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Problembeschreibung

- generell: Roboter von A nach B befordern

- zweibeiniges Laufen ist essenzielles Fortbewegungsproblem

- groBBerer Grad an Beweglichkeit gegenuber anderen Methoden
- grof3ere Robustheit

- fachubergreifendes Problem: mechanisch, biologisch,
physikalisch, ...

- Interaktion mit Entscheidungen aus einer ,,hoheren Ebene"”
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Approaches

- keyframes

- Zero moment point
- cyclic function

- neural oscillator

- limit cycle walking

agility, robustness
human-like motion and energy effi-

/[

Modeling, Learning

EF s

rely on intrinsic
dynamics of a robot

and feedback from
ensors

rely on knowl-
edge of robot
and environment

ZMPLIF,... CPG,PDW,...
Model Based Approaches Model Free Approaches
3
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Keyframe

+ simpel, schnell
- Interpoliert, keine Sensor kopplung
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Keyframe

- Keyframe Motion Optimization

- Keyframe Motion Auto-generation
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hohe des CoM = Fitness
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ZMP kontrolle mit LIP

- Support Polygon

- CoM: Center of Mass
- ZMP: Zero Moment Point




ZMP kontrolle mit LIP

Step Planer foot trajectory ZMP control inverse kinematics Sensor feedback
interpoliert die stepsize <- dCoM
plant einen Schritt FuBposition von Anfang ZMP -> CoM CoM + foot pos -> joints steptime <- foot sensors

bis Ende

- bekommt eine Anfrage
- plant genau einen Schritt

roll, pitch des Torsos <- inertial sensor

y:\ :,Q’;;f"" df s/ 2\ :
\“u"{f Y X,
¢P move
Xy
X X
Y Y Y ;
sup O
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ZMP kontrolle mit LIP

a(t) = 1/(1+ Ae(E-03))

s(t) = (1 —a(t))Sg + «(t)S,

B(t) = cos((t — 0.5)m)

h(t) = B(t)H

(a) Normal walking step.

Step Planer foot trajectory ZMP control inverse kinematics Sensor feedback
interpoliert die stepsize <- dCoM
plant einen Schritt FuBposition von Anfang ZMP -> CoM CoM + foot pos -> joints steptime <- foot sensors
bis Ende roll, pitch des Torsos <- inertial sensor
- " -

.

P start

v @
staop

il

2 Psup

P start

(b) Kicking the ball during walking.
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ZMP kontrolle mit LIP

000

|

Step Planer foot trajectory ZMP control
interpoliert die
plant einen Schritt FuBposition von Anfang ZMP -> CoM
bis Ende

inverse kinematics

Sensor feedback

CoM + foot pos -> joints

1000

1200

PET

stepsize <- dCoM
steptime <- foot sensors
roll, pitch des Torsos <- inertial sensor

o100

4 41300 Jjzoo
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ZMP kontrolle mit LIP

|

000

1000

PCT |

Step Planer foot trajectory ZMP control inverse kinematics
interpoliert die
plant einen Schritt FuBposition von Anfang ZMP -> CoM CoM + foot pos -> joints
bis Ende

Sensor feedback

1200

stepsize <- dCoM
steptime <- foot sensors
roll, pitch des Torsos <- inertial sensor

o100

4 41300 Jjzoo
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ZMP kontrolle mit LIP

bis Ende

Step Planer foot trajectory ZMP control inverse kinematics Sensor feedback
interpoliert die stepsize <- dCoM
plant einen Schritt FuBposition von Anfang ZMP -> CoM CoM + foot pos -> joints steptime <- foot sensors

roll, pitch des Torsos <- inertial sensor

- Fehlerbeseitigung mittels PID Controller
- Schrittweite ~ -Differenz der CoMs

- Schrittdauer ~ FulBsensoren

- roll und pitch des Torsos ~ Tragheitssensor
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ZMP kontrolle mit LIP

bis Ende

.o
>

&
W

o

maximum walking speed (m/s)
&)

o
[

Step Planer foot trajectory ZMP control inverse kinematics Sensor feedback
—— —P
interpoliert die stepsize <- dCoM
plant einen Schritt FuBposition von Anfang ZMP -> CoM CoM + foot pos -> joints

- Optimierung der |9 Parameter durch EA:
- 100 Genotypen

- Uberlebensrate, Crossoverrate, Mutationsrate: 1/3
- 10 % Elite

steptime <- foot sensors
roll, pitch des Torsos <- inertial sensor

40 60 80

100 120 140 160

generations
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ZMP kontrolle mit LIP

bis Ende
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Step Planer foot trajectory ZMP control inverse kinematics Sensor feedback
interpoliert die stepsize <- dCoM
plant einen Schritt FuBposition von Anfang ZMP -> CoM CoM + foot pos -> joints steptime <- foot sensors

roll, pitch des Torsos <- inertial sensor

—— Optimized Trajectory
- - - Predefined Trajectory
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CPG
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Cyclic Function

- Fourier Serie
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- |+2N Parameter
- 19 Joints = 19+38N
- Symmetrie => |10+20N




Cyclic Function

Old Generation Selection Padding by
(soried by ftnoss) Crossover/Coples
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Parameter
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Population Size

Selection Size

Padding Type

Mutation Probability for an Individual
Mutation Probability for a Gene

Gaussian Variance when Mutating a Gene

Mutation New Generation
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Cyclic Function

