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Perpetual Explorationwith a Swarmof LuminousRobots

I Discrete moves in the 3D grid
I Communications through lights of colors
I Limited visibility range
I No memory of previous actions
I No other communications

I Synchronous Look-Compute-Move cycles
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In the Previous Episode
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In the Previous Episode

I [FUN’22]: Perpetual exploration of a 3D grid with disoriented luminous robots

with chirality

B With 3 robots, 5 colors, and visibility range 1
B With 5 oblivious robots and visibility range 2

With chirality:

≡

			 ���

⇒ Perpetual exploration of a 3D grid without chirality?
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PreviousResults

I On2Dgrids:

With
chirality
Without
chirality

Visibility # Robots # Colors
∗ 1 ∗
1 2 3
∗ 2 ∗
1 3 3

[Bramas et al., ICDCN’21]

[Bramas et al., NETYS’21]

And many other results on 2D grids, infinite 2D grids, torus ...

I On3Dgrids:

With
chirality
Without
chirality

Visibility # Robots # Colors
1 2 *
1 3 5

? ? ?

[Bramas et al., FUN’22]
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Impossibility Result

Impossible with 3 robots, no chirality, and visibility 1

without ambiguous moves

AmbiguousMove?

Ambiguous Not ambiguous
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Impossibility Result: Some Intuition

Impossible with 3 robots, no chirality, and visibility 1 without ambiguous moves

I Isolated robot = cannot move
I Visibility 1 ⇒ the 3 robots are on a plane

I Must leave the plane to explore the grid

I Both directions are indistinguishable ⇒ Ambiguous move
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Algorithm1: Visibility 2, 3Robots, 5 Colors, noAmbiguousMoves

ExplorationPath:

https://y.uca.fr/fun26-algo1

Relative Positions:

⇒ Build an orientation system
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Algorithm2: Visibility 1, 3Robots, 77 Colors, AmbiguousMoves

line
direction

previous
line

previous
layer

https://y.uca.fr/fun26-algo2

EncodingDirections at theWall:

next
line

next
layer?

next
line?
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Algorithm2: Visibility 1, 3Robots, 77 Colors, AmbiguousMoves

≈ 8% of the
graph of configurations
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OurContributions

Perpetual exploration of finite 3D grids without chirality

I Impossibility with 3 robots and visibility 1 without ambiguous moves

I Algorithm without ambiguous moves in visibility 2
optimal in number of robots & visibility (3 robots, 5 colors)

I Algorithm with ambiguous moves in visibility 1
optimal in number of robots & visibility (3 robots, 77 colors)
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OpenQuestions

I Optimality in number of colors?
B With less than 5 colors and no ambiguous moves?
B With less than 77 colors and ambiguous moves?

I Generalization to any dimension?
B Adding an extra robot not always necessary for superior dimension and/or removing

chirality assumption.

I What about infinite 3D grids?
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THANKYOU!

Full paper:
77 Shades of Grey. Quentin Bramas,
Stéphane Devismes, Anaïs Durand,

Pascal Lafourcade, Anissa Lamani. FUN 2026

Upcoming (maybe) ...
77NUANCES
PLUS SOMBRES


