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[
What 1s a modular robot?

. Definition?

Modular self-reconfiguring robotic systems are autonomous kinematical machines
with variable morphology ...
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[
What 1s a modular robot?

. Structures

- Modular robots are usually composed of multiple building blocks of a relatively
small repertoire, with uniform docking interfaces.

- The modular building blocks usually consist of some primary structural actuated
unit, and potentially additional specialized units.
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e
Motivation and inspiration

. Functional advantage:

Self reconfiguring robotic systems are potentially more robust and more adaptive
than conventional systems.

. Economic advantage:

Self reconfiguring robotic systems can potentially lower overall robot cost by
making a range of complex machines out of a single (or relatively few) types of
mass-produced modules.
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R
Modular robots

. Main idea: Building robots composed of modules
. The design is focused on the module, not on a particular robot

. The different combinations of modules are called configurations

« Some advantages:
o Versatility
« Fast prototyping

e LLOw-cost
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e
Modular robot technology

. The last decade has seen an increasing interest in developing and
employing modular robots for

Space exploration;
Bucket of stuff;

Inspired research.
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-
Modular robot technology (cont’)

. The last decade has seen an increasing interest in developing and
employing modular robots for

_ Space exploration;

One application area that highlights the advantages of self-reconfigurable systems
is long-term space missions. These require long-term self-sustaining robotic
ecology that can handle unforeseen situations and may require self repair.

[1] . Palo Alto Research Center ( ) (2004).
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-
Modular robot technolc)gy (cont )

. The last ¢g
employ1
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Space ¢
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[1] . Palo Alto Research Center ( ) (2004).
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e
Modular robot technology

. The last decade has seen an increasing interest in developing and
employing modular robots for

- Bucket of stuff;

- Consumers of the future have a container of self-reconfigurable modules say in
their garage, basement, or attic.

« One source of inspiration for the development of these systems comes from the
application.

« A second source is biological systems that are self-constructed out of a
relatively small repertoire of lower-level building blocks (cells or amino acids,
depending on the scale of interest). ( )
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e
Modular robot technology

. The last decade has seen an increasing interest in developing and
employing modular robots for

_ Inspired research.

- To build and test different inspired robots such as two legged, four-legged and
other robots quickly.
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Outline of today’s lecture

. Review of modular robots
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Challenging
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[
Classification of modular robots

« General classification
_ Chain

. Connected 1n a string or tree topology. This chain or tree can fold up to become
three-dimensional, but underlying architecture 1s serial.

_ Lattice

. Arranged and connected in some regular, space-filling three-dimensional
pattern, such as a cubical or hexagonal grid.
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Chain topology

. Advantages
- Easy to generate motion Mo

_ few actuators needed

Joint

. Disadvantages
- Few connection possibility

~ Hard to self-reconfiguration

Houxiang Zhang



e
Lattice topology

. Advantages
Easy self-reconfiguration

Possible to connect in different directions

. Disadvantages
Difficult to generate motion

Need of many actuators
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(monuum ROBOTS ] e

{' Lattice Robots = 2D and 3D structures—=| Suh et al. (2002) [Telecubes]

Winckler et al. (2004) [Atron]

#®| Chain Robots = Composed of chains of modules

'(ZD and 3D tnpnl:giesj — = Two or more chains connected along different axe

#(1D topology | —= Only one chain of medules

.{{ierpentine mhn‘tsj —= Propulsion derived from wheels or tracks

Genbu (Kimura et al.,2002)
Omnitread (Granosik et al., 2005)
JL-1 {_Zhan_g et al._, mns_}

®(Snake rebots | — = Propulsion derived from body motions

ACM {Hirose 1993)

ACM-R1 (Endo et al., 1999)
{Ma et al,, 2001)

- [Pnch connecting || SES-2 (Ute etal, 2002)

55 (Miller et al., 2002)
WormBot (Conrad, 2003)
Amphibot | (Crespi et al., 2005)

Polybot (Yim et al., 2002)
M-TRAN (kurckawa et al., 2003)

. [ : !f {Chen et al., 2004)
< Aemeupnneakng Cube Revolutions {Gonzalez et al., 2004)

Yamour (Moeckel et al., 2005)
PP (Gonzalez et al., 2005)

{Dowling 1997)
Conro (Castano et al., 2000)
Polybot (Yim et al., 2002)
ACM-RE (Mori &t al., 2002)

. [Pitch—yaw connecting ]_ M-TRAN {(kurokawa et al., 2003)
| SMA (Yamakita et al., 2003)

