
S2 Appendix. Integrating for infinite SOL-neurons. The computational model can also
be described as a linear combination of the outputs of the POL-OP units. We can merge the
SOL and TCL layers, in one by integrating for infinite SOL-neurons. Therefore, the output of
each TCL neuron is given by:

rkTCL =

nPOL∑
j=1

W j,k · gj(θt, φt) · rjPOL

where W j,k is the weight of the synapse connecting the input, j, and the output, k. The
weights of the model are given by the equation below:

W j,k = − nTCL

2 · nPOL
· gj(θt, φt) · sin

[(
φprefTCL

)k
− αj

]
where

(
φprefTCL

)k
is the preference angle of the kth TCL-neuron. This equation is the result of

integrating the two processing steps (SOL and TCL) to one by assuming infinite SOL-neurons.
The processing would look like this:

rkTCL =

nSOL∑
ξ=1

W ξ,k
TCL

nPOL∑
j=1

W j,ξ
SOL · g

j(θt, φt) · rj

where

gj(θt, φt) = exp
{
− 1

2

[ sin(θg − θj) cos(θt) + cos
(
θg − θj

)
sin(θt) cos

(
φt − φj

)
σg

]2}
W j,ξ

SOL =
nSOL

nPOL
· sin

[
αj −

(
φprefSOL

)ξ]
W ξ,k

TCL =
nTCL

2 · nSOL
cos
[(
φprefTCL

)k − (φprefSOL

)ξ]
Integrating for δ =

(
φprefSOL

)ξ
in the limit where nSOL → +∞ we have:

W j,k = lim
nSOL→+∞

nSOL∑
ξ=1

W ξ,k
TCLW

j,ξ
SOL

= lim
nSOL→+∞

nTCL

2 · nPOL

nCBL∑
j=1

cos
[(
φprefTCL

)k
− δ
]
sin
(
αj − δ

)
=

nTCL

2 · nPOL
· 1

180◦

∫ 360◦

0

cos
[(
φprefTCL

)k
− δ
]
sin
(
αj − δ

)
dδ

= − nTCL

2 · nPOL
· sin

[(
φprefTCL

)k
− αj

]
Using this model we get almost the same result as the two-layered one.
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