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ESLAS Project - Background oc

Main goal: Self-organizing of heterogeneous societies
of autonomous robots

How to model dynamically changing goals of a robot?

biological principles: motivation system in terms of drives

How to individually achieve a specified goal?

self-exploration, self-awareness, individual learning

How to converge to group behaviour?

Imitation: observing, understanding and incorporating additional
knowledge

How to coordinate multiple possibly contradicting goals?
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ESLAS Project Phase Ill — Brief Recap oc

Coordinating multiple goals
of a single robot, e.qg.:

1. Dbattery loading

2. collecting items

3. transporting items to base

controller

observer

indui
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Motivation system in terms of
occasionally contradicting drives
drive 3

current motivation vector

drive 2

Each drive is represented by a
dynamically abstracted and adjusted
Semi-Markov Decision Process
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original abstracted
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ESLAS Project Phase Ill — Brief Recap oc

Coordinating multiple goals Goal coordination (COORD)
of a single robot, e.g.: - keeps track of states spaces

;- baltlteW loading - efficiently selects a robot’s actions
< collecting items . based on SMDP in the presence of
. transporting items to base dynamically prioritized goals

controller observer
R Goal selection mechanism:
EM - cumulative weighted reward of two
drives
» detects a worthwhile detour in the
: : state space for one additional goal
DEC EXPL > EV .
\/ * acceptable runtime compared to
t - | . . .
—————% considering all possible sequences
2 i :A\C-[k-)ilities ﬁ%
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Real World Evaluation @G“

« shift investigations from simulation to the real physical world
with all its dynamics

« provide a demonstrative scenario
1. sophisticated investigations
2. appealing for audience

B\I/Ce\:\gm —» ltems
5 / -5
K b
Robot » K ® E ® b |
K b
Boundary —p 10 -10
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Real World Evaluation @G“

Integrating the ESLAS approach

Learning: each robot has to individually learn proper
strategies to maximize its score

Imitation: each robot gathers additional learning samples by
observing, understanding and incorporating
the behaviour of other robots

Coordination: dynamically changing goals, such as defending the
own items, gathering new items or loading the battery,
have to be coordinated by each robot

Cooperation: team cooperation in a non-obtrusive manner, based on
observing and understanding

September 16, 2011 DFG 1183 ORGANIC COMPUTING



Real World Evaluation ee'

Different types of robots with different capabilities for heterogeneity

BeBot Rovio Spykee

(developed @ HNI) (commercial) (commercial)
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Real World Evaluation @G“

Requirements:

« overall view of the entire environment for debugging and
localization

 robust localization of the robots, independent of the
robots’ capabilities (sensors)

« scalability with respect to the scenario area as well as
computational power

 scalability with respect to the degree of heterogeneity of
the applied robots
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Global View of the Entire Environment

= eight cameras, supervising
an area with a total size of
665 cm x 607 cm

= all eight areas overlap by
39 cm to guarantee a
continuous tracking of robots

» coherent picture is constructed
by a stitching mechanism

* the stitching mechanism also
merges robots that were
detected in more than one

frame
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Marker-based Robot Localization

Realized by artificial landmarks that
are attached to the top of the robots
and detected by the external cameras

1. color segmentation for extracting
regions of similar colors

2. assign regions to pre-defined
color classes

3. marker detection algorithm
based on heuristics

4. translation into field
coordination system
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Subjective Perspective of a Robot @@

« each robot has to individually perceive its actual
environment

 focus on vision based data

« computational power not sufficient to do image
processing on every robot

e a proxy node provides the camera image of an applied
robot

by providing it to all interested clients, the network load
IS minimized
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Scalable Structure @G"

Software

« distributed software architecture in terms of loosely
coupled nodes

e communication via TCP/IP (across processes)

H d Bluetooth
araware |
3’ £ & &
| | Video 1
Ll s
\fleo2
€ € € ©
= — Video 3
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Deploying the system oc

Access and Usage

Decentralized user management:
1. passive access level (monitor experiments)
2. active access level  (conduct experiments)

A control node realizes the connection between robots,
node architecture and user clients

obo \S_ilb_' ‘/J:_\
S_x: state of robot x

" S— for robot x

|

I |

1 |
fy \L/ c_x: control command
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Deploying the system

Clients

e R3PE remote monitor & ) (B
| passive access (webpage)
Robot = VisionNode (EditableNode) : 1]
E_-- init_ (self, **kwd): J

elsen

B ir tup the node and its attached ports =
B remote su, P e mofe ane e ports ITAT PADERBORN
E Die Universitit der Informationsgesellschaft
[F] move input_ports = {}
[l programming input_ports(['instruction_in'] = (None, 'replace') Home

output_ports = {} Aktuelle Infos

output_ports['instructi = (None, 'replace') Uber Uns

output_ports['visic = (MNone, 'replace’) Anwendung

Entwurf

computation_model = ESMCmLeave (self) Spielfeld

Editablehode.__init_ (self, input_port=input_ports, output_por Spisiraid be)

comp mod=computation model. **kwd)
| L= Paderkicker

Unsere Robots:

Line: 105 Col: 0 L
Mexi
Roboter-Status. x
20 67 Suchen e Position Online?
] 400 Status
360 hd X:1930, Y2055, =
320 — 13 oo g Kamerabild
anfordem
280 L 2¢
240 @ r3remote BeBot tut nix
200 & Roboter 13 Ja
° X:3721, ¥:3504, Kamerabild
160 :282.8°
g ’ anfordern
120 B
80 o r3remote BeBot goes with speed: 110 and
tums angle: -
40 @ Fahrbefehl von 131.234.11.146 vor 24s
L 0 2 Ja
IRO1 IRD2 X:4996, Y:2378, :85.9°  Kamerabild
i anfordem
r3remote BeBot tut nix
Ja
X:1808, Y:4511,
X Kamerabild
0251 anfordem

active access (standalone) |
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R3PB Test Bed @@

Remote Real Robots at the University of Paderborn

* test bed for conducting experiments with mobile robots

« enables students and researchers to control, program
and monitor groups of mobile robots

« camera based tracking system for locating robots and
supervising the entire area

 software system consists of loosely coupled,
distributed nodes

« scalable infrastructure, which can be easily extended
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Summary @@

 realized a controlled real-world environment for
conducting experiments under realistic conditions

 the scenario is highly descriptive and easy to
understand on the one hand, and allows for
sophisticated investigations on the other hand

« ongoing: investigation and demonstration of the
Organic Computing principles provided by ESLAS in a
real world scenario
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Thank you
for your attention!
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