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Multi-Label Image

Classification With Visual Attention and
Recurrent Neural Networks

Fan Lya @, Qi Wu @, Fuyuan Hu

Abstraci—Real images often have multiple labels, ix., each
image is associated with multiple objects or attributes. Compared
o single.dubel image claification, the multilabel claification
problem i much mare challenging duc to several fssues. At

regions of a image can be
from anather one. Finally, multiple labels of an image can have

due to’ complex image structures. To address
this paper, we propose to predict the labels
sequentially by applying the recurrent neural networks (RNN),

& specificlael, we introduce % dymamic atention meclanim 1o

enable the model to focus on only regions of inferest in the image.

oo benchmark. dstaets (e Pascal YOC and MS-COCO) are
M

fabels in cach image, to verify the effectiveness of our model.
Experimental results show that our methad outperforms several

Iabels.

Fmiz( Terms—Milt-Aabel clssification, viousl ahtetam, decp
i Network (CNN),

Networs (BN

Mamgegt cced A9 12,2015 vt gt 2. 208 cepind D

. Qingyao Wu @, and Mingkui Tan

1. INTRODUCTION

URING the past few vears, thanks lo the development

of learning theory [11-[3] and the availability of large-
scale datasets like ImageNet [4], significant progress has been
made in the task of single-label image classification [S]-[10],
where each image is associated with one label only. However,
in the real world, what we usually see are multi-label images,
where each image contains more than one objects or muliple
semantic tags. For example. images from the social media and
news usually contain fruitful semantic tags.

In this paper. we construct a new image dataset. called BNID
(Breaking News Image Dataset), whose images are all from
breaking news. In Fig. 1(a). we show some examples of multi-
label images from BNID, whilstin Fig. (b}, we show some ex-
amples of single-label image from ImageNet. Obviously, from
Fig. 1(a). the multi-label images are more complicated than
single-label images. Specifically, for the single-label images,
there is oaly one primary obiject (namely one label), which, how-
ever, is not possible in many practical applications. Moreover,

On the contrary, for multi-lahel images, following issues are
observed. At first they usually contain multiple objects, each of
which is associated with one or more labels., Secondly, the mul-
tiple objects do not have an explicitly aligned forcground, and

cember 21,2015, 3,

uly 19,2010 i wor poros by th Nt S Fou
G Chins (GIF76121 614TL267. STV, GIGIZ1E5). i g by e

E’ﬂrmr) Research & Develogment Plan of Jiangsu Province (BE2017663),in
D724,

and ia pan by the Progeam for Guanpdons Insoduciag lowtive and En

treprepeurial Teams 201 TZT0TX 183, The associae editoe conrdinating the o

view of this manuscript and appeoving it for poblication was Ds. Flisa Ricei
o s

Fuyasa Ho and Mingl Tor.)

E. Lyn was with the Suzhou University of Science and Tachaclogy, Suzhou
215009, China. He is now with the_College of Inkelligence and Compting,
Tuangin Unéversiy. Teangia 300000, Chisa (e mail falyu @y educe).

Qi Wais wilh the Anstralian Centre for Visual Technologies, School of
Computer Science, The University of Adelside, Adelside, SA 5005, Auswalia
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sjects in an image can lie anywhere. This implics
that the importance of different regions of an image is differ-
eat, and the regions of interest in one multi-label image can be
very different from another one. Third, for & specific kind of ob-

jects (suich as person). they can have different sizes in different

images, which further increases the difficulties of multi-label
image learning. At last, for the multiple targets (or labels) in an
image, they usually have some dependencies among each ather
[11]-[13]. For example, a ship will likely appear along with
waler. This kind of label correlation is nol necessarily consid-
ered in single-label classification. As a result. directly applying
single-label methods on the muli-label image classification is
nothelomi [131-{17)
Of efforts have been made to handle the multi-label im-
age cmsiﬁmion problem [18]. Traditional methods can be di-
i i based meth

ods [19]-{26] and algorithm adaptation based methods [27)-
[32]. Recently. Convolutional Neural Networks (CNNs) [5]
based approaches have dominated this area. For example. Gong

il o e inforrmation

IEEE Xpore
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Empirical Potential Energy Function Toward ab
Initio Folding G Protein-Coupled Receptors

ructuse of

Hongjie Wu ®, Huajing Ling, Lei Gao, Qiming Fu®, Weizhong Lu, Yijie Ding, Min Jiang, and Haiou Li
parcantof sl c . E
GPCRS 5 mportant fapr Lacking rlable and
the.

