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Abstract—The paper gives futuristic challenges disscussed in the cvpaper.challenge. In 2015 and 2016, we thoroughly study 1,600+
papers in several conferences/journals such as CVPR/ICCV/ECCV/NIPS/PAMI/IJCV.
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1 INTRODUCTION

N the last decade, the computer vision field has greatly

developed as the results of revolutional techniques. Im-
age representations like SIFT [II], Haar-like [2] and HOG [B]
have made dramatically advances in the problems, both
specified object recognition and image matching. More
advanced algorithms achieved general object recognition
(e.g. BoW [4], SVM) and 3D reconstruction in a large
space [B]. However, the most influenced algorithm is to
be a deep convolutional neural networks (DCNN) in 2012.
The most significant CNN result was obtained by AlexNet
in the ILSVRC2012 [B], which remains the image recogni-
tion leader with 1,000 classes. The effectiveness of transfer
learning and parameter fine-tuning was shown with a pre-
trained DCNN model [7]. Recently, the DCNN framework
is assigned in various problems such as stereo match-
ing [8], 3D recognition [8], motion representation [I0], de-
noising [[1], edge detection [[2] and optical flow [I3]. Un-
doubtedly, the current area of interest has been shifting a
next step, such as temporal analysis, unsupervision/weak
supervision, worldwide analysis, generative model and re-
construction.

However, the most important thing is to devise ideas
to make a new problem. The recent conferences such as
CVPR [05], ACM MM [i6] and PRMU [I4] have organized
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a couple of workshops to find brave new ideas in the
future. Especially in the PRMU, the community has thought
futuristic technologies in computer vision since 2007. The
PRMU decided 10 futuristic problems as grand challenges
in 2009. They recognized image understanding including
semantic segmentation and image captioning is the most
difficult problem, however, the problem has solved by a
recent DCNN. (e.g. semantic segmentation [I&], [1Y] and
image captioning [?7], [23], [?4]) Here, brave ideas are
required in the futuristic computer vision techniques!

On one hand, the authors have promoted the project
named copaper.challenge. The cvpaper.challenge is a joint
project aimed at reading & writing papers mainly in the field
of computer vision and pattern recognition ”. Currently the
project is run by around 20 members representing different
organizations. We here describe our activities divided by (i)
reading and (ii) writing papers.

1.1

Reading international conference papers clearly provides
various advantages other than gaining an understanding of
the current standing of your own research, such as acquiring
ideas and methods used by researchers around the world.
We therefore undertook to extensively read papers, sum-
marize them, and share them with others working in the
same field. In the first year 2015, we focused on the IEEE
Conference on Computer Vision and Pattern Recognition
(CVPR) that is known as the top-tier conference in the
field of computer vision, pattern recognition, and related
fields. As the first step of this endeavor, we undertook to
read all the 602 papers accepted during the CVPR2015 [83],
(84], [85], [86], [87], [88], [84], [20], [91], [92], [93], [94],
[95], [96], [97], [98], [29], [TO0], [COT], [0z, [o3], [rod),
[05], [06], [M07], [M08], [09], [0I0], [CI0], [0D2], [3],
[I13], [I15], [116], [17], [II8], [19], [120], [121], [122], [123],

