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Decoder aǒEncoder >Ę±28ŚċxitTª¸

Ť§aVee>ęæ4nǓLCĲǒEncoder Ct� 
~�^ĲBƛđ2=%8�Ƃ>¢TĊ¨2ǒ

Upsampling TƏCǓUpsampling ĲB¢GĊ¨No

A%�ƂBaǒ0 TƒǄ4nǓLoBNPǒŊŭA

�ƂBĎßTĊ¨>+nǓ 
DCNN ? RNN TŽIÉSS8fx�jUi]

f^z�j�b|�CĔő?2=ǒDAG-RNN[7]
GAnǓDCNN aǒŒũr]f�Cư¥>Anò

ēŨAĎß)l]}dƣ³TƏCǓRNN TŽIÉ 
SSnL?BN:=ÿŶÓCųǄǎÝTĮƈ?2

=ĜD8]}dƣ³GÅƇ?AnǓDAG-RNN a

ŦIƯI°ş?t�~�^°şBN:=Śċxi

tTĘ±4nǓĉlo8ŚċxitT DAG-RNN
Bª¸2ǒŒũr]f�Bï2=¶óCŚċxi

tCª¸?ư¥ 3 įÌ)lCª¸T�DǒÎƮC

ŤźCĎßTƆĐ28ŚċxitTšĒ4nǓš

ĒNo8ŚċxitT Deconvolution óBª¸2ǒ

f^z�j�b|�žĺTĉnǓe8ǒæòŨA

ŚċTĜDnL?G>+nĔő?2= Dilated 
Convolution[13]GAnǓDilated Convolution aǒŦ

IƯI°şT�ëǄǉǌo8�ƂBƏCL?>ǒ

ÿŶÓCǎÝTƆĐ28ŦIƯIGÅƇBAnǓ 
�ƋŨA Encoder-Decoder łƴCnil��][4]
>aǒt�~�^ĲBòēŚċǁGňƍ4n8Kǒ

ñǎÝ]}dCƣ³GÒǍBAnÑǏGAnǓe

8ǒDCNN Tu�d?28nil��][2]>aǒ

òēŨAĎß)l]}dƣ³TƏCC>ǒæòŨ

t-2

t-4
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Convolution Dilated Convolution Max Pooling Deconvolution

t

t-1

t

DAG-LSTM 1×1
Conv

DAG-LSTM 1×1
Conv

DAG-LSTM 1×1
Conv

DAG-LSTM 1×1
Conv

DAG-LSTM 1×1
Conv

DecoderEncoder

� 1(����!� %'��!� %'�
� 



   

 

AĎßGƆĐNoB-%ǓġĽĔő>aǒDCNN ?
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=ŦIƯI°şTƏCǓe8aǒÔ ��6	CNCB
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t-1

Encoder

Σ

Decoder

LSTM

LSTM

LSTM

LSTM

t

時間方向の伝搬

空間方向の伝搬

(−#,+&) (+#,−&) (−#,−&)

DAG-LSTM : t-1

特徴マップ 特徴マップ

特徴マップ
DAG-LSTM : t

(+#,+&)
空間方向の伝搬
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ƑǔǖĎß�ĦCĵŘBNnŌƬžĺ[%] 
Ďß�Ħ ŦIƯI «�ŸĀ ]}dŸĀ üÚ IoU 

A2 Ĉĸ 92.4 60.3 52.8 
AP Ĉĸ 91.9 58.6 50.7 
A2 Dilated 92.2 61.5 54.1 
AP Dilated 94.3 62.4 56.2 
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´ŢNo=%nǓ]}dĬT:ǒïƤ]}dCŊĠ
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dCƠĠëǎÝTEǒüÚ IoU TF??4n?ǒā
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1
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A

B
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360 Āk�gfilB(.nĎß�Ħnil�

�]Cĵ»čTĿƜ4n8KǒÈ�Ħ°şCĵŘ

BNnŸĀ?ĈĸĔő?Cƣ³ŸĀTŌƬ4nǓ

Ďß�ĦCĵŘBNnƣ³ŸĀCŌƬTƑ 1 BŮ 
4ǓƑ 1 NPǒDilated Convolution ?Ďß�Ħ°ş

Tðª4nL?>ǒƣ³ŸĀGÌ�2=%nǓĈ

ĸCŦIƯI°şCàÉǒĎß�Ħ°şTƏCL

?>ŸĀG��2=%nǓ�įǒDilated Convolution 
TƏCL?>ÿŶÓCĎßTƆĐ4nL?G>+ǒ 
Ďß�Ħ°şC»ĺTǑK=%nǓ 
  ĈĸĔő?CŌƬžĺTƑ 2BŮ4ǓƑ 2NPǒ

ÈƝ�ěńB(%=ĈĸĔőNPŸĀGÌ�2=

%nL?GS)nǓ�>i SegNet ?ŌƬ2=üÚ 

正解画像

FCN

PSPNet

提案手法

入力画像

SegNet

U-Net

� 6(360 ��'��� ������"&�'�#&	� 



   

 

