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The great divide of locopulation
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Locomotion comes in a variety of ways

[Eadweard Muybridge, 1887]



Different gaits - different footfall patterns

Footfall patterns
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Velocity and energy in nature

Each gait as an
optimal velocity

ml O, consumed to move 1 m

—_—
[0e] N
L] I L] L] L] I L]
o
00
I g o
[+]
[+]
o
o
o o
v °
o °
o ®
= ()
o
- °
o
°
°
LN
°\%
e 6
°
|
[N
(]

Moving at other
velocities increases _
energy consumption ¢ ==

Running speed (ms™)

Switching from one gait to
another enables energy
efficient locomotion over a
wide range of velocities




Serings HeIE Store Energx

Body mass

Supraspinatus -
Teres Major
Triceps

4

Shoulder joint it \

Biceps R ) i
Elbow joint 7— Olecranon of ulna

iy
o ] SDF muscle

| }
& DDF muscle
| AL of SDF
Carpus __T,'
Yo SDFT
1 '-li- DDFT
i AL of DDF
1l 7
MCP joint —— |/}
| b

DIP jomt i‘;{ \
[McGuigan & Wilson 2003]




Oetimal control for motion creation
Forward
I[£>J motion
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Motion must
be periodic

Optimize cost /

Y

Additional constraints,
e.g., ground clearance,
actuator limits, etc.

[Remy 2011], [Xi, 2014]



Optimal motions
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Oetimal motions
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Oetimal motions
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F«{esulting Energetics
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Oetimizing w/0 defining contact a—Eriorx

o Goal: Find optimal motions for the
model of a bipedal robot.

o |dea: Make the contact forces part
of the free variable vector

o Allows us to: Use direct
collocation without a predefined
contact sequence

o Use as constraints:
Complementarity conditions:

>0 feet cannot penetrate the ground —
y ! p g \9 N y

A >0, vertical ground reaction force
g cannot be negative A P
y - iy = (, forces only allowed if foot is on the ground /

[M. Posa and R. Tedrake, 2013]




F«{esulting Energetics
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Different gaits - different contact fc
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[Data from VetSuisse]



(a) four-beat walking: speed=0.2// ¢

(c) toelting: speed=0.8/L ¢
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Here’s a really simple model:

[Gan, 2014]




Passive gait variations
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Comearing the forces to nature
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Finding asymmetrical gaits
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Different modes of the same oscillator
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Conclusions

o Gaits are useful

o Contact sequence Is important...

o (Optimization through contact is desirable)
o ... but not the only thing that matters

o Dynamics of the ‘manipulator’ are crucial
0 - This Is a design problem

o Different gaits are just different modes of on
single nonlinear oscillator
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