(73], [1235], [128], [127], [T28], [129], [130], [131], [T32], [133],

Reading papers

1. Further reading: Iwitter @CVPaperChalleng
(https:/ / twitter.com/cvpaperchalleng), blideshare @cvpaper.challenge
(http:/ /www.slideshare.net/cvpaperchallenge)
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(34, [I33], [38)], [I37), [I38], [39], [[40], [T21], [122], [143],
(r24), [r43], [a8], [[47), [[48], [ra9], [150], [I53], [152], [153],
[I54], [155], [56], [157], [I58], [159], [T6n], [I61], [162], [163],
[r64], [163], [66], [T67], [I68], [169], [I70], [Z1], [T72], [173],
[IT74], [I75], [I176], [T77], [178], [T74], [r80], [181], [182], [183],
(23], [I83), [IB8], [E2], [IE8], (53], [r=0], [I1], [T2], (3],
(1], [195], [19%8], [192], (98], [9], [200], [2001], (202, [203],
[¢0a], [205], [208], [202], [208], [209], [710], (23], [212], [213],
(o714, [215], [216], [217], [718], [219], [220], (221, [222], [223],
[07a), [225], [228], [227], [028], [229], [230], (231, [732], [233],
[03a), (2351, [236], [237], [738], [239], [240], (041, [732], [233],
(a4, [035], [236], 7], [735], [239], [250], (251, [752], [253],
[5a], (2551, [256], [257], [758], [259], [2600], (2611, [762], [263],
[v6a], (2651, [266], [267], [768], [269], [2701], (2711, [272], [273],
[o7a), [275), [278), [277), [275], [279], [750], [751], [752], [753],
[2sal, [785], [786], [757], [788], [759], [290], [291], [792], [793],
[29a], [295], [296], [292], (298], [799], [B00], [301], (802, [303],
(B0, [B03), [BOE], [B07], [BOA], [B09], [E10], [B11], [BT2], [B13],
[B13], [BT3), [BT8], [BTZ], [B1R], [BT9], [E20], [621], [B22], [B23],
[623], [623), [B28], [627], [B28], [629], [B30], [B31], [B32], [B33],
(B34], [B35], [B38], [B37], [B38], [B34], [62D], [641], [B42], [B43],
(644), [643], [B4d], [B47], [B48], [649], [BR0], [B51], [B52], [BR3],
[B54), [B53], [B58], [B57), [B58], [859], [EaD], [B6T], [B&2], [BA3],
[Bad), [B63], [B&A], [BRZ), [B68], [BT], [BZ0), [BZT], [BZ2], [BZ3],
(674, [673], [B78), [BZ2), [6Z8], [6Z3], [E&0), [B5T], [B22], [BE3],
(624, [683], [B28), [B82), [B88], [B29], [E20), [E21], [B22], [B93],
(B94], [B93], [5986], [B97], [B98], [599], [&00], [&01], [402], [#03],
(&04], [803], [a06], [#07], [#08], [#09], [&10], [£11], [A12], [#13],
(A1), [E13), [&T8], [E12], [218], [2T9], [220], [E21], [£22], [E23],
(B3], [e23), [&28], [627], [228], [e29], [230], [E37], [E32], [233],
[833], [e33), [&38], [637], [#38], [239)], [220], [a21], [22], [223],
23], [e43), [&286], [247], [248], [229], [450], [251], [E52], [#53],
(B54], [&55], [#58], [#57], [858], [859], [860], [E61], [E62], [E63],
[&6d), [E63], [E68], [E67), [E68], [263], [E70], [E71], [E72], [E73],
(B73), [EZ3], [E78), [B72), [EZ8], [EZ3], [E80], [EST], [E82], [E83],
(€24, [E85], [E28), [E87), [E88], [E29], [EH0], [E9T], [E], [E93],
(&), [e93], (9], [897), [98], [6<9], [600), [601], [602], [603],
(6], [603], [608], [602), [B08], [609], [610], [6TT], [612], [6I3],
(614], [615], [618], [617], [618], [619], [620], [621], [622], [623],
(674], [623], [626], [627], [628], [629], [630], [631], [632], [633],
[633], [633), [638], [637], [638], [639], [6240], [621], [642], [643],
[54a], [5a5], [536], [527], [535], [589], [50], [551], [557], [553],
[55a], [55], [556], [557], [558], [559], [560], [561], [562], [563],
[6a], [565], [5661, [567], [568], [569], (5701, [571], (5721, [673],
[57a), (6751, [676], [572], [578], [579], [680], [581), [552], [553],
[55a], (5551, [586], [587], [588], [559], [5a0], [591), [592], [593],
[59a], [595], [598], [597], [598], [599], [B00], [0, [602], [A13],
[60a], [A005], [B0], [507], [608], [A09], [B10], [511], [512], [613],
[614], [615], [618], [617), [618], [619], [B20], [621], [622], [B23],
[624), [623], [628], [627), [628], [629], [630), [631], [632], [B33],
[634], [633], [636], [637], [638], [639], [640], [641], [642], [643],
[b44], [643], [636], [647], [643], [649], [630], [651], [652], [653],
[65], [653], [B58], [657], [B58], [659], [660], [6a1], [662], [BA3],
[6&a], [663), [ba], [667], [668], [663], [670], [671], [622], [BZ3],
[673], [673), [678], [672], [678], [679], [620], [651], [652], [BZ3],
[684]. We inherites the flow, however, in the second year
2016, we extend the covered range of conferences/journals
(e.g. ICCV/ECCV/NIPS/PAMI/IJCV) in addition to the
CVPR [A85], [686], [687], [A8], [589], [90], [69], [697],
[693], [A9a], [£95], [696], [697], [9K], [E9], [Z00], [7Z01], [Z12],
[z0a], (2051, [i20], [2012], [208], [709], [i7100], [0, [712], [713],
