2019

5C-09

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

;( 02a00000000000000000000020190 900
y

THE VIRTUAL REALITY SOCIETY OF JAPAN

Jodboobodboobtobooboond
uootdootdoodoodbood

The Development of Method for the Real-Time Detection
of Specific Objects in Museum Exhibits

OooDY0oo0oo0?oo0o0o0o0o0
Masaaki MATSUNAGA, Yuhei AKAMINE, and Moeko NEROME

1)0000 000000 (0 903-0213000000000000)
2) 0000 000 (0 903-023000000000000)
j3)00bo0UoOoooooOgol-270l 000000000 DOO 60 10)

O0: 000000000000000U00U0O00O000AR(Augmented Reality) 00000000
gooooooboooooooooboooobooooooobooooboooobooobobooobboOooooo
goboooooobooboooooobooooooboodoooooooooboooboooonooonooag
goboboooooooooooboooobooooo0oobo0oOobOOoOoOobOOoobOboOooboboOoooOoo
goboooooooooooooboooobooooooobooOooOoobOooOooooboboOoobooooooo
goooooooooooooooooboooooooboooboobobooboboobboOooooo

gobooooooooboon

000000 Deep Learning, Object Detection

1. O0Ogo

OO0 CNN[1]ODOO0OO0OD0O000000000000000
0000000000000 Selective Search[2] 0000 R-
CNN|3]08Selective Search 0 0 O O RPN(Region Proposal
Network) 0 0 00O Faster R-CNN[5| 000000000
gobooooboooo.

00 SSD[6) 00 YOLO[7]0ODOOO0OO00D00000
booobooooobooooooooboocobooooon
oboboooobooboooooboooooboooooooboon
gogbobtooobboobbooobbooobo.

OO0OD0OO0OO000O Bounding BoxOOOOOO0OO0O0O00OO
gboooboooboobobooboooooboooooooon
000000 Bounding Box 0000000000000
goooboobobbbtboooooobobobbboooooo
goboooboooo

O000000000000000 AROOOOOOOD
0000000000000 Bounding BoxO0OOOOO
gboooboooooboooboooooboooooooon
ooboooooboo

O00000O000000000000000 Bounding
BoxOOOODDODODODODODDODOODOODOODOOOOD
gboooboooooboooobooobooboooooooon
obooobooooobooboooboboocobOoooon
ooboooooboooooo

goboooooooooboobooooboobooobooo
00000000 (Instance-level Object Detection) O O
goooooooooooboooobooooboooobooDn
gobooooooood

2. OO0

000000000 State-Of-The-Art 00000000
O0000000000000000 Bounding Box 00
oooooooooooooooooboooooooooon
Bounding Box U0 00000000 0OCOO0O0OOOO
000000 Point Linking Network[8] DO OO0OOO0O0O
gbooooOoooobooocooboooocooooooon
gobob4000000000DOO0DO0O0ODODOOODO
gboboooooboobooooooooboOooooooon
goboooobooobooboooo

OO0 Bounding Box 000000000 O0OOOOO
000000000000 0D00000000 Bounding
BoxOOOOOOOOODOOOOOOOOODOODODOO
gboooooooooobobooooo. obooooo
CornerNet[9) D0 D000 0D0O00O0OODOOOOOOO
00000000000 CornerNet DO 0OOO0OOO0OODO
00000000 400 Bounding BoxOOOOOOOO2
gooooooooooooooooooboDooOODODOODOO
00000000o00o0oo000000o0o0000 Bounding
BoxOOOOOOOOOOOODOOOOOODOOOOO

-5C-09-



5C-09

Hooonoooooooos Positive datasetA
3. O0OoOno
gdoodobooboooooooooooooooan 2

Joddd0d0dd0o0o0oo0ooooOoboOoOooOo 110000 R —Y —&

|—| Negative datasetB

ARORRFE

DERBERORS [Fommore | °FHEER

random-crop& N - E REHR

ANER (IR E—hYy TR

0 2: Classification-Model D 0000000000

010000000 0 10000 Regression-ConvNet 000000000

gbooobooobooboobobooboobooobg
gooooo CNNDDDDDDDDD(Cla.SSiﬁeI‘—CODVNet) oooooooo0ooooooooDoooOooDooooon

000000000000 Fully Convolutional Network(FCN) 0000000000000 0000000000000
000000000000000000000000000 0030000

rCNOOOOOOOOOOOoOoOOoOOOOO0000000o
gooooobobbbboooooobobobbbooooo
OO0 (C1l1o0)ooUoooUooooUoooooooo
gbooobooobooobooboooocoboooooooon

(0 10)0

0000000000000 00Do000oooo0ooog 0 3: Regression-ConvNetl 00000 O0O00O0OOO
D0000000000000000000000000 Doopopooooo
D00000000000000000000000000
00000000000000000000000000 5. 0000
i e 00000000000 Classifier-ConvNet 000000

00000000000000000000000000

4. 0000

gobooboobooboobooboboobooobo

gboobdobooboboobobooboboob 0040000

oooooooooOoUooooooOoooooooooo
O000o0o0oooooUoooooooUuoooooooo
0o0ooooooogo
4.1 0OOOCOCOO

