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A Braitenberg vehicle’s habitat



Plan

• Some background 

• Environment vs habitat vs umwelt 

• POMDPs (environment) —> quotient 
POMDPs (habitat) for Braitenberg vehicles 

• Symmetries to obtain relevant quotients



Change of perspective

“What is it like to be a bat Braitenberg 
vehicle?” 

 
“Maybe I just can’t know, because our 
experiences are (mostly) invariant to 
different things”



The intentional stance

As-if agency

• Physical stance: predictions from 



World of or for an agent

Umwelt



Habitat vs umwelt
Ay & Löhr (2015), Baggs & Chemero (2019, 2021) & ~~ Feiten (2020, 2024)



“But Braitenberg vehicles are too simple!”
Beliefs in transformers



Environment —> Habitat



POMDPs to model environments

A POMDP  is given by 

• State space,  

• Action space,  

• Observations,  

• Transition map, , often just written as 
 

• Observation map, , often just written as 
 

where  is the set of distributions on .

(S, A, O, T, M)

S

A

O

T : S × A → P(S)
T(s′￼∣ s, a)

M : S → P(O)
M(o ∣ s, a)

P(X) X



Bisimulation equivalences of POMDPs

Given a POMDP, an equivalence relation 
 is a bisimulation equivalence if 

the following conditions hold for : 

         

(transitions) 

         
(observations) 

and we say that  when .

R ⊆ S × S
C ∈ S/R

∑
s′￼∈C

T(s′￼ ∣ s, a) = ∑
s′￼∈C

T(s′￼ ∣ s̄, a)

M(o ∣ s, a) = M(o ∣ s̄, a)

s ∼R s̄ (s, s̄) ∈ R



Quotient POMDP to model habitats

Given a POMDP  is the tuple 

, given by 

• State space, orbit space  

• Action space,  

• Observation space:  

• Transition kernel :  

 

• Observation kernel : 

(S, A, O, T, M, G, αS, αA, αO)
(S/R, A, O/R, T̄, M̄)

S/R

A

O/R

T̄ : (S/R) × A → P(S/R)

T̄ ([s′￼] ∣ [s], a) := ∑
u∈[s′￼]

T(u ∣ s, a), [s], [s′￼] ∈ S/R, s ∈ [s], a ∈ A

Ω̄ : S/RG → P(O/R)

Ω̄([o] ∣ [s]) := ∑
v∈[o]

Ω(v ∣ s), [s] ∈ S/R, [o] ∈ O/G, s ∈ [s]



Where does  come from? 

For Braitenberg vehicles:

R



Invariance to rotations around source

Property 1:  symmetrySO(2)

Given  

• same distance to source 

• same attitude (angle ) 

there is an invariance to rotations centred 
around the source. 

Rotating the world around the light, 
doesn’t change sensations.

θrel



Equivariance to reflections along longitudinal axis

Property 2:  symmetryZ2

Given the longitudinal axis of the vehicle, 
we, there is an equivariance to reflections 
about this axis. 

Left-right world reflections for the vehicle 
flip its sensory readings.



Equivariance to distance to light

Property 3:  symmetry (?)ℝ≥0

Given the propagation law of the source 
and fixed bearing, sensory readings vary 
equivariantly with distance to the source. 

Moving the vehicle along the line that 
connects it to the source, changes 
sensory readings by constants  and  
fixed by propagation law.

λ1 λ2



Trivial because of boundary choice

Agent as (stateless) policy

  

 

π : O → A

or ↦ vl = kor, ol ↦ vr = kol

VL

OR
= constant =

VR

OL



Physical environment

Braitenberg POMDP

• State space,  

• Action space,  

• Observation space,  

• Transition dynamics, position 
 and angle  

 

• Observation map, deterministic, given by the 
composition of  and , with 

, and .

S := XCentre × Θ × XStim × RBody

A := Vl × Vr

O := Ol × Or

fCentre : XCentre × Vl × Vr → XCentre
fΘ : Θ × Vl × Vr → Θ

fSensor fStim
fSensor : XCentre × Θ × XStim × RBody → Xl × Xr × XStim

fStim : Xl × Xr × XStim → Ol × Or



Use property 1

Braitenberg quotient POMDP

• State space,  

• Action space,  

• Observation space,  

• Transition dynamics, radius  

and relative angle   

• Observation map, deterministic, given by the 
composition of  and , with 

, and 

.

S′￼:= R × Θrel 

A := Vl × Vr

O := Ol × Or

fR : R × Θrel  × Vl × Vr → R
fΘrel  : R × Θrel  × Vl × Vr → Θrel 

fSensor fStim
f

rBody 
Sensor : R × Θrel  → Rl × Rr,

fStim  : Rl × Rr → Ol × Or



Take-home message

• Environment vs habitat vs umwelt 

• Habitat ~= environment coarse graining 
capturing invariances for a class of agents 

• Bisimulations can be somewhat arbitrary (but 
when induced by symmetry groups of interest 
less so) 

• Next: disentangle full group structure + study 
umwelt + quotienting environment vs. agent
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