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[71a), [715], [716], [717), [718], [719], [720], [721), [722], [223],
(722, [225], (1228, [27), [728], [2291], [i730), [731), [732], [733],
[73a), [735], [i736], [737), [738], [739], [7an)], [741), [742], [743],
[7aa), [745], [i726], [7a7), [738), [7a9], [750), [751), [752], [753],
[75a], [755], [756], [757), [758], [759], [760], [761], [767], [763],
[76a], [765], [766], [767), [768], [769], [7700], [771), [772], [773],
[v7a), [275), [776), [777), [778], [779], [780), [7&1), [782], [753],
[78a), [755], [786], [787), [788], [789], [790)], [791], [792], [793],
[79a], [795], [798], [797], [79%g], [799], [80], [801], [S02], [S03],
[0a], [S05], (8], [807], [S08], [809], [810], [811], [S12], [ST3],
[1a], [S15], [816], [817], [18], [<19], [820], [821], [822], [823],
[87a), [8786], [822], [828), [829], [<30], [831], [832], [533], 53],
[835], [536], [832], [838), [839], [Sa0], [8a1], [8a2], [5a3], [Saa],
[8a5], [546], [8az], [8as), [5a9], [850], [851], [852], [53], [$5],
[55], [556], [857], [858), [$59], [SA0], [861], [862], [63], [<6a],
(865, [866], [862], [868], [869], [820], [871], [872], [873], [87al],
[875], [576], [872], [878), [879], [880], [881], [882], [53], [Ssa],
[885], [856], [857], [888], [889], [890], [891], [892], [893], [59a],
[895], [896], [892], [898], [899], [900], [601], [9021], [903], [90],
[505], [906], [8017], [908)], [909], [910], [911], [912], [913], [974],
[5715], [916], [917], [918), [919], [920], [621], [9221], [923], [924],
[525], [9286], [622], [928), [929], [930], (631, [932], [933], [93a],
(5351, [936], [932], (938, [939], [920], [621], [9a2), [933], [92a],
(55, [926], [927], [9a8), [939], [950], (9511, [952], [953], [95a1],
(555, [956], [95], [958, [959], [9A0], [961], [962], [963], [96],
(565, [966], [962], [968), [969], [920], [671], [972], [973], [97a],
(975, [9786], [672], [278), [979), [980], [91], [982], [953], [95al],
[955), [956], [95], (288, [989], [990], [991], (9921, [993], [99],
[995], [996], [992], [998], [999], [1000], [00T], [1002], [1003],
[t00a], [1005], [100], [1007], [T008], [1009], [10T0], (10T,
[r012], [1013], [1018), [1015], [1016], [1017], [1078], [107d],
[roz0), [rozn], [1022), [1073], [107a], [1075], [1026], [1027],
(28], [t02g], [1030], [1031], [1032], [1033], [1038], [1035],
(1036, [1037], [1038], [1039], [1080], [1021], [1082], [1023],
(042, [10as), [10a6], [1087], [1088], [1089], [1050], 1051,
(1052, [1053], [105], [1055], [1056], [1057], [105], [1059],
(060, [1061], [1062], [1063], [106], [1065], (1066, [10AZ],
[1068], [1069], [1070], [1071], [1072], [1073], [1078], [1075],
(1078, [1072], [1078], [1076], [T0S0], (1081, [1082], [1083],
[t08al, [1085], [1086], [1087], [T0SS], (1086, [10e], (g,
[1092], [1093], [109a], [1095], [1096], [1097], [109s], [1099],
[Irto0], [rron], [r1o), [T103], [T10a], [T105], (106, [Tz,
[T08], [r108], [T0i0), [T, [T012], [T073], [T118], [1T1s],
[IT16), [IT17], [I018], [r019], [1020], [1121], [1122], [1123],
[r17a), [r125), [1126), [1127], [T128], [1129], 1130, (131,
[[132), [1133), [113a), [T135], [T136], [1137], [T138], [1139],
[Irra0), [r1an), [r1a2), [1183), [1148], [1185], 1136, [11a7],
[I1a8), [r1a9], [I150], [T151], [T152], [T153], [T158], [TT55],
(156, [1157], [I158], [I159], [T160], [T161], [1162], [1163],
[16a], [I163], [I166], [I167], [T168], [T169], [1170], [1T71],
(1172, [1173), [117a), [1175], [1176], [1172], [1178], [1179],
(T80, [CI81), [I182], [I183], [I188], [TI85], [TI86], [1187],
[T8R], [189], [190], [C191], [192], [193], [I194], [I195],
(198, [r197], [1198], [r199], [1200], [1201], [1702], [1203],
[rua], [1205], [1208], [1207], [1208], [1706], 1710, (1271,
[1712), [1713], [171a), [1215], [1216], [1217], [1718], [1219],
[1220), [1220), [1222), [1273], [127a), [1225], [12286], [1227],
[[228), [1229], [1230], [1231], [1232], [1233], [1238], [1235],
(1236, [1237], [1238], [1239], [12a0], [1721], [1732], [1223],
(a2, [17a5), [17a6), [1288], [12a9], [1250], [1251], [1252],
(53], [125a), [1255], [1256], [1257], [1258], [1259], [1260],
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[1261], [1262], [1263], [126], [1265], [1266], [1262], [1268],
[1264], [1270], [1271], [1272], [1273], [127a], [1275], [1276],
[1272], [1278), [1279], [1280], [1281], [1252], [1283], [128a],
[1285], [1288], [1257], [1288], [1289], [1290], [1291], [1292],
[1293], [1298], [1295], [1298], [1292], [1298], [1299], [300],