- Ergebnisse fur N=1

Covered distance of individuals per generation (N=1)
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Cyclic Function

- Ergebnisse fur N=2

Covered distance of individuals per generation (N=2)

Covered distance [m/25s]
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Cyclic Function

- Ergebnisse fur N=3

Covered distance of individuals per generation (N=3)
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Cyclic Function

- inkrementelle Evolution N=1

Covered distance of individuals per generation (N=1)
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Cyclic Function

- inkrementelle Evolution N=2

Covered distance of individuals per generation (N2)
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Cyclic Function

- inkrementelle Evolution N=3

Covered distance of individuals per generation (N3), focus on only maximum fitness development
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- max = 8.0/m
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Neural Osscillator

6
P = (917601270011» 927‘*’227“’21) e R
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Neural Osscillator
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Neural Osscillator
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Probleme: Selektion und Integration nutzlicher Informationen.
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Neural Osscillator

Harmonische Synchronisierung:
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Neural Osscillator

- | Joint = 3 Parameters
= 4+ 3
- Vereinfachungen = 34

27
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Neural Osscillator

- | Joint = 3 Parameters
= 4+ 3
- Vereinfachungen = 34

Parameter Value
Episode Duration 25s
Population Size 50
Selection Size 15
Padding Type Copy
Mutation Probability for an Individual® | 0.9
Mutation Probability for a Gene 0.1
Gaussian Variance when Mutating a Gene | 0.01
28
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Neural Osscillator

Covered distance of individuals per generation (Neural Controller)
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Neural Osscillator

Covered distance of individuals per generation (Neural Controller, Symmetric)
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Neural Osscillator

Covered distance of individuals per generation (Neural Controller, Symmetric), focus on maximum fitness development
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Neural Osscillator

Human, v = 1.5m/x

ator, vian = 041lm/s

Neural Osal

Cyclic Function (V = 2), voyp = 030m/s
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limit cycle walking
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limit cycle walking

- hochgradig nichtlinear

- hoch dimensional 4
- verandert sich diskret |
- reaktiver linearer Controller

2|

34
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limit cycle walking

- Standbein:;
- PD: proportional-
derivative

- Schwungbein:
- 4 Modelle

35




limit cycle walking

- Standbein:;
- PD: proportional-
derivative

- Schwungbein:
- 4 Modelle

Thst = Kp body®p + Kapody®b — Thsw
4° slope 15¢cm
Tk,st = kp,knee¢k,st =+ kd,knee¢k,st o
7° slope 4cm

2° slope

36
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limit cycle walking

- Standbein:
- PD: proportional-
derivative

- Schwungbein:
- 4 Modelle

¢h

Model Description Activations
| Inter-leg PD control Ohsw = W Py + w;ci).; + ws (3)
Oisw = Wadsw + Ws s | (4)
2 Swing thigh PD control Ohsw = Wi Dhst + Walhsw + Wa3Dhow + Wy (5)
Ok sw = Ws@row + w6¢.>k.sw (6)
3 Fully interconnected, linear (FIL) Ohsw = W Ohst + Wadhsw + Wadisw + w«i)f, st + wsdah sw + wse')k,w + wy (7)
Oksw = Wadhse + WoPnsw + WioDksw + W11 Pnse + WiaPhsw + Wi3disw + wis (8)
4 FIL, no knee torque Ohsw = W Phst + Walhow + Wadisw + W4¢b s+ wsd, sw T+ wséuw + wy (9)
G =10 (10)

37
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limit cycle walking

- Evolution
- 100 zufallige Genotypen

- Gen = Gewicht des Neurons
- der beste aus der Generation uberlebt 5 Generationen
- Besten |5+5 => *5 + Mutation [0.2,0.05]

- Fitness: Distanz + Energie

Model Description Activations

I Inter-leg PD control Ohsw = W Py + wzqf').; + ws (3)
Oksw = Wadicsw + WsBicsw | (4)

2 Swing thigh PD control Ohsw = W Ohst + Wadhsw + Wadp o + Wy (5)
Oksw = W5sPisw + W6¢'>k.sw : ; : (6)

3 Fully interconnected, linear (FIL) Ohsw = W Ohst + Wadhow + Wadisw + Wadh oo + Wsdhow + WeDisw + W7 (7)
Oksw = Wadhse + WoPnsw + WioDksw + W11 Pnse + WiaPhsw + Wi3disw + wis (8)

4 FIL, no knee torque Ohsw = WiPhst + Wadhsw + Wadksw + Wadhse + WsPhsw + WeDrsw + W (9)
O ow =0 (10)

38
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limit cycle walking
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limit cycle walking
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Model Description Activations
I Inter-leg PD control Ohsw = Wi Py + Wadhy + w3 (3)
Oksw = Wadrsw + WsBisw (4)
2 Swing thigh PD control Ohsw = W1 Dhst + Walhsw + Wadhsw + Wa (5)
Oisw = WsPicsw + WeDksw . : _ (6)
3 Fully interconnected, linear (FIL) Ohsw = W Phst + Wadnsw + Wadksw + Wadn s + WsDpsw + Wb sw + W (7)
Oisw = WoPhse + WoPhsw + WioBsw + Wi bnse + W.lZéh.sw + “.’IJ‘i’k.sw +wis (8)
4 FIL, no knee torque Ohsw = Wi Phst + Wabhsw + Wabksw + Wadhse + Wsdnow + WePrsw + Wy (%)
G =10 (10)
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limit cycle walking
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Ende
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