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Train an image encoder to obtain encoded images.

v

Train a common classifier on the encoded images by using labeled
images. The common classifier can be trained without paired data.
The common classifier is trained using a cross-entropy loss.

!

Train a text encoder while keeping the common classifier in a fixed
configuration by using learned text embeddings and corresponding
labels for the learned text embeddings. The text encoder is further
trained to match a distance of predicted text embeddings which is
encoded by the text encoder to a fitted Gaussian distribution on the
encoded images. A random adjective can be added to each of the

corresponding labels for text distribution variation.

!

Output the trained image encoded, the trained common classifier, and
the trained text encoder.

End
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Receive input images. 320~ Receive input text.

v v

310 ~

Extract pre-trained text

Learn an image generator with embeddings by a pre-trained

triplet loss on a latent image 325~

space. The triplet loss uses the fo the input text

text embedding model applied

labeled images: {x0){};. The
image generator, implemented ‘

by an autoencoder or GAN, 330 ~{ Map, by the text encoder, the
uses the labeled images {x7}. pre-trained text embeddings to [

a common space.

v !

31574

Fit a multivariate Gaussian to Learn a common classifier
the labeled embeddings using the labeled samples

) 335 0.,0 dxlvh.

{uisci}l=1 to Ne» {xx,Yi }[aﬂ XisVi }l.

\

340 ~

Minimize the Kullback Liebler (KL) divergence between fitted

A

Gaussian and mapped word embeddings using samples and .

!

345 ™4

Perform semi-supervised learning on the common embedding space.
A total loss for the semi-supervised learning is calculated as follows:
loss,=lossg + closs;.

v

350~

Receive an input image for captioning with an output text description
or receive an input text string for retrieving a corresponding output
image.

v

35574

Control a hardware object responsive to an output caption or output
image.

FIG. 3 End
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