[r301], [1302], [1303], [1308], [1305], [1306], [1307], [1308],
[1309], [1310], [1311], [1312], [1313], [1318], [1315], [1316],
[1317], [T3T8], [1319), [1320], (1321, [1322], [1323], [1374],
[1325], [1326), [1327], [1328], [1379], [1330], [1331], [1332],
[1333], [133a], [1335], [1336], [1337], [1338], [1339], [13a0],
[r3a1), [13a2), [13a3), [134a), [1345], [1386], [13a7], [13as],
[13a9), [1350], [1351], [1352], [1353], [1354], [1355], [1356],
[1357], [1358], [1359], [1360], [1361], [1362], [1363], [1364],
(1365, [1366), [1367], [1368], [1369], 1370, [1371], [1372],
(1373), [137a), [1375), [1376), [1372], [1378], [1379], [130],
(1381, [1382], [1383], [138a], [I385], [1386], [1387], [138],
[1389], [1390], [1391], [1397], [1393], [139a], [1395], [1396],
[1397], [1398], [1399], [1a00], [1a01], [1a02], [1803], [1a0E],
[rans], [rave], [1a07], [1a08], [1a09], [1&10], (1211, [1212],
[1413], [1414], [1415], [1416], [1&17], [1418], [1&19], [1220],
[ra1), [1a22), [1a73), [1a7a), [1a75), [1476], [1427], [1a2s],
[ra29), [1a30], [1430), [1a32], [1433], [143a], [1435], [1236],
[1a37], [1438), [1439], [1a40], [1421), [1422], [1423], [1224],
(1425, [146), [1227), [1448], [1449], [1450], [1251], [1252],
[1a53], [1a5a], [1a55], [1a56], [1457], [1458], [1459], [1260],
[1a61), [1462], [1463], [136a], [1465], [1466], [1867], [1268],
[ta59), [1a70), [1a71), [1a72], [1473], [147a], [1475], [1476],
[1a77), [1a78), [1a79), [1480], [1881], [1482], [1453], [1254],
[rax5), [1ase], [1a87], [1ass], [1a89], [1a90], [1891], [1297],
[1a93], [149a], [1a95], [1496], [1497], [149%], [1499], [1500],
[r501], [1502], [1503], [1508], [1505], [1506], [1507], [1508],
[1509], [T5T0], [1511), [1512], (1573, [1514], [1515], [T518],
[1517], [1518], [1519], [1520], [1571], [1522], [1523], [1524],
(1525, [1526), [1527], [1528], [1529], [1530], [1531], [1532],
[1533], [153a], [1535], [1536], [1537], [1538], [1539], [1540],
[15a1), [1542), [1543], [154a], [1545], [1586], [15a7], [15ax],
(1549, [1550], [1551], [1552], [1553], [1554], [1555], [1556],
[1557], [1558], [1559], [1560], [1561], [1562], [1563], [1564],
A ] A
I ] I
]