(Chen et al., 2004) i i ’
Vesicir (MosokEl ial, 2000) by Juan Gonzalez-Gomez, Houxiang Zhang

PYP (Gonzalez et al., 2005)
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Locomotion in 1D: Locomotion in 2D:

Pitch-Pitch 8 pitch-connecting Pitch-Yaw-Pitch 8 pit.ch—yaw—
modules connecting modules

- Star of 3 modules

—— [Locomotion in 2D:
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Outline of today’s lecture

. Review of modular robots

History of modular robots
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History of modular robots

. CEBOT (1988)

. Polypod (1993)

. ATRON (2003)

. M-TRAN III (2005)
« Superbot (2006)

. Miche (2006)

. GZ-1(2007)

« Other...
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-
PolyBot from Mark Yim

. PolyBot, created at Palo Alto Research Center (PARC)

Chain self-reconfiguration system

Each module 1s roughly cubic shaped, with about 50 mm of edge length, and
has one rotational degree of freedom (DOF)

Features demonstrated many modes of locomotion

CKbot new version with force torque sensors, whisker touch sensors, and
infrared proximity sensors. (')
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R
M-TRAN from Satoshi Murata et.al.

. Two blocks (active/passive) and a link

. Two parallel axes and six connectable
surfaces

. Both blocks have 90 degrees rotation

« Mechanical connectors in active block

. 4 CPUs in a Master/Slave-Architecture

Master CPU: Algorithm computation
and communication

Slave CPUs: Motor/Connection control
and sensor data

M-Tran prototype

 Virtual shared memory for inter-module
communication
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-
M-tran from Satoshi1 Murata

. Successful approach to stable and efficient (whole body) motion generation involving
the combination of

- CPGs - central pattern generators
~ Genetic algorithms
- Dynamics simulation

. CPGs are well suited for modular systems being asynchronous and decentralized

. ALPG - Automatic Locomotion Pattern Generation, a software implementation of the

combination
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e
Superbot from Wel-min Shen

. Developed at the University of Southern California
as a deployable self-reconfigurable robot

. Hybrid chain and lattice architecture.

. Three DOF (pitch, yaw, and roll), modules
interconnect through one of the six identical dock
connectors.

« Modules communicate and share power through
their dock connectors.

. For high-level communication and control, the
modules use a real-time operating system and the
hormone-inspired control developed for CONRO as
a distributed, scalable protocol.
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e
Outline of today’s lecture

. Review of modular robots

Challenging
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Challenging

. Big systems:
- Most systems of modular robots have been small in number.

- The demonstration of a system with at least 1,000 individual units would suggest
that modular robots have come of age.

~ The physical demonstration of such a system will require rethinking key hardware
issues, such as binding mechanisms, power distribution, dynamics, and vibrations.

, by Yim, Shen, Salemi, Rus, Moll, Lipson, Klavins & Chirikjian,
published in IEEE Robotics & Automation Magazine March 2007.
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Challenging (cont’)

. Self-repairing systems:

- Besides reconfiguring itself into a new shape, a system comprised of modular
robots would be able to recover from serious damage.

- A demonstration of a self-healing structure made up of many distributed,
communicating parts would require rethinking algorithms for sensing and
estimation of the global state, as well as truly robust hardware and algorithms.

, by Yim, Shen, Salemi, Rus, Moll, Lipson, Klavins & Chirikjian,
published in IEEE Robotics & Automation Magazine March 2007.
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Outline of today’s talk

o From Y1 to GZ-I, our modular robot

_ Y1 modular robot and related research
- GZ-I module
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-
Outline of today’s talk

o From Y1 to GZ-I, our modular robot

Y 1 modular robot and related research
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-
Modular robot cooperation

. Since 2004, Juan Gonzalez-Gomez and I have been working on the
modular robot project.

At TAMS, Dec.2006

-] i
h-: §

In Madrid, Nov. 2007 In Madrid, Nov. 2008
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-
Modular robot cooperation

« Y1 module, 2004

« Y1 modular minimmin configuration, 2005

. Y1 pitching-yawing connecting research, 2006
«  GZ-I mechanical improvement design, 2006

«  GZ-I system integration, 2007

. Related research, 2008.