 
Ƒ 2ǖĈĸĔő?CŌƬžĺ[%] 

 «�ŸĀ ]}dŸĀ üÚ IoU 

FCN 92.5 58.5 52.1 
SegNet 92.4 55.2 48.9 
U-Net 93.8 60.2 54.4 

PSPNet 93.5 61.6 55.1 
ġĽĔő 94.3 62.4 56.2 

 
IoU GŹ 7%Ì�2=%nL?G²)nǓ28G:

=ǒĎß�Ħ°şaĵ»>An?%DnǓ 
  Ô 6 BÈĔőCf^z�j�b|�žĺTŮ4Ǔ

Ô 6 NPǒƸƨMų?%:8æ+A]}dCf^

z�j�b|�G>+=%nL?GS)nǓLC

L?)lġĽĔő>aǒæòŨAŚċTĜDnL

?G>+=%n?%DnǓe8ǒSegNet M FCN ?

ŌƬ2=ġĽĔőaǒ]���ƩMĻ?%:8ñ

NAǎÝC]}dBï2=iǑŸĀAf^z�j

�b|�G>+=%nL?G²)nǓLCL?)

lòēŨAŚċiĜDnL?G>+=%n?%D

nǓ 

����� � #)*��	!���!���

  Zz}ǄC�ĦCĵŘBNnf^z�j�b|

�žĺCŌƬTÔ 7 BŮ4ǓÔ 7 NPǒZz}Ǆ

�ĦŘ2C±¸žĺ>aZz}ŴǎÝB(%=ǒ 

 
Ƒ 3ǖZz}Ǆ�ĦCĵŘBNnŸĀCŌƬ[%] 
 «�ŸĀ ]}dŸĀ üÚ IoU 

�ĦŘ2 93.8 61.2 55.1 
�ĦĵP 94.3 62.4 56.2 

 
ƩMŋƸ]}dCf^z�j�b|�CĭÉčG

�8o=A%L?GS)nǓ�įǒZz}Ǆ�Ħ

ĵPC±¸žĺ>aZz}ŴǎÝB(%=ǒf^

z�j�b|�CĭÉčG�8o=%nL?Gŭ

Ɵ>+nǓe8ǒƑ 3 BZz}ǄC�Ħ°şCĵ

ŘBNnƣ³ŸĀCŌƬTŮ4ǓƑ 3 NPǒ�Ħ

Ř2?Ōc=�ĦĵP>aǒŹ 1%ŸĀGÌ�2=

%nǓ28G:=ǒ360 Āk�gBï4nZz}Ǆ

C�Ħ°şaĵ»Ũ>An?%DnǓ 

�����	�

ķŬŲ>aǒĲǄįÌ?ųǄįÌÂbZz}Ǆ

BĎßT�ĦNSnĎß�Ħnil��]TġĽ

28ǓĲǄįÌC�Ħ°ş>aǒ5 s��yǄCĎ

ßT�ĦNSnL?>ǒŤ§�Cř�C¼+MƉ

ƩM�ƩCƶƏįÌ?%:8ĲǄBNnä½TĜ

DnL?G>+8ǓųǄįÌC�Ħ°ş>aǒ

DAG-LSTM Tðª28ǓĈĸC DAG-RNN >aǂ

ĶŨAƛđG>+A%?%CÑǏGAnGǒRNN 
T LSTM BƂ+ĢDnL?>ǂĶŨAƛđTìŞ

28Ǔe8ǒDilated Convolution TASS=ðª4


��

��������

������	�

� 7(�"$�����������"&�'�#&	��� 



   

 

nL?>ǒÎƮCĎßTÿŶÓBĜDnL?G>

+8ǓZz}ǄC�Ħ°ş>aǒÈZz}ŴCǎ

ÝG�Ɗ4nNCBêƄ4nL?>ǒZz}ǄC 
ĭÉčT�;L?GÅƇBA:8ǓĎßT�ĦN

SnL?>ǒ360 Āk�gB(.nfx�jUi

]f^z�j�b|�CǑŸĀ½TìŞ28Ǔ�

ćaǒ�Ħ°şCĩƌÂbńƣM�ÇŇ?%:8

ƣ³GÒǍA]}dCŸĀÌ�TơǏBŬŲTƏ

CǓ 
 

%?79�

[1] Y. LeCun, L. Bottou, Y. Bengio, P. Haffner, ‘‘Gradient-
Based Learning Applied to Document Recognition,’’ in 
Proceedings of the IEEE, vol. 86, no.11, pp.2278-2324,1998. 

[2] J. Long, E. Shelhamer, T. Darrell, ‘‘Fully convolutional 
networks for semantic segmentation,’’ IEEE Conference on 
Computer Vision and Pattern Recognition (CVPR), 2015. 

[3] H. Zhao, J. Shi, X. Qi, X. Wang, J. Jia,‘‘Pyramid Scene 
Parsing Network,’’ IEEE Conference on Computer Vision 
and Pattern recognition (CVPR), 2017. 

