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Sensing  
at the edges

Synthetic specimens for  
early contractile coordination

Brunet et al., 2019



C. flexa



Keijzer’s Skin-Brain Thesis (SBT)

De Wiljes et al., 2015Jékely et al., 2015



Prior work

Mertan & Cheney, 2025

centralised distributed

Medvet et al., 2020



Moving and sensing without input and output

Animal Sensorimotor Organisation Hypothesis 

1. Cells determine only their own geometry 

2. There is no access to global state 

3. Cells perceive through local signalling 

4. Of the environment, each cell knows only: 

a. What is my current contractile state? 

b. What was my previous command? 

c. How far apart are these two?

Testing Keijzer’s hypothesis

CTRNN-based NCA with  
identical controllers in each cell 

Environmental inputs solely:  
previous action, absolute and  
relative deformation in X and Y 

Strictly local signalling: Sobel-X, 
Sobel-Y, Laplacian, Identity

Keijzer, 2015
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Testing Keijzer’s hypothesis

three diff

horizontally mirrored blind locomotion = 0.5 

–> detect edge & reverse

1. symmetric cliff

2. extended runs





What did they learn?

strong native, but 
heuristic methods 
do not generalise



How do they do it?

ablating local signalling  
and deformation inputs  
leads to specific effects



Who are they?

performance fails to 
transfer smoothly  
across bodies shapes



Who are they?

7x37x2



Who is S4?

deformation 
intact

deformation 
of



Who is S4?



Why should we care?

We can sample synthetic specimens from the murky pond of theory 

Taking Keijzer’s constraints, we can speak of early multicellular coordination 

The picture is plausible: distributed clonal controllers can learn conditionals 

These specimens can be surprising, with S4 suggesting different strategies: 

• proprioceptive coordination 

• morphological computation


