Neural network architectures
for image captioning
By Emily Kern



Given a set of images and accompanying human-generated captions,
can we train a neural network to predict captions for new images?

Describes without errors Somewhat related to the image| Unrelated to the image
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A dog is jumping to catch
a frisbee.

A skateboarder does a

Two dogs play in
trick on the ramp.

A person riding a
the grass.

motorcycle on a dirt road.

"construction worker in orange "two young girls are playing with "boy is doing backflip on
guitar.” safety vest is working on road.” legos toy." wakeboard."

A refrigerator filled with
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A little girl in a pink hat
lots of food and drinks.

is blowing bubbles

A group of young people Two hockey players are
playing a game of frisbee, fighting over the puck.

"man in blue wetsuit is surfing on

A herd of elephants walking A close up of a cat laying A red motorcycle parked on A yellow school bus ‘girlin pink dress is jumping in ‘black and white dog jumps over "young girlin pink shirt is wave"
across a dry grass field on a couch. the side of the road. parked in a parking lot. air" bar." swinging on swing."




What is a neural network? ©
e A computer system modeled after the human brain @ sz @ 0
(%)

e There are many different architectures
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Feed-Forward

e The simplest type of neural network
e Architecture does not include any loops
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Convolutional (CNN)

e (Good at object classification
e Given an image — checks pixel intensity (RGB values)
e Applies filters to understand higher-level features
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Recurrent (RNN)

Good at operating over a sequence of vectors (i.e. sentences, words)
New state h_t dependent on previous state h_(t-1) and current input x_t
Short-term memory

Other implementations (i.e. LSTM, GRU
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Research

e Vinyals
o Proposal for image captioning
e Karpathy, Fei-Fei
o CNN + RNN/LSTM for image captioning
o Uses Flickr8k and Flickr30 datasets (crowdsourced)



We use the Karpathy and Fei-Fei model as a base

e Encoder-decoder architecture
o CNN encoder, RNN/LSTM decoder
e Supports flickr8k, and flickr30k

Vectorized
high-level features

(aka ‘embedding’)
CNN RNN/LSTM Suggested caption




e Keep CNN encoder, use LSTM decoder
e LSTM slow, but better for captions
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Flickr Datasets

{filename': '1000092795.jpgd', 'imgid": 0, 'sentences": [{'tokens": ['two',
'young', 'quys’, 'with', 'shaggy’, 'hair', 'look’, 'at’, 'their', 'hands’,
'‘while', 'hanging’, 'out’, 'in', 'the', 'yard'], 'raw": 'Two young guys with
shaggy hair look at their hands while hanging out in the yard.',
'imgid": 0, 'sentid": 0}, {'tokens": ['two', 'young', 'white', 'males', 'are’,
‘outside’, 'near’, 'many', 'bushes'], 'raw': "'Two young, White males
are outside near many bushes.', 'imgid": 0, 'sentid": 1}, {'tokens":
[two', 'men’, 'in', 'green’, 'shirts’, 'are’, 'standing’, 'in’, 'a’, 'yard'], 'raw"
"Two men in green shirts are standing in a yard.', 'imgid": 0, 'sentid":
2}, {'tokens'": ['a', 'man’, 'in', 'a’, 'blue’, 'shirt’, 'standing’, 'in’, 'a’,
'‘garden’], 'raw": 'A man in a blue shirt standing in a garden.', 'imgid":
0, 'sentid": 3}, {'tokens": ['two', 'friends’, 'enjoy’, 'time’, 'spent’,
'together’], 'raw": "Two friends enjoy time spent together.', 'imgid": 0,
'sentid": 4}], 'split": 'train’, 'sentids": [0, 1, 2, 3, 4]}



Early iteration on flickr8k

Pretty good Not so good

a skateboarder is doing a -3 -
trick on a ramp aman in a blue shirt is running on a track aman is riding a bicycle on a ramp
logprob: -8.79 logprob: -12.86

amaninaredshirtis amaninaredshirtis amanina red

riding a bike on adirt ~ standing on a rock with uniform is running in a
road a black dog field

| logprob: -14.31 logprob: -18.43 logprob: -14.21
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a basketball player in a red
uniform is running with a
football
logprob:

a boy in a red shirt is jumping off a swing set a brown dog is running through the snow
logprob: -15.39 logprob: -5.08

-13.34

aman in a black shirt is
= a man in a black shirt is standing in front of a white standing in front of a large
a football player in a red uniform is running in the field @ man in a wetsuit surfing aman in a yellow shirt is surfing on a wave building with a black and white flag building

logprob: -12.09 logprob: -7.06 logprob: -12.23 logprob: -20.82 logprob: -15.89




Late iteration on flickr8k

Lots of men in red shirts, benches, and snow

\ : Piahl NP0\ 03 ALY ¥ aman in a red shirt is ; i
a dog is running through the snow a dog is running through the snow jumping up a rock wall aman in a black shirt is sitting on a bench
logprob: -7.90 logprob: -7.93 il b : 8.65 logprob: —14.4{1

amanin ared shirt is

) " — -' R sitting on a bench
aman in a red shirt is standing on a bench aman in a red shirt is standing on a bench aman in a red shirt is sitting on a bench .
logprob: -15.95 logprob: -15.96 logprob: -14.85 logprob: -14.45




Early iteration on flickr30k

Pretty good Not so good

aman in a blue shirt is standing in a river with a

b B, 3 large fish awoman in a black shirt is holding a baby a young girl in a pink shirt is holding a toothbrush
E a black and white dog is running through a logprob: -21.63 logprob: -13.76 logprob: -14.47
a football player in a red jersey is running a group of people are walking down a street field

logprob: -11.09 logprob: -8.57 logprob: -7.69

arman in a red shirt is gwr - awoman in a red shirtis - ayoung boy in a red shirt is
riding a bike on a dirt path a group of people are in the water aman in a black shirt is jumping off a rock into a pool holding a red umbrella  |ooking at a toy
logprob: -12.24 logprob: -8.78 logprob: -17.92 logprob: -14.23 logprob: -16.70




Late iteration on flickr30k

Pretty good

aman in a blue shirt is

» . g 4. . o
& |- \ - = aman in a blue shirt is
aman in a white shirt is aman in a blue shirt is e oy yo Mg b_lack Sl standing on a rock
playing a game playing a guitar riding a bicycle igroup ck))f.peogplzsre sfifihgcniaioench Blayingiaiguitar
logprob: -14.45 logprob: -11.25 logprob: A
We W youNewhom we do... 15wl i o) -

logprob: -11.85 logprob: -16.36

N -
a group of people are playing in a field a baseball player is playing the ball
Taanrohe:e —-11 &892 logprob: -10.49

Py, AN Bl L=
aman in a blue shirt is playing a guitar aman in a black shirt is sitting on a bench
logprob: -11.69

logprob: -13.80



Flickr30k
Early Late

— NSNS amanin a black shirt is
aman in a blue shirt is jumping off a diving
jumping over a rock board

logprob: -16.93 logprob: -14.60

a young boy in a red shirt is

Early

- A

looking at a toy

logprob:

-16.70

Flickr30k

Late

a man in a black shirt is

sitting on a bench

logprob:

-13.66



e Later iterations suffered from word biases and repeated captions
e Captions were coherent, if questionable at times
e Captions seemed more accurate/confident when less detailed

Why not try NEURAL NETWORKS?
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