[[565], [56A], [1567], [1568], [5AY], [I5Z0], [T5Z1], [1RZ7],
[[573], [1574)], [1575], [05ZR], [IRZ4], [15Z8], [157Y], [1580],
[1581], [1582], [1583], [158a], [1585], [1586], [1587], [158],
[158a], [1590], [1591], [1592], [1593], [159a], [1595], [159%],
[1597], [1598], [1599], [1600], [160T], [1602], [1603], [1604],
[1605], [1606], [1607], [1608], [1609], [1610], [I6TT], [TA12],
[1613], [161a], [1615], [1616], [1617], [1618], [16T9], [1620],
[t621), [1622], [1623], [167a], [1625], [1626], [1627], [162%],
[t629], [1630], [1631], [1632], [1633], [163a], [1635], [1636],
[1637], [1638], [1639], [16a0)], [162T], [16a2], [1643], [16a],
(645, [16a6), [1647], [1648], [1649], [1650], [165T], [1652],

0 1 A

A ] 0

0 ] [

[653], [1654], [I655], [I656], [I657], [1658], [1659], [Iea0],
[Te61], [662], [Te63], [Te64], [I665], [1666], [T6A7], [I66]],
[[66Y], [T670], [TeZ1], [16Z2], [16Z3], [1674], [1675], [1676],
[1677], [1678], [1679], [1680], [168T], [1682], [1653], [TAsa],
[1685], [1686], [1687], [168], [1689], [1690], [1691], [T692],
[1693], [1694], [1695], [1696], [1697], [T698], [1699], [TZOO].
We have comprehensively reviewed in the computer vision
and related works to propose sophisticated ideas into the
research fields.

1.2 Writing papers

We have proposed a mechanism for the systematization of
knowledge, the generation of sophisticated ideas, and as
well as the writing papers especially in new research prob-
lems [27]. The mechanism is composed of the following:

1) Acquiring knowledge: In the case we have read
1,600+ papers

2) From knowledge to ideas: Individually generate
ideas

3) Consolidation of ideas: Group discussion

4) Sharpen the ideas: Iteratively conduct 2 and 3

5) From ideas to a sophisticated research theme: Doc-
tors distillates research themes

6) Consideration: Rethinking themes by implementa-
tion

7)  Research: Do experiments

8)  Output: Publish papers

2 FUTURISTIC COMPUTER VISION

The paper predicts futuristic computer vision and intro-
duces our researches above the line. We list the 9 topics:

1) Pure motion representation in video

2) Generalizing 3D representation

3) World-level recognition and reconstruction

4) Fully-automatic dataset creation with WWW, CG,

automation
5) Transforming and understanding physical quantity
6) Looking at latent knowledge in an image
7)  Self-supervised learning
8) (AI) History repeats itself
9) The pixel redefinition

2.1 Pure motion representation in video

In the past few years, convolutional neural networks have
made great contributions to image recognition. Undoubt-
edly, the current area of interest has been shifting a temporal
analysis of video input, such as action recognition and
motion representation. These techniques are expected to
be useful in such areas as visual surveillance, autonomous
driving, and VR/AR. Various video recognition frameworks
have been proposed, but as yet, there is no (enough) de
facto standard for the field of motion representation. To
tackle this urgent issue, the research field has tried various
approaches, including conducting a workshop to elicit ideas
for representing motion [B4].

In this era of deep learning, the two-stream CNN [I0]
has replaced most of the hand-crafted approaches used on
human action datasets. Two-stream CNN efficiently catego-
rizes human actions using the RGB image (spatial stream)
and flow image (temporal stream), and it performs better
than either DT or IDT. We note that use of the spatial-
stream achieved over 70% on the UCF101 dataset [?9]; that
is, the per-frame RGB feature was able to categorize the
101 action classes without a temporal feature. The action
datasets mainly occupies background areas against to the
human areas in the image sequences. This still shows that
there is a problem with background dependency, and it is
important to find a more sophisticated way to represent
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Human Action Recognition
without Human

Human Action Recognition

\ Motion Descriptor \ \ Motion Descriptor \

Tennis Swing Tennis Swing?

Fig. 1. Human action recognition (left) and human action recognition
without human (right): We simply replace the center-around area with a
black background in an image sequence. We evaluate the performance
rate with only the limited background sequence as a contextual cue.
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Fig. 2. Image filtering for human action recognition without human.

motion. Here we introduce our “Human Action Recog-
nition without Human” [B5] and “Motion Representation
with Acceleration Images” [36]. Especially in the “Human
Action Recognition without Human”, we have validated
the background effects in video recognition. Moreover in
the “Motion Representation with Acceleration Images”, we
propose an additional motion representation from a conven-
tional descriptor.

Human Action Recognition without Human [B5] Mo-
tion representation is frequently discussed in human action
recognition. We have examined several sophisticated op-
tions, such as dense trajectories (DT) and the two-stream
convolutional neural network (Two-Stream CNN). How-
ever, some features from the background could be too
strong, as shown in some recent studies on human action
recognition (for example, the spatial-stream in Two-Stream
CNN can recognize 70 % on UCF101 without temporal in-
formation). Therefore, we considered whether a background
sequence alone can classify human actions in current large-
scale action datasets (e.g., UCF101). In the research, we
propose a novel concept for human action analysis that
is named “human action recognition without human” (see

Physics quantity

I (1t-order diff.)

I”” (2"-order diff.)