« The GZ-1 was started in 2006.
This system has been developed and is currently
still under improvement by our consortium.
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Y 1 module

. DOF:1
. Material: 3mm Plastic
. Servo: Futaba 3003

. Dimension: 52 x 52 x 72mm

. Rotation Range: 180 degrees
« Cheap and easy to build

. Two types of connection:
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Possible tasks using the Y1 module

1D Topology

8 Pitch-yaw connecting modules
4 rotate around the pitch axes

4 rotate around the yaw axes

Based on the Y1 modules
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Other interesting possibilities

. Other possibilities
~ Three-legged robot
- Four-legged robot
- Six-legged robot
~ Biped robot

Houxiang Zhang Kie)




Other interesting possibilities
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-
Outline of today’s talk

o From Y1 to GZ-I, our modular robot

GZ-I module
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I
GZ-I system introduction

« GZ-I was developed in 2006 in cooperation with
my colleague Juan Gonzalez-Gomez.

. This system has been developed and is currently
still under improvement by our consortium.
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GZ-1 with four connecting faces

dodule | Module 2

a. Pitch connecting b. Pitch-Yaw connecting
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e
Robots with various shapes
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Control hardware realization
« A small board

. Power supply and controller located off-board
« The locomotion algorithms are executed on a PC

. The PC is connected to the controller by RS-232

Power supply
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System integration of GZ-I (wireless)

Basic Operation
Unit

—

Parameter Downloading Unit
Setting Unit for Motion Data

Li-Poly
Bettry

Wireless Data
Transmission Module

Power

Motion Body Built Using GZ-I
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Outline of today’s talk

. Locomotion controlling method
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I
Locomotion controlling method

. The sinusoidal generators produce very smooth movements and have
the advantage of making the controller much simpler. Our model is
described by the following equation .

v =4 sin(z%t+¢l.)+0i

. Where y. 1s the rotation angle of the corresponding module; A 1s the
amplitude; T 1s the control period; t 1s time; O, 1s the phase; O, 1s the
1nitial offset.
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I
Locomotion controlling method (cont’)

AdDy Ady ADyy
- O OO
Vs
Vi1 Y V2 ¢ Y Va ¢

T
>
5 “
=]
! T
Ha

H1 HEJ Hs
O PR o BRI v SR cv
Ady Aby ADH
.  They are divided into horizontal and vertical groups, which are described as H; and V, respectively. Where 1
means the module number;
. A, is the phase difference between two adjacent vertical modules;

. AQ®y is the phase difference between two adjacent horizontal modules;

.  A®dy, 1s the phase difference between two adjacent horizontal and vertical modules.
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e
Locomotion capabilities

- v3

. Linear gait

Vi V2

Forward and backward movement

. Turning gait = __x\ .
- Turn left and right; or the robot moves along an arc ﬁ

. Rolling gait
The robot rolls around its body axis
. Lateral shift

The robot moves parallel

. Rotation

The robot rotates around its body axis
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e
Locomotion capabilities-linear gait

. Parameters:

Houxiang Zhang 51




Locomotion capabilities-turning gait

. Parameters:
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Locomotion capabilities-rolling gait

. Parameters:
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e
Locomotion capabilities-lateral shift

. Parameters:
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e
Locomotion capabilities-rotating gait

Parameters:

Houxiang Zhang



Summary

Gate types Parameters for sinusoidal generators

Linear Ay 0; Ay;=0y =0 | AD,=100-120, Oy; 0
movement

Turning AD,=100-120, O;=0
movement

Rolling Ay, Ay 0; Oy=0y: | AP, =AD =0, AD ;=90
movement =

Lateral AP, =ADP,=100, AD ;=0
movement

Rotation AP ,=120, AP =0,
movement AD,,=50

Houxiang Zhang
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Summary

Sinusoidal Turning Lateral Shifting Rotating Rolling
Avz0 Au=0 Ov=0 AdDy =120 Avz0 Auz0 Ou=0 Ov=0
Ou=0 Ou#0 ‘ﬁ@‘u’H =0 ﬂ.ﬂl)‘,H =0 ﬂﬂlle: 20
APy=100 AP =50 AP y=0
Ady=100 Ady=120 ADy=0

Houxiang Zhang

57




-
Testing and demos
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-
Outline of today’s talk

o Current research
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-
Current research

. New version of modular robot

. New modular robotic configuration
« Modular grasping

« Modular climbing caterpillar robot

. Locomotion capability of modular limbless configuration

Houxiang Zhang 60




[
New version of modular robot

« Strong and robust

. With more mechanical parts in ABS material
. With more connecting possibilities

. Waith sensor interface

Houxiang Zhang



I
New modular robotic configuration

. “H” Structure

. Five-legs configuration
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Modular grasping

. Melting various grasping and flexible mobility based on modular
approach

. From kinematics viewpoint, a solid result to confirm the idea
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Modular grasping

. Melting various grasping and flexible mobility based on modular
approach

. From kinematics viewpoint, a solid result to confirm the idea
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Thanks for your attention!

Any questions?




