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1. Introduction
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in comparison with the study of
DATE, the monitoring and
support devices are in essentially
unchanged position. there

is again mild enlargement of the
cardiac silhouette with
pulmonary edema and

bilateral layering pleural
effusions.
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1. Introduction
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1. Introduction
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2. Image Captioning
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The dog is yawning. The man Wlth the umbrella
is walking down the street.
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2. Image Captioning
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3. Image Captioning with Semantic Attention

% Image Captioning with Semantic Attention

« 20169 Computer Vision and Pattern Recognition(CVPR)O| A HE = =F
« 2020 6 302 7|=2= 8682 2E

Image Captioning with Semantic Attention

Quanzeng You', Hailin Jin?, Zhaowen Wang?, Chen Fang?, and Jiebo Luo'

'Department of Computer Science, University of Rochester, Rochester NY 14627, USA

2Adobe Research, 345 Park Ave, San Jose CA 95110, USA

Abstract

Automatically generating a natural language description
of an image hay attracted interests recently both because
of s importance in practical applications and because
it connects two major artificial intelligence fields: com-
puter vision amd namral language processing.  Existing
approaches are either top-down, which start from a gist of
an image and convert it into words, or bottom-up, which
come up with wordys describing various aspects of an image
and then combine them. In this paper, we propose a new
algorithm that combines both approaches through a model
of semantic attention. Our algorithm learns to selectively
attend to semantic concept proposals and fuxe them into
hidden states and outputs of recurrent neural networks.
The selection and fusion form a feedback connecting the
top-down and bottom-up computation. We evaluate our
algorithm on two public benchmarks: Microsoft COCO and
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Figure 1. Top: an overview of the proposed framework, Given
an image, we use a comvolutional neural network 1o extract a top-
down visual feature and ot the same time detect visual concepts
(regions, objects, atributes, ete.). We employ a semantic attention
model o combine the visual feature with visual concepts in a re
current neural network that geserates the image caption, Bottom,
We show the changes of the attention weights for several candidate
concepty with respect 1o the recurrent neuril network iterations,
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3. Image Captioning with Semantic Attention

% Image Captioning with Semantic Attention
« Top-down approach, Bottom-up approachZ T8
« Top-down approach : O|O|X[2] TX| X QI EEZ =22l

« Bottom-up approach : O|O|X[2] X}A|et &2 =0l

<Top-down>

Street, man, umbrella

\/

RNN
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The man with the umbrella is walking down the street.
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3. Image Captioning with Semantic Attention
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3. Image Captioning with Semantic Attention
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3. Image Captioning with Semantic Attention

% GooglLeNet ﬁﬁ
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3. Image Captioning with Semantic Attention 5
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3. Image Captioning with Semantic Attention
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3. Image Captioning with Semantic Attention

% GooglLeNet

type pd:::_:;:ml m;:z: o depth | #1x1 zz:j_ #3x3 :tj:ci #5%5 2::: params ops
convolution TXT/2 112x112x64 1 27K 34M
max pool 3x3/2 56x56x64 0
convolution 3x3/1 56x56x192 2 64 192 112K 360M
max pool 3x3/2 28x28x 192 0
inception (3a) 28x 28 %256 2 64 96 128 16 32 32 159K | 128M
inception (3b) 28% 28 x 480 2 128 128 192 32 96 64 380K 304M
max pool 3x3/2 14x14x480 0
inception (4a) 14x14x512 2 192 96 208 16 48 64 364K 73M
inception (4b) 14x14x512 2 160 112 224 24 64 64 437K 38M
inception (4c) 14x14x512 2 128 128 256 24 64 64 463K 100M
inception (4d) 14x14x528 2 112 144 288 32 64 64 580K | 119M
inception (de) 1dx 14 x832 2 256 160 320 32 128 128 840K 170M
max pool 3x3/2 Tx7x832 0
inception (5a) TXTx832 2 256 160 320 32 128 128 | 1072K | 54M
- - - 3 » =
::I:z:)lz:l (5b) — 1i;:izi: z 384 192 384 48 128 128 1388K 7IM Imagegl %g
dropout (40%) 1x1x 184 0
linear 1x1x1000N 1 1000K | 1M
softmax 1x1x1000 | N
Table 1: GoogLeNet insgrnation of the Inception architecture,
GoogleNet " v 1= 9
=W*Vyp = ¢O (v) = Xy
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3. Image Captioning with Semantic Attention

«» Semantic Attention
e Visual Attribute
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The dog is yawning. —

B £ e

The d_og| IS yawning.

Thelman with the umbrella

Isf walking down the street.

