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Vector Quantized Variational AutoEncoders

Background VO-VAES

AutoEncoder that compresses to a set of
discrete tokens (codewords)
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How to get the gradient back to the
encoder?

Question
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How do you move vectors on a spherical
surface?
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How do you move vectors on a spherical

uestion
Q surface?

Cartesian Coordinate System Spherical Coordinate System
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Is there a "better” way to move the

Question gradient from g to e?

Straight-Through

Estimator (STE) Rotation Trick
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Question

Is there a "better” way to move

gradient from q to e?

Compression Theory:

high capacity,

low distortion

Voronoi Partition

STE Updates
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Rotation Trick Updates
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Question

Is there a "better” way to move the

gradient from g to e?

Change in Distance Between
e and g After an Update
Compression Theory: high capacity, low distortion
Voronoi Partition STE Updates Rotation Trick Updates
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Algorithm| Simply rotate e to g in forward pass

Algorithm 1 The Rotation Trick

Require: input example x
e < Encoder(z)
q < nearest codebook vector to e
R <+ rotation matrix that aligns e to q

q < stop-gradient [HR} e
T < Decoder(q)

loss «+ L(x, %)

return loss
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Results| Improved Image Reconstructions

Approach Latent Shape Codebook Size  Codebook Usage Quantization Error () r-FID () rIS (1)
VQGAN 64 x 64 x 3 8192 15% 2.5¢-3 0.53 220.6
Gumbel VQGAN 64 X 64 x 3 8192 4% — 0.60 219.7
VQGAN w/ Rotation Trick 64 x 64 x 3 8192 86% 1.7e-4 0.27 228.0
VQGAN 32 % 32 x4 16384 2% 1.2e-2 5.0 141.5
Gumbel VQGAN 32x32x4 16384 12% — 1.7 189.5
VQGAN w/ Rotation Trick 32 x 32 x 4 16384 27% 2.4e-4 1.1 200.2
Orig

STE




Results| Enables new applications in video modeling

Approach Dataset ~ Codebook Usage Train Loss (|) Quantization Error () Valid Loss () r-FVD ()
TimeSformer! BAIR 0.4% 0.221 0.03 0.28 1661.1
TimeSformer w/ Rotation Trick BAIR 43% 0.074 3.0e-3 0.074 214
TimeSformer’ UCF-101 0.1% 0.190 0.006 0.169 2878.1
TimeSformer w/ Rotation Trick UCF-101 30% 0.111 0.020 0.109 229.1
.. . STE Rotation Trick
Original Video

Reconstructions Reconstructions
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