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Introduction

Object ContextObject

Context information plays an indispensable role in the success of semantic segmentation.
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Non-local attention based methods become the main stream of semantic segmentation.
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Spacial Attention

Channel Attention

Spatial or channel attention? A dilemma in Non-local self-attention based approaches.
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Introduction

Architecture of DANet [1], which contains 2 stream of non-local attentions.
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Introduction

Can we obtain spatial and channel attention simultaneously?

I Better context representation.
I Smaller computational cost.
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Our Proposed RecoNet

Tensor Reconstruction Network (RecoNet).
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The pipeline of our framework. Two major components are involved, Tensor Generation Module (TGM) and
Tensor Reconstruction Module (TRM). TGM peroforms the low-rank tensor generation while TRM achieves the
high-rank tensor reconstruction via CP construction theory.
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Our Proposed RecoNet

Tensor canonical-polyadic decomposition (CP decomposition).
Assuming we have 3r vectors in C/H/W directions vci ∈ RC×1×1, vhi ∈ R1×H×1 and
vwi ∈ R1×1×W , where i ∈ r and r is the tensor rank. These vectors are the CP decomposed
fragments of A ∈ RC×H×W , then tensor CP rank-r reconstruction is defined as:

A =

r∑
i=1

λivci ⊗ vhi ⊗ vwi, (1)
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Tensor Generation Module

Sigmoid

1×1 Conv

Channel Pool

…
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Tensor Generation Module. Channel Pool, Height Pool and Width Pool are all global average pooling.
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Tensor Reconstruction Module
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vc2

<latexit sha1_base64="5yAjcy7Dt9Fi86zEg7Dc3MlNnNo=">AAAB/nicbVDNS8MwHE3n15xfVfHkJbgJnkY7lHkcePE4wX3AVkqaZltYmpQkHYxS8F/x4kERr/4d3vxvTLcedPNByOO934+8vCBmVGnH+bZKG5tb2zvl3cre/sHhkX180lUikZh0sGBC9gOkCKOcdDTVjPRjSVAUMNILpne535sRqajgj3oeEy9CY05HFCNtJN8+qw0DwUI1j8yVzjI/xY2s5ttVp+4sANeJW5AqKND27a9hKHASEa4xQ0oNXCfWXoqkppiRrDJMFIkRnqIxGRjKUUSUly7iZ/DSKCEcCWkO13Ch/t5IUaTygGYyQnqiVr1c/M8bJHp066WUx4kmHC8fGiUMagHzLmBIJcGazQ1BWFKTFeIJkghr01jFlOCufnmddBt197p+89CotppFHWVwDi7AFXBBE7TAPWiDDsAgBc/gFbxZT9aL9W59LEdLVrFzCv7A+vwBTjiVrQ==</latexit>

vcr

<latexit sha1_base64="7JRwURg8HaBMcJMJpcfgeAqlxdc=">AAAB/nicbVDNS8MwHE3n15xfVfHkJbgJnkY7lHkcePE4wX3AVkqaZltYmpQkHYxS8F/x4kERr/4d3vxvTLcedPNByOO934+8vCBmVGnH+bZKG5tb2zvl3cre/sHhkX180lUikZh0sGBC9gOkCKOcdDTVjPRjSVAUMNILpne535sRqajgj3oeEy9CY05HFCNtJN8+qw0DwUI1j8yVzjI/xTKr+XbVqTsLwHXiFqQKCrR9+2sYCpxEhGvMkFID14m1lyKpKWYkqwwTRWKEp2hMBoZyFBHlpYv4Gbw0SghHQprDNVyovzdSFKk8oJmMkJ6oVS8X//MGiR7deinlcaIJx8uHRgmDWsC8CxhSSbBmc0MQltRkhXiCJMLaNFYxJbirX14n3Ubdva7fPDSqrWZRRxmcgwtwBVzQBC1wD9qgAzBIwTN4BW/Wk/VivVsfy9GSVeycgj+wPn8Ar7iV7Q==</latexit>

vhr

<latexit sha1_base64="2fwq/puStF6dp4EalxGu2tQV31U=">AAAB/nicbVDNS8MwHE3n15xfVfHkJbgJnkY7lHkcePE4wX3AVkqaZltYmpQkHYxS8F/x4kERr/4d3vxvTLcedPNByOO934+8vCBmVGnH+bZKG5tb2zvl3cre/sHhkX180lUikZh0sGBC9gOkCKOcdDTVjPRjSVAUMNILpne535sRqajgj3oeEy9CY05HFCNtJN8+qw0DwUI1j8yVzjI/ncis5ttVp+4sANeJW5AqKND27a9hKHASEa4xQ0oNXCfWXoqkppiRrDJMFIkRnqIxGRjKUUSUly7iZ/DSKCEcCWkO13Ch/t5IUaTygGYyQnqiVr1c/M8bJHp066WUx4kmHC8fGiUMagHzLmBIJcGazQ1BWFKTFeIJkghr01jFlOCufnmddBt197p+89CotppFHWVwDi7AFXBBE7TAPWiDDsAgBc/gFbxZT9aL9W59LEdLVrFzCv7A+vwBt1uV8g==</latexit>