Input

RGB

Flow image

Acceleration image

Stream

Spatial-stream

Temporal-stream

Acceleration-stream

Fig. 3. Image representation of RGB (I), flow (I'), and acceleration (I”).

Figure M). An experiment clearly shows the effect of a
background sequence for understanding an action label. The
setting is shown in Figure D.

To the best of our knowledge, this is the first study
of human action recognition without human. However,
we should not have done that kind of thing. The motion
representation from a background sequence is effective to
classify videos in a human action database. We demon-
strated human action recognition in with and without a
human settings on the UCF101 dataset. The results show the
setting without a human (47.42 %; without human setting)
was close to the setting with a human (56.91%; with human
setting). We must accept this reality to realize better motion
representation.

Motion Representation with Acceleration Images [36]
Referring to the [35], we propose the simple but effective
representation of using “acceleration images” to represent
a change of a flow image. The Figure B shows the visual
comparison. The acceleration images must be significant
because the representation is different from position (RGB)
and speed (flow) images. We apply two-stream CNN as the
baseline; then, we employ an acceleration stream in addition
to the spatial and temporal streams. The acceleration images
are generated by differential calculations from a sequence of
flow images. Although the sparse representation tends to be
noisy data (see Figure B), automatic feature learning with
CNN can significantly pick up a necessary feature in the
acceleration images.

2.2 Generalizing 3D representation

We believe that a 3-dimensional XY Z data must be further
improved for real-world understanding. The conventional
approaches such as Spinlmages [38], SHOT [3Y] have accel-
erated recognition performance in 3D point clouds. More-
over the Multi-View CNN (MVCNN) [H] and Deep Sliding
Shapes (DSS) [20] have been employed in the age of deep
learning. The MVCNN proposed a view-free recognition
through per-view learning and view-pooling from 12 view-
points. The DSS executed both 3D object proposal and 2D-
3D object classification in 3D space.

However, the current 3D object recognition is focusing
on so-called specific object recognition not about the gen-
eral 3D object recognition. The breakthrough in 3D object
recognition may occur if a model learns flexible mod-
els which generalize 3D object shapes like ImageNet pre-
trained model in 2D image recognition []. The pre-trained
model is also strong at transfer learning with activation
features. Here we must try to propose a bigger database
and sophisticated model in addition to the recent frame-
works. By comparing the ShapeNet Core-55 (3D-DB) with
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the ImageNet (2D-DB), we must collect a bigger scale 3D
data to train a sophisticated model for general 3D object
recognition. The architecture should be improved.

2.3 World-level recognition and reconstruction

Recently, the world-level analysis is being done with geo-
tagged images from web-photo and social networking
servises. The geo-tagged images include GPS information,
time-stamp in addition to the image itself. We have con-
firmed a couple of innovative algorithms by combining geo-
tagged information and image data. One of the achievement
is undoubtedly “Building Rome in a Day [B]” with structure-
from-motion (SfM). The recent SfM problem is implemented
wider area in “Reconstructing the World in Six Days [21]".
The kinds of 3D reconstruction have developed vision-
based algorithm such as keypoint matching and bundle
adjustment.

On one hand, an integrated method both scene recog-
nition and geo-tagged image analysis is proposed in City
Perception [&7]. The city-scale analysis is based on the scene
recognition with stacked likelihood from the PlaceCNN [43].

We can improve the world-level reconstruction and
recognition since the world-level 3D reconstruction stays
in certain landmarks estimation, and the city perception
focuses arbitrary images at each city. One of the causes is
the dataset scale, in which the city perception has only a
couple of million to treat world-level recognition. One more
reason is the lack of semantic labeling (e.g. object detection,
semantic segmentation) in an image. The recent semantic
labeling effectively helps to enhance concept-level annota-
tions such as object categories and building attributes. In
the scene parsing, the ADE20K dataset [#4] is proposed in
the ILSVRC2016 to build up detailed scene- and object-level
segmentations which contain 150 categories. Moreover, we
can get 107-order images from Web, SNS and map data.
What can we estimate from 107 geo-tagged images and
detailed scene parsing?

We here introduce our “Changing Fashion Cultures” [37]
to analyze world-wide fashion trends (see Figure B).

Changing Fashion Cultures [B7] The research presents a
novel concept that analyzes and visualizes worldwide fash-
ion trends. Our goal is to reveal cutting-edge fashion trends
without displaying an ordinary fashion style. To achieve the
fashion-based analysis, we created a new fashion culture
database (FCDB), which consists of 76 million geo-tagged
images in 16 cosmopolitan cities. By grasping a fashion
trend of mixed fashion styles, the paper also proposes an
unsupervised fashion trend descriptor (FTD) using a fashion
descriptor, a codeword vetor, and temporal analysis. To
unveil fashion trends in the FCDB, the temporal analysis
in FTD effectively emphasizes consecutive features between
two different times. In experiments, we clearly show the
analysis of fashion trends (see Figure B) and fashion-based
city similarity (see Figure B). As the result of large-scale
data collection and an unsupervised analyzer, the proposed
approach achieves world-level fashion visualization in a
time series.

