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A woman is throwing a frisbee in a park. A dog is standing on a hardwood floor. A stop sign is on a road with a
e mountain in the background.

A little girl sitting on a bed with A group of people sitting on a boat A giraffe standing in a forest with
a teddy bear. in the water. trees in the background.
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encoder decoder

| |

Vision Language Agr oup of people
Deep CNN  Generating shopping at an
RNN outdoor market.

o -
Q There are many
vegetables at the

fruit stand.
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[Vinyals et al. Show and tell: A neural image caption generator. GCVPR 2015: 3156-3164]
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Image Captioning

A A-LRN B C D E Sequences in the Output
11 weight | 11 weight | I3 weight 16 weight 16 weight | 19 weight
layers layers layers layers layers layers \\
input (224 x 224 RGB image)
convi-64 conv3-64 conv3-64 conv3-64 conv3-64 conv3-64 i
LRN | conv3-64 conv3i-64 conv3-64 conv3-64
maxpool
conv3-128 | conv3-128 | conv3-128 | conv3-128  conv3-I28 | conv3-128
conv3-128 | conv3-128  conv3-128 | conv3-128
maxpool
COnv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | . R
conv3-256 | conv3-256 | conv3-256 | comv3-256 | conv3-256 | conv3-256 %ﬂ:\l}%\ Iﬂ_j,{,{g}%
convl-256 = conv3-256 | conv3i-256 N =
| cony3256 . BEEER. &
max
conv3-512 | conv3-512 | conv3-512 P%%i]ﬁ-ﬁl T conv3-512 | conv3-512 | ESOmeOXgE’\J
conv3-512 | conv3-512 | conv3-512 | conv3-512  conv3-512 | conv3-512 += S=
convl-512  conv3- 512 | conv3-512 |Eﬁ$t&§’_
‘ conv3-512
maxpool Bos> | [ A | [ mam |[ mmns | [ <eEOs>
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
convl-512  conv3-512 | conv3-512
conv3-512
maxpool
FC-4096
FC-4096
FC-1000
soft-max

[Simonyan et al. Very Deep Convolutional Networks for Large—Scale Image Recognition. ICLR 2015]
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conv_base=tf.keras.applications.VGGl16(weights="imagenet’,include top=

conv_base.trainable=

[Donahue et al. Long—term recurrent convolutional networks for visual recognition and description. CVPR 2015: 2625-2634]
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RNN Unit LSTM Unit Sequences 1n the Output
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it = o(Waeixy + Whihe—1 + b;)
fi =o(Werxy + Whshe—y + by)
0y = o(Waoxrs + Whohi—1 + by)
gy = tanh(Wo.xy + Wiehyi—1 + be) <Bos> || A | | mam || mns | [ <EOs>
ct = fi ®ci—1 + it @ g

hy = o, @ tanh(¢y)

Y = Waze + b2
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deC '

[Donahue et al. Long—term recurrent convolutional networks for visual recognition and description. CVPR 2015: 2625-2634]
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Generative model

Dataset of images and sentence descriptions Inferred correspondences

training image

“Tabby cat is leaning”

training Ima
: ._ - "A Tabby cat is leaning

"

“shiny laptop”

on a wooden table, with | —%| I “taser mouse®
one paw on a laser - “Dan “Tabby cat s sleeping
mouse and the other on “black laptop” » ‘wooden office desk”

a black laptop”
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[Karpathy et al. Deep visual—semantic alignments for generating image descriptions. CVPR 2015: 3128-3137]
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[Anderson et al. Bottom—Up and Top—Down Attention for Image Captioning and Visual Question Answering. CVPR 2018: 6077-6086]
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[Gu et al. Stack—Captioning: Coarse—to—Fine Learning for Image Captioning. AAAl 2018: 6837-6844]
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(1) CNN4F AE 2 B
(2) # A Attentionbl4] A9 RNNAF AL 4 fiT

encoder decoder

B W |

14x14 Feature Map
flying
over

a
body
of
water
l.Input 2. Convolutional 3, RNN with attention 4. Word by
Image Feature Extraction over the image word

generation
\ J

[Vinyals et al. Show and tell: A neural image caption generator. CVPR 2015: 3156—-3164]
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Flickr8k: £80003kE )/, HKEFB5MMEXEF,
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BLEU
Dataset Model BLEU-1 | BLEU-2 | BLEU-3 | BLEU-4 | METEOR
Google NIC(Vinyals et al., 2014)T* 63 41 27 — —
Flickr8k Log Bilinear (Kiros et al., 2014a)° 65.6 42.4 27.7 177 17.31
Soft-Attention 67 44.8 299 19.5 18.93
Hard-Attention 67 45.7 314 21.3 20.30
Google NICT°* 66.3 42.3 27.7 18.3 —
: Log Bilinear 60.0 38 254 17.1 16.88
ikl Soft-Attention 66.7 434 28.8 19.1 18.49
Hard-Attention 66.9 43.9 29.6 19.9 18.46
CMU/MS Research (Chen & Zitnick, 2014)¢ — — — - 20.41
MS Research (Fang et al., 2014)te — — — — 20.71
BRNN (Karpathy & Li, 2014)° 64.2 45.1 30.4 20.3 -
COCO Google NICTo* 66.6 46.1 329 24.6 —
Log Bilinear® 70.8 48.9 344 243 20.03
Soft-Attention 70.7 49.2 344 24.3 23.90
Hard-Attention 71.8 50.4 35.7 25.0 23.04
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Attention: Hard Attention: Soft Attention:
eti = fatt(a@i, hi—1)
L
eXp(eti) E o
gy = Zi = Y 88 p(s.|a) [Zt] = Zat,iai
2115:1 exp(ek) e Z s i—1
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