[4] V. Badrinarayanan, A. Kendall, R. Cipolla, ‘‘SegNetǖA 
Deep Convolutional Encoder-Decoder Architecture for 
Image Segmentation,’’ arXiv:1612.01105, 2016. 

[5] O.Ronneberger, P. Fischer, T. Brox, ‘‘U-NetǖConvolutional 
Networks for Biomedical Image Segmentation,’’ Medical 
Image Computing and Computer-Assisted Intervention 
(MICCAI), 2015. 

[6] J. Elman, ‘‘Finding Structure in Time,’’ Cognitive Science. 
Vol. 14, no. 2, pp.1735-1780, 1997. 

[7] B. Shuai, Z. Zuo, G. Wang, B. Wang, ‘‘DAG-Recurrent 
Neural Networks For Scence Labeling,’’ Conference on 
Computer Vision and Pattern Recognition (CVPR), 2015. 

[8] G. Brostow, J. Shotton, J. Fauqueur, R. Cipolla, 
‘‘Segmentaion and Recognition Using Structure from 
Motion Point Clouds,’’ European Conference on Computer 
Vision (ECCV), 2008. 

[9] M. Cordts, M. Omran, S. Ramos, T. Rehfeld, M. Enzweiler, 
R. Benensen, B. Schiele, ‘‘The cityscapes dataset for 
semantic urban scene understanding,’’ IEEE Conference on 
Computer Vision and Pattern Recognition (CVPR), 2016. 

[10] M. Everingham, A. S. M. Eslami, L. Van Gool, C.K.I. 
Williams, J. Winn, and A. Zisserman, ‘‘The Pascal Visual 
Object Classes ChallengeǖA Retro spective,’’ International 
Journal of Computer Vision (IJCV), 2014. 

[11] N.Silberman, D. Hoiem, P. Kohil, R. Fergus, ‘‘Indoor 
Segmentation and Support Inference from RGBD 
Images,’’European Conference on Computer Vision 
(ECCV), 2012. 

[12] G. Neuhold, T. Ollmann, S. R. Bulo, P. Kontschieder, ‘‘The 
Mapillary Vistas Dataset for Semantic Understanding of 
Street Scenes,’’ International Conference on Computer 
Vision (ICCV), 2017. 

[13] F. Yu, V. Koltun, ‘‘Multi-scale context aggregation by 

dilated convolutions,’’ International Conference on 
Learning Representation (ICLR), 2016. 

[14] ćƎØŎ, ô�ǈƃ, ƎÊă�, Ēõ¤�, Þţǈ�, 
ŝœþĪ, “Ďß�Ħnil��]BNn«ÎÓCfx

�jUi]f^z�j�b|�”, Ť§f�b�^b

�wcty, 2018. 
[15] K. Simonyan, A. Zisserman, ‘‘Very deep convolutional 

networks for large-scale image recognition,’’ International 
Conference on Learning Representation (ICLR), 2015. 

[16] S.Hochreiter, ‘‘Long Short-Term Memory,’’ Neural 
Computation. Vol. 9, no. 8, pp.1735-1780,1997. 

[17] D. Kingma, J. Ba, ‘‘Adam ǖ A method for stochastic 
optimization,’’ arXiv preprint arXiv:1412:6980, 2014. 

 
 
1@*8ǖ2018 ý�ƾæêøêƾĎßøêŰ¿ŀǒŞ×Ë

æêæêǇøêŬŲŰ ãơű×ê�Ǔ«ÎÓŤ§TŢ%

8fx�jUi]f^z�j�b|�CŬŲBĈ�Ǔ 
 
 
/.>ǖ2013 ýÿöæêæêǇÁãơű¶Ķ �Ǔ2014 ý

ÿöæêæêǇÁãơűćĶªêǒ2017 ý�ƾæêŬŲÐ

(~2019 ý)ǒ2017 ýÿöæêæêǇÁãćĶơű �Ǔ2019
ý�ƾæêŚ�ºīǓ`�r{�gqc|�ǒpg��Ɵ

ƣǒ¾ŢŤ§°şCŬŲBĈ�Ǔ 
 
 
-�E=ǖ2002 ýéƌ©ŴŰêĕƐæêæêǇÁã¶Ķơ

ű �Ǔ2002 ývy��ļā�ůªůǒ2009 ý�ƾæêæ

êǇÁãćĶơű �(ů��m]g�)ǒ2014 ý�ƾæê

Ƣúǒ2017 ýNPËæê¯īĝǓ�CşƙBÌ.8¼Ť§

°şǒpg��Ɵƣ�ŇľêƄCŬŲBĈ�Ǔ 
 
 
@'0 ǖ1997 ý�ƾæêæêǇÁãćĶơű �Ǔ

1997~2000 ýŷZ�n\z��æê�viløêŬŲē

Postdoctoral Fellow.2000 ý�ƾæêƢúǓ2004 ýNPËæ

êīĝǓ2005~2006 ýŷZ�n\z��æê�viløê

ŬŲēíÐŬŲÐǓƚŵŇƗƘǒ¼Ť§°şǒpg��Ɵ

ƣ�şƙCŬŲBĈ�Ǔ 
 
 
 