5

2.4 Fully-automatic dataset creation with WWW, CG,
automation

What if we were able to automatically generate a large-scale
database like ImageNet? There are some fully-automated
database such as YFCC100M [45] (flickr style), CG pedes-
trian data [26] (computer graphics) and iLab-20M [27] (au-
tomation technology) regardless of w/ or w/o object-level
categories. Hereafter the increase of fully-automated dataset
is expected. More recent research, for example, the genera-
tive adversarial nets (GANSs) [48] achieved image generation
close to real data. Style transfer (e.g. photo transfer [49]) has
also been developing realistic data generation from image
pairs.

Now we are cooperating annotation tasks with com-
puters to create an image database [B0], [61]. To alleviate
human burden, a computer (i) ask a question to human [b0],
(ii) proposal detection of ground truth [B1]. Hereafter the
framework improves dataset quality, and we expect that
the dataset creation is done by fully-automatic annotation.
There are a couple of annotation techniques such as robot
hands, automation, simulator and gaming for dataset cre-
ation. Although the current work is being developing, an
image [28]/video [b2] generator (e.g. generative adversarial
nets) create a realistic data. Near future we will get a wider
and bigger XYZ data with the kind of generator.

2.5 Transforming and understanding physical quantity

Thanks to the recent ConvNet and RecurrentNet, a physical
transformation from image sequence to audio is achieved
in [63]. The physical quantity transformation called “Visu-
ally Indicated Sounds” mapped video to audio. Although
the technique combined a simple CNN+LSTM combined
model, a generated sound cannot be easily classified (cannot
be done even by a human). This is the first example that
passed a sound turing test.

2.6 Looking at latent knowledge in an image

In the topic we have published a couple of papers such
as “Academy Award Prediction” [B8], “Transitional Action
Recognition” [60].

Academy Award Prediction [68] The research aims at
estimating the winner of world-wide film festival from the
exhibited movie poster. The task is an extremely challeng-
ing because the estimation must be done with only an
exhibited movie poster, without any film ratings and box-
office takings. In order to tackle this problem, we have
created a new database which is consist of all movie posters
included in the four biggest film festivals. The movie poster
database (MPDB) contains historic movies over 80 years
which are nominated a movie award at each year. We apply
a couple of feature types, namely hand-craft, mid-level and
deep feature to extract various information from a movie
poster. Our experiments showed suggestive knowledge, for
example, the Academy award estimation can be better rate
with a color feature and a facial emotion feature generally
performs good rate on the MPDB. The research may suggest
a possibility of modeling human taste for a movie recom-
mendation.

Semantic Change Detection [59] Change detection is the
study of detecting changes between two different images
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2016

London

(a) Fashion trend changes in New York, Paris, Lon-
don, and Tokyo, 2014-2016. Our goal is to reveal the
latest trends for each year.

geo-tag imgs
person bboxes
cosmopolitan cities

(b) Fashion culture database (FCDB; ours)

Fig. 4. Worldwide fashion change analysis from the self-collected fashion culture database (FCDB). We analyze changing fashion cultures for every
season (a). The images are taken from Flickr, under a Creative Commons license. The FCDB consists of 8M geo-tagged images and 76M person

bounding boxes in 16 cosmopolitan cities (b).

of a scene taken at different times. By the detected change
areas, however, a human cannot understand how different
the two images. Therefore, a semantic understanding is
required in the change detection research such as disaster
investigation. The research proposes the concept of semantic
change detection, which involves intuitively inserting seman-
tic meaning into detected change areas. The concept is
shown in Figure B. We mainly focus on the novel semantic
segmentation in addition to a conventional change detec-
tion approach. In order to solve this problem and obtain
a high-level of performance, we propose an improvement
to the hypercolumns representation [[31], hereafter known
as hypermaps, which effectively uses convolutional maps
obtained from CNN. We also employ multi-scale feature
representation captured by different image patches. We ap-
plied our method to the TSUNAMI Panoramic Change De-
tection dataset [IZ81], and re-annotated the changed areas of
the dataset via semantic classes (see Figure [). The results
show that our multi-scale hypermaps provided outstanding
performance on the re-annotated TSUNAMI dataset.

