Cincinnati



Project components

Develop a methodology for generic foot design, in sprawling
posture undulatory-spine-based robots.

Y Experimentation,
Hardware design analysis and
concept conclusions

Design methodology
(Niches in Taxonomy)
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Biological classification (sprawling posture)

Investigate systematically inside animal taxonomy Kingdom

Phylum

Animalia Class

\

Chordata -Arthropeda

,/eﬁ/ \\

Reptilia Aves- Marmmalia Amphibian



Biological classification (sprawling posture)

Class
Order
Sub-order
Family
Reptilia Specie

|

1F Sphenodontia
‘/jrocodn \ Squamata i |
£ O\

Gavialidae Crocodylidae Cryptodira Pleurodira J
Alligatoridae l | Amphisbaenia
Jr 0. tetraspis Y Qipae Serpends Lacerteli
A. Alligator i ‘// \
P. C. Concinna Gekkota Diplogossa
Iguania
Scincomorpha plytynota
Phynostamotidae Iguanidae Teiidae Varanidae
U. scoparia D. Dorsalis Cn. Tigris Monitor Lizard

P. platyrhinos
Ca. draconoides

Representative animals



Biological classification (sprawling posture)

Class
Order
Sub-order
l Family
Specie

Amphibian

7\ T

Gymnophiona

Anura 7udam\\‘

Hyperoliidae  Cryptobranchoidea Salamandroide__ Sirenoidea-

K. maclulata / / \\'
Cryptobrywchcidea Ambystomatidae

Dicamptodontidae Salamandridae

A. japonicus Dicamptodon tenebrosus P. Walt A, tigrinum



Biological classification (sprawling posture)

Animalia Kingdom
Phylum
Ch ’.| {ata Arthropoda Class
Order
Sub-order
Family
\KA Specie

Aues Marmmalia Amphibian
RE"I:ItI|Iﬂ

: Anura Cau dafa Gymnophiona
|nrndulﬂ—,,f/,,1'.:;;oq Sphenodontia \

‘:.qu.:n"dfd /
Ga'-.rlalldac l C mdlra
) Crocodylidae Cryp Pleumdlra Hyperoliidae [ryptnhranchmdea Salamandroide _ Sirenoidea
Amphlshaema

Alligatoridae I J
J 0. tetraspis cmydidae Serpends Lacerteli k. maculata
A Alligator l / \

Cryptobra Chmde'ﬂ' [:ur:ampmd:}rmdae SEIamandrldaE Ambys GmEiTldaE'

F. C. Concinna Gekkota Diplogossa
Iguania
Scincemorpha plytynota '||:1| num
A, Japonicus Dicamptod : tenebrosus P W .|I
Phynostamotidae |guanidae Teiidae Varanidae
. “{:,], a 0. Darsalis Cn. Tigris Manitar Lizard

F. platyrhninos

Ca. draconoides



Biological classification (sprawling posture)

Animalia kKingdom
Fhylum
Ch a-.,r. ita Arbranoda Class
Order
Sub-order
Family
/ \ whece
A |"-"|.:H'I'H"|'|E|I|:1 Amphibian
Reptilia / \

. //'7 x Anura Caudata G}rmnuphmnﬂ
/CFGEDd”I.:_‘H\ T‘::E?‘“'”H Squamata Sphenodontia / / \
Gavialidae l Crocodylidae Cryptodira F'I‘;‘&rndira 1

\ HYF'EFC"I”'jaE Cryptobranchoidea Salamandroide _ Sirenoidea

Alligatoridae | Amphisbaenia
dae Serpends Lacertell / \
m . tobranchoidea Ambys omatldae
Incinna Gekkota DIPI% ? champmdunndae Salamandrldae

Iguania

Scmcumurpha F"FEF no

Teiidae

Fhynostamotidae Iguanidae
I
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Biological classification (sprawling posture)

Animalia Kingdom
Phylurm
Cl mr—,; ta Arthrepoda Class
Order

Sub-order

Family
/ Specie
Awres Mammalia -'E"mF'h”U'a"l
P.Eptilla / \
Anura Caudata Gymnophiona
recudlllr/l;lt-;es Sphenodontia / \\x-

Squa mata

Gawaildae Crnc{:dylldaECryptn ira Pleurudlra
Alligatoridae ‘ l Amphisbaema H‘.-’F*EFC"”'-'-‘EE Cr‘;.rpl:obranchmdea Salamandroide  Sirenoidea
idae Serpends Laterlell 3 \
m i 'abra choidea Ambystomatidae
ncinna _ﬁ anlngusa D-campmduntldae SEIarnallllndrldae ¥ ||L
@ lguania Ityho
Scincomorpha ply 3"

Teiidae

Phynostamotidae Iguanidae
/| {
i

,,,,,

'l.farTm

M phey e

A Alligator 0. Tetraspis |U. scoparia [P platyrhinos |C. draconoides [D. Dorsalis  [Cn.Tigris  [Monitor L |K. maculata |A. japonicus [D. tenebrosus P. Walt A, tigrinum
Speed (mys) £ 667 4722 3641 2.0-2.2 4.1-43 31637 3.15-3.25 g.d 0.10-0.30 0.32]0.062293-0.27398 0,053 722
Mass (g) [81000-363000 ([L8000-32000 |20.22-13.78 |23.03-2837 [8.0-11.0 22.35-2565 |L6.3-18.3 1243 |6.61- 10.05 P5000-30000 |14-42 50-100 113-227
Length (m) [0 025-45 17-148 0.074-0.086 |0.0785-0.0795 |0.071-0.08L 0.083-0.091 |0.085-0.0859 |0.041 0.04.0.048 [1-15 0.0309=0.0962 |00B4S-01 001501035
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Biological classification (sprawling posture)
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A Alligator
O. Tetraspis
). scoparia
F. platyrhinos
C. draconoides
D. Dorsalis
Cn. Tigris
g : : 5 : S - : hMonitor L
: I : : oot . EEE A japonicus
f f St i e mmmm D, tenebrosus
. P Walt
- mm A tigrinum
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Hillberry joint

« Pair of cylinders in rolling
contact on each other Adapted

e | ow friction and abrasive
Wear _ _i.(a} Perspective view -.

 Elastic ligaments

M. G. Catalano, Grioli, G., Farnioli, E., Serio, A., Piazza, C., and Bicchi, A., “Adaptive Synergies for the Design
and Control of the Pisa/llIT SoftHand”, International Journal of Robotics Research, vol. 33, no. 5, pp. 768—-782,
2014



Pisa/llIT SoftHand

* The joint can withstand severe disarticulations
and violent impacts
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Finger Design
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Project components

Develop a methodology for generic foot design, in sprawling
posture undulatory-spine-based robots.

Design methodology Hardware Experimentation,
(Niches in Taxonomy) d€sign concept anaIyIS|s_ and
conclusions

= Radius = Carpals, Metacarpals

and Phalanges

Ground Reaction forces
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Questions?
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