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∀(x,n)∈ℝ3×S2 ∃g(x,n)∈SE(3) :
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(x, n) = g(x,n) ⋅ (0, ez)

The transitive action of  on homogeneous space SE(3) ℝ3 × S2 = SE(3)/SO(2)
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k(R−1
na

xba, R−1
na

nb)f(xb, nb)

= ∑
xb∈𝒩a

∑
nb∈ℛb

k(∥R−1
na

xba∥ , ∡(R−1
na

xba)ez , ∡(R−1
na

nb)ez) f(xb, nb)= ∑
xb∈𝒩a

∑
nb∈ℛb

k(∥xba∥ , ∡(R−1
na

xba)ez , ∡(R−1
na

nb)ez) f(xb, nb)= ∑
xb∈𝒩a

∑
nb∈ℛb

k(∥xba∥ , ∡naxba , ∡nanb) f(xb, nb)

(0, ez)

(x, n)

= g(x,n) ⋅ (Rα,ez
0, Rα,ez

ez)

g ∈ SE(3)

= k(∥x∥, ∡xez, ∡nez). . . . . . . {. . . .

in        in x n

which implies “conditioning” on invariant attributes:

(xa, na)

(xb, nb)

(xb, nb)

Atomic Point cloud

             ℝ3

/ Edge cloud

  ℝ3 × S2

message between edges
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Recall lecture 1.7: 
“Any equivariant linear layer between 

feature maps on homogeneous spaces 


is a group convolution”

ℝ3
no geometry

SE(3)

G
SE(3)
SE(3)

ℝ3 × S2 × ℝ+

ℝ3 × S2 × ℝ+

SE(3)
ℝ3

SE(3)

SE(3)

non-linear

pseudo-linear
non-linear
non-linear

non-linear

non-linear

non-linear

steerable
steerable

steerable
steerable

reguleerable?

steerable

regular

regular
regular

regular

regular
pseudo-linear

Table 2: C
om

parison on Q
M

9.
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