Transitional Action Recognition [hl]] We address tran-
sitional actions class as a class between actions (see Fig-
ure [@). Transitional actions should be useful for producing
short-term action predictions while an action is transitive.
However, transitional action recognition is difficult because
actions and transitional actions partially overlap each other.
To deal with this issue, we propose a subtle motion descrip-
tor (SMD) that identifies the sensitive differences between
actions and transitional actions (see Figure B). The two pri-
mary contributions in this research are as follows: (i) defin-
ing transitional actions for short-term action predictions that
permit earlier predictions than early action recognition, and
(ii) utilizing convolutional neural network (CNN) based
SMD to present a clear distinction between actions and tran-

sitional actions. Using three different datasets, we will show
that our proposed approach produces better results than
do other state-of-the-art models. The experimental results
clearly show the recognition performance effectiveness of
our proposed model, as well as its ability to comprehend
temporal motion in transitional actions.

2.7 Self-supervised learning

We should learn from the remarkable self-supervised learn-
ing like picking robots [62] and AlphaGo [61]. However,
the learning systems operate only in a limited enviroment.
In the next step we must extend the learning systems. For
further explanation about 2.7, see other papers.

2.8 (Al) History repeats itself

The use of neural net and hand-crafted feature is repeated
in the computer vision field (see Figure ). The suggestive
knowledge motivates us to study an advanced hand-crafted
feature after the DCNN in the recent 3"¢ Al. We anticipate
that the hand-crafted feature should collaborate with deeply
learned parameters since an outstanding performance is
achieved with the automatic feature learning.

The 1°* Al has started from the perceptron [68] which is
the basic theory in neural networks. The (simple) perceptron
is constructed by 2-layer with input and output layers. The
iteration of Al booms and winters (e.g. edge detection [AY],
Neocognitron [IZ1], back prop. [Z0], CNN [Z2], SIFT [0],
HOG [B], Deep Learning [6]) may suggest us to propose
the next generation algorithms.

At each AI boom, combined framework with genetic
algorithm (GA) and neural net is coming to improve
the parameter and architecture. The GA was proposed in
1970s [Z3] and improved the framework in [Z4]. In the
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Fig. 5. Visualization of fashion trends: The figure shows randomly
selected cutting-edge fashion trends per city and year. For example,
Tokyo (2013) shows one of the cutting-edge fashion trend at Tokyo
in 2013. Although the FTD is not perfect, we confirm the concept of
changing fashion culture is achieved as the result of FCDB collection
and unsupervised analyzer.

current Al boom, the GA framework is employed into deep
neural networks [Z5]. They applied several components and
parameters such as convolution, pooling, batch normal-
ization to adaptively learn an optimized architecture. The
evolutional architecture achieved a comparative rate to the
Wide ResNet [713] on the CIFAR dataset.

What is the next movement? According to the previous
stream, hand-crafted feature will be occurred. However, the
current deep learned representation is enough strong, the
DNN framework can exclude a rise of an improved hand-
crafted feature. Therefore how about extending the space
from 2D image to 3D volume data, like xyz (real space)
or xyt (video stream)? We have only very early standard
approaches such as PointNet [81], [82] and C3D [T080]. Does
the deep learning continue to be used as it is, or the local
features are revisited? This flow is remarkable. Of course
we must keep to propose the novel frameworks, not limited
to these two.

2.9 The pixel redefinition

Camera obscura is said to be the origin of the camera [Z9]. A
photo is manually recorded by an image projected on a wall.
The current RGB-image system computationally imitates the
camera obscura. However, is this mechanism still useful
in the era of deep learning? The digital image recognition

Honglfong

Paris

Fig. 6. Fashion-based city similarity graph: The input is from 1,000-dim
codeword vectors with StyleNet+Lab. The nodes and edges correspond
to cities and similarities between pairs of cities, where the line thickness
indicates the degree of similarity. In the graph representation, we set the
thresholding value as 0.2 in order to eliminate low correlations.

[Proposal] [Previous works]
Short-term action prediction Early action recognition

recognize “cross” at time f;  recognize “cross” at time 7,

At
EEEEEE PR

L v Il Gty ly Ly Ly L
Walk straight ~ Walk str. — Cross Cross
(Action) (Transitional action) (Action)

Fig. 7. Recognition of transitional actions for short-term action predic-
tion: Our proposal adds a transitional action class Walk straight - cross
between Walk straight and cross. ldentification of transitional actions
allow us to understand the next activity at time t5 before an early action
recognition approach at time to.

has progressed considerably, but it is saturated on the other
hand.

How about the pixel structure if it is a form that is
advantageous for recognition and 3D reconstruction. The
theme on post-pixel may be discussed.

July 21, 2017
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