Al large bus sitting next to

a very tall building.

Man|in black shirt is

playing guitar.

AH A4
o

The man with the umbrella
is walking down the street.
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3. Image Captioning with Semantic Attention

«» Semantic Attention
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3. Image Captioning with Semantic Attention

«» Semantic Attention
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3. Image Captioning with Semantic Attention e :
< Semantic Attention i "

xe = 0(Yi—1,{4:})

|
-/ — T

g fﬁ X, = Wx'Y(Eyt_l + diag(wx'A) z a%Ey")
i

Copyright © 2019, All rights reserved. -30 - Dala Mining
® Qualvy Analytics
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«» Semantic Attention
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3. Image Captioning with Semantic Attention
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3. Image Captioning with Semantic Attention =

< RNN e
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3. Image Captioning with Semantic Attention

< Image Captioning with Semantic Attention 2=
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4. Result

% Image Captioning with Semantic Attention Z 1} H| 1l

Flickr30k MS-COCO

Model B-1 B-2 B-3 B-4 | METEOR | B-1 B-2 B-3 B-4 | METEOR
Google NIC [35] | 0.663 | 0.423 | 0.277 | 0.183 - 0.666 | 0.451 | 0.304 | 0.203 -
m-RNN [26] 0.60 | 041 | 028 | 0.19 - 0.67 | 049 | 035 | 0.25 -
LRCN [¥] 0.587 | 039 | 0.25 | 0.165 - 0.628 | 0.442 | 0.304 | 0.21 -
MSR/CMU [4] - - - 0.126 0.164 - - - 0.19 0.204
Toronto [17] 0.669 | 0.439 | 0.296 | 0.199 0.185 0.718 | 0.504 | 0.357 | 0.250 0.230
Ours-CON-k-NN | 0.619 | 0.426 | 0.291 | 0.197 0.179 0.675 | 0.503 | 0.373 | 0.279 0.227
Ours-CON-RK 0.623 | 0.432 | 0.295 | 0.200 0.179 0.647 | 0.472 | 0.338 | 0.237 0.204
Ours-CON-FCN | 0.639 | 0.447 | 0.309 | 0.213 0.188 0.700 | 0.532 | 0.398 | 0.300 0.238
Ours-MAX-k-NN | 0.622 | 0.426 | 0.287 | 0.193 0.178 0.673 | 0.501 | 0.371 | 0.279 0.227
Ours-MAX-RK 0.623 | 0.429 | 0.294 | 0.202 0.178 0.655 | 0.478 | 0.344 | 0.245 0.208
Ours-MAX-FCN | 0.633 | 0.444 | 0.306 | 0.21 0.181 0.699 | 0.530 | 0.398 | 0.301 0.240
Ours-ATT-k-NN | 0.618 | 0.428 | 0.290 | 0.195 0.172 0.676 | 0.505 | 0.375 | 0.281 0.227
Ours-ATT-RK 0.617 | 0.424 | 0.286 | 0.193 0.177 0.679 | 0.506 | 0.375 | 0.282 0.231
Ours-ATT-FCN 0.647 | 0.460 | 0.324 | 0.230 0.189 0.709 | 0.537 | 0.402 | 0.304 0.243
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4. Result

% Image Captioning with Semantic Attention Z 1} H| 1l

» BLEU Score
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4. Result
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4. Result
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4. Result

% Image Captioning with Semantic Attention Z1} H| 1

» BLEU Score
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4. Result
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4. Result

% Image Captioning with Semantic Attention Z1} H| 1

» BLEU Score
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4. Result

< Image Captioning with Semantic Attention 21} H| ! -+ ;88 28 40|
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N . W, : Weight
= X
BLEU = BP exp(z Wologpy) | ifesr
n=1 e BP= -1 .
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n=2 the dog | dogthe | dogon | onthe |the mat | SUM
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4. Result