vwr

<latexit sha1_base64="Wv3ziItRultiwD25ercMCpBp1Fw=">AAAB/nicbVDNS8MwHE39nPOrKp68BDfB02iHMo8DLx4nuA/YSknTdAtLk5Kkk1EG/itePCji1b/Dm/+N6daDbj4Iebz3+5GXFySMKu0439ba+sbm1nZpp7y7t39waB8dd5RIJSZtLJiQvQApwignbU01I71EEhQHjHSD8W3udydEKir4g54mxIvRkNOIYqSN5Nun1UEgWKimsbmyyczPHuWs6tsVp+bMAVeJW5AKKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRWXmQKpIgPEZD0jeUo5goL5vHn8ELo4QwEtIcruFc/b2RoVjlAc1kjPRILXu5+J/XT3V042WUJ6kmHC8eilIGtYB5FzCkkmDNpoYgLKnJCvEISYS1aaxsSnCXv7xKOvWae1W7vq9Xmo2ijhI4A+fgErigAZrgDrRAG2CQgWfwCt6sJ+vFerc+FqNrVrFzAv7A+vwBzkSWAQ==</latexit>

Tensor Reconstruction Module (TRM). The pipeline of TRM consists of two main steps, sub-attention map
generation and global context reconstruction. The processing from top to bottom (see ↓) indicates the
sub-attention map generation from three dimensions (channel / height / width). The processing from left to right
(see A1 + A2 + · · ·+ Ar = A ) denotes the global context reconstruction from low-rank to high-rank.
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Visualization

=+ + …
X

<latexit sha1_base64="ht3BoAIs4MA6dI2rfjqciv5fbuU=">AAAB+XicbVDLSgMxFL1TX7W+Rl26GWwFV2WmKIqrghuXFewD2qFkMpk2NJMMSaZQhv6JGxeKuPVP3Pk3ZtpZaOuBkMM595KTEySMKu2631ZpY3Nre6e8W9nbPzg8so9POkqkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB5D73u1MiFRX8Sc8S4sdoxGlEMdJGGtp2bRAIFqpZbK6sN68N7apbdxdw1olXkCoUaA3tr0EocBoTrjFDSvU9N9F+hqSmmJF5ZZAqkiA8QSPSN5SjmCg/WySfOxdGCZ1ISHO4dhbq740MxSrPZiZjpMdq1cvF/7x+qqNbP6M8STXhePlQlDJHCyevwQmpJFizmSEIS2qyOniMJMLalFUxJXirX14nnUbdu6pfPzaqzbuijjKcwTlcggc30IQHaEEbMEzhGV7hzcqsF+vd+liOlqxi5xT+wPr8AVk8k3Q=</latexit>

A1

<latexit sha1_base64="4za15Mz456Zfa+WlCcKl9571/Ic=">AAAB+3icbVDNS8MwHE3n15xfcx69BDfB02iHoniaePE4wX3AVkqapltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5fsyo0rb9bZXW1jc2t8rblZ3dvf2D6mGtp0QiMeliwYQc+EgRRjnpaqoZGcSSoMhnpO9Pb3O//0ikooI/6FlM3AiNOQ0pRtpIXrXWGPmCBWoWmSu9yTyn4VXrdtOeA64SpyB1UKDjVb9GgcBJRLjGDCk1dOxYuymSmmJGssooUSRGeIrGZGgoRxFRbjrPnsFTowQwFNIcruFc/b2Rokjl6cxkhPRELXu5+J83THR45aaUx4kmHC8eChMGtYB5ETCgkmDNZoYgLKnJCvEESYS1qatiSnCWv7xKeq2mc968uG/V29dFHWVwDE7AGXDAJWiDO9ABXYDBE3gGr+DNyqwX6936WIyWrGLnCPyB9fkDZ5SUAQ==</latexit>

A2

<latexit sha1_base64="8JN/GeidEqObCOYF45j9FW3WZtU=">AAAB+3icbVDNS8MwHE3n15xfdR69BDfB02iHoniaePE4wX3AVkqaZltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5Qcyo0o7zbZXW1jc2t8rblZ3dvf0D+7DaVSKRmHSwYEL2A6QIo5x0NNWM9GNJUBQw0gumt7nfeyRSUcEf9CwmXoTGnI4oRtpIvl2tDwPBQjWLzJXeZH6z7ts1p+HMAVeJW5AaKND27a9hKHASEa4xQ0oNXCfWXoqkppiRrDJMFIkRnqIxGRjKUUSUl86zZ/DUKCEcCWkO13Cu/t5IUaTydGYyQnqilr1c/M8bJHp05aWUx4kmHC8eGiUMagHzImBIJcGazQxBWFKTFeIJkghrU1fFlOAuf3mVdJsN97xxcd+sta6LOsrgGJyAM+CCS9ACd6ANOgCDJ/AMXsGblVkv1rv1sRgtWcXOEfgD6/MHaRmUAg==</latexit>

