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1/ g[8 |, 11 s
——— max(|e|) [mm] (x 0.01)
—-—- 1-max([A|) [-] (x 1.5)

---- Actual disturbance rejection [mm] (x 0.04)

Foot radius 7 ¢[-]

Source: “A Disturbance Rejection Measure for Limit Cycle Walkers: The Gait Sensitivity
LNorm" by D. Hobbelen, M. Wisse J
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The “Impulse Disturbance Rejection” radius r;pr of a system T
with generalized momenta p is defined as

(z",y") = argmin||p, —pyll,,* € Qnr, ¥ € Qrc
Api;pr = 2" —y"

rrpr = min HApIDR”Q ;

where Q is the configuration space of the system, Q;,c C Q
are states passed through during a circuit of the limit cycle,
and Qyr C Q are states which result in the system not
returning to the limit cycle. The notation (...), means
evaluated at a point z.

o |
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The “Energy Disturbance Radius” rgpg IS defined as the
change of kinetic energy resulting from an impulse
disturbance:

-

(z*,y*) = argmin(p, — p,)' M ' (p —py), 7 € Qunr, ¥y € Qrc

x*_y*

Apepr

: T 1
repr — 1IN ApEDRM ApEDRa

Here M is the inertial matrix (tensor) of the Lagrangian

system. Since M is a metric tensor of a Riemannian space

and p Is a linear space, rgpg IS a coordinate invariant

guantity. We could also have written rgpr = AgM Ag If we
Lwished to express rgpr INn terms of generalized velocities. J
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1/||3g/ae]|, 1 xa)
——— max(|e|) [mm] (x 0.01)
—-—- 1-max(|Al) [-] x 1.5)

-------- Actual disturbance rejection [mm] (x 0.04)
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Numerical Simulation -

Robots:

{biped-torso-mt=0.000
|biped-torso-mt=0.010
|biped-torso-mt=0.020
;hiped—tﬂrsu—mt:l] 030

Create Destroy Edit

Objects in Simulation:
[Fbiped-torso-d=0.180
|[-Ihiped-hip-spring-k=2.100
{[F]biped-feet-r=0.300

Resetting object #<FEET-BIPED {B&665811}>
Unpausing object #<FEET-BIPED {B565811}=
Pausing object #<FEET-BIPED {B&65811}=>
Editing cbject: #<COMPASS-BIPED {B555821}1=
Unpausing object #<COMPASS-BIPED {BS65821}=
Pausing object #<COMPASS-BIPED {BE65821}=
Editing object: #<TORSO-BIFED {CAB3539}=
Editing object: #<TORSO-BIPED {CAS3539}=
Editing object: #<HIP-SPRING-BIPED {B555801}=
Editing object: #<HIP-SPRING-BIPED {B665801}=
Editing object: #<HIP-SPRING-BIPED {COEAEQ1}=
Editing cbject: #<COMPASS-BIPED {COEAEZ1}=>
Editing object: #<COMPASS-BIPED {COEAEZ1}=

Object Properties:
A 0.63d0
|B : 0.37d0
|CONTROLLER : NIL
DEBUG : NIL
IDT : 0.01d0
IDTTRH : 1.d-6
|G : 9.81d0
HIP-GAIN : 10.0
IDR : 0.008609085155179049d0
IDR-DIR : #<REAL-MATRIX 1% 2in  8.44066E-2 -.85212
INIT-GENMOMS : #<REAL-MATRIX 1 x2\n  8.44069E-2 -,
IMIT-PHASE : #<STANDARD-GENERIC-FUNCTION PHASE-!
|INIT-STATE : #<REAL-MATRIX 1 x 4\n -31526 0.21054|
ILAST-CONDITION : WALKED
ILC-MOMS : #<REAL-MATRIX 1x 2in  8.76754E-2 -.93389
|LC-PHASE : #<STANDARD-GENERIC-FUNCTION PHASE-SI |
LC-STATE : #<REAL-MATRIX 1x 4in -.31526 0.21054
|LINK-COLOR : (1.0 0.0 0.0)

Global Pause:Off FP3:432

Attach Search Cancel Search Edit Searcher M : 0.2540
' @m . h' ] 7| |MH : 0.500
Mdige ararties. |0B.J-NAME : hiped-compass-a=0.630
Hfind-lc-wide ‘PAUSED : T
{find-Ic.compass-biped IPHASE : #<STANDARD-GENERIC-FUNCTION PHASE-SING |
{find-lc |PHI : 0.05235987755962989d0
lloy-secs-01 |PREV-STEP-TIME : 2.4630857749687647d0
I {PROPS : NIL
| ISEARCHER : NIL
- |STATE : #<REAL-MATRIX 1 x 4in -31250 0.18923 0
bine | Debug Coiibitbiad] |STEP-ENERGY-DELTA : -1.06903641494682230-8
e Rt TR ET [STEP-LENGTH : 0.5197563097937164d0
] | | ISTEP-TIME : 0.615771443742184d0
| ISTEPS : 4.0
Pause Al Reset All OpenGL OnfOff |
[ooooodg Set!
Eval

OpenGL:On

BEH
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Robustness
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ost of Transport: ¢; = CRerdy

C wetght-distance’

CetlI’ N T ) —dh BV [ Imetabolicd HE L 72T %L % —, s IIEEPR Y 72
i)

Name Mfg Cet Cont Passive-Dynamic?
Asimo Honda | 3.2 1.6 no
Denise Delft 5.3 | 0.08 yes
Monopod Il McGill | 0.22 - yes
Cornell Biped Cornell | 0.20 | 0.055 yes
Human Walking God 0.20 | 0.05 -
Dynamite McGeer - 0.04 yes
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Effect of Varying Lower Leg Length

reatly affects robustness. This is the only graph where r;pr

and rgpr do not agree.
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Effect of Mh

Little effect on robustness.
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Robustness

Effect of khz’p

reat effect on robustness, peaking behavior interesting.

r|DR2 and rgpg vs. F, for Increasing Hip Spring Stiffnesses
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Effect of Kankie

Slightly unphysical, but improves robustness

r,DR2 and rgpg vs. Ankle Spring Stiffness

Robustness
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Effect of Arc Feet
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ncreasing arc radius improves speed and robustness

r,DR2 and rgpr Vs. F, for Increasing Arc Feet Radii r,DR2 and rgpg vs. Arc Feet Radius r
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Effect of Torso

A N

dding a torso made robot less robust

r|DR2 and rgpg vs. F, for Increasing Torso Lengths r|DR2 and rgpg Vs. Torso Length d
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What about varying more than one parameter?
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VSSEA schematics
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