% Image Captioning with Semantic Attention 21} H| 1l

Flickr30k MS-COCO

Model B-1 B-2 B-3 B-4 | METEOR | B-1 B-2 B-3 B-4 | METEOR
Google NIC [35] | 0.663 | 0.423 | 0.277 | 0.183 - 0.666 | 0.451 | 0.304 | 0.203 -
m-RNN [26] 0.60 | 041 | 0.28 | 0.19 - 0.67 | 049 | 035 | 0.25 -
LRCN [¢] 0.587 | 039 | 0.25 | 0.165 - 0.628 | 0.442 | 0.304 | 0.21 -
MSR/CMU [4] - - - 0.126 0.164 - - - 0.19 0.204
Toronto [7] 0.669 | 0.439 | 0.296 | 0.199 0.185 0.718 | 0.504 | 0.357 | 0.250 0.230
Ours-CON-k-NN | 0.619 | 0.426 | 0.291 | 0.197 0.179 0.675 | 0.503 | 0.373 | 0.279 0.227
Ours-CON-RK 0.623 | 0.432 | 0.295 | 0.200 0.179 0.647 | 0.472 | 0.338 | 0.237 0.204
Ours-CON-FCN | 0.639 | 0.447 | 0.309 | 0.213 0.188 0.700 | 0.532 | 0.398 | 0.300 0.238
Ours-MAX-k-NN | 0.622 | 0.426 | 0.287 | 0.193 0.178 0.673 | 0.501 | 0.371 | 0.279 0.227
Ours-MAX-RK 0.623 | 0.429 | 0.294 | 0.202 0.178 0.655 | 0.478 | 0.344 | 0.245 0.208
Ours-MAX-FCN | 0.633 | 0.444 | 0.306 | 0.21 0.181 0.699 | 0.530 | 0.398 | 0.301 0.240
Ours-ATT-k-NN | 0.618 | 0.428 | 0.290 | 0.195 0.172 0.676 | 0.505 | 0.375 | 0.281 0.227
Ours-ATT-RK 0.617 | 0.424 | 0.286 | 0.193 0.177 0.679 | 0.506 | 0.375 | 0.282 0.231
Ours-ATT-FCN 0.647 | 0.460 | 0.324 | 0.230 0.189 0.709 | 0.537 | 0.402 | 0.304 0.243
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4. Result

% Image Captioning with Semantic Attention 21} H| 1l

Google NIC

a white plate
topped with a
variety of food.

a baby 1s eating
a piece of
paper.

a close up of a
plate of food on
a table.

a teddy bear
sitting on top of
a chair .

a person is
holding colorful
umbrella.

a woman 1s
holding a cell
phone in her
hand .

Top-5 visual

plate broccoli

teeth brushing

cake table plate

umbrella beach

‘woman

™ teddy cat bear | N

; fries food toothbrush N : : - water sitting bathroom her

“attnb‘ute's— [ ench ' holding baby Sfttlng blrfhday‘ 'stgﬂ'ed.whltg | lboat  nrdiem
i | (i wine | [COHETR G R g
| ATT-FCN! |!sandwichand | !toothbrushin | ! . P & i ; &1 ngapar o
i e french fries : :its " : iwith candles on | inexttoa » .on top ofa F ;of SCISSOrS In !
o i T i ___.rait.__ 1 istuffed animal . 'sandy beach .  ‘herhands. __!
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5. Conclusion
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Appendix

% Semantic Attention ’ 1

A; ;i BN Sl &St EHO|

y!: 4;2| One Hot Vector
Y, .t — 1R EHO

Vi1 : Y;_12| One Hot Vector
V| s1ESI= R E T 5

U = RIYVIx|VI

E € R¥*IYl | Embedding matrix

al o« exp(y,_,TUy')—— DX

Embedding

“g X exp ((E}’t—1)TUEyi)

Lala Mining
Qualvy Analytics
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Appendix

%+ Semantic Attention

Copyright © 2019, All rights reserved.

‘b”:h\

N [ary
X
2

3

A3
X ay

al o exp ((Eyt_l)TUEyi) = exp(y._,ETUEyY), U = ETUE

x; = W¥Y(Ey,_; + diag(w*?)|
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Appendix

%+ Semantic Attention
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ht :t state2| i HAY hidden vector
FE € Rdxly|

V € RnXd
Ay | Xay
pt « exp(hiVo(Ey*))
pe o exp(ETWY"(h, + diagw"4) ) Bio(Ey)))
i
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Appendix —

< RNN =
Input : xg = @o(v) = W*%v, t =0
) ~ ()
Calculation : hy = Z7| hidden state vector
) 20 Yo ~po = @(ho, {4;})
l/,/ OUtpUt po"’YO
{Ai} h,
N RNN
. o pe: 0L Y, 7H LS BB W
o A HTY EHOf
 h, :State t2| hidden state vector
v =02
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Appendix —
2 RNN =™
Input : x; = B(Y;_1,{4;}), t >0
) ~ ()
Calculation : hy = RNN (h¢—q x;)
; 9? Ye ~pe = @(he, {4:3)
Output : p,
{Ai} hy
N RNN
« pe: T Y 7t LS =E B
. A i EW ErOf
 h, :State t2| hidden state vector
(Z) <
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