000000 Classifier-ConvNet 0000000000
0000000o0o0o0ooooooooooooooog
oo0oodoooOooooooooooooooooog
000000 (b0oUoOoUoO)UoOoUUOLO (Dooo
0000)000000000000D00OUO.00oOo
0o0odoooboooooooooooboooooooa
O0000ooooooooO0o 2000000000000
00000o0o0opooooooooooooooooooo

oooo ‘\“,'.n
&

v

04: 0000 (0)O00O Heat-Map Model OO0 O
0oo (D)

00 Classifier-ConvNet O O Regression-ConvNet O O
goooboooboobooboboobooboobo
0bo0oobOobDooooboo s0b0OO

i

MAX(117,137) OUTPUT(138,86)  MAX(77,118) OUTPUT(133,123)

U6 0b0dobooooooooooobobogooon

2019 -5C-09-



2019

5C-09

6. OO

OO0OO0OO0OO0O0D0O Classifier-ConvNet 0000000
00000000000 o0ooO0O0o0ooOoooooooo
00000000000 0oO0O0O000O0Dooooooo
o0o0o0ooooooooo

0000 s50000000000000000000O
0000000000000 0oDooooOOooDooooD
gogoobbobobbbooooooobobobbboooooo
o00000000oooooOoO0oO0o0ooooooooo
0000000000 0000oooO0 4000000000
0000000000 000ODO0O0O000Dooooooo
O0000o00o00oooo0ooOopoOoooooge
oooo

000 7000000 Regression-ConvNet 00000
0000000000000 000O0000o0oooooo
00000000000 O00 Classifier-ConvNet 0 0 0O
0000000000000 DO0D000O Regression-ConvNet
00000000 00ooOoOoOooOOoOoOoUoOooooD
gododobbbooooooooobobobobobobooooo
0oo00000000oooooOo0o0o0ooooooooo
O0o0ooooooooooo

06: O000O0ODOOOOOO (0) 00O Classifier-
ConvNetlOOODOOOODO

MAX (56,35) OUTPUT (127.91)

MAX(117,128) OUTPUT(125,40)

O7 0000C0O0O0O0OO000O0O0O0O0O0O0O0O0O0O0

7. OO

0000 Bounding Box 00000000 OOOOOO
00o00o0oooooooooo0ooooooooooo
0000000000000 00o0o00o0oooO ARDO
0000000000000 0O0O0O0oooooooOoo
goooobobbbbboooooooobbooooooo
O Classifier-ConvNet 000 0000000000000
000000000ooooooOOoOoO0oOoOoooooooo
ooooo

O000000opoooOo0o0o0ooooO0oooooooo
00000000 0oooooooO0o0o0ooooooooo
0000 ORegression-ConvNet 0 00000000000
gogodoboobuoooooobobbbbboouoooo
oo0o.

goooOoOoOoOoppoopoooo ssboo yorooo
goooboooboobooboooooboooooooon
gboooboooboobobooboooobooooooooon
oobooooooooboooo

00 0000O0ooJSpSO0OO 19Ko01142000000
gooog.

oogdo
[1] Alex Krizhevsky, ILya Sutskever,
Geoffrey E. Hinton : ImageNet Classification with
Deep Convolutional Neural Networks,
Advances in neural information processing sys-
tems,25(2),2012
[2] J.R.R. Uijlings, K.E.A. van de Sande,
T. Gevers, A.W.M. Smeulders : Selective Search for
Object Recognition, International Journal of Com-
puter Vision Volume 104 Issue 2,
September 2013 Pages 154-171, 2013
[3] Ross Girshick, Jeff Donahue,
Trevor Darrell, Jitendra Malik :
R-CNN Rich feature hierarchies for accurate object
detection and semantic segmentation,
Girshick2013RichFH, IEEE Conference on Computer
Vision and Pattern Recognition, 580-587, 2014
[4] Ross Girshick :
Fast R-CNN,IEEE International Conference on Com-
puter Vision (ICCV),10.1109/1CCV.2015.169, 2015
[5] Ren, S. He, K., Girshick, R. B. ,Sun, J. :
Faster R-CNN towards real-time object detection
with region proposal networks. In NIPS 2015, 91-99.
[6] Wei Liu, Dragomir Anguelov,
Dumitru Erhan, Christian Szegedy, Scott Reed,
Cheng-Yang Fu, Alexander C. Berg :
SSD Single Shot MultiBox Detector,Computer Vision
ECCV 2016 pp 21-37, 2016
[7] Joseph Redmon, Santosh Divvala,
Ross Girshick, Ali Farhadi : YOLO (You Only Look
Once) Unified, Real-Time Object Detection,
IEEE Conference on Computer Vision and Pattern
Recognition (CVPR),10.1109/CVPR.2016.91,2016
[8] Xinggang Wang, Kaibing Chen,
Zilong Huang, Cong Yao, Wenyu Liu : Point Linking
Network for Object Detection, 2017
[9] Hei Law, Jia Deng :
CornerNet Detecting Objects as Paired Keypoints,
Proceedings of the European Conference on Com-
puter Vision (ECCV), 734-750 ,2019

-5C-09-





