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Paper Outline

Goal: Adapt processes and mechanisms from developmental
biology to help build scalable, complex technologies.
Target: Reactive Robot Control
Platform:  Pioneer 2DX | g 25 i)
& Amigobot 0 [[j:,/:j
D=
Goal: Explore ability of GRNs to specify reactive robot behaviors
through the evolution of general purpose obstacle
avoidance GRN controller.
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Available “proteins” and their purpose
ID__Purpose e o
O MOVe Forward DO0000000C f}{‘(‘('ﬁ(’r ‘K'K'}"(?(‘('XT(_)
1 MOVe BaCkWard . 000 OOOOO0000 COOOOCOOOLOO0CO0H,
2  Rotate Counter-clockwise ~ — 9 ~0- =0
3 Rotate Clockwise o7 ST e
4 No Purpose \\\ Q
5  Rear Left Sensor @“é &
6  Left Sensor L e %
7  Front-Left Sensor 1 D — >
8  Front-Left Sensor 2 ~ % /
9  Front-Right Sensor 1 C/__'_) XO
10  Front-Right Sensor 2 ¥ 4
11 Right Sensor T T O——o
12 Rear-Right Sensor |

How do we build this network?
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Building the Network

Genetic Algorithms (GA)
* Global Search Heuristics
« Euclidean Distance = V(X,-X,)2+(y,-Y,)?
* Avoidance = ) (e + s + SonarValuey,y)
 Evolutionary Algorithms
* Inheritance
» Mutation
* Selection
» Crossover
» Candidate solutions to an optimization problem evolve over time
* A single generation: one application of either a 2-point crossover or
mutation
» GA initializes a population of solutions randomly, then improve it
through repetitive generations
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Building the Network — A Pictorial Representation

Evolve

Check Heuristic

V(XX )2+ (Y 1-Y2)?

Eliminate bad solutions

Evolve

Initial Population of solutions
Zeroth Generation
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J\Vlass Arphers
Experiment 1: Memorizing a Path

Evolution & Development
*Population Size: 100
*Generations: 100

*Num Genes: 10

*Num Proteins: 4
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Experiment 2: System-Environment Interaction
Evolution & Development
*Population Size: 25
*Generations: 50
*Num Genes: 15
*Num Proteins: 7 |'
‘
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Questions

* A self-evolving neural network?

* What enables a system to know when to stop evolving?
* How would all of this work in a dynamic environment?

* “The genome is an immensely complex, real-time control system
that builds bodies, brains, and immune systems capable of
remarkable activities”

» Can we chop it up and use it out of context?

 Each cell in a multicellular organism contains a copy of the

genome and thus of the GRNs
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