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Locomotion System Science

Study of theemergencef movement resulting fronmany degree of
freedom, hierarchically organized, nonlinear biological and robotic
systemsinteracting with theirenvironments




Differences in walking and running: kinematics

Walking-
I Always a Double Support Phase
I No Flight Phase

A

A4 A4

Hngh-t

l.rl::r‘llﬂcl:
'-.-urrau:a- SurTRCE

Running -
Never a Double Support Phase
Always a flight Phase

Higin
Hoeal
oot

h.—



L ow order models

walking: inverted pendulum

Gravitational potential energy
<> kinetic energy

running: Spring Loaded Inverted Pendulum (SLIP) (pogo
stick)

Elastic energy-z
kinetic energy
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Differences in walking and running: kinetics
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Fig. 11. The relationship between potential and kinetic energy in
walking and running. The relationship between potential and kinetic
energy is one of the crucial differences between walking and running.
In walking, they are out of phase. In running, they are in phase.



Minimize energy expenditure during WALE
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Modeling : Walking (

slow and high
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Problems with inverted pendulum (Kuo 2009)

-Leg not completely straight/ rigid

--COM velocity not redirected precisely (deviates from pendulum arc)
- seen in the GRF (double peak)

-- does not make sense for double support ((Buczek et al., 2006).)
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Walking=continuous falling

Mochon& McMahon 1980McGeerm cbcpn 2z [/ 2t Ay a
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See thidttp://www.youtube.com/watch?v= 2pAMe 5VeY

How many actuators used in this walker?


http://www.youtube.com/watch?v=_2pAMe_5VeY

Walking=continuous falling

Mochon& McMahon 1980McGeem cbcpbn = / 2t ft Aya Sia |
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See thidttp://www.youtube.com/watch?v= 2pAMe 5VeY

Answer: None. Passive elements and gravity can produce stable walking like
motion. What is role of actuators in locomotioA>EMG


http://www.youtube.com/watch?v=_2pAMe_5VeY

Handson sessionKinematics & Dynamics measurement:

High speed camera 2 axis force platform

+Vertical

+Foreaft™ ™ * .

Direction of moti}on




Model predictions: kinematics

walking: inverted pendulum

running: SLIP (pogstick)




Model predictions: dynamics

walking: inverted pendulum

running. SLIP (poggatick)




Predicted limit to walking?









What we will do:
compare measurements of walking and running
classical models

1. Measure kinematics during walking and running
EXxpect:
a. Walk=max vertical position at msdance,
b. run=min vertical position at mistance

2. Measure forces during walking and running
EXxpect:
a. Walk and run=vert forces peak at nsithnce,
b. fore-aft show acceleration & decleration.
C. Force should be larger in running than in walking

3. Measure speed at transition
Expectv?/gl=1
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Figure 1. Standard conceptual models of legged locomotion



A model of bipedal locomotion on compliant legs

R. McN. ALEXANDER
Department of Pure and Applied Biology, University of Leeds, Leeds LS2 9JT, UK.

(c) ) _id}Rﬂ

190 R. McN. Alexander  Bipedal locomotion

Walk

(a) (b) 1500
600 600 600 1000
Z 400 400 400
[+]
E 200 200 200 300
0 0 0 0
| — |
0 0.5
time / s

Figure |, Records of the vertical component of the force exerted on the ground by one foot of a man walking at (a), 0.¢
(b), 1.5m s % and (¢}, 2.1 m 571 and running at {¢), 3.6 m s~". From the data of Alexander & Jayes (1980

F. = Alsin(7t) + ¢ sin(37t)]
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Relationship between vertical ground
reaction force and speed during walking,
slow jogging, and running

T SKeller', A M Weisberger?, J L Ray®, S S Hasan® R G Shiavi®,
D M Spengler?

'Department of Mechanical Engineering, University of Vermont, ? Department of

Orthopaedics and Rehabilitation, * Department of Mechanical Engineering, and
“Department of Biomedical Engineering, Vanderbilt University, USA
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Figure 3. Comparison of male (open squares) and female (open circles)
vertical thrust masirmuem force versus speed [1.6—60m ') Mean and
standard devi ations are shown. Bestfit lineforcombined male andfemale
subjects is also shown for speeds up to 3.5 m 577 [see text for linsar

regrassion equation). Differences between mele and female subjects
were significant {anova, P=0.05) at speeds of 1.5, 2.0, and 5.0ms ",
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Recent model captures double peak Ir
walking force

PROCEEDINGS
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Compliant leg behaviour explains basic

dynamics of walking and running
Hartmut Geyer'®, Andre Seyfarth' and Reinhard Blickhan?

' Locomotion Laboratory, Friedrich-Schiller Universicy Jena, Dornburger Strasse 23, 07743 Jena, Germany
“Science of Motion, Friedrich-Schiller University Fena, Seidelstrasse 20, 07749 Fena, Germany

The basic mechanics of human locomotion are associated with vauldng over sdff legs in walking and
rebounding on compliant legs in running. However, while rebounding legs well explain the stance
dynamics of running, stiff legs cannot reproduce that of walking, With a simple bipedal spring—mass
model, we show that not sdff but compliant legs are essential to obtain the basic walking mechanics;
incorporatung the double support as an essential part of the walking motion, the model reproduces the
characterisdc stance dynamics that result in the observed small vertical oscilladon of the body and
the observed out-of-phase changes in forward kinetic and gravitational potential energies. Exploring the
parameter space of this model, we further show that it not only combines the basic dynamics of walking
and running in one mechanical system, but also reveals these gaits to be just two out of the many solutions
to legeged locomotion offered by compliant leg behaviour and accessed by energy or speed.

Kevwords: biomechanics; human gait; spring—mass model



Goal: To revisit measurements of walking and running ground reaction force

_ 5

190 R. McN. Alexander Bipedal locomotion Wall< lel!
(d)

(c)
(a) (b) 1500
’ 600 600 600 1000}
Z 400 400 400
8 500k
:5: 200 200 200
0 0 0 0
————d
0 0.5
time/s

Figure 1. Records of the vertical component of the force exerted on the ground by one foot of a man walking at (a), 0.9 m s !

(b), 1.5m s % and (¢), 2.1 m s'; and running at (), 3.6 m s~'. From the data of Alexander & Jayes (1980).
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Scatter plot of data collected by all students over 2 weeks at hands on session
(circles). We have overlaid the original data from Alexander (1989).

Optimization and gaits in the locomotion of vertebrates. 1989. Physiol. Rev. 69: 119-!