1o,

tarm and & disuifde bond snangy tem. To valdats the enegy fancton, we smplaed an ab o GFCR Eres dimensional tructura
precictarta test it anargy function improvar the accusacy ofpradiction, Wa avelustar 26 salved GPCRS e fourd that 21

(75 parcant] targsts wers cormactly foided (TW-acors=~0.5). Also, the averags TM-score
™ MODELL an

g e ensigy function was 0,54, which was

pecant than ha TM-scor

aclutions for

enengy 1o

Index strctie, ampincal Th-score

+

1 INTRODUCTION

-PROTEIN-COUPLED Teceptor (GPCR) is 2 specified frans-

membrane (TM) protein family, which share similar
struchural topologies, by seven membrane spanning u-helices

-1 to TM-7) connected by three intracelhular (IL-1 to IL-3),
thmcxrrmr]ml.u loops (EL-1 o EL-3), and finally an intracel
Inlar Coterminuss. CICRs are ameng the most heavily investi
(e drag argets in the. phanmaceutical induetry 11l
‘becanse activated GPCRs trigger a cascade of respanses inside
the cell. There are 825 verified human GPCRs entries among
all 3056 GFCRs from variant species in GLASS (GPCR-
Ligand Association databse} [2], However, until now only 28
GICRs whose three-dimensional (3D) structures are deter-

salving the 90 structures, moce nd move state-ciact -
tational methods were propased (3], 1], The study found that
the free energy is important to the accuracy of prediction 3D
struchure of GPCR. Avcording fo the thermocdynamic hy poth-
esis, the native state of tein s the state of lowest free
epergy under physiological conditions which corresponds o
the Towest basin of the effective energy surface. The term
‘effective energy” refers to the free energy of the system for &
fixed protein conformation including the intramolecular

i Tan and i fin are wnh
iy, Sk 215666 i

plonion iy
{Comapnting
e o 10113577

1548 5964 & 205 EEE. Paraarc use  somrmc,
S e

energy of the protein and the solvation free evergy [5]. A rea-
sonable free energy can quickly guide structure folding while
an unreasonabk free energy usually leads to poer structural
prediction. Studying the free energy of GPCR can help better
predict and under nd fis 3D structure.

Joseph and colleagues [6] described a novel empirical
free energy funclion for accurately predicting experimental
binding free enexgies to within about 1.0 keal for a diverse
test sel of 31 protein-protein complexes. To advance their
work, they improved the free energy function for accurately
precticting native binding free energies and ranking c
lographic, native-like and non-native binding modes in a
physically realistic manner. The Rosetta membrane ab initio
protocol [7], an extension of Rosetta, added an energy func-
tion that deseribed membrane intraprotein inters
the atomic level and membrane protein-lipid interactions
ly. The protocol constructed a TM-helic-helix con-

with 47 transmembrane helices and an average of 2077 res-
nhlva- Hawever, the two energy functions mentioned above
pward to membrane without considering GPCR empiri-
A1 Infortnation, Scheraga and. coworkers 18] developed a
united-residue force field based on a combination of data-
base statistics and an average of the ECEPP/2 force field
thairfers to Exmpirical Conformational Enengy Program for
Peptides”
mp stional energies of ]lrptldﬂ FThis function was aug-
mented by a cooperative (many-bedy) interaction potential

19] and performs reasanably well in ab initio folding tests
for a-helical proteins [10]. However, this function is aimed to
s which are the local
¥ GPCRs while not the global potential for the
GPCRs, Therefore, comparing 10 the globular or membrane

et gl saires EEE concr.
s e

Dawniaaded an Jura 15, EEE Xplors
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