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3D convolutions
• Convolution across space and 

time


• Input video is a 4D tensor


• time


• width, height


• color channels


• 3D kernel


• time, width, height



Formal definition

• Input:   � 


• Kernel:  � 


• Bias:      � 


• Output: �

X ∈ ℝT×H×W×C1

w ∈ ℝt×h×w×C1×C2

b ∈ ℝC2

Z ∈ ℝ( T − t + 2pt
st +1)×( H − h + 2ph

sh
+ 1)×( W − w + 2pw

sw + 1)×C2

Zd,a,b,c = bc +
t
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i=0

w
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C1
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k=0

Xd+l,a+i,b+j,c+kwl,i,j,k

Conv wxhxt



3D CNNs

• Take a image CNN


• Replace some (not all) 
layers with 3D conv

Conv 3x3x3

Conv 1x3x3

Conv 3x3x3

Conv 1x3x3

...



3D CNNs - Issues

• 3D convolutions are too 
large


• Slow


• Too many parameters