Ar

<latexit sha1_base64="WtTLJ4qYMyoeM1te2Hawd9zm8f4=">AAAB+3icbVDNS8MwHE3n15xfcx69BDfB02iHoniaePE4wX3AVkqapltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5fsyo0rb9bZXW1jc2t8rblZ3dvf2D6mGtp0QiMeliwYQc+EgRRjnpaqoZGcSSoMhnpO9Pb3O//0ikooI/6FlM3AiNOQ0pRtpIXrXWGPmCBWoWmSu9yTzZ8Kp1u2nPAVeJU5A6KNDxql+jQOAkIlxjhpQaOnas3RRJTTEjWWWUKBIjPEVjMjSUo4goN51nz+CpUQIYCmkO13Cu/t5IUaTydGYyQnqilr1c/M8bJjq8clPK40QTjhcPhQmDWsC8CBhQSbBmM0MQltRkhXiCJMLa1FUxJTjLX14lvVbTOW9e3Lfq7euijjI4BifgDDjgErTBHeiALsDgCTyDV/BmZdaL9W59LEZLVrFzBP7A+vwBylmUQg==</latexit>

A

<latexit sha1_base64="czXgkxXDXb/WQtEsU8UDDkazjMU=">AAAB+XicbVBPS8MwHP11/pvzX9Wjl+AmeBrtUBRPEy8eJzg32MpI03QLS5uSpINR9k28eFDEq9/Em9/GdOtBNx+EPN77/cjL8xPOlHacb6u0tr6xuVXeruzs7u0f2IdHT0qkktA2EVzIro8V5Symbc00p91EUhz5nHb88V3udyZUKibiRz1NqBfhYcxCRrA20sC2a31f8EBNI3Nlt7PawK46dWcOtErcglShQGtgf/UDQdKIxppwrFTPdRLtZVhqRjidVfqpogkmYzykPUNjHFHlZfPkM3RmlACFQpoTazRXf29kOFJ5NjMZYT1Sy14u/uf1Uh1eexmLk1TTmCweClOOtEB5DShgkhLNp4ZgIpnJisgIS0y0KatiSnCXv7xKnhp196J++dCoNm+KOspwAqdwDi5cQRPuoQVtIDCBZ3iFNyuzXqx362MxWrKKnWP4A+vzBzYyk10=</latexit>

Background Foreground Foreground Full Attention Map
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Results on PASCAL-VOC12 w/o COCO-pretrained model
FCN [2] PSPNet [3] EncNet [4] APCNet [5] CFNet [6] DMNet [7] RecoNet

aero 76.8 91.8 94.1 95.8 95.7 96.1 93.7
bike 34.2 71.9 69.2 75.8 71.9 77.3 66.3
bird 68.9 94.7 96.3 84.5 95.0 94.1 95.6
boat 49.4 71.2 76.7 76.0 76.3 72.8 72.8
bottle 60.3 75.8 86.2 80.6 82.8 78.1 87.4
bus 75.3 95.2 96.3 96.9 94.8 97.1 94.5
car 74.7 89.9 90.7 90.0 90.0 92.7 92.6
cat 77.6 95.9 94.2 96.0 95.9 96.4 96.5
chair 21.4 39.3 38.8 42.0 37.1 39.8 48.4
cow 62.5 90.7 90.7 93.7 92.6 91.4 94.5
table 46.8 71.7 73.3 75.4 73.0 75.5 76.6
dog 71.8 90.5 90.0 91.6 93.4 92.7 94.4
horse 63.9 94.5 92.5 95.0 94.6 95.8 95.9
mbike 76.5 88.8 88.8 90.5 89.6 91.0 93.8
person 73.9 89.6 87.9 89.3 88.4 90.3 90.4
plant 45.2 72.8 68.7 75.8 74.9 76.6 78.1
sheep 72.4 89.6 92.6 92.8 95.2 94.1 93.6
sofa 37.4 64 59.0 61.9 63.2 62.1 63.4
train 70.9 85.1 86.4 88.9 89.7 85.5 88.6
tv 55.1 76.3 73.4 79.6 78.2 77.6 83.1

mIoU 62.2 82.6 82.9 84.2 84.2 84.4 85.6
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Computational Cost

Table: Computational cost and GPU occupation of TGM+TRM. FLOPs (FLoating point Operations).
We use tensor rank r = 64 for evaluation

Method Channel FLOPs GPU Memory
Non-Local [8] 512 19.33G 88.00MB
APCNet [5] 512 8.98G 193.10MB
RCCA [9] 512 5.37G 41.33MB
A2Net [10] 512 4.30G 25.00MB
AFNB [11] 512 2.62G 25.93MB
LatentGNN [12] 512 2.58G 44.69MB
EMAUnit [13] 512 2.42G 24.12MB
TGM+TRM 512 0.0215G 8.31MB
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Contact

Thanks for watching!
Please feel free to contact with me.
E-mail: 1155137828@link.cuhk.edu.hk
WeChat: ChenWanLi11410579
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