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Cuttlefish change color & pattern of skin to evade detection.
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Hypothesis: Cuttletish computes a set of statistics of their visual environment, and then
generates a skin pattern that matches these statistics.

Cuttlefish match mean and variance
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What other statistics might they be matching?
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Visual Texture is common in a
cuttlefish’s natural environment.

Noel Guevara Eric Noora Mark Rosenstein

Visual texture = Images that are spatially homogeneous, containing repeated structures,
typically with some random variation (Portilla & Simoncelli, 2000).

Portilla and Simoncelli texture statistics capture cuttlefish skin appearance.
Original skin patterns

Corresponding synthetic texture
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[McDermott & Simoncelli, 2011]

Using chromatophores to produce images is reminiscent of halftone printing.
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Optimization: What statistics are cuttlefish matching?
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This chromatophore halftone process is going to constrain the patterns the animal can make.

To test this, we built a cuttlefish skin renderer based on known biological properties.

Building a cuttlefish skin renderer

Modeling spatial distribution of chromatophores:
1: Place dark chromatophores using Poisson disk sampling.

2: Place light chromatophores using rejection sampling based on distance to nearest dark.
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[Reiter et. al., 2020]

Modeling light absorption of chromatophores:
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Model density of pigment as an ellipsoidal “sac of ink”:
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rr = radius of chromatophore £
Vo = total number of pigment molecules

x = location of pixel in image
[, = location of chromatophore &

Retlectance of chromatophores is computed by:
C\,Z:7, L) = 1 — e~ @y M Xrey D@iresle)+as M) Liep D(@rlr)

Y = set of indices of yellow chromatophores @y ()
B = set of indices of black chromatophores ap(A)

absorbance of yellow pigment
absorbance of black pigment

Rendering image:

—

m(T;

7 L) = [, SOI(N)C(\, Z; 7, L)dX

S(A) = sensor spectrum
I()\) = illumination

¥ = vector of chromatophore radii

L = Matrix of chromatophore locations
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‘ Real cuttlefish skin patch ‘ Full set of Portilla & Simoncelli statistics Reduced set
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