
Ordinary Differential Equations
Framework for the Robotic Dog AIBO

Winter Semester Project 2004-2005

Etienne Dysli

BIRG, Logic Systems Laboratory
School of Computer and Communication Sciences

École Polytechnique Fédérale de Lausanne

Supervision: Jonas Buchli & Prof. Auke Jan Ijspeert

14th February 2005

1 / 13



Outline

1 Introduction
Motivation
Goals

2 Software architecture
Concept model
Design class model

3 Results
Demonstrations
Conclusions

2 / 13



Motivation

Dynamical systems for locomotion control

• Interesting properties: attractors, synchronization
• . . . but finding parameters for a given property is hard
• Similarity with biological neural systems

AIBO robotic dog

• Plenty of sensors and actuators
• Free development kit (OPEN-R)
• Remote Control System and Webots API
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Project goals

Develop a software framework

• Control of the AIBO robot with a set of dynamical
systems

• Same controller software in simulation and real robot
• Robot independent from computer
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Software architecture
engineering with the Fondue method

What is Fondue?

• Requirements
• Analysis
• Design
• Implementation
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Concept model
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Design class model

DynamicalSystemController
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Results
What has been used for testing

Amplitude Controlled Phase Oscillator (ACPO)
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ẏ

]

=









g
(

r0√
x2+y2

−1
)

x −yw

g
(

r0√
x2+y2

−1
)

y +xw









+k
[

p
0

]

where:
• p is right fore leg position input
• x drives left fore leg position
• k is the coupling constant
• parameters: g = 10, r0 = 1, w = 2π
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Demonstrations

No synchronization

k = 0

Synchronization

k = 2
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Data — no synchronization
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Data — synchronization
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Conclusions

Negative

• Limited testing
• Only really works in simulation

Positive

• Software complete
• Documentation
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Future work

Things to improve

• Debug runs on AIBO

• Refactoring for use with optimization algorithms
• Speed up numerical solver
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Concept model (complete)
<<system>>

Aib-O-Matic
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 position_current: real

 position_min: const real
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Design class model (complete)

DynamicalSystemController

 update_systems()

 derivate(in time:double,in x:double[],out dx:double[])

 get_DS_by_index(in index:size_t): DynamicalSystem*

 get_DS_by_name(in name:char[]): DynamicalSystem*

 set_TimeKeeper(in t:TimeKeeper*)

DynamicalSystem

 derivate(in t:double,in x:double[],out dx:double[])

 read_from_devices()

 write_to_devices()

 get_name(): char*

 get_dimension(): size_t

 get_variable(in index:size_t): double

 set_variable(in value:double,in index:size_t)

 get_output_variable_state(in index:size_t): bool

 get_variable_name(in index:size_t): char*

 systems

 1..*

Device

 read(): double

 write(in value:double)

 update_buffer()

 writeback_buffer()

 enable()

 disable()

 get_name(): char*

 mydevices

 0..*

NumericalSolver

 log_line(in dimension:size_t,in time:double,
          in data:double[],in mask:bool[])

 solve(in x:double[],inout dx:double[],in dimension:size_t,
       in t:double,in h:double,out output_x:double[],
       in output_interval:int,in output_variables:bool[])

 dsc

 1

mysolver 

1 

DeviceController

 read_devices()

 write_devices()

 get_device_by_index(in index:size_t): Device*

 get_device_by_name(in name:char[]): Device*

 devices

 1..*

TimeKeeper

 tick(in dt:int)

 get_time(): double

<<call>>

Sensor LED

TouchSensor DistanceSensor

Camera Servo

 read_position(): double

 read_velocity(): double

 read_acceleration(): double

 write_position(in value:double)

 write_velocity(in value:double)

 write_acceleration(in value:double)

 enable_motor()

 disable_motor()

RotationServo

Logger

 log(in level:LogLevel,in message:char[])

 error(in message:char[])

 warning(in message:char[])

 info(in message:char[])

 debug(in message:char[])

 output_data(in data:double[],in size:size_t)

 flush_data()

 get_instance(): Logger*

 theTK

 1

theDSC

1
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